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Course:
01.432

Agricultural Animal Production and Management

Unit 13:

Dairy Production

Lesson 3:

Genetic Improvement of Dairy Cattle

Georgia Performance Standards:

AG-APM-13 (d, f)
Academic Standards:



     SCSh4, SCSh6
National Standards:                               AS.05.03.01.a, AS.05.03.04.a
Objectives: 

1.
Introduce basic concepts of genetics.

2.
Describe linear evaluation traits and improvements through genetics.

3.
Explain the effect of artificial insemination and embryo transfer on linear evaluation traits.

Teaching Time: 3 hours
Grades: 9-12

Essential Question: How can genetics be used for dairy cattle improvement?

Unit Understandings, Themes, and Concepts:  
In this unit students will understand some of the improvements for dairy cattle through the use of genetics. They will be able to explain the effects that artificial insemination and embryo transfer has also.

Primary Learning Goals:  

Students will learn about the basic concepts of genetics and how they can be utilized for the improvement of dairy cattle.

Students with disabilities: For students with disabilities, the instructor should refer to the individual student's IEP to insure that the accommodations specified in the IEP are being provided within the classroom setting. Instructors should familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation within any given instructional activity or requirement.

Assessment Method/Type:

____ Constructed Response

____ Peer Assessment

_X__ Combined Methods


____ Selected Response

____ Informal Checks


____ Self Assessment
References:

Holstein Association Website <http://www.holstein.com>


Linear Type Evaluation Web Page 
Herren, Ray. The Science of Animal Agriculture. Delmar Publishers, Inc. Albany, NY.  

Baker, MeeCee, and Robert E. Mikesell.  Animal Science Biology and Technology.  
Interstate Publishers, Inc.  Danville, IL.  ISBN:  

Ag Ed DVD, current version. Georgia Ag Ed Curriculum Office; Athens, Georgia.


Crossword puzzle:  ‘genetics’.xwd

Dairy Cattle Videos.  Publications Distribution Center.  Pennsylvania State 

University.  College of Agricultural Sciences.  112 Agricultural Administration Building.  University Park, PA 16802-2602.  Local Phone:  814-865-6713.  Fax:  814-863-5560. <http://pubs.cas.psu.edu>  

James R. Gillespie, Modern Livestock & Poultry Production,  Delmar 


Publishers.  
Materials and Equipment: 

Genetics worksheets and ‘Easter Egg Activity’ (see below)

Crossword Puzzle (see Ag Ed DVD)

Video


SC314 Reviewing Artificial Insemination Techniques 

Georgia Performance Standards:   AG-APM-13 (d, f)

AG-APM-13:
Students will identify the dairy cattle breeds and their importance in the dairy industry.

d. Describe linear evaluation traits and improvements through genetics.

f. Explain the effect of artificial insemination and embryo transfer on dairy production.

Academic Standards:
SCSh4, SCSh6

SCSh4 The student uses tools and instruments for observing, measuring, and manipulating scientific equipment and materials. 

SCSh6 The student communicates scientific investigations and information clearly. 

Teaching Procedure

Introduction and Mental Set

Bring in ice cold milk and cookies.  While class is enjoying the snack, comment that the milk is not only good, but it is also good for you.  Ask class, “do all cows give the same amount of milk@?  (No.)  Then solicit student responses as to why they don=t.  (Age of cow, stage of lactation, feeding program, season of year, etc. are all correct, but the target answer is difference in genetics.)  Build on what was covered earlier about production being based on 75% environment and 25% genetics.  Ask class, “if environment has a much larger effect than genetics, then should genetics be ignored@?  (No.) Be sure that students understand that genetic improvement is much slower than environmental improvement.


Discussion

With limited time devoted to this topic, teacher should select aspects

that best fit the overall instructional goals and program goals.  The

topic is far too broad to cover in any detail in one class period.

1.
Reading assignment: Have students read the Genetics Chapter in Animal Science Biology and Technology.  Review key points with class.  You may want to use the example genetics problems and/or the “Easter Egg Genetics” activity for a better understanding of basic genetics (see below).  See also the ‘genetics’ crossword puzzle found on the Ag Ed CD for practice with genetic definitions.

2.
Discussion.  Genetics can be used to improve physical traits that affect production, as well as show ring type.  Define the difference between Genotype and Phenotype, Qualitative and Quantitative,   Discuss Breeding Systems.  Teacher should introduce the concept of linear evaluation.  Using the Linear Type Evaluation information (from the Holstein Association) and references, discuss with students the differences of each trait while using the sketches in the book to illustrate.  Be sure to discuss with class how linear scores are used to plan mating for cows.

3.
Ask students to define/describe artificial insemination and embryo transfer.


A.  Watch ‘Reviewing Artificial Insemination Technique’ video.

4.
Discuss the role of artificial insemination and embryo transfer on the dairy industry.  Both of these topics are discussed in The Science of Animal Agriculture (Dr. Ray Herren).  

Summary

Obtaining sire catalogs from A1 representatives is easily done.  The sire catalogs could be used in a number of ways to summarize material covered.

Evaluation 

Written test

GENETIC CROSSES INVOLVING 1 TRAIT

1. In cattle, black is the dominant color, whereas red is the recessive color.  Develop a "key" to show the possible genotypes and phenotypes for the respective coat colors.

ANSWER:

Genotype:              
Phenotype:

BB


Black

bb


Red

Bb


Black




2.  Two heterozygous cattle are crossed. What proportion of the offspring will have red coats?

ANSWER:

	
	B
	b

	B
	BB
	Bb

	b
	Bb
	bb


=1/4 will have red coats

3.  A black (homozygous) cow is married to red bull.  They have 8 calves. How many of those calves will have black coats?

ANSWER:

	
	B
	B

	b
	Bb
	Bb

	b
	Bb
	Bb


All eight calves will have black coats (100% Bb)

4.  Fred, the bull, has a red coat and is married to Bonnie, the cow, who has a black coat.  That have 60 calves, and 30 of those children have black coats.  What are Fred and Bonnie’s genotype?

ANSWER:

Fred has to be bb, because the red coat is homozygous recessive.

Bonnie has to be Bb (heterozygous).  If Bonnie was homozygous dominant (BB), all of the offspring would’ve been black.  If Bonnie was homozygous recessive (bb) all of the offspring would’ve been red.  A Punnett square of bb * Bb results in 50% of the offspring being black.

5.  Milking Shorthorns can have red, roan, or white hair coats.  The allele that controls this “roan” trait is CODOMINANT, and the roan color is expressed in the heterozygous condition. Show a "key" for the genotypes and phenotypes of hair color.

ANSWER:

Genotype

Phenotype
RR


red

Rr


roan

rr


white

6. Orville, the bull, has a roan coat and is married to Opal, the cow, who brags that she has the whitest coat on the farm.  What percentage of Opal’s calves will be able to brag about their white coat also?

ANSWER:

	
	r
	r

	R
	Rr
	Rr

	r
	rr
	rr


50% of Opal’s calves will be white

7. One of Opal's children is born with a black coat. Is Orville the father of this child? Show a Punnet square to prove yes or no.  

ANSWER:

Looking at the Punnett Square from #6, there is no possible way that Orvill is the father, because the calves will either be 50% roan or 50% white. 

8. Mary has a red coat and marries John who has a white coat. They have 32 children.  What is the color of these children's hair?

ANSWER:

	
	R
	R

	r
	Rr
	Rr

	r
	Rr
	Rr


All of the children are roan.

9. Olivia is married to Otto.  Both of them have roan coats. They have 100 children. What is

 the hair color of their children and in what proportion?

ANSWER:

	
	R
	r

	R
	RR
	Rr

	r
	Rr
	rr


25% of the offspring have red coats (RR), so 25% of 100= 25 red cows

50% of the offspring have roan coats (Rr), so 50% of 100 = 50 roan cows

25% of the offspring have white coats (rr), so 25% of 100 = 25 white cows

10.  Oscar, the bull, has a roan coat but he wants a wife that will give him children with a white coat.  What color hair should he look for in a wife?   

ANSWER:

Oscar should look for a wife who is white (rr).  This will guarantee a 50% chance of having a white calf (using a Punnett square).

If he can’t find this type of cow what should be his second choice?

ANSWER:

Oscar should try to find another roan cow.  This will guarantee a 25% of having a white calf.  If he chooses a red cow, there will be no possible way to produce a white calf.

GENETIC CROSSES INVOLVING TWO TRAITS-MORE COMPLEX PROBLEMS

 

In cattle, black coats are dominant to red coats.  Also in cattle, polled is dominant to horned.


 

1.  Develop a "key" showing the letters for the two traits.  Show the phenotypes of your letters too.   (Ex:  BB = black     PP= polled)

ANSWER:



Genotype


Phenotype
 

BB



Black



bb



Red



PP



Polled



pp



Horned





 

2.  A black cow (Bb) and horned (pp) is crossed with one that is heterozygous for both traits.  Show the genotypes of these two parents.

ANSWER:


1.  Bb pp (given in problem)

2.   Bb Pp (heterozygous for both traits)

3.  Draw a Punnet square showing the resulting offspring.

ANSWER:

Using a Punnett square:

Bb * Bb = Bb, BB, bb (possible combinations)

pp * Pp = Pp, pp (possible combinations)

Use these possible combinations in a second Punnett square:




Bb


BB


 bb

	Pp
	BbPp
	BBPp
	bbPp

	pp
	Bbpp
	BBpp
	bbpp


4.  Show the ratios of the resulting phenotypes, use fractions.

 

 ANSWER:

BbPp=black polled

BBPp=black polled

bbPp=red polled

Bbpp=black horned

BBpp=black horned

bbpp=red horned

= 2/6 or 1/3 black polled

=1/6 red polled

=2/6 or 1/3 black horned

=1/6 red horned 

 

5.  A red horned cow is crossed with one that is homozygous dominant for both traits.  Show the genotypes of the parents.

ANSWER:


1.  bb pp


2.  BBPP

6.  Draw a punnet square showing the resulting offspring.

ANSWER:

Using a Punnett square:

bb * BB = Bb (only possible combination)

pp * PP = Pp (only possible combination)

So, the only possible combination is BbPp


7.  Show the ratios of the resulting phenotypes, use fractions

 

BbPp= black polled

= 100% black polled

 

 

8.  A cow that is heterozygous for both traits is crossed with another that is heterozygous for both traits.  Show the genotypes of the two parents.

ANSWER:


1.  BbPp


2.  BbPp

9.  Draw a punnet square showing the resulting offspring.

ANSWER:

Using a Punnett square:

Bb *Bb = BB, Bb, bb (possible combinations)

Pp *Pp = PP, Pp, and pp (possible combinations)

Use these possible combinations in a second Punnett square:




BB


Bb


 bb

	PP
	BBPP
	BbPP
	bbPP

	Pp
	BBPp
	BbPp
	bbPp

	pp
	BBpp
	Bbpp
	bbpp


10.  Show the ratios of the resulting phenotypes, use fractions.

 

ANSWER:

BBPP= black polled

BbPP= black polled

bbPP= red polled

BBPp= black polled

BbPp= black polled

bbPp= red polled

BBpp= black horned

Bbpp= black horned

bbpp= red horned

=4/9 black polled

=2/9 red polled

=2/9 black horned

=1/9 red horned

EASTER EGG GENETIC ACTIVITY

Preparation: 
Get some packages of plastic Easter Eggs (the kind that split into halves to fill with candy) and some matching-colored candy, such as gumballs, jelly beans, skittles, etc. Get enough so that every student gets one or two eggs each. Make a genotype and phenotype chart (for them) and key (for you) to accompany them. For example: (the letters represent the color of HALF of the Easter egg) 

	Chart:
	  
	PP=purple

	
	
	pp=pink

	
	
	Pp=orange

	
	
	BB=blue

	
	
	bb=yellow

	
	
	Bb=green


[An egg may have both halves purple (PP * PP), or, it may be orange and pink (Pp * pp)] 

	Key:
	  
	purple x purple purple x purple (PP x PP)= all PP (purple)

	
	
	purple x pink (PP x pp)= all Pp (orange)

	
	
	pink x pink (pp x pp)= all pp (pink)

	
	
	orange x orange (Pp x Pp)= 1 purple (PP), 2 orange (Pp) and 1 pink (pp)

	
	
	orange x purple (Pp x PP)= 2 purple (PP) and 2 orange (Pp)

	
	
	orange x pink (Pp x pp)= 2 orange (Pp) and 2 pink (pp)

	
	
	etc. (for any other color combinations)


Fill the eggs according to your key. For example, a (phenotypically) half pink and half purple egg would represent the genotypes PP x pp, each half of the egg representing the genetic input of one parent. Then, students would do a Punnett Square to determine what offspring would be possible from such a cross. The Punnett Square calculation reveals that all of the offspring would be genotypically Pp, or phenotypically orange. The candies inside would be appropriate colors to match the results of their Punnett Square so that they could check themselves to see if their calculations were correct. The students then get to eat the candy. 

The Activity: 
Introduce the concepts of dominant and recessive alleles, Punnett Squares, etc. Pass out an egg that you have prepared to each student.  Put a chart up on the board or overhead that indicates what trait is represented by the color of each half of the egg they are holding. Then, students examine their respective eggs, figure out the genotypes of their "parent" eggs, and do a Punnett Square to determine what “color” offspring would be possible from such a cross. The candies inside would be appropriate colors to match the results of their Punnett Square so that they could check themselves to see if their calculations were correct. 

Sample Questions for Written Evaluation


Taken from Georgia 4-H Dairy Quiz Bowl


Written by Warren Gilson, University of Georgia
-The gene for polledness in dairy cattle is recessive.  FALSE

-Environmental differences have a greater effect on milk production than do genetics.  TRUE

-All recessive genetic traits in dairy cattle are deleterious or harmful.  FALSE

-All genes are found in pairs.  TRUE

-The dam is the father of the animal.  FALSE

-What does the term “polled” mean?  NATURALLY WITHOUT HORNS

-An animal whose parents are from 2 entirely different breeds is a crossbred.  TRUE

-What is genetics?  STUDY OF HEREDITY AND BIOLOGICAL VARIATION

-What is the term used to describe 2 calves with the same mother but born to two different cows?  EMBRYO TRANSFER

-What is the term for the genetic make-up of an animal?  GENOTYPE

-Define heritability.  THAT FRACTION OF THE PARENT SUPERIORITY OR INFERIORITY THAT IS TRANSMITTED TO THE OFFSPRING

-Genes are located on what small thread-like structures?  CHROMOSOME

-Where is the locus found?  ON THE CHROMOSOME

-Rudolph’s red nose could have been a genetic trait.  We know that his parents both had normal noses.  If it was a genetic trait, what do we also know about his parents?  BOTH WERE HETEROZYGOUS

-You breed a red and white Holstein cow to a known red carrier sire, what is the chance you will get a red calf?  50 PERCENT

-How many x chromosomes are found in the body cells of a dairy bull?  1

-How many x chromosomes are found in the body cells of a dairy cow? 2



-ABS Global successfully cloned a Holstein bull named Gene.  Since Gene is a male, what do his sex chromosomes look like?  XY

Individual Learning Activity

Lesson:
Genetic Improvement of Dairy Cattle 
Assignment:
Choose one of the topics below and research it. Write a report on your findings that answers the question or explains the concept and shows why it is relevant to your life.

1.
Introduce basic concepts of genetics.

2.
Describe linear evaluation traits and improvements through genetics.

3.
Explain the effect of artificial insemination and embryo transfer on linear evaluation traits.

Minimum Requirements:

1. Paper must be typed in 12 point font and at least one page in length. The paper may be double-spaced. 

2. At least two credible references must be properly cited.

3. All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

4. Papers will be graded on content (amount of good information, accuracy, etc.) and mechanics (grammar, spelling, and punctuation.)

Due Date:

Points/Grade Available:

Individual Learning Activity Rubric

	Content - offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The paper should include information and issues of state and local importance.
	35 pts.



	Critical Analysis - logical process of analyzing and reporting information that examines and explains the topic selected. The paper should go beyond simply listing facts and must include why the concept is relevant to the student’s life. 
	25 pts.

	Organization- The paper should have an orderly structure that demonstrates a logical flow of ideas.
	15 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the paper should meet all specifications and be executed following rules of proper written English.
	15 pts.


Group Learning Activity

Lesson: 
Genetic Improvement of Dairy Cattle 

Assignment: 
Choose one of the topics below and research it. With your group, prepare a presentation to teach the class your concept.

1.
Introduce basic concepts of genetics.

2.
Describe linear evaluation traits and improvements through genetics.

3.
Explain the effect of artificial insemination and embryo transfer on linear evaluation traits.

Your presentation should include the following:

1. A lesson plan outlining exactly what your group will teach and how the information will be taught

2. A Power Point of at least twelve slides

3. Notes containing the information the class will be responsible for (these can be printed and given to the class, written on the board, or part of the Power Point). A copy of the notes will be turned in to the instructor.

4. Some type of interactive activity for the class (game, problem solving activity, interactive model, etc.)

5. Your group must also prepare an assessment for the class. This assessment can be written or oral, but should show the instructor that the class understands and has retained the material being taught.

Due Date:

Points/Grade Available:

All work must be original. No plagiarism! Any use of  

another’s ideas without giving credit will result in a zero.

Group Learning Activity Rubric
	Lesson Plan – The group submits a thorough, detailed lesson plan highlighting the content and organization of their lesson.
	10 pts.

	PowerPoint – The group presents a Power Point of at least twelve slides that contains information and pictures vital to the lesson with additional information or examples for enhancement.
	20 pts.

	Interactive Activity – Some type of interactive activity is used to help teach the lesson. The activity should contribute to the mastery of content and involve the entire class in some way.
	15 pts.

	Assessment – A fair, thorough assessment is prepared and administered based on the information presented to the class. Poor grades on the assessment by a few members of the class are excusable, but if the entire class has difficulty, the points awarded in this category may be lowered at the discretion of the instructor.
	   15 pts.

	Content – The group should cover the concept (within reason) in entirety. The group may study actual lesson plans to help decide what should be emphasized.
	    25 pts.

	Overall Effect – The group is prepared, enthusiastic, and interesting, and the lesson flows smoothly. 
	    15 pts.


Presentation Learning Activity
Lesson:
Genetic Improvement of Dairy Cattle

Assignment:
Choose one of the topics below, research it, and prepare a presentation that answers the question or explains the concept and shows why it is relevant to your life.

1.
Introduce basic concepts of genetics.

2.
Describe linear evaluation traits and improvements through genetics.

3.
Explain the effect of artificial insemination and embryo transfer on linear evaluation traits.

Minimum Requirements:

Oral Report Option

1.   Write a paper on one of the topics and orally present your work to the class.

2.   Paper may be double-spaced and should be at least one page in length, resulting in a two to five minute presentation. 

3.   At least two references must be properly cited. 

4.   The presentation of the report will be graded secondary 

      to the content of the paper.

PowerPoint Option

1. Presentation should be at least ten slides in length

2. Presentation should include at least four photos.

3. Presentation should be two to five minutes in length.

4. Grammar and spelling will be graded by the same standards as any other written assignment.

5. At least two references must be properly cited.

Poster Option:

1. Prepare a poster that answers/explains one of the topics. You will present your poster to the class.

2. Your poster should include both text and graphics that help communicate your research.

3. At least two sources of information should be properly cited on the back of the poster.

4. Neatness and appearance of the poster will be graded.

5. Poster presentation should last two to five minutes.

Due Date:

Points/Grade Available:

For all presentations: All work must be original. No plagiarism! Any use of another’s work or ideas without giving proper credit will result in a zero.

Presentation Learning Activity Rubric

	Content- offers current information on the topic chosen, thoroughly covers each aspect of the question, and demonstrates understanding and mastery of the lesson. The presentation should include information and issues of state and local importance.
	40 pts.

	Critical Analysis/Organization – The presentation shows a logical process of analyzing and reporting information that examines and explains the topic selected. The presentation should go beyond simply listing facts and must include why the concept is relevant to the student’s life.
	20 pts.

	Presentation – The student makes a genuine effort to present, not just read the material. The student should present with confidence using techniques like eye contact and voice inflexion to make his or her point. Although content takes precedence over presentation, the experience of successfully presenting in front of a class is part of the basis of this assignment.
	25 pts.

	Mechanics- spelling, grammar, punctuation, font size, double spacing, citation, etc. Essentially, the presentation should meet all guidelines set forth and should be executed in proper written English. For the poster, this includes neatness and appearance.
	15 pts.


Lesson Evaluation
See sample questions for written evaluation above.
Lesson Evaluation Key

Teacher Notes

Essential Question: How can genetics be used for dairy cattle improvement?

Vocabulary

Course AG-APM-01.432 Agriculture Animal Production and Management   Unit 13, Lesson 3
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