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George Gomez  

Infusing sustainability into the Developmental Biology laboratory course 

 

The Developmental Biology Laboratory course is part of the Biology 351/351L sequence, 

where students are required to enroll in both lecture and laboratory.  The course is designed for 

sophomore-senior Biology Majors, with a typical enrollment of 15-23 students (but course can 

enroll up to 32 students, with16 in each lab section).  This course is offered in Spring semester 

only and focuses on the study of the growth of individual organisms, starting with fertilization 

and continuing through embryonic/larval stages and on through adulthood. 

The laboratory investigations include studies on both vertebrate and invertebrate species (sea 

urchin, zebrafish, frog, and chick).  Typically, studies on one species begins with one lab 

dedicated to students learning experimental techniques on their research animals.  The next 2-3 

labs are dedicated to independent experiments, where students design and execute an 

experimental manipulation using their research animal.  Experiments are “track-specific” – that 

is, they select a research track at the beginning of the semester.  The current tracks include 

cellular biology, teratogenesis, and the environment.  After working with each species, they write 

a lab report.   

Twice a semester: students gather and present experiments to the rest of the class.  At the end 

of the semester - students write a paper on any topic related to their track.  They can only use the 

lab manuals and their lab reports as references. 

 

 

How sustainability was infused into the course: 

 

1. In the laboratory: a “research track” was added to the list of topics for independent 

laboratory instruction (see page 5 of the syllabus).  This would encourage students to 

interpret their knowledge and experimental results in the context of sustainability in the 

environment. 

2. In the laboratory, a section on sustainability practices was added (see page 6 of the 

syllabus) to encourage students to minimize waste disposal. 
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Developmental Biology Lab 
Biol 351 Lab – Spring 2009  Wednesdays, 9-11:50 am, 1:00 – 3:50 p.m. 

Loyola Hall 015 
Instructor:  Dr. George Gomez 

   Loyola Hall 118     Office Phone: 941-6355 

   Email:  gomezg2@uofs.edu 

   Office Hours:  M, 11am-12 pm; Th, 10-11 am. 

Teaching Assistant:  Mary Margaret Lim (limm2@scranton.edu) 

 

Introduction: 

The laboratory portion of Biology 351 will focus on four major developmental systems: cellular 

development in the sea urchin embryo, and organogenesis in the zebrafish, amphibians, and the chick.  

We will explore some of the techniques used to gain a better understanding of the process by which 

multicellular organisms develop from a single fertilized egg.  We will also discuss the molecular events 

that accompany the morphological changes in the embryos that you observe. 

In most of these exercises, you will be observing developmental processes in living organisms.  Because 

of the time required for an individual organism to grow and develop, this lab will require that you spend 

some time making observations outside of the regularly scheduled lab period.  

 

Goals and Objectives for Biology 351 Lab: 

Upon completion of this laboratory course, students will be expected to: 

1. Describe developmental processes in four model organisms, emphasizing both the similarities and 

differences inherent in the development of these organisms. 

2. Demonstrate competence in utilizing techniques historically employed by developmental biologists to 

observe and interpret the changes that occur in an organism during embryonic development 

3. Apply concepts of cellular biology, teratology, ecology, or sustainability to experimental studies on 

animal development in a written lab report. 

4. Use your knowledge of developmental biology and the scientific process to design a research 

experiment, perform the experiment with appropriate experimental controls, and interpret and report 

your results. 

5. Write a comprehensive report that integrates knowledge obtained from four model organisms into a 

discusison of the underlying principles of developmental biology. 

 
Grading Policy: 

Independent grades are assigned for the laboratory and lecture portions of Biology 351.  Your lab grade 

will be based upon the following criteria, weighted by the percentages indicated in the parentheses: 

 

 Mini Lab Reports  80 to 100 pts.  (25%) 

 Final Report   80 pts.    (25%) 

 Lab Exam and Discussion I 70 to 100 pts.   (20%) 

 Lab Exam and Discussion II 70 to 100 pts.   (20%) 

 Quizzes    10-15 points each (10%) 

 Attendance   See “Attendance Policy” 

 

Grades will be based upon the total points earned versus the total points possible for each category, and 

grades will be weighted accordingly.  Your final grade will be determined by the following scale: 
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Percentage  Grade earned  Percentage  Grade earned 
 

94-100   A  73-76.99  C 
90-93.99   A-  70-72.99  C- 
87-89.99   B+  67-69.99  D+ 
83-86.99   B  60-66.99  D 
80-82.99   B-  <60   F 
77-79.99   C+ 

 

Below is a description of each of the criteria that will determine your grade and what is demanded in order 

for you to receive the highest score possible. 

  

Lab Exams 

Two exams will be given, covering the materials and techniques introduced in lab.  The first exam will 

take place on March 7, and the second on May 2.  These will be written exams.  Each test will have 

multiple choice, fill-in-the-blank, or one-sentence definitions, and short answer and essay questions that 

will require significantly more writing.  These also will be based entirely on material covered in lab.  

Review pointers will be distributed prior to the exam.  Following the written portion of the exam, students 

will have brief oral presentations of the labwork presented in a lab meeting format.  You will be graded on 

these presentations as part of your exam grade.  The exams will be about 100 points each. 

 

Quizzes 

All of our experiments will involve live animals; thus it is crucial that you have a clear understanding of 

the rationale and protocols involved with the experiments.  At the beginning of selected laboratory 

periods, we will have a quiz to ensure that you are familiar with the protocols and procedures, and that 

you will not cause unnecessarily mortality in the animals.  Quizzes will be 10 to 15 points each. 

 

Mini Lab Reports (20 points each) 

The mini-lab reports will be a graded weekly record of your laboratory activities.  This is especially 

important because many of the activities that you will actually conduct will be done OUTSIDE of class 

time.  You MUST submit your lab reports on time.  Late submissions incur an automatic “0” score. 

 

Final Report (80 points) 

The final lab report will be an overall summary of all your work throughout the semester.  This report 

will not follow the standard “lab report” format; it will be more similar to a term paper, but with your 

laboratory experiments and mini-lab reports as the source of all the primary data and information. 

 
Digital Submissions 

You are required to use Angel for submission of your written work.  You may use any common word 

processing format for your work, but MS Word, Rich Text Format, or Adobe Acrobat (PDF) are preferred; 

If you are having trouble incorporating your illustrations into your document, you may opt to submit your 

written text digitally and then hand in your appropriately labeled figures separately. 

 
Attendance 

Attendance is required for every laboratory exercise.  Attendance will be taken!  Each unexcused 

absence will result in the lowering of your course grade by 1/2 grade (i.e. A to A-, B- to C+, etc.), as well 

as the loss of all potential points for assignments pertaining to that lab.  For an absence to be excused, it 

must be approved by the instructor prior to the laboratory period, or approval must be sought through the 

submission of a written excuse signed by a physician, parent, or other person of authority.  The written 

excuse must contain a phone number for contacting the person.  If an excused absence occurs, a writing 

project will be assigned as a lab make-up.  The assignment must be completed in order the absence to 

be considered excused, and for no grading penalty to occur. 
Please arrive at your lab section having read the material assigned for the lab exercise for that 

week.  Be familiar with the techniques to be followed in carrying out the lab exercise, and identify any 
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details of the procedure that are poorly explained or are unclear.  Please take advantage of the 
opportunity to ask questions at the beginning of each lab.  Come prepared with questions! 
We will be working with “live animals”, and I do not want to make any unnecessary sacrifices or cause 
unnecessary deaths, so please make sure you are prepared. 

 

POLICY ON ACADEMIC DISHONESTY 

I HAVE A ZERO TOLERANCE POLICY FOR ACADEMIC DISHONESTY!  That means that if you are 

caught violating the Academic Code (cheating, plagiarism, false reporting), YOU AUTOMATICALLY FAIL 

THE COURSE.   

All graded work that you turn in must be written by you.  Performing each lab is a cooperative effort, 

with a significant amount of interaction, discussion, and collaboration.  This is an important part of the lab 

experience.  But, all writing resulting from the lab is to be an individual assignment.  If duplicate lab 

reports are submitted, BOTH authors will be considered as violators of the academic code of honesty.  In 

addition, plagiarism of published materials will not be tolerated.  Any assignment that contains plagiarized 

material will be considered as violators of the academic code of honesty 

 

 

Schedule for the semester 

 Date Exercise Quiz? Lab Report 

 

30-Jan Course Intro, Microscopy Review, making tools 
for Developmental Biology 

  

1 
6-Feb Planaria and hydra  Lab 1 

2 
13-Feb Introduction to the Urchin Yes  

3 
20-Feb Urchin Individual Experiments  Lab 2 & 3 

4 

27-Feb Fish: Individual experiments/sea urchin replicates Yes  

 
5-Mar catch-up for experiments  Lab 4 

 
12-Mar Lab Exam I   

 
19-Mar SPRING BREAK   

5 
26-Mar Chick Yes  

6 
2-Apr Chick experiments I   

7 
9-Apr Chick experiments II Yes  

 
16-Apr catch-up for experiments  Lab 5-7 

 
23-Apr Lab Exam II, lab discussion   

 
30-Apr no class (Monday sked)   

 
7-May no class   

 
12-May Final Report Due   
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The basic concept of our laboratory course: 
 

The Developmental Biology lab course is designed as an “inquiry-driven approach” course.  

Briefly, laboratory exercises will be performed within the framework of a scientific 

problem or phenomenon.  You will be provided with the background on the scientific 

phenomenon under investigation, and you will be expected to read up on the 

phenomenon (there is a lot of available material in books or on-line.  The basic 

instructional experiments (such as growth factor additions) wil l be designed to answer 

specific questions related to the development of your organism; for example: “How 

does retinoic acid affect chick brain development?”  Through this approach, you learn 

both the basic techniques required in the laboratory as well as how to apply basic 

scientific principles to practical situations.  You will integrate your knowledge and 

understanding of the subject matter in the final laboratory report and in the exams.  

 

Overview: 
Our laboratory course will involve the use of four representative species extensively 

used for developmental biology:  

 

1. the sea urchin (Arbacia punctulata): Sea urchins are ideal for studies on 

development because the gametes are easy to obtain, the eggs are large and 

easy to observe, and a larva develops within 24 hours of fertilization.  The 

speed of the developmental processes allows for easy observation within the 

laboratory period. 

2.  the zebrafish (Danio rerio): these fish are easily reared in the laboratory.  

Given optimal conditions, fish spawn every morning and lay transparent eggs 

that are easily observed under the microscope.  

3. domestic chick (Gallus domesticus):  Fertilized chick eggs start to develop 

upon incubation at the appropriate temperatures.  Chicks have been used as 

models for higher vertebrate development; thus there is a lot of literature on 

chick developmental biology. 

 

The classical studies of developmental biology (embryology) focused on the 

anatomical development of adult structures.  In this section of the lab, you will focus 

your investigations on the study morphological and anatomical features of developing 

creatures due to the ease of implementation of such techniques (all you need are your 

eyes and your brain).  Your studies will focus primarily on live embryos, although some 

studies on prepared slides may be necessary (especially for the chick embryo).  This is 

an ideal approach if you are also interested in evolution – many extant structures in the 

vertebrate trace their evolutionary origin to embryonic structures.  

 

The scientific inquiry will be divided into four general areas of study:  

 

Cellular Biology: Development is essentially a study of differentiation of pluripotent 

stem cells (in this case, embryonic cells).  The cell biology experiments will involve 

the study of marker molecule expression (using immunocytochemistry) and cell 

signaling pathways (using growth factor or morphogen induction or inhibition).  
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Your lab reports will focus on cellular phenomena and cell signaling pathways 

involved in embryonic development.  You will compare similarities and differences 

in the pathways between the different species.  To do these experiments, it is 

recommended (but not required) that you have some background in cell biology.  

Teratology:  Teratogens are compounds known to influence development, usually to the 

detriment of the embryo.  Experiments investigating the effects of teratogens have 

been especially useful in elucidating the mechanisms and cellular pathways involved 

with development.  Your studies will focus on addition of known teratogens (valproic 

acid, caffeine, metal ions, etc.) to embryos and observe the effects of your 

manipulations.  These studies have important implications for embryonic health.  

Environment:  Embryos are constantly exposed to environmental stimuli.  While thi s is 

more evident in sea urchins and fish (since the eggs are released into and develop in 

the environment), chick eggs are also sensitive to environmental cues such as 

temperature and chemicals.  Maternal brooding of eggs minimizes but does not 

eliminate such influences.  Your studies will focus on the effects of naturally varying 

environmental stimuli (UV light, salinity, pH, temperature, etc) on the development.  

Your lab reports will focus on environmental influences on embryonic development, 

and how embryos try to protect themselves from such changes.  This is an ideal line 

of study if you are interested in ecology or in evolution.  

Sustainability:  At its most basic level, sustainable means “meeting the needs of the 

present without compromising the ability of future generations to meet their own 

needs.” In the context of this laboratory, sustainability will focus on embryonic 

health issues as they pertain to any aspect of sustainability, including the health of 

ecosystems and perpetuation of trophic structure, maintenance of larval stocks of 

economically and ecologically important animals, maintenance of a healthy human 

population.  Your studies will focus any of the following: teratogens and the effects 

on embryos, and/or the effects of naturally varying environmental stimuli (UV light, 

salinity, pH, temperature, etc) on development.  Your lab reports will focus on these 

external influences on embryonic development, and how these influences affect a 

sustainable future. 

 
The mechanics of the lab class: 
 

The first two laboratory sessions will focus on the basic skills of developmental biology study.  

Lab 1 deals with a review of your microscopy skills (getting your eyes back in focus) and with 

constructing your personalized tools for developmental biology study.  Lab 2 deals with basic 

experiments on development, regeneration, and cell signaling using model organisms.  Once this 

lab is completed, you will divide into “tracks” based on your interest (either Cell Biology, 

Teratology, or Ecology).  You are not required to take on a permanent lab partner (so you can 

work alone), but you will be allowed (and encouraged!) to work in teams of 2 or 3 during each 

lab period.  You will, however, remain in your track for the remainder of the semester.  This is 

necessary because your final lab report discussion will focus on your specific track. 

The study of each species will begin with a laboratory exercise common to each track.  During 

this lab, you will learn the basic features of each organism as well as the experimental techniques 

required for the study of the species.  The subsequent lab(s) will be devoted to conducting 

experiments specific to your track.  So for example, in Lab 3, you will learn how to obtain 
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gametes from a sea urchin, how to fertilize eggs, and how to observe stages of cell division under 

the microscope.  If you are in the Cell Biology track, in the next Lab (Lab 4), you will conduct 

an experiment (such as determining the effects of LiCl on gastrulation) specific for your track. 

 

Lab Access outside of class time 
 

Since most of our experiments involve animals that take some time to develop, you will be 

given off-hours access to the lab.  There will be a lab access logbook.  You must sign yourself 

in and out of the lab!!!  If you have somebody else sign for you, and I find out that you were 

not present in the laboratory, this will be treated as a case of academic fraud and you will 

automatically receive a failing grade for the class. 

There will also be a digital camera available for you so that you can take pictures of your 

specimens.  PLEASE do not forget to use the sign-up sheet 

 

Sustainable practices 
 

As part of our social responsibility, we will make every effort to reduce the amount of non-

recyclable waste in our laboratory.  These include: 

· All digital laboratories – data, lab reports, assignments, etc.  If you decide to do print 

your lab manuals, so I encourage you to on recycled paper, on the back of previously-used paper, 

or print them on both sides of paper.  Don’t forget to recycle the paper when you are done. 

· Reusing or recycling laboratory ware (disposable 6 well plates, microscope slides) 

whenever appropriate.  See your instructor for details 

· Reduction in use of paper towels by the use of cloth wipes for laboratory clean-up 

· Other laboratory practices that you deem appropriate (suggestions welcome) 

 I strongly encourage all of you to make every effort to make sustainability a part of your 

daily routine.  I also encourage you to take the initiative and identify wasteful laboratory 

practices, inform the instructor of any ideas, etc. 
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An outline of the planned experiments for the semester 
You are welcome (and encouraged) to conduct experiment that are not outlined in this table.  If you read about a specific phenomenon that 

interests you, feel free to speak with the instructor regarding the design and execution of the experiments in lieu of the standard set. 

 

Lab                      Track Cell Biology Teratology Environment 

Feb 6 Cell signaling and regeneration (Common exercises for everyone) 

Sea Urchin Lab 1 

 

Obtaining Sea urchin gametes; observations of fertilization, cell division, and embryonic 

development; parthenogenesis; polyspermy (common exercises for everyone) 

Sea Urchin Labs 

(two weeks) 

Immunocytochemical analysis 

of fertilization and mitosis; 

Visualization of gut 

development using alkaline 

phosphatase staining; 

blastomere separation 

Effects of lithium and nickel on 

embryo development (using 

alkaline phosphatase staining)  

Effects of ultraviolet light, 

salinity, pH, and temperature, 

bleach, detergents, etc on 

embryonic development 

Fish Labs  

(two weeks) 

Quantifying the timeline of 

morphogenesis; Visualization 

of somites and motoneuron 

development; anatomical 

studies of whole embryos  

Effects of retinoic acid and 

FGF; Effects of lithium and 

inhibitors of cellular signaling 

cascades on embryo 

development 

Effects of ultraviolet light, pH, 

temperature, bleach, detergents, 

etc. on embryonic development 

Chick Lab 1 

 

Basic techniques of chick embryo handling; blastodisc dissection and embryo culture (common 

exercises for everyone) 

Chick Labs 2 

(two weeks) 

In vitro culture of cells and 

organs; Heart duplication 

surgery and spina bifida 

;Effects of retinoic acid, Sonic 

Hedgehog inhibitors, and FGF 

inhibitors on chick embryo 

growth 

 

Effects of retinoic acid, Sonic 

Hedgehog inhibitors, and FGF 

inhibitors on chick embryo 

growth; effects of alcohol, 

caffeine, nicotine, and other 

exogenous agents; 

Effects of temperature on 

whole embryo development; 

effects of alcohol, caffeine, 

nicotine, and other exogenous 

agents on embryonic 

development and cellular 

function 
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Assessment: Mini Lab Reports (20 points each) 
 

During each laboratory exercise, students will be asked to keep a detailed record of all 

activities and observations occurring during that lab period.  This is especially important because 

many of the activities that you will actually conduct will be done OUTSIDE of class time. 

It is important to remember that the reason for taking notes is so that you can return to them at 

a later date and recall exactly what you did, what the results of the experiment were, and what 

conclusions were drawn from the data you accumulated.  Although it may seem redundant to 

record information already present in your lab manual, you must write down everything you do 

during the lab period that relates to your experiment.  Only very rarely do experiments progress 

exactly as planned and directly follow the published protocol. 

Additionally, as with any observations of living organisms, the variability found in the 

developmental programs of different individuals means that you will not make the exact same 

observations at the exact same times as other members of the class or as the lab manual 

describes.  What you see will be different than what others see!  Take notes describing what you 

observe, not what you think you should observe! 

 

Your mini lab report will include these essential components for each exercise: 

1. Introduction: A two or three paragraph description of the experiment or exercise to be 

performed, written prior to beginning the experiment.  This is simply to get you thinking about 

why you are undertaking the exercise.  It should state the objective (WHAT you are trying to 

do) as well as a brief background (WHY you are trying to do it, and WHY it is important?).  

You must make sure that the background information and the rationale is very clear in your 

writing.  You will probably use primary literature articles in this section, so cite them 

appropriately. 

2. Procedures: Accurate notes detailing everything done or observed during the lab period, and 

when the observation was made.  These notes need not be written out in sentence form, but 

need to be clear enough and contain enough information that another biologist could read 

them at a later date and understand exactly what you have done.  Remember that the timing 

of developmental events is very important, so it is critical that you accurately record when 

observations are performed.  

3. Results: A paragraph or two describing the results of your experiments and any conclusions 

you may have drawn from these results.  Make some illustrations as well – they don’t have to 

be works of art, but they do have to accurately depict what you are visually observing.  All 

illustrations must be labeled (figure 1, 2, etc.), and your text must refer to the appropriate 

figures.  Be sure to include any observations that you think are important, even if they were 

already jotted down in your notes.  Again, with development, timing is critical, so make sure 

you write down the time of your observations.  Depending on when you are conducting your 

studies, the digital cameras may be available for your use.  See your instructor for details. 

4. Discussion: Based on your introduction (what you intended to do) and your results, you 

should come up with a discussion of your experiment.  You must elaborate on the 

significance of your results based on your introduction.  Remember that all your laboratory 

experiments are being done as part of a “big picture” or an overall theme, so make sure that 

you interpret your results in the proper context.  Do not make your discussion too long (a few 

paragraphs will suffice). 

 

As an approximate guideline, your mini lab reports should be about 5-10 pages of double-

spaced 12 point text (excluding illustrations).  Each mini lab report is due at the beginning of the 

succeeding lab period unless otherwise specified. 
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Assessment: the Lab Exams 
 

The laboratory exams are actually divided into two parts.  The first part will be a 45-

minute objective test (multiple choice, fill in the blanks, etc.) and short essays designed to 

query your knowledge of the basic properties of the development of your research 

animals. 

Immediately following the exam, we will hold an open “lab meeting” wherein each 

student or group of students will present a 5- to 10-minute presentation of the 

experiment(s) that he/she/they conducted.  The purpose of this “lab meeting” is for all 

groups to collaborate and share the results of the experiments.  This will help you put 

your experiments in context of the entire system that is being investigated.  Your 

participation in these open lab meetings will be graded. 

The format of your presentation will be as follows: you will start out by giving a brief 

description of your overall goals and a really brief description of the methods.  Then give 

an outline of your results (accompanied by a few photomicrographs).  This is followed by 

a short discussion on what these results mean.  As part of this lab meeting, you should 

prepare a 1-2 page (text, plus whatever figures you need) hand out that you can either 

hand out during the lab or post on Angel.  More instructions on these brief presentations 

will be given later. 

 

Assessment: Final Report (80 points) 
 

Throughout the semester, you will be studying basic developmental principles in four different 

animal species.  In addition to the standard set of experiments, you will be obtaining original data.  

Your final report will integrate all the knowledge obtained from your independent experiments and 

discuss the principles and phenomena that you have studied.  This report will be difficult to write, 

so I suggest that you start early! 

There is no format to the final report, but you must cover the following items in one form or 

another: 

1. The background: What did you study? Why did you study it?  Why is it important? 

2. How did you study the phenomena in each species?  Give a brief text description of the 

study without doing into too much detail.  What did you find out?  What data did you get? 

3. What does your data imply?  How do you think your data applies to other species?   

This report will be similar to one you would write for a lecture course.  However, instead of 

reading books and primary journal articles, you will be using your mini lab reports as your main 

sources (if you did them correctly, then you should have a few primary literature article citations in 

there). 

As an approximate guideline for length, your report should be at least 10-12 pages (12 point 

double spaced) long.  There is no maximum length. 

 

 

For example, if your studies focused on the environmental effects of UV, you can start out 

your report by discussing the significance of studying UV radiation: the occurrence of UV in the 

environment, how the different animal species are exposed to UV, the known effects of UV, etc.   

Then you can briefly describe your experiments and your results.  Make sure you describe 

your control experiments as well, so you can clearly point out the changes that resulted from your 

experimental manipulations. 

Then you can discuss the implications of your studies?  What features are common or 

different among the species?  What do your findings imply?  For example, can increased UV 
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exposure be a mechanism for evolutionary change?  Or you can discuss how different species 

must evolve adaptations to survive in different environments (like vertical migrations in the water 

column).  This is where you can get creative and/or use your background knowledge in Biology. 

 

I will grade your reports as follows: 

15 points for your introduction and explanation of your rationale 

20 points for your descriptions of your experiments and your results 

25 points for your discussion of the implications of your studies 

10 points for your ability to integrate the knowledge and experiments from the four different 

species 

10 points for the mechanics of your paper (writing, spelling, punctuation, appropriate grammar, 

references, etc.).  Hey, part of being a good scientist is good communication! 

 

 


