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INTRODUCTION 
Animal breeding is a specialized applied science in which principles from quantitative, 
population and molecular genetics and quantitative sciences such as statistics and computing 
combine to provide the tools needed for genetic changes in populations. The undergraduate 
educational program in animal breeding has changed dramatically in the last 10 years. These 
changes were in response to the changes in the interests and needs of the student population as 
well as new opportunities offered by technological developments.  
Despite the moral and ethical implications of unlocking the human genome, the value of 
genetic research is priceless in regard to advancements in agricultural sciences. Not only will 
we understand human disease better but the potential for understanding disease prevention in 
plant and animal sciences is unprecedented. Already genetically modified crop plants are 
producing higher and better quality yields while reducing the use of pesticides. Transgenic 
animals are providing humans with pharmaceuticals at greatly reduced cost than previously 
employed methods. However, along with great expectations for increased productivity and 
improved quality of produce, biotechnology has generated anxiety about possible risks and 
concern about our ability to handle the powers of genetic engineering wisely. Our ability to 
improve the quality of life, feed the world, and significantly reduce human suffering through a 
greater understanding and application of genetic principles in agriculture depends on public 
acceptance.  
As educators and scientists, our desire is to prepare the undergraduate student population and 
the general public to become participants in the genetics revolution and to dispel myth and 
misinformation that shrouds the minds of the uninformed regarding scientific endeavors. We 
believe that genetics research is an emotionally charged subject for many who do not 
understand what is and is not possible within the confines of the laboratory. We are the 
generation that produced the first "test-tube baby" some twenty years ago. The result of that 
experiment was a baby girl, now a young woman. Questions loom in the hidden recesses of the 
collective national mind of what exactly is possible and where we are going as a society. Fear 
often prevails in a climate of uncertainty. It is precisely this fear and uncertainty that we aim to 
eliminate with our teaching program.  
Our students represent the best hope if biotechnology is to gain public acceptance and fulfill its 
promises. We should use students’ love for animals and pets to attract them to our program. 
Every effort should be made to reach more students and develop better ways to increase their 
knowledge in genetics. Effective use of computer technology, and internet provides us with the 
opportunity to reach more students and to enhance the quality of education.  
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GENETICS TEACHING PROGRAM 
To provide a quality educational program in applied animal genetics, the problems associated 
with students’ preparedness, interest and motivation, integration of real-life examples, 
integration and transferability of information across curriculum and access to individual 
instruction need to be addressed.  
  
Student preparedness. Introductory courses should have limited restrictions on enrollment to 
enhance and promote students' exploration into different subjects. The effect of limiting 
restrictions is to increase diversity in how students are prepared for the subject matter. This 
diversity presents problems in developing course material that does not penalize students who 
are deficient in background information. Diversity can arise from both educational background 
and life experiences.  Academic diversity comes from the student's high school as well as 
college education. An example of diversity from life experience is rural versus urban 
upbringing. 
  
Student interest and motivation. Diversity in interest and motivation for taking courses 
presents problems in optimizing the experience for all students in a course. Student responses 
to questionnaires regarding reasons for taking introductory genetics range from "required for 
distribution or major" to "interest in subject matter." Within a class, there are those who are 
satisfied to learn what's offered and those who would go beyond the course material if a 
mechanism were available do so. It is extremely difficult to build into courses opportunities 
that satisfy the latter group of students. 
 
Integrating real-life exercises and experiences. In a discipline such as applied genetics, real-
life laboratory exercises and experiences are extremely difficult to introduce. Breeding plants 
or animals to study progeny outcomes requires time and, hence, reduces the number of 
generations and the complexity of the problems that can be studied. In applied courses, it is the 
real-life exercises and experiences that serve as the motivation for learning the basic principles 
of the discipline. 
  
Integration and transferability of information across courses. Students that take several 
courses in a discipline are often discouraged at the lack of consistency in terminology and 
symbolism as well as with the duplication of material that often occurs. This is especially true 
for courses taught in different departments or colleges. Variation is introduced, for examples, 
by the use of different texts or course manuscripts, by the use of different computers or 
computer programs used to support the course, and by differences in lecturer preferences. 
  
Access to individual instruction. Individualized instruction that provides the student with 
better access to information and more control over the pace and depth of learning is difficult to 
achieve in lecture-oriented courses. Students with learning disabilities, poor preparedness, or 
who are for whatever reason shy or not aggressive in seeking information from instructors are 
disadvantaged without a mechanism to provide them with more control of their learning 
environment. 
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These problems and the desire to reach more students and to increase their scientific 
knowledge and understanding of genetics motivated the changes that took place in the 
undergraduate teaching program in the Department of Animal Science at Cornell University in 
the last six years. A fundamentally different approach to teaching applied genetics was 
adopted. The central principle was to develop an applied genetics curriculum designed to 
increase the number of students we reach and provide them with an education of highest 
quality, while recognizing the diversity of backgrounds, quantitative skills, interests, 
motivations and talents. An equally important goal was to encourage the development of 
desirable skills such as information retrieval and analysis (particularly in introductory courses) 
as well as integration, problem-solving and writing and verbal skills (particularly in more 
advanced courses). 
  
Applied Animal Genetics Curriculum. A diagram of the undergraduate and continuing 
education program is shown in Figure 1. In this paper, I will describe some of the unique and 
innovative components of this program. The computer technology is used extensively 
throughout the program. The development of computer-assisted instruction (CAI) programs to 
support teaching of applied genetics represents a creative application of computer technology 
for learning.  
 
Undergraduate education program.  The program consists of Introductory Animal Genetics 
(AS221;3 credits), Applied Genetics Seminars (AS 321; 2-3 credits DE course), Equine 
Genetics (AS 323; 2 credits), Quantitative Genetics (AS 420; 2 credits), Inherited Diseases (AS 
497; 1 credit) and Teaching Assistant for Genetics (AS 498; 2 credits). The program also offers 
Introductory Canine Genetics for nonmajors (AS 222; 1 credit). 
 
Introductory Animal Genetics (AS 221) is a 3-credit course required for animal science majors.  
It is a very large course, and the number of students from other majors is growing. A unique 
feature of the course is that it uses a large number of undergraduate teaching assistants 
recruited from the best students that completed the core sequence of the genetics program. An 
interactive textbook has been created to support the course. It contains sections on Mendelian 
and population genetics. The textbook also serves as reference material for the applied genetics 
seminars. 
 
Introductory Canine Genetics (AS 222) is a web-based, 1-credit course developed for 
nonmajors. In the first year, it had an enrolment of 10 students. A similar course, Introductory 
Feline Genetics (AS 223), is under development and should be offered next year.  
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Figure 1. Diagram describing the undergraduate and continuing education programs in 
animal genetics 
 
Applied Animal Genetics Seminars (AS 321) is a 2- to 3- credit course, which is also offered as 
a distance-education course to four other campuses. The course has a weekly seminar, which is 
offered synchronously using compressed video technology to four universities and 
asynchronously using videotapes to one university in the Northeast. The seminars offered in 
fall 2001 covered the following topics: 
1. Programs for genetic improvement and genetic conservation of animals:  

Dr. Toni Oltenacu (Dept. of Animal Science, Cornell). Introduction of the course 
Dr. Robert Foote (Dept. of Animal Science, Cornell). Reproductive technologies and 

cloning – Genetic and ethical implications  
Dr. Robert Lacy (Chicago Zoological Park). Genetic problems facing endangered species 
Dr. Eldin Leighton (Seeing Eye, Inc, NJ). A selection program to improve guide dogs at 

The Seeing Eye 
Dr. Harris Wright (Arbor Acres, Inc.). Breeding program using line breeding – poultry 
Dr. Sue DeNise (Director of Research and Development, Celera AgGen). Celera genome 

sequencing via BIF 
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2. New developments in molecular genetics:  
Dr. Richard Quaas (Dept. of Animal Science, Cornell). Quantitative trait loci (QTL) 
Dr. Rory Todhunter (Dept. of Clinical Sciences, Cornell). Linkage analysis for canine hip 

dysplasia  
Dr. Michel Kotlikoff (Dept. of Biomedical Sciences, Cornell). Transgenic animals 
Dr. Anita DeStefano (Boston University School of Medicine). Finding a gene: Congenital 

deafness in humans. 
Dr. Erynn Gordon (Research Center for Genetic Medicine, Children's National Medical 

Center, Washington, DC). Genetic counseling 
Dr. Eric Hoffman (Research Center for Genetic Medicine, Children's National Medical 

Center, Washington, DC). Gene therapy: present and future 
3. Concluding remarks; 

Dr. Will Provine (Biological Sciences / History of Science, Cornell). Applied genetics - A 
historical prospective 

 
These seminars were very well received by the students at all sites, helped established excellent 
collaborative working relationships among all site facilitators, confirmed the importance of 
interaction between students and the content, between students and instructors, and among 
students for the success of distance learning. The remote sites used these seminars in a variety 
of ways, as a component of a basic 3-credit course in genetics (University of Vermont and 
Pennsylvania State University), as 1-credit course for honors (University of Massachusetts), or 
as an in-house 1-credit course (Cobleskill and Delaware Valley College).  
At Cornell, the students are also assigned to a group project for which they have to do library 
research, write a paper, and present the project in a class symposium at the end of the semester. 
For an additional credit, Cornell students attend a weekly computer lab where they have an 
opportunity to solve problems, visualize the material through graphics, and analyze simulated 
or real data sets. In all exercises, students had access to background information such as 
definitions, added text, practice problems, etc. In some labs we incorporated video material. 
This worked particularly well for labs where there was the need for demonstrations. For 
example, we had a lab on new technologies that included video segments describing AI and 
MOET technologies. The course is supported by a dictionary (maintained in Microsoft Access 
database) and the AS221 hyperlinked textbook. The dictionary currently contains definitions of 
over 400 words or concepts. The dictionary database (Gendict) has been programmed such that 
it is accessible from any Visual Basic project. Students need only highlight words and request 
definitions. Once in the dictionary, the students can look up other works or return to the main 
project.  
 
Continuing Education Program. The program consists of two courses, Canine Genetics and 
Feline Genetics. A genetics Backgrounder web site and an Equine Genetics course are in 
advanced stages of development and should be available next year. 
 
Canine Genetics. Lectures are delivered on a CD. These lectures are voiced-over PowerPoint 
presentations (PowerPoint viewer provided) with animated slides and numerous pictures to 
illustrate the material. Topics covered include:  

1. Basic concepts and definitions  
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2. Probabilities and their use in predicting outcomes  
3. Sex linkage and other modes of inheritance for traits controlled by a single locus  
4. Two-loci interactions (epistasis)  
5. Testing hypotheses for genetic inheritance (chi-square testing)  
6. Linkage  
7. Selection against recessive alleles including use of molecular information  
8. Coat color  

Lab exercises are available on the web, and answers are submitted through the web. The course 
is highly interactive. The students interact via e-mail or web-based discussion board with 
faculty and staff from the Department of Animal Science at Cornell (Drs. Liz Hare, Toni 
Oltenacu and John Pollak). Teaching assistants are assigned to mentor and help students 
through the lab problems. Enrollment in the course also includes a mini-symposium of the 
following seminars:  

1. Dr. Gus Aguirre on inherited eye disorders  
2. Dr. Vicki Meyers-Wallen on inherited disorders in sexual development  
3. Dr. Marjory Brooks on inherited bleeding disorders  
4. Dr. Greg Acland on canine genome maps  

A canine genetics reference library containing over 1700 journal articles has been created. The 
library is used to research answers to students’ questions and to provide numerous links to 
informative web sites. All required reading materials for the course are provided through the 
web. An encyclopedia of genetic concepts is provided on the CD. This is text material that can 
be accessed at any time but might be most helpful when viewing the lectures. Links from the 
lectures will take the student quickly to pertinent reading material. The full course carries 15 
hours of continuing education credit as certified by the AAVSB RACE. 
 
Feline Genetics. The format of the same as Canine Genetics. The symposium available through 
the enrollment in the course consists of the following seminars: 

1. Hereditary bleeding disorders; Dr. Marjory Brooks, Cornell University  
2. Heart diseases; Dr. Mark Kittleson, University of California at Davis  
3. Mapping the feline genome; Dr. Stephen O'Brien, National Institutes of Health  
4. Genetic disease testing; Dr. Urs Giger, University of Pennsylvania  
5. AB blood group system; Dr. Urs Giger, University of Pennsylvania  
6. Hereditary renal diseases; Dr. Steve DiBartola, Ohio State University 

The Canine Genetics course was offered seven times and Feline Genetics three times, with a 
total of 175 and 80 students enrolled, respectively. 
 
An Equine Genetics course is under development and should be available in 2003. 
 
Our experience with offering genetics courses for nonmajors, with AS321 distance education 
(DE) course, and with continuing education courses brought to the surface the need for a 
genetics backgrounder. AS321 has the introductory genetics course (AS 221) as a prerequisite. 
In great part, the success of the course is due to the contribution of the site facilitators. The 
intended role of the site facilitators is to engage students in debates focusing on genetic issues 
presented in the AS321 lectures. While this was the case for some sites, particularly Penn State, 
U. Mass and Cornell, at other sites the facilitators spent most of the time clarifying basic 
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genetic principles. Many students taking Canine or Feline Genetics also expressed the need for 
access to basic genetic information, a genetics primer. To respond to these needs, a web site, 
“Genetics for a New Generation”, is being developed and should be available for evaluation 
and use in 2003.  
This internet-based genetics educational resource will serve several functions. First, by 
presenting basic genetic principles in a simple and concise manner and at a level accessible to 
nonmajor undergraduate students and the general public, the web site will provide a large 
segment of the student population and the general public with the opportunity to become 
participants in the genetic revolution. It will also encourage interested students or general 
public to enroll in genetics courses for nonmajors or continuing education courses. Second, the 
web site will also satisfy the need for genetic information of the occasional user who lacks 
formal training in genetics but would like to know what cloning, genome mapping, transgenic 
animals, or gene therapy is. These and other genetic developments are presented in a language 
and style appropriate for the web. Original media material along with animations, audio, and 
video are used extensively. The web site includes a glossary of technical terms, short and easy-
to-read presentations of basic genetic principles, and a list of frequently asked questions.  
The content list of the Genetics Primer web site is shown in the Appendix. With the web site 
functioning as a genetic backgrounder, we expect the nonmajor students enrolled in genetic 
courses and the interested public enrolled in continuing education courses to have o more 
satisfying and enjoyable learning experience.  
A significant impact of this innovative internet learning resource is its natural implementation 
into the residence and distance learning as well as internet arena. We regard the Genetics 
Primer Web Site as a form of just-in-time education that can be used as needed by resident 
students, distance-learning students, and internet users.  
 
APPENDIX : The content for the Genetics Primer Web Site 
 
1. Introduction  3. Advanced Concepts  

Purpose of site  Modification of Medelian Ratios  
How to use this site  Incomplete dominance  
How to contact us  Co-dominance  
History of genetics  Multiple alleles  

DNA Timeline  Lethal alleles  
Mendelian Genetics  Epistasis  

 Linkage and Chromosome Mapping  
2. Basic Concepts  Linkage vs. Independent  

DNA and RNA  Assortment  
Genetic Information  Incomplete linkage, crossing over  
Anatomy of a Gene  Extra nuclear inheritance  
DNA Replication  Mitochondrial DNA  
Transcription & Translation  Mutations  
Introns and Exons  About Mutations  
Codons, anticodons  Deletion  
Genotype and Phenotype Addition  
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Duplication  Protein synthesis  
Inversion  More on mutations  
Translocation  Genetics of complex traits  
Nondisjunction   
Polyploidy  4. DNA-BioEngineering  

Sex determination  Techniques  
Normal  Recombinant DNA  
Klinefelter syndrome  PCR DNA cloning  
Turner syndrome  Applications  
Aneuploidy  Mapping Genes 
Y chromosome and ♂ development  Diagnosis and screening genetic 

diseases 
X chromosome and ♀ development Gene Therapy 

DNA chemistry  DNA Fingerprinting 
Chemistry  Genone Projects 
Replication and Synthesis  Cloning of Organisms 
Cell structure and Function Transgenics 
Anatomy of a cell  Evolutionary Study 
Somatic vs. Gametic  Genomic imprinting 
Growth and division   
Mitosis  5. Animal Genetics  
Meiosis  Practice Exercises  
Crossing Over  Basic coat color chemistry  
Locating Chromosomes  Eumelanin  

Simple Inheritance  Phaeomelanin  
Dominant/recessive  Agouti hair  
Sex-linked  Punnett Square  
Independent Assortment  Feline genetics  

Probability  Canine genetics  
Basic Math Involved  Equine genetics  
Punnett squares   
Exercices et Examples Dictionary  
Storage et expression of genes Cornell Links  
Regulation of gene expression  Search  
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