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BIO323 Topics in Developmental Biology:  
“Regeneration” 

Michael J.F. Barresi, Ph.D. 
L. David Smith, Ph.D. 

Smith College, Northampton, MA 
 
Introduction:  
“I already killed you once... And I bet you’ll come back again and again... No matter how many times I 
slaughter you. Your tendency to come back from the brink of death has nothing to do with your healing factor. 
Your mutant power isn’t regeneration. It’s popularity.”  ― Cullen Bunn, Deadpool Kills The Marvel Universe #3 
  
The curiosity in regenerative power is at least as enduring as the phenomenon itself, and likely what has brought 
you to this class.  Whether it’s trying to make sense between the science fiction of characters like Deadpool 
and the legitimate science underlying regeneration or trying to understand the current status of today’s 
regenerative medicines, I welcome you to this seminar. Regeneration has become its own scientific field; a field 
that is now grounded solidly in understanding the mechanisms of developmental biology as it relates to the 
creation and patterning of new structures in the adult organism.  In this seminar we will both survey the different 
types of regenerative capacities and processes that exist, as well as dive deeply into the developmental 
mechanism driving and/or preventing regeneration.  Course material begins with a single chapter on 
regeneration, and then quickly moves to primary literature, which will serve as a springboard to hold 
videoconferences with the researchers who conducted the work.  
 
Pedagogy: 

 
This course is based on a student-governed learning experience.  Students are largely responsible for preparing 
the course content, reflecting deeply upon the material, and conveying their understanding to their peers.  
Course content will mainly be derived from primary research literature, and students are expected to master 
this material to a level where they are comfortable conversing with the scientists who carried out the research. 
As this is a class made up of students with diverse backgrounds, students are expected to do their own 
background studying to bolster those areas they are deficient.  We will take advantage of the technology in 
the video conferencing room (Neilson Center for Media Production C/07) to interact directly with notable 
scientists.  It will be your responsibility to be prepared to discuss the experiments, results, conclusions, and 
implications of the scientist’s research.  
 
The main assessment for the course will be the creation of a documentary movie by student teams on the 
subject of regeneration. This course design will have significant flexibility to enable students to follow their 
interests, delve deeply into the material, and gain a personal connection that will foster a life-long retention of 
the subject matter.  Making a movie, offers many additional benefits that include learning a new array of 
technical skills for video recording and editing, as well as skills in how to write and visualize a story line for 
communicating complex scientific principles to a wider audience. Being able to conceptualize a complex 
topic in science in a way that others can learn from in an entertaining manner is a hugely valuable skill for all 
future careers. This movie making approach will prepare you to engage with experts in the field, by building 
confidence in direct communication and interviewing, while also staying objective and critical in your analysis 
of the science.  In full disclosure, these are lofty goals that will demand committed time, ultimately you will get 
out of this course what you put into it. One of many exciting aspects of this course is that you will produce a 
tangible product that can be shared with the world, but more importantly shared with future employers as a 
shining example of your talents, skills, and potential. Previous class’ productions using this approach have 
provided students with new insights, opened career doors, and even resulted in direct employment after 
graduation.  So get ready, this could quite possibly be the most fun you have ever had in any class. That is our 
hope anyway!   
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Instructor Information: 
Michael J.F. Barresi, Ph.D.  
Associate Professor  
Neurodevelopmental Biologist  
Department of Biological Sciences & Neuroscience Program  Phone: x3697 
Sabin-Reed 401A        Email: mbarresi@smith.edu 
Required Office Hours: To be determined for each group. 
 
Kathryn Lee, (will provide supportive instruction on movie making process) 
Senior Media Producer       Email: klee@smith.edu 
Office Hours: To be determined throughout semester   
 
Text Book: Chapter 22 Regeneration.  Developmental Biology, 11th Ed. Gilbert and Barresi 2016 
https://app.box.com/s/6pskks06w4ft2cogvkxpc2ivy4d3pqjx 
 
Three Movie Themes for Spring 2013:  
Global Theme: Regeneration; a recapitulation of embryonic development? 

1. Infinite Regeneration in Invertebrates 
2. Swimming for Localized Regeneration 
3. ‘Unlocking’ Regeneration in Mammals 

 
Assessment: 
 50%     Final 15-min. Documentary Movie     400 points  

12.5%  Drafts of Movie Progress (4 items, 25 pts each)   100 points 
12.5%  Oral Presentation       100 points   

 12.5%  Questions for Speakers (20 pts x 5 sets)    100 points  
 12.5%  Participation to group (two periods of evaluation)   100 points   
            Total points = 800    
  
The Movie: Students in this course may have widely varying interests in biology as well as skillsets they are 
bringing to the team.  In light of this range of motives and background knowledge, the main assignment for this 
course involves the creation of 2-3 short documentary movies all focused on the central theme of the 
developmental mechanisms underlying regeneration.  Logistically, each movie-making team will consist of 3-4 
students, grouped according to their interest and to establish complementary backgrounds and skill sets.  Each 
team will create a 15-minute movie on a particular topic.  This movie will require filming interviews with 
prominent scientists, physicians, and others (i.e., whoever can supply the key information to support your movie 
in a factual and entertaining way) as well as collecting footage from research labs and relevant 
environments/locales.  To help with the acquisition of content and to begin to build confidence and the skills to 
communicate with prominent scientists, a significant portion of footage will come directly from captured in-
class videoconferences.    
 
With the help of the Smith IT staff, we will provide hands-on training on all aspects of movie making.  From story 
boarding to video editing and from panning to interviewing dos and don’ts, you will gain all the skills you need 
to generate a professional documentary.  At least one of four trainings will occur during a class, but the 
remaining three will be offered at night.  Note: due to the added time of these workshops and other time 
required out of class, this seminar is worth 4 credits.  Most other science seminars are all at 3 credits.  So this 
added effort is being compensated. 
  
Oral presentation:  There will be ~6 sessions where students will have to present specific research articles with 
the appropriate background information to put the research in context and facilitate discussion.  Every student 
will have to participate directly in one presentation either on their own or in groups of 2-3 depending on the 
enrollment of the class.  The original research articles for each session will be posted on the schedule once 
participating scientists are confirmed.  PowerPoint (or google) presentations are required as this software has 
become the universal mode of presenting research talks.  Students should plan to lecture for no more than 30 
minutes, leaving ~10 minutes for discussion and questions.  Each lecture will be followed by a videoconference 
or in-class meeting with the main investigator of the articles for a Q&A to last the remainder of the class.   
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Questions for Speaker: Prior to each scheduled presentation, ALL students are required to submit 4 critical 
questions or comments about the article and/or topic.  The presenting students and instructors will look over 
these questions and select a limited number for a special Q&A with the main investigator of the study.  
Videoconferencing will bring a very personal perspective of their work to our discussion, and the investigator’s 
presence will enable us to ask questions that would not otherwise be possible.  Because this is a rare 
opportunity, students must treat these video visitors’ precious time very seriously: students must put in significant 
time to read these articles thoroughly and generate critical questions that push the science to its limits – even 
for the principle investigator!  Take advantage of these questions as they also represent important opportunities 
to elicit key responses for your documentary (i.e., some team coordination about key questions should be 
discussed and even prioritized prior to submission). 
 
Group participation:  The only way these documentaries will be professionally made is if each student is 
responsible for her role in the team.  A significant amount of outside class time will be required to complete 
filming and editing of the documentary.  Instructors will assess individual participation on your team two times 
during the semester through the use of self- and group-surveys and the instructors’ observations. 
 
Late work: Penalties will be given for any assignment handed that is not handed in by the end of class on the 
listed due date.  5% will be deducted from the final grade of that assignment for that day and each 
subsequent day late.  
   
Special Accommodations: Any student requiring additional privileges during or out of class must provide formal 
written documentation of the requested accommodations. 



Topics in Developmental Biology (BIO 323) 
''Regeneration'' 

Global Theme: Regeneration; a recapitulation of embryonic development? 
            Course Schedule (Spring 2017); Neilson Center for Media Production C/07, 1:00-4:00 
 

January 31 Overview of Regeneration – Part 1 
Required Readings - Chapter 22 Regeneration.  Developmental Biology, 11th Ed. Gilbert and Barresi 2016 

https://app.box.com/s/6pskks06w4ft2cogvkxpc2ivy4d3pqjx 
Suggested 
readings as 
resource if needed 

You need to do your own background research. 

 
Feb. 7 Overview of Regeneration – Part 2 
Required Readings - Chapter 22 Regeneration.  Developmental Biology, 11th Ed. Gilbert and Barresi 2016 

https://app.box.com/s/6pskks06w4ft2cogvkxpc2ivy4d3pqjx 
Suggested 
readings as a 
resource if needed 

You need to do your own background research. 

 
Feb. 14 Lesson 1: Making a documentary – Video Conferencing room. 
Required Readings - Look at guidelines for producing video and watch video tutorials. 

http://media.smith.edu/smithvideo/ 
     Assignment Due Nothing due, but you need to be working with group to research movie focus. 
 
February 21 Lesson 2: Filming how to's and Interviewing Practices – TV studio room 

Assignment Due First Draft of Script outline and rough sketched Story Board due – Email to profs. 
 
February 28  SIGMA XI (noon). Dr. Catherine McCusker, How to Regenerate New Organs from Old 

Cells: The Lessons Learned from Regenerating Amphibians 
February 28 In Studio discussion with Dr. McCusker 

Moderators: Carla Velez, Emilie Jones, Brigit McDannell 
Send questions by Thursday Feb 23rd at 5PM to Michael and the 3 moderators 

Review:  
1: McCusker C, Bryant SV, Gardiner DM. The axolotl limb blastema: cellular and molecular mechanisms driving blastema formation and limb 
regeneration in tetrapods. Regeneration (Oxf). 2015 May 11;2(2):54-71. 
2: McCusker CD, Gardiner DM. Understanding positional cues in salamander limb 
regeneration: implications for optimizing cell-based regenerative therapies. Dis Model Mech. 2014 Jun;7(6):593-9.  
Research:   
1: McCusker CD, Diaz-Castillo C, Sosnik J, Q Phan A, Gardiner DM. Cartilage and bone cells do not participate in skeletal regeneration in 
Ambystoma mexicanum limbs. Dev Biol. 2016 Aug 1;416(1):26-33.  
2: McCusker CD, Athippozhy A, Diaz-Castillo C, Fowlkes C, Gardiner DM, Voss SR. Positional plasticity in regenerating Amybstoma 
mexicanum limbs is associated with cell proliferation and pathways of cellular differentiation. BMC Dev Biol. 2015 Nov 23;15:45.  
3: McCusker CD, Gardiner DM. Positional information is reprogrammed in blastemal cells of the regenerating limb of the axolotl (Ambystoma 
mexicanum). PLoS One. 2013 Sep 27;8(9):e77064.  

Suggested 
readings as a 

resource if needed 

Review on Accessory Limb Model:  
-Satoh A, Mitogawa K, Makanae A. Regeneration inducers in limb regeneration. Dev Growth Differ. 2015 
Aug;57(6):421-9. 
-McCusker C, Gardiner DM. The axolotl model for regeneration and aging research: a mini-review. Gerontology. 
2011;57(6):565-71.  

Assignment Due Finalized list of potential talents to contact.  
Provide list of identified art, animations, and other tangibly obtainable materials. 

  
March 7 Web Conference OR Lesson3: Video Editing with “Final Cut” – Digital Video Lab 
Required Readings  
  

March 14 NO Class:  Spring Break  
 
March 20 LIFE SCIENCE COLLOQUIUM: Michael Levin Bioelectric	Regulation	of	Regeneration 
March 21 In Class Discussion with Dr. Michael Levin, in Studio  

Moderators: Morgan Schwartz, Jessica Chung, Joanna Kim 
Send questions by Thursday March 9 to Michael and Moderators 



General Planarian Review: - Elliott SA, Sánchez Alvarado A. The history and enduring contributions of planarians to the study of animal 
regeneration. Wiley Interdiscip Rev Dev Biol. 2013 May-Jun;2(3):301-26. 
 
Hypothesis on cell/tissue memory: Neuhof M, Levin M, Rechavi O. Vertically- and horizontally-transmitted memories - the fading boundaries 
between regeneration and inheritance in planaria. Biol Open. 2016 Sep 15;5(9):1177-88. 
 
Reviews: 
1. -Pezzulo G, Levin M. Top-down models in biology: explanation and control of complex living systems above the molecular level. J R Soc 
Interface. 2016 Nov;13(124). 
2. -Lobo D, Solano M, Bubenik GA, Levin M. A linear-encoding model explains the variability of the target morphology in regeneration. J R 
Soc Interface. 2014 Jan 8;11(92):20130918. 
3. -Levin M. Molecular bioelectricity: how endogenous voltage potentials control cell behavior and instruct pattern regulation in vivo. Mol 
Biol Cell. 2014 Dec 1;25(24):3835-50. 
 
Research Articles: 
1. -Durant F, Lobo D, Hammelman J, Levin M. Physiological controls of large-scale patterning in planarian regeneration: a molecular and 
computational perspective on growth and form. Regeneration (Oxf). 2016 Apr 28;3(2):78-102. 
2. -Lobo D, Levin M. Inferring regulatory networks from experimental morphological phenotypes: a computational method reverse-engineers 
planarian regeneration. PLoS Comput Biol. 2015 Jun 4;11(6):e1004295. 
3. -Beane WS, Morokuma J, Lemire JM, Levin M. Bioelectric signaling regulates head and organ size during planarian regeneration. 
Development. 2013 Jan 15;140(2):313-22. 
4. -Adams DS, Tseng AS, Levin M. Light-activation of the Archaerhodopsin H(+)-pump reverses age-dependent loss of vertebrate 
regeneration: sparking system-level controls in vivo. Biol Open. 2013 Mar 15;2(3):306-13. 

 FINAL Script outline and Story Board.   
 
March 28 Web Conference with Dr. Elly Tanaka 

Presenters: Jessica Chung and Brigit McDannell 
Send questions by Thursday March 23 to Michael and Moderators 

Spinal Cord: 
- Rost F, Albors AR, Mazurov V, Brusch L, Deutsch A, Tanaka EM, Chara O. Accelerated cell divisions drive the outgrowth of the regenerating 
spinal cord in axolotls. Elife. 2016 Nov 25;5. pii: e20357. 
- Rodrigo Albors A, Tazaki A, Rost F, Nowoshilow S, Chara O, Tanaka EM. Planar cell polarity-mediated induction of neural stem cell 
expansion during axolotl spinal cord regeneration. Elife. 2015 Nov 14;4:e10230. 
- Fei JF, Schuez M, Tazaki A, Taniguchi Y, Roensch K, Tanaka EM. CRISPR-mediated genomic deletion of Sox2 in the axolotl shows a 
requirement in spinal cord neural stem cell amplification during tail regeneration. Stem Cell Reports. 2014 Sep 9;3(3):444-59. 
CNS Evolution of Regeneration Review: Tanaka EM, Ferretti P. Considering the evolution of regeneration in the central nervous system. Nat 
Rev Neurosci. 2009 Oct;10(10):713-23. 
 
Limb: 
- Nacu E, Gromberg E, Oliveira CR, Drechsel D, Tanaka EM. FGF8 and SHH substitute for anterior-posterior tissue interactions to induce limb 
regeneration. Nature. 2016 May 19;533(7603):407-10. 
- Sugiura T, Wang H, Barsacchi R, Simon A, Tanaka EM. MARCKS-like protein is an initiating molecule in axolotl appendage regeneration. 
Nature. 2016 Mar 10;531(7593):237-40. 
- Currie JD, Kawaguchi A, Traspas RM, Schuez M, Chara O, Tanaka EM. Live Imaging of Axolotl Digit Regeneration Reveals Spatiotemporal 
Choreography of Diverse Connective Tissue Progenitor Pools. Dev Cell. 2016 Nov 21;39(4):411-423 
- Roensch K, Tazaki A, Chara O, Tanaka EM. Progressive specification rather than intercalation of segments during limb regeneration. 
Science. 2013 Dec 13;342(6164):1375-9. 
Limb Regeneration Review: Tanaka EM. The Molecular and Cellular Choreography of Appendage Regeneration.  Cell. 2016 Jun 
16;165(7):1598-608. 
 
Tail, Muscle, and Segmentation: 
Vincent CD, Rost F, Masselink W, Brusch L, Tanaka EM. Cellular dynamics underlying regeneration of appropriate segment number during 
axolotl tail regeneration. BMC Dev Biol. 2015 Dec 9;15:48. 
- Sandoval-Guzmán T, Wang H, Khattak S, Schuez M, Roensch K, Nacu E, Tazaki A, Joven A, Tanaka EM, Simon A. Fundamental differences 
in dedifferentiation and stem cell recruitment during skeletal muscle regeneration in two salamander species. Cell Stem Cell. 2014 Feb 
6;14(2):174-87. 
 
Math Modeling of Regeneration: 
-Chara O, Tanaka EM, Brusch L. Mathematical modeling of regenerative processes. Curr Top Dev Biol. 2014;108:283-317. 
March 28; 6:30PM  Lesson4: Advanced Video Editing and Exporting – Digital Video lab 
 
April 4; 2:00PM Web conference with Dr. Alejandro Sánchez Alvarado 

Presenters: Carla Velez and Morgan Schwartz 
Send questions by Thursday March 30 to Michael and Moderators 

Reviews: 
- (repeat)  Elliott SA, Sánchez Alvarado A. The history and enduring contributions of planarians to the study of animal regeneration. Wiley 
Interdiscip Rev Dev Biol. 2013 May-Jun;2(3):301-26. 
-Sánchez Alvarado A. Q&A: what is regeneration, and why look to planarians for answers? BMC Biol. 2012 Nov 8;10:88. 
- Adler CE, Sánchez Alvarado A. Types or States? Cellular Dynamics and Regenerative Potential. Trends Cell Biol. 2015 Nov;25(11):687-96. 
- Sánchez Alvarado A, Yamanaka S. Rethinking differentiation: stem cells, regeneration, and plasticity. Cell. 2014 Mar 27;157(1):110-9. 



 
Research: 
- Davies EL, Lei K, Seidel CW, Kroesen AE, McKinney SA, Guo L, Robb SM, Ross EJ, Gotting K, Alvarado AS. Embryonic origin of adult stem cells 
required for tissue homeostasis and regeneration. Elife. 2017 Jan 10;6. pii: e21052. 
- Lei K, Thi-Kim Vu H, Mohan RD, McKinney SA, Seidel CW, Alexander R, Gotting K, Workman JL, Sánchez Alvarado A. Egf Signaling Directs 
Neoblast Repopulation by Regulating Asymmetric Cell Division in Planarians. Dev Cell. 2016 Aug 22;38(4):413-29. doi: 
10.1016/j.devcel.2016.07.012. PubMed PMID: 27523733. 
 
April 11 Round table discussion on Story boards. 

Remainder is whole class editing session 
Required Readings  
 
April 18 Web conference with Dr. Ellen Heber-Katz 

Presenters: Emilie Jones and Joanna Kim 
Send questions by Thursday April 13 to (Michael) and Moderators 

Reviews: 
- Heber-Katz E. From Immunity and Vaccines to Mammalian Regeneration. J Infect Dis. 2015 Jul 15;212 Suppl 1:S52-8. 
- Gourevitch D, Kossenkov AV, Zhang Y, Clark L, Chang C, Showe LC, Heber-Katz E. Inflammation and Its Correlates in Regenerative Wound 
Healing: An Alternate Perspective. Adv Wound Care (New Rochelle). 2014 Sep 1;3(9):592-603. 
- Heber-Katz E, Zhang Y, Bedelbaeva K, Song F, Chen X, Stocum DL. Cell cycle regulation and regeneration. Curr Top Microbiol Immunol. 
2013;367:253-76. 
- Arthur LM, Heber-Katz E. The role of p21 in regulating mammalian regeneration. Stem Cell Res Ther. 2011 Jun 29;2(3):30. 
Research: 
- Bedelbaeva K, Snyder A, Gourevitch D, Clark L, Zhang XM, Leferovich J, Cheverud JM, Lieberman P, Heber-Katz E. Lack of p21 expression 
links cell cycle control and appendage regeneration in mice. Proc Natl Acad Sci U S A. 2010 Mar 30;107(13):5845-50. 
- Cheverud JM, Lawson HA, Bouckaert K, Kossenkov AV, Showe LC, Cort L, Blankenhorn EP, Bedelbaeva K, Gourevitch D, Zhang Y, Heber-
Katz E. Fine-mapping quantitative trait loci affecting murine external ear tissue regeneration in the  LG/J by SM/J advanced intercross line. 
Heredity (Edinb). 2014 May;112(5):508-18. 
- Zhang Y, Strehin I, Bedelbaeva K, Gourevitch D, Clark L, Leferovich J, Messersmith PB, Heber-Katz E. Drug-induced regeneration in adult 
mice. Sci Transl Med. 2015 Jun 3;7(290):290ra92. 

Assignment Due Filming is to be completed.  Editing begins.  Schedule group visit to show me footage. 
 
April 25 5 min verbal Group presentations of movies to date.  

Remainder is whole class editing session  
Required Readings  

Assignments Due Michael sign off on your movie status. 
 
May 2 Final Class Editing Session 

Assignments Due Final edited and exported movies due no later than May 2 11:59:59 P.M. 
 
FINALS PERIOD 
(Time and day TBD) BRING YOUR POPCORN AND CANDY, IT’S MOVIE TIME! 

Assignments Due -Reflective write up and group assessments due. 
 


