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Davidson College
Davidson, NC USA
Liberal Arts College

1800 Undergraduates
48  States

36  Countries



11 Year Collaboration
Three Countries

www.bio.davidson.edu/GCAT



Genome Consortium for Active Teaching

Started in 2000
Focused on DNA microarrays



over 24,000 undergraduates

Genome Consortium for Active Teaching

nu
m

be
r 

of
 m

ic
ro

ar
ra

ys
 s

hi
pp

ed

academic year



Genome Consortium for Active Teaching

•! Puerto Rico, Alaska, Hawaii, HBCUs, HSIs, community colleges and   

 large state institutions. In 37 states plus Washington DC. 

•! Cited by BIO2010, Mathematical Association of America, Nature 

  Medicine, HHMI, NSF, Science, & Genetic Engineering News

•! 16 basic research papers with 86 undergraduate coauthors. 

• 19 educational papers with 3 undergraduate coauthors. 

• Protocols in English and Spanish, translated by workshop alumni. 



p < 0.01

Genome Consortium for Active Teaching
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Question                           Topic                                             Increase (%)
    1.          Microarray experimental error–dye bias !!               + 36.2*
    2.          Microarray experimental error–gradient !!               + 10.5*
    3.          Microarray negative controls ! ! !                             + 10.3*
    4.          Microarray experimental design ! ! !                       + 38.2*
    5.          Gene expression ratios using a graph! !                  +   5.8*
    6.          Gene expression–probability !! !                            +   0.2
    7.          Gene expression–gene clusters  !! !                       + 22.3*
    8.          Gene expression–regulatory cascade   ! !               + 14.9*
    9.          Gene expression–gene circuit graphs !!                  + 11.8*
  10.           Interpreting microarray results !! !                          + 19.0*
  11.          Diagnosis with microarrays ! ! !                               + 12.5*

Student Learning Outcomes

* indicates p < 0.05; N = 409
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GCAT
Faculty Development

NSF funded



GCAT
Faculty Development

9 workshops, 360 faculty



Faculty Appreciate GCAT Resources 
! ! ! ! ! ! !                                                              Mean ! SD  
Access to microarray technology without GCAT!! 1.5 !   0.75
Online GCAT protocols useful! ! ! !                       4.4 !   0.69
The GCAT -Listserv helpful !! ! !                           4.2 !   1.0
GCAT network significant factor!! ! !                        4.2 !   0.79
Positive experience using GCAT !! ! !                  4.6 !   0.60
I would use GCAT again in the future !! !              4.7 !   0.63

1 = strongly disagree 
5 = strongly agree



“You have awakened parts of my brain that have 
been dormant since my last stats course. The 
only reason I have gone over the manual so 
carefully is that this is my first time teaching 
microarrays, or even using them, for that matter. 
GCAT has been remarkably helpful to me. In fact 
I donʼt think I would have undertaken this new 
module in my lab course without the tools GCAT 
makes available.” 

Faculty Development



GCAT

Published 
basic research

Teaching 
awards

Research
grants funded

Published 
learning gains



Expansion to Meet Objectives



Open Source and Free Software

www.bio.davidson.edu/MAGIC 



Online Clustering

Interactive clustering web page to learn about clusters and threshold values
http://gcat.davidson.edu/DGPB/clust/clustering.htm 



Correlation Exercise

Four interactive scenarios to learn about correlation coefficients
http://gcat.davidson.edu/Online_Genomics/Online.html 



Ben Kittinger ‘05 

Wet-lab microarray simulation kit - fast, cheap, works every time.
www.bio.davidson.edu/projects/gcat/HSChips/HSchips.html  

Introduced Microarrays Early



GCAT Develops Commercial Product



Enable Students to Practice

www.bio.davidson.edu/projects/GCAT/Spot_synthesizer/Spot_synthesizer.html 



What Else Can Chips Do?

Jackie Ryan ‘05 

www.bio.davidson.edu/projects/gcat/CGH/CGH.html 



Comparative Genome Hybridizations



Moving into Synthetic Biology

www.bio.davidson.edu/projects/gcat/Synthetic/synthetic.html



Synthetic Biology: Win-Win Research
Win #1: your design functions as expected.



Synthetic Biology: Win-Win Research

Win #2: your design fails but you uncover basic biology 

Win #1: your design functions as expected.



Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



Standardized & Modular DNA

http://partsregistry.org/Main_Page

Think of Radio Shack for DNA parts. 



Abstraction and Modeling



SynBio Papers Published

Top 10 most accessed articles of all time

27 undergraduate coauthors

Having the number 2 paper of all time for the journal is nice, but 
having the number 1 paper is better. 



Increased Student Diversity
55 undergraduates in 7 years

African
American Hispanic First

Generation
Asian

Minority
Asian

Majority

11 2 9 2 8

campus: 74% Caucasian               biology majors: 87% Caucasian

PhD Dual
degree MD MPH Jobs MD at DC

11 2 5 3 8 7 18

8 graduated in May 2011



More Interest in BioMath

a dozen students
every Friday 4 pm

2 campuses
video conference

gcat.davidson.edu/sybr-u/bmc.html



GCAT Faculty Workshop
Synthetic Biology

15 pairs of faculty
1 Bio + 1 Other

Summers 2010, 2011 + 3 More!

www.bio.davidson.edu/projects/gcat/workshop_2010/workshop_2010.html



GCAT Distributed Freezer Stocks



Other Sequencing Models

www.bio.davidson.edu/courses/Bio343/LabMethods.html



Undergraduate Genomics Research Initiative
Cheryl Kerfeld at Joint Genome Institute

www.jgi.doe.gov/education/genomeannotation.html



Laboratory Methods in Genomics



Learning Outcomes
 Understand what a gene is through in depth analysis of a genome.
 Determine how genomes are organized.
 Generate species-specific metabolic maps. 
 Recognize automated annotation is imperfect & judgment calls are necessary.
 Evaluate evolutionary paths as revealed in novel genomes.
 Gain a real research experience and all that comes with it.
 Develop computer skills used in modern genomics.
 Excel in collaborative learning and research.

Laboratory Methods in Genomics



http://gcat.davidson.edu/GcatWiki/index.php/Halorhabdus_utahensis_Genome

Laboratory Methods in Genomics



Laboratory Methods in Genomics



10 undergraduate coauthors, written by students

4 out of 5 star rating by independent reader

Undergraduates Publish Results 7/09

www.plosone.org/article/info%3Adoi%2F10.1371%2Fjournal.pone.0006291



Limits of JGI

• no publication process

• no public database connectivity

• metagenomics limited access



Sarah Elgin at Washington University
Genome Education Partnership

• Students finish and annotate genome sequences
• Support staff online
• Free workshops in St. Louis
• Growing number of schools participating

http://gep.wustl.edu/



Limits of GEP

• web page and 2 publications

• limited by species

• VERY resource intensive 

• how often can you publish this?



  Phage Genome Initiative
Science Education Alliance

• Students isolate phage 

• Students purify phage DNA; Sequenced at JGI

• Students annotate and compare genomes

• National experiment to examine phage variation

• Free workshop and reagents

www.hhmi.org/grants/sea/



Limits of SEA
• uncertain future

• limited species

• must follow their model

• publications into the future?



Lessons & Advice
• Define networkʼs goals and limits first
• Get a good name and logo - branding is important
• Conduct assessment each year and share results
• Provide faculty training and target MSIs (haves and have nots)
• Allow academic freedom - support THEIR goals
• Get publicity and publish meetings, pedagogy and research
• Build web page that provides resources and FAQs
• Distribute networkʼs responsibilities - redundancies are good
• Adapt to community needs but donʼt compromise goals
• Get clerical and logistical support for leadership
• Mike - make sure you are still enjoying this
• Each year, ask whether you network should continue or not
• Be careful what you wish for
• Naiveté can carry you a long way



Questions for You
• Will you want/require ESTs? If so, how many per project?
• Is automated annotation sufficient? Which program(s) will you use? 
• How much manual annotation do you expect/want?
• Will you require finishing? Block finishing?
• How will future projects be funded?
• Who determines which projects are selected?
• What is transformative about these projects? 
• Will you allow any one with $ to use your consortium? 
• Will every project be independent, or will you have a central 
   repository/interface? 
• When will the sequence be made public? 
• Can high schools participate? Graduate students? 



The Duke Endowment, NSF, HHMI
Genome Consortium for Active Teaching (GCAT)

Davidson College James G. Martin Genomics Program
MWSU SGA, Foundation & Summer Research Institute 
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