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Two Ways to Remove Band-aids
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Two Ways to Remove Band-aids

fast yank
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Two Ways to Remove Band-aids

fast yank slow pull
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1. My Definition of Bioinformatics

2. Jump Right In (rip it off)

3. Gradual Introduction (pull slowly)

4. Student Outcomes and Data

5. Discussion and Exchange of Ideas

Outline of Presentation
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Davidson College
Davidson, NC USA
Liberal Arts College

2,000 Undergraduates
48  States

36  Countries
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Guess what, I 
taught my dog to 

whistle!

Teaching vs Learning

http://thegoodpeople.se/blog/?p=208
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Really?!

Teaching vs Learning
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Teaching vs Learning

Whistle! C’mon 
boy, whistle!
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Teaching vs Learning

?????????????
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Teaching vs Learning

I thought you said 
you taught your 
dog to whistle. 
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I did, but I didn’t say 
that he learned to 

whistle. 

Teaching vs Learning
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Genomics, Proteomics & Bioinformatics 

mostly juniors and seniors
majority biology majors

+
psychology, neuroscience, math
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Genomics, Proteomics & Bioinformatics 

Students should be able to:
• interpret real genomics papers
• use data to answer questions
• mine research databases
• connect science to real world problems
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Genomics, Proteomics & Bioinformatics 

Sequencing
Epigenomics
Variation
Transcriptome
Proteome
Systems Biology
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Genomics, Proteomics & Bioinformatics 
Read Papers

Bacterial Community 
Variation in Human 
Body Habitats Across 
Space and Time
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Genomics, Proteomics & Bioinformatics 

Evolutionarily Assembled 
cis-Regulatory Module at 
a Human Ciliopathy Locus

Web Pages
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Genomics, Proteomics & Bioinformatics 
Exams Based on what you have learned this semester, what procedure would you 

recommend in the form of ideal, personalized cancer treatment of this patient 
(hospice and similar recommendations are not a valid answer for this test, 
though it might be in real life). Limit your answer to a maximum of 3 sentences.
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No one gives you an education. 

If you want one, you have to take it.
John Taylor Gotto

http://nccueagles.yuku.com/topic/6441#.T1o5-pjufqE
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Laboratory Methods in Genomics

mostly juniors and seniors
majority biology & math majors
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Laboratory Methods in Genomics

Students should be able to:
• do real genome research
• evaluate ambiguities
• use databases to annotate genes
• determine pathway completeness
• communicate to wider audience
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Laboratory Methods in Genomics
2008
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Laboratory Methods in Genomics
2008
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Laboratory Methods in Genomics
2009
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Laboratory Methods in Genomics
2009
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Laboratory Methods in Genomics
2011
2012
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Laboratory Methods in Genomics
2011
2012

27Thursday, January 24, 2013



Laboratory Methods in Genomics
2011
2012
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Education is the only industry where
customers never complain when they
get less product for their money.
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Bioinformatics 

mostly juniors and seniors
50% math majors + 50% biology majors

Dr. Laurie Heyer 
(Math Dept.)
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Bioinformatics 
Students should be able to:

• write computer code to do tasks
• work with real data
• collaborate with different major
• produce functional online tools
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Bioinformatics 
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Bioinformatics 
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Bioinformatics 
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Introductory Biology

A. Malcolm Campbell, Laurie J. Heyer 
and Christopher J. Paradise 

Integrating Concepts in Biology
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• Vocabulary is emphasized

•  Memorization is rewarded

• Experimental approaches are minimized

• Math usage is extremely limited

• Critical thinking is discouraged

• Information is irrelevant to students

What’s Wrong with Biology Education in the US?
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Present information and data…
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… in the context of the big picture.
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Artificial Divide within Biology

Small Biology

Big Biology
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Five Levels of Organization

Molecular

Cellular

Organismal

Population
Ecological System
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Five Big Ideas of Biology

Homeostasis

CellsEmergent 
Properties

Biology

Evolution

Information
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Five by Five Matrix of Biology
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BioMath Explorations
BioMath Exploration 6.3

How can you fit exponential curves to data?
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Ethical, Legal and Social Implications
Are religion and evolution compatible? 

Is science possible if you are 
uncertain about what is true? 

Who owns your DNA?

Does basic biology have any 
impact on the real world?
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Student Outcomes and Data 
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Do ICB students learn less than others?

no
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Do ICB students learn more than others?

yes?
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Can ICB students interpret data better?

yes
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Can intro bio students do real research 
and characterize a new promoter?
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What is Synthetic Biology?

Implementation of engineering principles 
and mathematical modeling to the design 
and construction of biological parts, 
devices, and systems with applications in 
energy, medicine, and technology.

www.bio.davidson.edu/projects/gcat/Synthetic/What_Is_SynBio.html
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Golden Gate Assembly Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT
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promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

Golden Gate Assembly Method
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G     
CTTAA 
 AATTC
     G

Eco RI

type II

palindrome
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Bsa I

GAGACC     
CTCTGG

type IIs

not a 
palindrome
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Bsa I

1234nGAGACC     
    nCTCTGG
                
----       

type IIs
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----       

Bsa I

1234nGAGACC     
    nCTCTGG

type IIs
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       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs
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       ----
           

Bsa I

GGTCTCn
CCAGAGn1234

type IIs
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

Bsa I

Bsa I
GCTG

GCGG
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCCGCTG

GCGG
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CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC

GCTG
GCGG

CGAC(promoter)   
    (promoter)CGCC
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GCTG
GCGGCGAC(promoter)   

    (promoter)CGCC

CGACtGAGACC(TT)GGTCTCa   
    aCTCTGG(TT)CCAGAGtCGCC
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GGA Ligation Method

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT

BsaI + Ligase
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GGA Ligation Method

promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

BsaI + Ligase
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GGA Ligation Method

promoter + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

no gel purifications!

66Thursday, January 24, 2013



GGA Ligation Method
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+ control
- control
new 1
new 2

+ control
- control
new A
new B

Student Sample, September 2012
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Student Sample, September 2012
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Student Sample, September 2012
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Student Sample, September 2012
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/
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Testing Known Promoters: Ptac
             -35                   -10
5’ CGACGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAACTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’
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             -35   ATAA (deleted)  -10
5’ CGACGAGCTGTTGACA----ATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAACTGT----TAGTAGCCGAGCATATTACACACCTCGCC 5’

Student Sample, November 2012
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             -35                   -10
5’ CGACGAGCTGTTtACAATTAATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAAaTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’
               G
               C

Student Sample, November 2012
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Undergraduate Summer Research:

the SAT problem
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Undergraduates Design 
Bacterial Computers

A. Malcolm Campbell          
Biology and GCAT

Laurie J. Heyer                     
Mathematics and GCAT

Todd T. Eckdahl          
Biology and GCAT

Jeff L. Poet                   
Mathematics and GCAT
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Define the SATisfiability Problem
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Define the SATisfiability Problem
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Define the SATisfiability Problem
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Converting Math to Biology
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DNA  

mRNA  

Protein  

aug ccc uac uca cua ccu aua ccg cau  

M   P   Y    S    H    P    I    P    H  

transcrip2on 

transla2on 

atgccctactcactacctatagcgcat  
DNA  

mRNA  

Protein  

aug ccc UCu acu cac uac cua uac cgc au  

atgcccTCtactcactacctatagcgcat  

M   P   S     T    H    Y   H    Y   R  

Central Dogma
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DNA  

mRNA  

Protein  

aug ccc uac uca cua ccu aua ccg cau  

M   P   Y    S    H    P    I    P    H  

transcrip2on 

transla2on 

atgccctactcactacctatagcgcat  
DNA  

mRNA  

Protein  

aug ccc UCu acu cac uac cua uac cgc au  

atgcccTCtactcactacctatagcgcat  

M   P   S     T    H    Y   H    Y   R  

Lock: Frameshift Mutation
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DNA  

mRNA  

Protein  

aug ccc uac uca cua ccu aua ccg cau  

M   P   Y    S    H    P    I    P    H  

atgccctactcactacctatagcgcat  
DNA  

Protein  

aug cccUC uac uca cua ccu aua ccg cau  

atgcccTCtactcactacctatagcgcat  

M     S       Y    S    H    P    I    P   H  

        5 base  

suppressor tRNA 

Unlock: Frameshift Suppression
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Key: suppressor tRNA
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ATG NNNNN gNN NNN 

ATG NNN NNg NNNNN 

ATG NNN NNg NNN 

sa&sfied 

sa&sfied 

OR 

no sa&sfac&on 

Coding 2-SAT Clause

G
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ATG NNNNN gNN NNN 

ATG NNN NNg NNNNN 

ATG NNN NNg NNN 

sa&sfied 

sa&sfied 

OR 

no sa&sfac&on 

Coding 2-SAT Clause

G

B
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ATG NNNNN gNN NNN 

ATG NNN NNg NNNNN 

ATG NNN NNg NNN 

sa&sfied 

sa&sfied 

OR 

no sa&sfac&on 

Coding 2-SAT Clause

G

B
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Confounding Results

matched 
expectation

contradicted 
expectation
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Published Mechanism

tRNA

mRNA

5-base
binding
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New Insight

tRNA

mRNA

4 -base
binding
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Confounding Results

matched 
expectation

contradicted 
expectation
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Confounding Results
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18 undergraduate coauthors

Published Sept., 2012
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SynBio Papers Published

Top 10 most accessed articles of all time
27 undergraduate coauthors
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12 Year Collaboration
Three Countries

www.bio.davidson.edu/GCAT
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GCAT
Faculty Development

NSF funded
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GCAT
Faculty Development

9 workshops, 360 faculty
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GCAT
Faculty Development

360 faculty 
X 100 students each
36,000 students/year
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Faculty Appreciate GCAT Resources 
	

 	

 	

 	

 	

 	

 	

                                                              Mean 	

 SD  
Use 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
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GCAT

Published 
basic research

Teaching 
awards

Research
grants funded

Published 
pedagogy
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GCAT SynBio
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GCAT SynBio Faculty Workshops
15 pairs of faculty

1 Bio + 1 Other
Summers 2010-2014
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GCAT SynBio Faculty Workshops
30 faculty X 5 years X 100 students each

45,000 undergraduates over 5 years
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The scenery only changes for the lead dog. 
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The scenery only changes for the lead dog. 
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Students: Annie Wacker, Andrew Lantz, Tucker Whitesides, Ben Clarkson, Becca Evans, Betsy Gammon, 
Meredith Nakano, Caroline Vrana, Jonah Galeota-Sprung, Julia Fearington, Lilly Wilson, Pooja Potharaju, 
James Harden, Catherine Doyle, Duke DeLoache, Anvi Raina, Jamela Peterson, Stephen Streb, Linda Kleist, 
Katie Richeson, Steph Meador, Tom Shuman, Tori Rinker, Eugene Shiu, Nitya Rao, Keila Alfred, Romina 
Clemente, A.J. Grant, Mary Gearing, Kin Lau, Olivia Ho-Shing, Shamita Punjabi, Eric Sawyer, Shashank 
Suresh, Leland Taylor, Annie Temmink, Alyndria Thompson, Oyinade Adefuye, Will DeLoache, Jim Dickson, 
Andrew Martens, Amber Shoecraft, Mike Waters, Karen Acker, Bruce Henschen, Lance Harden, Sabriya 
Rosemond, Samantha Simpson, Erin Zwack, Kelly Davis, James Barron, Will DeLoache, Erin Feeney, Kristi 
Muscalino, Madeline Parra, Pallavi Penumetcha, Karlesha Roland, Max Win, Kristen DeCelle, Matt 
Gemberling, Oscar Hernandez, Andrew Drysdale, Mac Cowell, Nick Cain, Tamar Odel, and Jackie Ryan.

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

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

Collaborators
Faculty: Laurie Heyer, Jeff Poet, Todd Eckdahl, Karmella Haynes, Pat Sellers, Mark Barsoum
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How should you teach bioinformatics?

fast yank slow pull
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Are ICB students overconfident?

yes?
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Are ICB students overconfident?
less so
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Do ICB students see biology differently?

no
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Do ICB students see biology differently?

yes!
yes!
yes!

yes!
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Do ICB students see biology differently?

yes!

yes!

yes!

yes?
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Do ICB students see difference in courses?

yes!
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Do ICB students see difference in courses?

yes

yes yes
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Do ICB students see difference in courses?

yes

yes yes

yes!
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