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(57) ABSTRACT

A system for generating optimized values for variable inputs
to an animal production system. The system includes a
simulator engine configured to receive a plurality of animal
information inputs and generate a performance projection.
At least one of the animal information inputs is designated
as a variable input and at least one of the animal information
inputs includes animal genotype information. The system
further includes an enterprise supervisor engine configured
to generate an optimized value for the at least one variable
input wherein the optimized value is configured to optimize
animal production based on the animal genotype informa-

(21) Appl. No.: 11/492,604 tion.
100
Animal Input
Information
Ingredient
Engine
400
Simulator [* SES:)erF\)/ri'IsS; ‘4 Formulator
300 200 > 500
Optimized

Values




Patent Application Publication Feb. 1,2007 Sheet 1 of 5 US 2007/0026493 A1

100
Animal Input /
Information
Ingredient
Engine
400
\ 4 ‘ T l
Simulator [ ggrt)eerr%rif; < Formulator
300 > 200 > 500
Optimized
Values

FIG. 1



Patent Application Publication Feb. 1,2007 Sheet 2 of 5

Animal Input
Information

Animal Input
~ Information

!

r'd

Performance and
Output Projection

User
Interface
210

Animal
Requirements

Optimization
Engine
230

v

Optimized
Values

FIG. 2

l+—— Feed Formulation

US 2007/0026493 Al

200

Animal
Requirements




Patent Application Publication Feb. 1,2007 Sheet 3 of 5 US 2007/0026493 A1

300

P

¥

Animal Input Feed
Information Formulation
R ) it | Animal
quu 1re_men S| Performance
g%]e Simulator
320
Environment Economic
Performance Performance:
Simulator | Simulator
330 340
Simulator
I :
Animal Performance
Requirements Projection

FIG. 3



Patent Application Publication Feb. 1,2007 Sheet 4 of 5 US 2007/0026493 A1

First Second
Location Location
Listing Listing
410 420
Third Ingredient
Location | Information
Listing Database

430 | 440
Variable Nutrient
Engine
450
Ingredient Engine 400

!

Animal >
Requirements
Formulator
500
Feed.
Formulation

FIG. 4



Patent Application Publication Feb. 1,2007 Sheet 5 of 5 US 2007/0026493 A1

600

Receive Animal
Information Inputs /
605

v

Receive
Optimization
Criteria
610

v

Transfer Animal
Input Information to
Simulator
615

'

Generate Animal
Requirements
620

v

Transfer Animal
Requirements to
Formulator
625

'

Generate Animal
Feed Formulation
630

'

Generate
Optimized Values
635

FIG. 5



US 2007/0026493 Al

SYSTEM AND METHOD FOR OPTIMIZING
ANIMAL PRODUCTION USING GENOTYPE
INFORMATION

CROSS REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 60/702,941 filed Jul. 27, 2005,
hereby incorporated by reference in its entirety.

BACKGROUND

[0002] An animal production system may include any type
of system or operation utilized in producing animals or
animal based products. Examples may include farms,
ranches, aquaculture farms, animal breeding facilities, etc.
Animal production facilities may vary widely in scale, type
of animal, location, production purpose, etc. However,
almost all animal production facilities can benefit from
identifying and implementing improvements to production
efficiency. Improvements to production efficiency can
include anything that results in increased production results,
improved proportional output of desired products versus less
desirable products (e.g. lean vs. fat), and/or decreased pro-
duction costs.

[0003] A producer (i.e. a farmer, rancher, aquaculture
specialist, etc.) generally benefits from maximizing the
amount or quality of the product produced by an animal (e.g.
gallons of milk, pounds of meat, quality of meat, amount of
eggs, nutritional content of eggs produced, amount of work,
hair/coat appearance/health status, etc.) while reducing the
cost for the inputs associated with that production. Exem-
plary inputs may include animal feed, animal facilities,
animal production equipment, labor, medicine, etc.

[0004] Animal feeds are compositions of a large variety of
raw materials or ingredients. The ingredients can be selected
to optimize the amount of any given nutrient or combination
of nutrients in an animal feed product based upon the
nutrient composition of the ingredients used.

[0005] Every variable input may further be associated with
one or more effects of variation. For example, for almost
every variable input, an increase in the amount of the
variable input is associated with an increase in the cost of the
variable input. In a specific example, constructing additional
facilities may be associated with building costs, financing
costs, maintenance costs, etc. Additionally, the increase in
the amount of the variable input is associated with an
increase in the benefit provided by the variable input.
Returning to our earlier example, the construction of the
additional facilities may be associated with an increase in
the number of animals that may be produced at the facility,
or an increase in the amount of space available for each
animal that will increase the production of each animal and
the like.

SUMMARY

[0006] The present application relates to a method and
system for using animal information inputs, such as animal
genotype information, to modify one or more variable inputs
to an animal production system. Such a system and method
may include a system for receiving the animal genotype
information. Such a system and method may be configured

Feb. 1, 2007

to predict the effects of variation of the one or more variable
inputs based on animal information inputs, which can
include animal genotype information and/or animal gene
expression metric(s).

[0007] Animal genotype information may be utilized to
customize the models used to generate the effects of varia-
tion. Animal genotype information may be linked to par-
ticular variable inputs such that the effects of variation of the
inputs may be specifically and reliably predicted. The animal
genotype information may be determined based on known
testing methods and associated with an animal and/or a
group of animals

[0008] One embodiment of the invention relates to a
system for generating optimized values for variable inputs to
an animal production system. The system includes a simu-
lator engine configured to receive a plurality of animal
information inputs and generate a performance projection.
At least one of the animal information inputs is designated
as a variable input and at least one of the animal information
inputs may include animal genotype information and/or an
animal gene expression metric(s). For example, the animal
information inputs may include information relating to the
expression level of one or more animal genes, e.g., infor-
mation relating to the presence of a protein encoded by an
animal gene. Such a system can also include an enterprise
supervisor engine configured to generate an optimized value
for the at least one variable input wherein the optimized
value is configured to optimize animal production based on
animal information inputs which include animal genotype
information. The optimization of animal production may in
some instances be linked to the optimization of the expres-
sion of one or more animal genes.

[0009] Another embodiment of the invention relates to a
method for determining optimized values for inputs to an
animal production system. The method includes receiving a
plurality of animal information inputs, wherein at least one
of the animal information inputs is designated as a variable
input. The animal information inputs include animal geno-
type information. The method further includes generating at
least one performance projection based on the animal infor-
mation inputs and generating an optimized value for the at
least one variable input based on the at least one perfor-
mance projection, the animal genotype information, and at
least one optimization criteria.

[0010] Yet another embodiment of the invention relates to
an animal production optimization system. The system
includes an optimization engine configured to receive ani-
mal genotype information. The system further includes an
animal production modeling system configured to receive
animal information input, including at least one variable
input, receive feed formulation input, and provide at least
one modeling output to the optimization engine. The mod-
eling output is generated based at least in part on the animal
genotype information and including a value for the variable
input. The optimization engine utilizes the objective func-
tion program to provide an optimized solution for the at least
one variable input based on the modeling output.

[0011] Other features and advantages of the present inven-
tion will become apparent to those skilled in the art from the
following detailed description and accompanying drawings.
It should be understood, however, that the detailed descrip-
tion and specific examples, while indicating preferred
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embodiments of the present invention, are given by way of
illustration and not limitation. Many modifications and
changes within the scope of the present invention may be
made without departing from the spirit thereof, and the
invention includes all such modifications.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The exemplary embodiments will hereafter be
described with reference to the accompanying drawings,
wherein like numerals depict like elements, and:

[0013] FIG. 1 is a general block diagram illustrating an
animal production optimization system, according to an
exemplary embodiment;

[0014] FIG. 2 is a general block diagram illustrating an
enterprise supervisor for an animal production optimization
system, according to an exemplary embodiment;

[0015] FIG. 3 is a general block diagram illustrating a
simulator for an animal production system, according to an
exemplary embodiment;

[0016] FIG. 4 is a general block diagram illustrating an
ingredients engine and a formulator for an animal produc-
tion system, according to an exemplary embodiment; and

[0017] FIG. 5 is a flowchart illustrating a method for
animal production optimization, according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0018] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of the present inven-
tion. It will be evident to one skilled in the art, however, that
the exemplary embodiments may be practiced without these
specific details. In other instances, structures and devices are
shown in diagram form in order to facilitate description of
the exemplary embodiments.

[0019] In at least one exemplary embodiment illustrated
below, a computer system is described which has a central
processing unit (CPU) that executes sequences of instruc-
tions contained in a memory. More specifically, execution of
the sequences of instructions causes the CPU to perform
steps, which are described below. The instructions may be
loaded into a random access memory (RAM) for execution
by the CPU from a read-only memory (ROM), a mass
storage device, or some other persistent storage. In other
embodiments, multiple workstations, databases, processes,
or computers can be utilized. In yet other embodiments,
hardwired circuitry may be used in place of, or in combi-
nation with, software instructions to implement the func-
tions described. Thus, the embodiments described herein are
not limited to any particular source for the instructions
executed by the computer system.

[0020] Referring now to FIG. 1, a general block diagram
is shown illustrating an animal production optimization
system 100, according to an exemplary embodiment. System
100 includes an enterprise supervisor 200, a simulator 300,
an ingredient engine 400, and a formulator 500.

[0021] System 100 may be implemented utilizing a single
or multiple computing systems. For example, where system
100 is implemented using a single computing system, each

Feb. 1, 2007

of enterprise supervisor 200, simulator 300, ingredient
engine 400, and formulator 500 may be implemented on the
computing system as computer programs, discrete proces-
sors, subsystems, etc. Alternatively, where system 100 is
implemented using multiple computers, each of enterprise
supervisor 200, simulator 300, ingredient engine 400, and
formulator 500 may be implemented using a separate com-
puting system. Each separate computing system may further
include hardware configured for communicating with the
other components of system 100 over a network. According
to yet another embodiment, system 100 may be imple-
mented as a combination of single computing systems
implementing multiple processes and distributed systems.

[0022] System 100 is configured to receive animal infor-
mation input including at least one variable input and
analyze the received information to determine whether
variation in one or more of the variable inputs will increase
animal productivity or satisfy some other optimization cri-
teria. Animal productivity may be a relative measure of the
amount, type, or quality of output an animal produces
relative to the expense associated with that production.
Animal information input can include any type of informa-
tion associated with an animal production system. For
example, animal information input may be associated with
a specific animal or group of animals or type of animals, an
animal’s environment, an economy related to the animal
production, etc. Animal productivity may further be config-
ured to include positive and negative outputs associated with
the production. For example, animal productivity may be
configured to represent harmful gaseous emissions as an
expense (based on either financial costs associated with
clean up or the negative impact on the environment), reduc-
ing the overall productivity.

[0023] Information associated with a specific animal or a
group or type of animals may include, but is not limited to,
a species, a state, an age, a production level, a job, a size (e.g.
current, target, variability around, etc.), a morphology (e.g.
intestinal), a body mass composition, an appearance, a
genotype, a composition of output, a collection of microbial
information, health status, a color, etc. The information
associated with a specific animal may be any type of
information relevant for determining the productivity of the
animal.

[0024] Species information can include a designation of
any type or class of animals such as domestic livestock, wild
game, pets, aquatic species, humans, or any other type of
biological organism. Livestock may include, but is not
limited to, swine, dairy, beef, equine, sheep, goats, and
poultry. Wild game may include, but is not limited to,
ruminants, such as deer, elk, bison, etc., game birds, zoo
animals, etc. Pets may include, but are not limited to, dogs,
cats, birds, rodents, fish, lizards, etc. Aquatic species may
include, but are not limited to, shrimp, fish (production),
frogs, alligators, turtles, crabs, eels, crayfish, etc. and
include those species grown for productive purposes (e.g.,
food products).

[0025] Animal state may include any reference or classi-
fication of animals that may affect the input requirement or
production outputs for an animal. Examples may include,
but are not limited to, a reproductive state, including ges-
tation and egg laying, a lactation state, a health state or stress
level, a maintenance state, an obese state, an underfed or
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restricted-fed state, a molting state, a seasonal-based state, a
compensatory growth, repair or recovery state, a nutritional
state, a working or athletic or competitive state, etc. Animal
health states or stress level may further include multiple
sub-states such as normal, compromised, post-traumatic
(e.g. wean, mixing with new pen mates, sale, injury, tran-
sition to lactation, etc.), chronic illness, acute illness,
immune response, an environmental stress, etc.

[0026] Animal age may include an actual age or a physi-
ological state associated with an age. Examples of physi-
ologic states may include a developmental state, a repro-
ductive state including cycles, such as stage and number of
pregnancies, a lactation state, a growth state, a maintenance
state, an adolescent state, a geriatric state, etc.

[0027] Animal job may include a physiologic state as
described above, such as gestation, lactation, growth, egg
production, etc. Animal job may further include the animal’s
daily routine or actual job, especially with reference to
canine and equines. Animal job may also include an animal
movement allowance, such as whether the animal is gener-
ally confined versus allowed free movement in a pasture, or,
for an aquatic animal, the different water flows the aquatic
animal experiences, etc.

[0028] Animal size may include the actual weight, height,
length, circumference, body mass index, mouth gape, etc. of
the animal. The animal size may further include recent
changes in animal size, such as whether the animal is
experiencing weight loss, weight gain, growth in height or
length, changes in circumference, etc.

[0029] Animal morphology includes a body shape exhib-
ited by an animal. For example, a body shape may include
a long body, a short body, a roundish body, etc. Animal
morphology may further include distinct measurement of
internal organ tissue changes such as the length of intestinal
villi, depth of intestinal crypts, and/or other organ sizes or
shapes.

[0030] Animal body mass composition may include a
variety of composition information such as a fatty acid
profile, a vitamin E status, a degree of pigmentation, a
predicted body mass composition, etc. The body mass
composition generally is a representation of the percentage
or amount of any particular component of body mass, such
as lean muscle, water, fat, etc. The body mass composition
may further include separate representations composition
for individual body parts/sections. For example, body mass
composition may include edible component compositions
such as fillet yield, breast meat yield, tail meat yield, etc.

[0031] Animal appearance may include any measure or
representation of an animal appearance. Examples can
include the glossiness of an animal’s coat, an animal’s
pigmentation, muscle tone, feather quality, feather cover,
etc.

[0032] Animal genotype may include any representation
of all or part of the genetic constitution of an individual or
group. For example, an animal genotype may include DNA
markers associated with specific traits, sequencing specific
segments of DNA, etc. For example, the genotype may
define the genetic capability to grow lean tissue at a specific
rate or to deposit intramuscular fat for enhanced leanness or
marbling, respectively. Additionally, genotype may be
defined by phenotypic expression of traits linked to geno-
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typic capacity such as the innate capacity for milk produc-
tion, protein accretion, work, etc.

[0033] Animal genotype information may be determined
or assessed by physiological, molecular, DNA-based, RNA-
based or quantitative genetic tests, diagnostics, metrics,
measures, or predictors. Animal genotype information may
be linked to qualitative and/or quantitative traits affecting
animal productivity, health, behavior, input characteristics,
and/or output characteristics. Animal genotype information
may identify a specific proprietary animal commercial line
and/or an animal born from different cross species. An
animal born from the cross of different animal species may
be an animal born from different cross species, breeds and/or
proprietary commercial and/or non-commercial lines. The
animals may be conceived and grown via conventional
sexual mating and/or advanced reproductive techniques
including artificial insemination, multiple ovulation and
embryo transfer, embryo transfer, multiplication and growth
from cell lines and/or combination of conventional and
advanced methods using biotechniques and/or biotechnol-
ogy. For example, animal genotype information may be used
to identify a specific genetic line of an animal developed to
have certain desirable productivity characteristics. Suitable
examples include a specific genetic line of swine developed
via conventional breeding by the Monsanto Choice Genet-
ics™ Company to obtain specific productivity metrics or a
specific genetic line of salmon developed via advanced
hybrid technologies by the AquaBounty Company to obtain
efficient growth.

[0034] System 100 may be configured to generate a rec-
ommended value for a variable animal information input
based on animal information inputs which may include
animal genotype information and/or animal gene expression
metric(s). Animal genotype information may be linked to
specific proprietary and non-proprietary nutritional, man-
agement, health treatment, biotechnology procedure and/or
environmental requirements. For example, a subject swine
from Monsanto Choice Genetics Company may have dif-
ferent nutrient or other requirements from another swine
with a different genotype that is outwardly similar to the
subject swine. Accordingly, system 100 may optimize the
animal information inputs in view of these differing require-
ments.

[0035] Animal genotype information may be utilized to
produce specific outcomes measured by qualitative and/or
quantitative metrics for use in agriculture, food production,
non-agricultural industry, human companion and/or phar-
maceutical production. For example a specific line of swine
developed by the University of Guelph to excrete lower
volume of phosphorus and a specific line of dairy cattle
developed by the Hematech Company to produce cattle
and/or non-cattle proteins in their milk, which may be used
for production of pharmaceuticals.

[0036] Animal genotype information for an animal or
representative genotype information for a group of animals
may be supplied with the animals. According to an exem-
plary embodiment, the physical media capturing and repre-
senting the animal genotype may be a media approximating
the size of a credit card and containing genetic DNA marker
or markers. The genetic DNA marker profile may represent
information for a specific chromosome or chromosomes.
The specific chromosome genetic DNA marker profile may




























































