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Why do an interlaboratory study? 

Measurement in Synthetic Biology: 
•  How precisely can the behavior 

of a part be characterized? 
•  How much do de facto protocols 

for measurement vary? 
•  What are the dominant causes 

of variation in measurement? 

Measurement	
  is	
  fundamental	
  to	
  everything	
  we	
  do.	
  



What we achieved last year 

RESEARCH ARTICLE

Reproducibility of Fluorescent Expression
from Engineered Biological Constructs in E.
coli
Jacob Beal1*, Traci Haddock-Angelli2, Markus Gershater3, Kim de Mora2,
Meagan Lizarazo2, Jim Hollenhorst4, Randy Rettberg2, iGEM Interlab Study Contributors¶

1Raytheon BBN Technologies, Cambridge, MA, United States of America, 2 iGEM Foundation, Cambridge,
MA, United States of America, 3 Synthace, London, United Kingdom, 4 Agilent, Santa Clara, CA, United
States of America

¶ Membership list can be found in the Acknowledgments section.
* jakebeal@bbn.com

Abstract
We present results of the first large-scale interlaboratory study carried out in synthetic biol-
ogy, as part of the 2014 and 2015 International Genetically Engineered Machine (iGEM)
competitions. Participants at 88 institutions around the world measured fluorescence from
three engineered constitutive constructs in E. coli. Few participants were able to measure
absolute fluorescence, so data was analyzed in terms of ratios. Precision was strongly
related to fluorescent strength, ranging from 1.54-fold standard deviation for the ratio
between strong promoters to 5.75-fold for the ratio between the strongest and weakest pro-
moter, and while host strain did not affect expression ratios, choice of instrument did. This
result shows that high quantitative precision and reproducibility of results is possible, while
at the same time indicating areas needing improved laboratory practices.

Introduction
Rapid improvements in our ability to both understand and genetically engineer biological
organisms offer the potential for revolutionary applications for medicine, manufacturing, agri-
culture, and the environment [1–5]. A major barrier to transition from principle to practice,
however, is the frequent sensitivity of biological systems to small changes in their cellular or
environmental context [6]. This makes it difficult to reproduce or build on prior results in the
lab, let alone to ensure desirable behavior in a deployed application, and may play a part in sig-
nificant concerns that have been raised with respect to the state of published biomedical litera-
ture [7–10].

Practitioners of synthetic biology face particularly strong challenges in this area, because the
engineering approaches applied in this area are often particularly demanding of quantitative
precision in models and measurements. At the same time, synthetic biology offers a unique
opportunity for improving our understanding of biological systems, through insertion of artifi-
cial systems intended to operate relatively independently from the evolved systems of their
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What we asked teams to do 

•  Culture supplied plasmids 
–  Positive, negative controls 
–  Strong, medium, weak 

•  Measure fluorescence 
•  Plate reader: 

–  Measure OD for LUDOX 
–  Fluorescein dilution series 

•  Flow cytometer: 
–  Calibrate to beads 

•  Report protocol, data 
Image:	
  Macquarie_Australia	
  



Worldwide Participation: biggest yet! 

92	
  teams,	
  79	
  data	
  sets	
  returned!	
   Plate: 	
  65	
  
Flow: 	
  14	
  



Returning Alumni & Extra Credit 

•  44 of the teams participated in 2014 or 2015 
•  9 teams have participated all three years! 

Aalto-Helsinki, ATOMS_Turkiye, Austin_UTexas, BIT, 
BostonU, Gifu, Oxford, SYSU-Software, WPI-Worcester   

 
Extra credit to: 

Aachen	
  
CGU_Taiwan	
  
CSU	
  Fort	
  Collins	
  
Edinburgh_UG	
  
ETH_Zurich	
  
Evry	
  
Exeter	
  
Georgia	
  State	
  University	
  

Glasgow	
  
IISc_Bangalore	
  
LMU-­‐TUM	
  Munich	
  
NKU_China	
  	
  
Oxford	
  
Paris	
  BePencourt	
  
PiPsburgh	
  
Purdue	
  

ShanghaitechChina	
  
Sydney_Australia	
  
TU-­‐Eindhoven	
  
Tuebingen	
  
UESTC-­‐China	
  	
  
USP_UNIFESP-­‐Brazil	
  	
  
WashU_StLouis	
  	
  



Going above and beyond 

•  IISc Bangalore: corrected 100x error in our protocol 
•  LMU-TUM Munich: Comparison of 8 strains 

DH5α, W3110, KS272, XL-1 blue, JM83, OriB, 10β NEB turbo 

•  USP_UNIFESP-Brazil : DIY cellphone fluorimetery 



Lessons Learned at HQ 



Started off with high expectations… 



…ended up with some frustrations 



The Expectation: Everything Will Be Easier 
and Work Out of the Box! 



The Reality 

•  Many teams reported evaporation / no liquid in 
their tubes 
–  Cryovials are not so air tight after all… 

•  Many teams froze their kit and thus the LUDOX 
–  Found out in June this causes precipitation! 

•  A handful of teams requested more FITC 
–  We only had enough for 1 tube / team 

•  Protocol problems with the FITC concentration 
–  Fixed it but it was late in the process 
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The end result for HQ: 

 
•  46 teams requested and 

received new materials 
 

•  Protocol confusion and 
lack of clarity for teams 

 



Moving Forward 

•  Send dried down DNA instead of liquid 

•  Prepare plenty of extra materials for mistakes and 
problems 

•  Fully test the protocols before releasing them 
“into to the wild” 

•  Have everything finalized by February (rather 
than May/June…) 



Results! 



Results: Measurement Comparison 

Calibration & controls help plate reader 
10−4 10−3 10−2 10−1 100 101 102 103 104 105 106 107 108

0.01

0.05

0.1

0.25

0.5

0.75

0.9

0.95

0.99

Fluorescence (uM FITC / OD)

Pr
ob

ab
ilit

y

Weak

 

 

2015
2016 raw
2016

10−4 10−3 10−2 10−1 100 101 102 103 104 105 106 107 108

0.01

0.05

0.1

0.25

0.5

0.75

0.9

0.95

0.99

Fluorescence (uM FITC / OD)

Pr
ob

ab
ilit

y

Strong

 

 

2015
2016 raw
2016



Results: Measurement Comparison 

Calibration & controls also help flow cytometer 
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UNITS MATTER 

Four to five orders of magnitude smaller range! 
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Results: Ratios in 2016 vs. 2015 

Units really matter! 
Team	
  Team	
  

2015:	
  4.4x	
  std.dev.	
   2016:	
  1.8x	
  std.dev.	
  

Plate	
  Reader	
  



Without units, ratios cannot save you! 

Still one to two orders of magnitude better range! 
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Time for Feedback! 

What worked? What didn’t work? 
 
 
 
 
 
 

How can it be bigger and better next year? 

👍👎	
  


