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PLS 415: PLANT BREEDING AND GENETICS 
Mon., Wed., and Fri., 2 -2:50 pm 

Room 308, Chavez Hall 
3 Credits 

 
 
Course Description: 
 This course follows basic genetics in presenting more specialized topics and concepts in 
plant genetics, providing an introduction to plant breeding, and a foundation for future 
coursework in advanced plant breeding and quantitative genetics. As the deployment of 
genetically modified crops has waned due to the expense of research and development, 
regulatory costs of gaining approval, and the risk of negative public opinion, seed companies are 
now investing heavily in genomics-assisted breeding of new cultivars. To address these changes, 
development and understanding of the core principles that have been used for the past century 
must be combined with current technology to address the challenges facing sustainable 
production of food, feed, and fiber. In addition, this course will also provide insight into cultivar 
development as an interesting topic for all students of plant science. 
 
Suggested Prerequisites:  
 A genetics course (PLS 312 or other) 
 Introductory Statistics (MATH 263 or other) 
  
Instructor and Contact Information: 
 Dr. Duke Pauli,  
 Pronouns: he/him/his/himself 
 Office: 541A Marley Hall 
 Phone: (520)-621-3656 
 Email: dukepauli@email.arizona.edu 
 Office hours: By appointment. Drop-ins welcome! 
 Web information/D2L 
  
Course Format: 
 This is a classroom based course that will rely on interactive lectures and discussions of 
assigned readings. Exam questions may be based on material presented in class, from assigned 
readings, guest lecturers, readings other than in the required textbook, or other assigned readings 
even if these topics are not directly discussed in class. 
 
Couse Objectives and Expected Learning Outcomes: 
 Aim: While no one class can provide students with a thorough understanding of the 
intricacies of breeding any one crop species, it is intended to provide a survey of approaches and 
techniques that haven been applied across a wide range of plant taxa for the purposes of 
developing cultivars to meet society’s needs. 
 
Course Objectives: 
1) To understand how the reproductive modes of horticultural and crop plants define the 
breeding strategies and schemes used to improve them. 
2) Have a conceptual understanding of genetic gain including how individual contributing factors 
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can be modified to achieve the desired outcomes of the breeding program to meet socioeconomic 
demands. 
3) Recognize and describe how genetic variation can be identified, quantified, and utilized for 
plant improvement through the application of various breeding and cultural techniques. 
 
Learning Outcomes: At the end of the class, students should be able to: 
1) Describe the techniques and approaches used to breed self- and cross-pollinated crops, fruits, 
and vegetables. 
2) Explain the statistical concepts and mathematical relationships underlying genetic gain and 
how these are related to each other in the context of the breeder’s equation. 
3) Describe the development of hybrid cultivars. 
4) Explain the use of phenotypic and genotypic selection techniques for advancing superior 
genotypes. 
5) Summarize concisely, in writing, the objectives, main results, and conclusions described in 
primary research papers in plant breeding and genetics. 
 
Absence and Class Participation Policy: 
 Attendance, although not mandatory, is highly encouraged. To assist in attendance, 
quizzes will be given at the beginning of class and are not able to be made up; if you have missed 
one for a legitimate reason, this will be handled on a case-by-case basis. Given that this is an 
upper level course, it is expected that students will participate in class discussion with 
meaningful contributions. Students who miss class due to illness or emergency are required to 
bring documentation from their health-care provider or other relevant, professional third parties. 
Failure to submit third-party documentation will result in unexcused absences. 
  
 Showing up late to class is not permissible, and unless prior arrangements have been 
made, not allowed. Please understand that this is rude and inconsiderate to myself and the other 
students. If you arrive late, you may be denied entry to the classroom. 
 
 The UA’s policy concerning Class Attendance, Participation, and Administrative Drops 
is available at: http://catalog.arizona.edu/policy/class-attendance-participation-and-
administrative-drop 
 
 The UA policy regarding absences for any sincerely held religious belief, observance or 
practice will be accommodated where reasonable, http://policy.arizona.edu/human-
resources/religious-accommodation-policy. 
 
 Absences pre-approved by the UA Dean of Students (or Dean Designee) will be honored.  
See:  https://deanofstudents.arizona.edu/absences 
 
Makeup Policy for Students who Register Late:  
 Students who register after the first class meeting may make up missed 
assignments/quizzes, but all of these must be completed with one weeks’ time. 
 
Course Communications: 
 Primarily through D2L or by email. If you need to contact me, please send a professional 
email identifying yourself, the issue you would like to discuss, and relevant context surrounding 



3 

 

the aforementioned issue. I will do my best to reply in a timely manner. 
 
Required Texts: 
 Text: Essentials of Plant Breeding by Rex Bernardo. 2014 Stemma Press, Woodbury, 
Minnesota, US. ISBN 978-0-9720724-2-7. You can order from this website: 
http://stemmapress.com/  You are required to read the assigned material before the beginning of 
class to help facilitate your learning. Additionally, the quizzes at the beginning of class will be 
based on this material, as well as all previous material covered in the course, so it is to your 
advantage to do the reading. 
 Paper readings: Journal articles will be supplied as PDF documents on D2L for you to 
download directly. For homework, you will be required to read the assigned paper and take 
notes. You will hand in the notes at the beginning of the period in which we discuss the paper. 
You should be prepared to discuss, provide feedback, and answer questions about the paper in 
class whether directly called on or in response to other students. Once we have completed the 
discussion, you will write and submit a one page summary of the article detailing relevant 
information which will be turned in. 
 The paper summaries should provide an overall description of the work, including novel 
or interesting methods, and a synthesis of the results relevant to the paper topic. Furthermore, 
students should provide a critique of the work citing inadequacies in experimental design and 
execution as well as positive aspects of the research that increase the impact of the findings. 
Finally, students should suggest ways that the work can be expanded on or what experiments 
should be performed next to extend the work further. 
 Additional material: Supplemental material will be given to further enhance and 
reinforce topics covered in class. These will be provided as PDF documents or in-class handouts 
and will be considered “fair game” for tests and quizzes and thus should be read before coming 
to class. 
 Assignments and Examinations: There will be two preliminary exams (100 points each) 
covering the material from that section as well as from the start of the class. Exams will be a 
mixture of short- and long-answer replies, matching, multiple choice, and true-false questions. 
Material on exams may/will be taken from the assigned readings discussed in class, so it will be 
critical that you read and understand those papers. Material assigned in readings but not directly 
discussed in class may still be included on the exams. The final exam (150 points) will largely 
cover the material in the last portion of the class but will also include material from throughout 
the class.  
 
Research Paper: 
 Potential topics for the research paper required for this class anything that interests you 
that relates to Plant Breeding. The topic should ideally be one that interests you and should not 
be a reiteration of a topic covered in class.   
 
Such as: 
The breeding protocol and procedures for a crop or trait not covered in class. If you choose a 
new crop, you should include mode of reproduction, breeding methods, germplasm sources, 
timeline to creation of a new variety, and availability of molecular resources. 
 
Could be a paper describing a success in Plant Breeding and could be specific to a particular 
crop. What was tried and what worked? 
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Could also be an industry example. What companies or universities have succeeded breeding 
what and why? 
 
Should also be: 
An original paper (not one used by yourself or someone else previously in a previous class). The 
paper should also be your interpretation of the research papers you have read and your opinion. It 
also should be your own work. If you copy and paste directly into your report after “Googling” 
for information it will be obvious you have done so. (I know it is tempting but you should take 
notes on papers in advance and then write the paper from your point of view. If you simply copy 
your paper from another or even from Wikipedia, you are defeating the purpose of the 
assignment. The purpose of a class research paper is to increase your knowledge of principles 
learned in class and to improve your writing and interpretation skills). If you plagiarize at any 
point during this assignment, you will receive a zero and I will report this to the Dean of 
Students. No leniency will be given. 
 
Requirements: The research paper should be researched carefully and include recent references. 
The general requirements are five to 10 pages (typed, double-spaced, with 1” margins all around) 
with at least 15-20 references.   
 
Due Dates: An outline of your chosen topic and the citations of two or three key references are 
due March 6th, with a complete draft of the paper due April 10th. Your outline should include 
some of the key points you plan to cover in your paper. If you are having trouble finding 
references or choosing a topic, please discuss it with me. Final paper is due April 29th. 
 
The paper is due April 22nd.   
Outline    5 
First Draft    5 
Content    20 (Please emphasize concepts covered in class including 
mode of reproduction, breeding methods, germplasm sources, timeline to creation of a new 
variety, and availability of molecular resources) 
Spelling and writing style  7 
References (relevance and number) 8 
Format (Citations)   5 
 
Citation Format: It is simplest to cite references in the text as shown in the example below. 
Then simply follow your text with an alphabetized list. Each reference in your list should include 
authors, date of publication, journal volume and page numbers, and title of the article. 
 
Examples: 
Text intro… 
The activity of enzymes involved in carbohydrate metabolism within developing seeds heavily 
influences sink strength (Geiger et al. 1996; Choi et al. 1998). Starch comprises more than 
seventy percent of rice seed dry weight. Therefore, starch biosynthesis largely drives seed yield.  
ADP-glucose pyrophosphorylase (AGP: EC 2.7.7.27) controls a rate-limiting step in the starch 
biosynthetic pathway (for reviews see Hannah 1997; Preiss and Romeo 1994) and, as such, is a 
logical choice for genetic manipulation to enhance seed yield (Liang et al. 2001).  
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Example reference list: (Note difference in information required for a book chapter 
reference (Choi) versus a scientific journal article.) 
 
Choi, SB, Zhang, Y, Ito, H, Stephens, K, Winder, T, Edwards, GE, Okita, TW (1998) Increasing 
rice productivity by manipulation of starch biosynthesis during seed development. In: 
Armstrong, DG, Riley, R, Waterlow, JC (eds) Feeding a world population of more than eight 
billion people: a challenge to science. Oxford University Press, New York, pp 137-149 
 
Geiger, DR, Koch, KE, Shieh, W (1996) Effect of environmental factors on whole plant 
assimilate partitioning and associated gene expression. J Exp Bot 47: 1229-1238 
 
Hannah, LC (1997) Starch synthesis in the maize seed. In: Larkins, BA, Vasil, IK (eds) Cellular 
and Molecular Biology of Plant Seed Development. Kluwer, Dordrecht, The Netherlands, pp 
375-405 
 
Liang, J, Zhang, J, Cao, X (2001) Grain sink strength may be related to the poor grain filling of 
indica-japinica rice (Oryza sativa) hybrids. Phys Plant 112: 470-477 
 
Preiss, J, Romeo, T (1994) Molecular biology and regulatory aspects of glycogen biosynthesis in 
bacteria.  Progr Nucleic Acid Res Mol Biol 47: 299-329 
 
Presentations 
Selected and/or volunteering students will give a 5-10 minute presentation on their research 
paper (it counts toward your class grade in terms of participation). These presentations should 
consist of several prepared overheads or PowerPoint slides where the key points in the research 
papers are presented and discussed.  It would be ideal if you also prepared a handout covering 
some of your key points.    
 
Extra Credit: 
 An extra credit assignment is available for students to undertake if they so choose. For 
this assignment, students will craft a short grant proposal (<5 pages, including figures/tables) 
outlining a project focused on plant improvement via any method they choose (gene editing, 
traditional breeding, biotechnology, etc.). This proposal must include the following sections: 

 Relevance and justification 
 Overall objective with detailed, specific sub-objectives 
 Background 
 Research plan 
 Experimental approach 
 Intellectual merit and broader impacts 

This extra credit assignment will be discussed in class so that any questions are addressed. 
Additionally, students should talk with the instructor prior to undertaking the assignment so that 
they have a clear understanding of what is expected. 
 
Grading Scale and Policies: 
 Grades will be based on overall number of points earned out of a possible 550 points for 
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the course. While I anticipate that grades will be assigned based on traditional thresholds (A = 
>495 points, B = 440 – 494 points, C = 385 – 439 points), individual scores will be compared 
with the class mean as an index of the overall range of student performance, Adjustments will be 
made equitable for all students if the class mean falls below an expected target (approximately a 
B). 
  
Category Points Percentage 
In-class exam 1 100 points 18% 
In-class exam 2 100 points 18% 
Final 150 points 28% 
Five paper summaries (out of 6 total) 100 points (20 points each) 18% 
Quizzes 50 points 9% 
Research paper 50 points 9% 
Extra Credit Up to 20 points  

 
Requests for incomplete (I) or withdrawal (W) must be made in accordance with University 
policies, which are available at http://catalog.arizona.edu/policy/grades-and-grading-
system#incomplete and http://catalog.arizona.edu/policy/grades-and-grading-system#Withdrawal 
respectively. 
 
Honors Credit:  
 Students wishing to contract this course for Honors Credit should email me to set up an 
appointment to discuss the terms of the contract. Information on Honors Contracts can be found 
at https://www.honors.arizona.edu/honors-contracts. 
 
Lecture Schedule:  

The order of lectures listed for the below topics on the syllabus are approximate and may 
change depending on course progression through the semester. Changes will be announced in 
class. 
 
Lecture Topic Reading 
Jan 15 Classes start, course introduction  
Jan 17 Plant breeding introduction, historical perspective Ch. 1 
Jan 20 Overview of plant breeding process Ch. 1 
Jan 22 Genetic basis of improvement: genetics and recombination Ch. 2 
Jan 24 Molecular markers Ch. 2 
Jan 27 Paper Discussion 1  
Jan 29 Transgenes in plant breeding  
Jan 31 Statistics review  
Feb 3 Population genetics Ch. 2 
Feb 5 Quantitative genetics Ch. 2 
Feb 7 Quantitative genetics Ch. 2 

Feb 10 Review of statistics, population genetics, and quantitative genetics  
Feb 12 Paper Discussion 2  
Feb 14 Reproductive systems Ch. 3 
Feb 17 Reproductive systems/heterosis Ch. 3 
Feb 19 Germplasm sources and uses  
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Feb 21 Germplasm sources and uses  
Feb 24 Review for first exam  
Feb 26 First Exam  
Feb 28 Self-pollinated crops Ch. 5 
Mar 2 Self-pollinated crops Ch. 5 
Mar 4 Self-pollinated crops Ch. 5 
Mar 6 Paper Discussion 3 – Paper outline due  

Mar 16 Outcrossing crops Ch. 6 
Mar 18 Outcrossing crops Ch. 6 
Mar 20 Outcrossing crops Ch. 6 
Mar 23 Review of self- pollinated/outcrossing crops Ch. 8 
Mar 25 Guest Lecture 1  
Mar 27 Molecular breeding Ch. 7 
Mar 30 Molecular breeding Ch. 7 
Apr 1 Molecular breeding Ch. 7 
Apr 3 Second Exam  
Apr 6 Paper Discussion 4  
Apr 8 Guest Lecture 2  
Apr 10 Breeding programs – Draft of paper due  
Apr 13 Phenotyping Ch. 4 
Apr 15 Breeding objectives and techniques  
Apr 17 Polyploidy and mutagenesis Ch. 4 
Apr 20 Paper Discussion 5  
Apr 22 Breeding for disease resistance and abiotic stress  
Apr 24 Breeding for enhanced value and composition  
Apr 27 Certification, release, IP  
Apr 29 Paper Discussion 6 – Final paper due  
May 1 Guest Lecture 3  
May 4 Review for Final  
May 6 Final Exam  

 
Classroom Behavior Policy: 
 To foster a positive learning environment, students and instructors have a shared 
responsibility. We want a safe, welcoming, and inclusive environment where all of us feel 
comfortable with each other and where we can challenge ourselves to succeed. To that end, our 
focus is on the tasks at hand and not on extraneous activities (e.g., texting, chatting, reading a 
newspaper, making phone calls, web surfing, etc.). 
 
 Students are asked to refrain from disruptive conversations with people sitting around 
them during lecture. Students observed engaging in disruptive activity will be asked to cease this 
behavior. Those who continue to disrupt the class will be asked to leave lecture or discussion and 
may be reported to the Dean of Students. 
 
 Some learning styles are best served by using personal electronics, such as laptops and 
iPads. These devices can be distracting to other learners. Therefore, students who prefer to use 
electronic devices for note-taking during lecture should use one side of the classroom.   
 

**Cell phones are not allowed in class and must be on vibrate or silent. If it becomes a 
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distraction either to the student or others, the student will be asked to leave the classroom. 
Additionally, during exams the presence or use of a cell phone will be viewed as cheating. 
According to university policy, this will result in score of zero on the exam and will be reported 
to the Dean of Students. 
 
Threatening Behavior:  
 The UA Threatening Behavior by Students Policy prohibits threats of physical harm to 
any member of the University community, including to oneself. See 
http://policy.arizona.edu/education-and-student-affairs/threatening-behavior-students.  
   
Accessibility and Accommodations:  
 At the University of Arizona we strive to make learning experiences as accessible as 
possible. If you anticipate or experience physical or academic barriers based on disability or 
pregnancy, you are welcome to let me know so that we can discuss options.  You are also 
encouraged to contact Disability Resources (520-621-3268) to explore reasonable 
accommodation. 
 
The closest gender neutral bathrooms are located in Engineering (just to the west of Chavez) on 
the first and second floors. 
 
If you have reasonable accommodations, please plan to meet with me by appointment or during 
office hours to discuss accommodations and how my course requirements and activities may 
impact your ability to fully participate. 
 
Please be aware that the accessible table and chairs in this room should remain available for 
students who find that standard classroom seating is not usable. 
 
Code of Academic Integrity: 
 Students are encouraged to share intellectual views and discuss freely the principles and 
applications of course materials. However, graded work/exercises must be the product of 
independent effort unless otherwise instructed. Students are expected to adhere to the UA Code 
of Academic Integrity as described in the UA General Catalog. See:  
http://deanofstudents.arizona.edu/academic-integrity/students/academic-integrity. 
 
 The University Libraries have some excellent tips for avoiding plagiarism, available at 
http://new.library.arizona.edu/research/citing/plagiarism. 
 
 Selling class notes and/or other course materials to other students or to a third party for 
resale is not permitted without the instructor’s express written consent. Violations to this and 
other course rules are subject to the Code of Academic Integrity and may result in course 
sanctions. Additionally, students who use D2L or UA e-mail to sell or buy these copyrighted 
materials are subject to Code of Conduct Violations for misuse of student e-mail addresses. This 
conduct may also constitute copyright infringement. 
 
UA Nondiscrimination and Anti-harassment Policy: 
 The University is committed to creating and maintaining an environment free of 
discrimination; see http://policy.arizona.edu/human-resources/nondiscrimination-and-anti-
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harassment-policy 
 
 Our classroom is a place where everyone is encouraged to express well-formed opinions 
and their reasons for those opinions. We also want to create a tolerant and open environment 
where such opinions can be expressed without resorting to bullying or discrimination of others. 
 
Additional Resources for Students: 
 UA Academic policies and procedures are available at http://catalog.arizona.edu/policies  
 
 Student Assistance and Advocacy information is available at 
http://deanofstudents.arizona.edu/student-assistance/students/student-assistance 
 
Confidentiality of Student Records: 
 http://www.registrar.arizona.edu/personal-information/family-educational-rights-and-
privacy-act-1974-ferpa?topic=ferpa 
 
Subject to Change:  
 Information contained in the course syllabus, other than the grade and absence policy, 
may be subject to change with advance notice, as deemed appropriate by the instructor. 
 


