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Synthetic Biology Research Topics

Introductory Biology SynBio Lab Research

Introductory Biology Overhaul

Learning Outcomes

Outline for Talk



Basic Research with Undergraduates:
making bacterial computers



1
2
3
4

-1

-2

3

4

Burnt Pancake Problem



How to Make Flippable DNA Pancakes


All on 1 Plasmid: Two pancakes (Amp vector) + Hin 

hixC 

RBS 

hixC 

Tet 

hixC pBad 

pancake 1 pancake 2 

T T 

pLac 

RBS Hin LVA 

DNA Burnt Pancakes

Pancake 2Pancake 1Spatula

abstractions of DNA parts



Outstanding Publication of 2008
in the

Journal of Biological Engineering

12 undergraduate coauthors
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Hamiltonian Path Problem
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Hamiltonian Path Solution



Split Genes to Encode Problem

gcat.davidson.edu/GcatWiki/index.php/Davidson_Missouri_W/Davidson_Protocols

http://gcat.davidson.edu/GcatWiki/index.php/Davidson_Missouri_W/Davidson_Protocols


Engineering Biological HPP

Hin-mediated recombination



Bacteria Report Solutions

Yellow colonies 
indicate solution found

Unflipped

Flipped



Paper Published 7/09

15 undergraduate coauthors

Paper of the year, 2009







HGTf34$2 iGEM IS  
COOL! 

Can Bacteria Perform Hash Function?
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Use XOR Logic Gate for Hash Function



DNA XOR Logic Gate
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Published 2011, 17 students



3 students, 
3 majors



18 students



2015 PLoS ONE, 49 students



Bacteria as Analog Computers
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RBS

mRNA adhE

riboswitch on mRNA
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Can we bring real research into 
Introductory Biology?

Todd Eckdahl, MWSU



RBS RBSGFP RFP

Bsa I Bsa I

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

4 undergrads
2 HS students



pClone Red
J119137

RBS RBSGFP RFP

plasmid backbone

origin antibiotic resistance

Bsa I Bsa I

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.



pClone Red
all colonies green

RBS RBSGFP RFP

Bsa I Bsa I



RBS RBSGFP RFP

Golden Gate Assembly Method

Bsa I Bsa I

Bsa I + ligase



RBS RBSGFP RFP

GGA Cloning Always Works
Bsa I Bsa I



Remove Initial Promoter

RBS RBSGFP RFP

J119137

X



Insert Bi-directional Promoter
J119137

RBS RBSGFP RFP



Insert Non-functional Promoter

RBS RBSGFP RFP

J119137



First Years in 3 Hour Lab: GGA

no gel purifications!

RBS RBSGFP RFP



pClone Red



             -35   ATAA (deleted)  -10
5’ CGACGAGCTGTTGACA----ATCATCGGCTCGTATAATGTGTGGA     3’
3‘     CTCGACAACTGT----TAGTAGCCGAGCATATTACACACCTCGCC 5’

Student Sample, November 2012



Quantify with Phone and ImageJ





pClone Blue





Measure Promoter Qualitatively



RBSGFP RFP

Bsa I Bsa I

J119384

rClone Red (ribosome research)



RBSGFP RFP

Bsa I Bsa I

RBS
12 - 60 bp

J119384

rClone Red (ribosome research)



rClone Red (student-designed RBS)



rClone Red (RBS library)



J119361

tClone Red (terminator research)

RBS RBSGFP RFP

Bsa I Bsa I



(+   )

J119361

RBS RBSGFP RFP

Bsa I Bsa I

(optional ligand)60 - 230 bp

OR

tClone Red (terminator research)



(+   )

J119361

RBS RBSGFP RFP

Bsa I Bsa I

(optional ligand)60 - 230 bp

OR

tClone Red (terminator research)



tClone Red (student-designed terminators)



tClone Red (student-designed terminators)



J100205

repClone Red

Bsa I

RBS RFP

Bsa I



J100205

repClone Red

Bsa I

RBS RFP

Bsa I

Ptet

54 bp



J100205

repClone Red

Bsa I

RBS RFP

Bsa I



J100205

repClone Red

Bsa I

RBS RFP

Bsa I



J100204

Bsa I Bsa I

RBSRBSGFP RFP

actClone Red

3’ PompR



J100204

Bsa I Bsa I

RBSRBSGFP RFP

actClone Red

3’ PompR

60 bp
C1 C2 C3

OmpC

5’ PompR



J100204

RBS RFP

actClone Red

60 bp
C1 C2 C3

RBSGFP

all of PompR



How can we better prepare 
our undergrads for research?



National Recognition of Need to Change



AP Biology Redesign in Third Year



GRE General Test

Verbal Reasoning: measures your ability to understand what you read 
and how you apply your reasoning skills.

Quantitative Reasoning: measures your ability to 
• understand quantitative information
• interpret and analyze quantitative information
• solve problems using mathematical models
• apply basic mathematical skills and elementary mathematical concepts 

of arithmetic, algebra, geometry and data interpretation
• includes real-life scenarios

Analytical Writing: provide focused responses to prompts so you can 
demonstrate your ability to directly respond.



MCAT Redesigned Test

Critical Analysis and Reasoning Skills: analyze, evaluate, and apply information 
provided in passages  

Natural Sciences: combine knowledge of natural science concepts with their 
   scientific inquiry and reasoning skills to solve problems that demonstrate  
   their readiness for medical school.  

Psychological, Social, and Biological Foundations of Behavior



full disclosure
ICB is a

commercial
product

www.bio.davidson.edu/icb 

http://www.bio.davidson.edu/icb


ICB
Evolution
Cells
Information
Homeostasis
Emergent Properties

Core Concepts = Big Ideas
Vision & Change AP Biology
Evolution
Structure and Function
Information
Energy and Matter
Systems Biology

Evolution

Information
Homeostasis
Emergent Properties



V&C Core Competencies

• Apply the process of science  

• Use quantitative reasoning

• Use modeling and simulations

• Integrate different disciplines

• Communicate & collaborate

• Connect science & society



• Apply the process of science  (experimental design)

• Use quantitative reasoning (interpret raw data)

• Use modeling and simulations (work with models)

• Integrate different disciplines (chemistry, math, some physics)

• Communicate & collaborate (small group discussions, lab)

• Connect science & society (ELSI boxes)

V&C Core Competencies (ICB)



• Vocabulary is over-emphasized (800-1000 vs 1400)

• Experimental approaches are minimized

• Math is rarely used

• Memorization is rewarded

• Critical thinking is discouraged

• Information is irrelevant to students

What’s Wrong with Biology Education Now?



Present information and data…



… in the context of the big picture.



Start with the literature…



Artificial Divide within Biology

Small Biology

Big Biology



Five Levels of Organization

Molecular

Cellular

Organismal

Population
Ecological System



Five by Five Matrix of Biology
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BioMath Exploration 4.2 (BME)
How fast is the vesicle size changing?



Ethical, Legal and Social Implications (ELSI)

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?



Did ICB students “learn less” content?



Core Concepts Assessment
83% response rate (new)
63% response rate (traditional)

p = 0.06
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  traditional

+/- SEM
Fall 2010



83% response rate (new)
63% response rate (traditional)

p = 0.06

pe
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p = 0.97

Fall 2010 Spring 2011

  ICB   
  traditional

+/- SEM

Core Concepts Assessment



Do ICB students analyze data better?



Core Competency Assessment

  ICB     traditional   



Core Competency Assessment



Do ICB students see biology differently?

no



Do ICB students see biology differently?

yes!
yes!
yes!

yes!



Do ICB students see biology differently?

yes!

yes!

yes!

yes?



Do ICB students do poorly in upper level?



Intro Grades Correlated to Upper Grades



Intro Grades Correlated to Upper Grades



Does ICB chase away majors?



Compare ICB Yield for Majors

  ICB yield  



Do students like ICB approach?



Self-assessed Engagement Each class

p < 0.001 
t26 = 4.17



Evaluate eBook Pre- and Post-semester

 p = 0.000 
T-test



Our students accomplish 
Vision & Change Goals
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What affect does Echo360 have?



Students Liked Echo360



Lower Test Grade, Use Echo360 More

F1,20= 5.26, p = 0.03



Great Impact on Student Grades



pClone Red



CGACtGAGACC(Pr)GGTCTCa   
    aCTCTGG(Pr)CCAGAGtCGCC

Bsa I

Bsa I
GCTG

GCGG

ligase ligase



CGACtGAGACC(Pr)GGTCTCa   
    aCTCTGG(Pr)CCAGAGtCGCC

GCTG
GCGG

ligase ligase



CGACtGAGACC(Pr)GGTCTCa   
    aCTCTGG(Pr)CCAGAGtCGCCGCTG

GCGG

ligase ligase

Bsa I

Bsa I



CGACtGAGACC(Pr)GGTCTCa   
    aCTCTGG(Pr)CCAGAGtCGCC

GCTG
GCGG

CGAC
    

ligase ligase



GCTG
GCGGCGAC(promoter)   

    (promoter)CGCC

CGAC
    

ligase ligase


