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What is IGEM?




INTERNATIONAL GENETICALLY
ENGINEERED MACHINE



WHAT IS SYNTHETIC BIOLOGY??
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BIOLOGY
S VERY COMPLEX
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ENGINEERING
SIMPLIFY AND BUILD

Improve:
Redesign
as needed

Test and
evaluate
prototype

Create:
Build
a prototype A

Ask:
|dentify

a theneed J
& contraints /8

Research
the problem

ENGINEERING

-SIGN PROCESS

Plan:
Select
d a promising
solution

Imagine:
Develop
possible
solutions



ENGINEERING + BIOLOGY

SYNTHETIC BIOLOGY
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SING DNA
TO PROGRAM CELLS







IGEM 2004
5 teams
1 country




T2 0 4k Mokeny o N
. " !. . . ’
AR SR O O TS
' ST S M \ . A

[ LI

B N B
| R
SE_B A

n
) GIANT P
yJAMBOREE 2
: 4

GEM
310 teams
44 countries

"' \~




IGEM 2018
340 Teams -
42 Countries 2018.igem.org



Glant Jamboree Teams receive DNA

_Attend the Start a Team and Distribution Kits
Giant Jamboree Begin Fundraising

Submit New
DNA Samples .
Brainstorm
Project
- October Ideas
repare ard
Poster
Prepare and Determine
Practice Oral Team Goals
Presentation and Tasks
Work In the Lab
. S Process and May, June, Start Wet Lab
Plot Results July, August, Work on Project
and September
ecolibrivm Run Functional

developing a framework ferengineering co-cultures.

Experiments
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BIOBRICKS
STANDARDIZED DNA SEQUENCES




BioBrick Standard

Knight in 2003 ’

Very easy to use

E X S X S P

G+

Restriction based
assembly

Four enzymes In the
methoao —_——




Registry of Standard Biological Parts parts.igem.org
s@a tools catalog repository assembly protocols help search -
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Add and Document Parts Sample Submission Registry Updates

Start adding and documenting your parts IGEM Teams must complete a submission The Registry will be undergoing updates

now! Your parts should be well form and ship their part samples by October (some major, some minor) over the next

characterized and measured, and follow 10, 11:59PM EDT. Follow the Registry's few months. If you notice any issues with

the Registry's requirements. requirements for part submission, and don't functionality, please let us know at hq (at)
forget to include a tracking number! igem (dot) org.




Request for Comments (RFC)

— Physical assembly standard RFCs for Physical Assembly Standards
— Reference standard

— Functional composition standard 10, 21, 23, 24, 25, 26, 28, 37, 39, 45,

— Data exchange formats 47, 53, 54, 61, 65, 69, 75, 81, 88, 92,

94, 98, 104, 106, 109, 110, 111, 113

' |
The BioBricks Foundation:RFC -+-and counting:

» BioBricks BioBrick Assembly is RFC10
%, FOUNDATION

https://openwetware.org/wiki/The_BioBricks_Foundation:RFC



main page design experience information part tools

e Released HQ 2013
Part:BBa B0034 RBS Sample In stock
Designed b¥: Vinay S Mahajan, Voichita D. Marinescu, Brian Chow, Alexander D Wissner-Gross and Peter Carr |IAP, 2003. Group: Antiquity ¥¢ 1 Registry Star
(2003-01-31) 4572 Uses
10 Twins
RBS (Elowitz 1999) -- defines RBS efficiency Get This Part

RBS based on Elowitz repressilator.

Usage and Biology [edit]

IIT Madras 2016's Characterization [edit]

1.2
I Relative Strength

MOde"ing [edit] | Non-modularity with Promoters

4 [""INon-modularity with Protein coding parts

Global non-modularity towards promoters & protein coding parts and relative strength was
estimated for RBSs B0030, B0032, B0034 in our modelling & 0.8

Experimentation [edit] 0.6

Biobrick RBSs B0030 &, BO031 &, BO032 &, B0034 & were used in our 'Noise in Device' 0.4

experiment to understand the role of RBS parts in giving rise to noise. ] o
Sequence and Features 0:2
a B0034 B0032 80030
Subparts | Ruler | SS | DS Length: 12 bp View plasmid () Get part sequence.
1 10 20 30 40 50 60 70 80 90 100

Assembly Compatibility: 10| (12| 21| [23| 25| [ 1000
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Adopting a New Standard in IGEM

e Can all teams easily use the assembly

method? %‘L Bacteria: E. coliand Bacillus subtilis
o - N TR 0y \
Is.the system reliable” D.oes it “just work™ Plants: Marchantia polymoroha and
o Will parts be assembled in order? Nicotiana benthamiana
e Can multiple parts be assembled at the Yeast: Saccharomyces cerevisiae
same time?
e Will it work in multiple chassis? > Mammalian: HEK293, HelLa, and CHO

e Has the system been widely adopted?



Type IS Assemblies

Type lIS enzymes cut outside of
thelr recognition sites

User-defined scars
Sequential ordering of parts
Fewer enzymes

Library generation Is easier

prefix

suffix

mmnnnnninnnnnGAGACC




RFC94: MoClo

2012-2014 Boston University
IGEM teams developed MoClo
ibrary for E. coli

Bsal
e
GGTCTC l_’ GAGACC
[ CGAGAG CTCTGG ]
—
Bsal
GGTCTC GAGACC
[ CGAGAG CTCTGG J

GGTCT
[ CGAGAG

AGGTNGAGACC
TCCANCTCTGG ]

GGTCTCNAGGT T GAGACC
[ CGAGAGNTCCA CTCTGG J
+
Bbsl Bsal

GAAGACNl\.\IGAGACC m GGTCTCB.\INGTCTTC

CTTCTGN'CTCTGG CGAGAGNGEMBNNCAGAAG
—
“ Bsal Bbsl

Bsal Digestion and
T4 Ligation (One-Pot)
Bbsl

Level O
Promoter

Level O
5’UTR

Level O
CDS

Level O
Terminator

Destination
Vector

GAAGACNNW | .NNGTCTTC
CTTCTG ‘ . - NNCAGAAG | Level 1

_

Bbsl' DNA Part



RFC106: PhytoBricks

Combined effort from three 2014
IGEM teams (Cambridge-JIC,
Valencia UPV, and NRP-UEA)

Widely adopted by plant
syn bio community

Multi-part assembly in one-pot -
easy to use

Compatible with other
Type IS systems

Began accepting RFC106 parts
from IGEM teams in 2015

PLANT PARTS

RFC106

(¢ e e e e e - - — — -

_______________

BACTERIAL PARTS

NN Y~ N
\MAOT a on . Ccoil /

__________________

________________

5°’UTR CODING SEQUENCE 3’UTR TERM

Met Met Ala Ser Stop
GGAG TGAC TCCC TACT CCAT(g) AATG AGCC TTCG (*)GCTT GGTA CGCT
DIST | PROX| [CORE '5UTR| NTAG ' CDS1 CDS2  CTAG |3UTR TERM
Leu Stop |
GGAG TACT AATG TTCG GCTT(*) CGCT :
PROMOTER S5UTR/ NTAG CDS CTAG 3UTR / TERM ,
f
GGAG AATG GCTT(*) GGTA CGCT 1
PROMOTER /S5UTR/ NTAG CDS (or CDS / CTAG) 3UTR TERM '

________________________________________________________

CODING SEQUENCE TERMINATOR

Met Ala Ser Leu Stop

GGAG TGAC TCCC TACT  AATG AGCC  TTCG GCTT(*) CGCT
DIST  PROX 'CORE RBS CDS LINKER | FUSION TERMINATOR

GGAG TACT  AATG GOTT(*) CGCT :

PROMOTER RBS CDS TERMINATOR ,

!

GGAG TACT  AATG AGCC  TTCG GCTT(*) CGCT !

PROMOTER RBS CcDS LINKER| | FUSION TERMINATOR |

Met i

GGAG TACT  AATG GATG GETT(*) CGCT !

PROMOTER RBS  NTAG CDS TERMINATOR :

_____________________________________________________



| 00p Assembly

Two enzyme system, built from

PhytoBricks

Compatible with other Type IIS

systems (MoClo, PhytoBricks, (= SOOOOOOE, )
GoldenBraid) b - ololok

Odd receivers

Reliable assembly of multiple
parts In one reaction

(eLee

O p e n S O u rC e LO parts 1 TU per plasmid 4 TUs per plasmid 16 TUs per plasmid

Pollak et al., 2018; bioRxiv 247593; doi: https://doi.org/10.1101/247593



Measurement in IGEM A

InterLab Study

- Development of a standard measurement
protocol to measure green fluorescent protein
(GFP) in E. coli using plate readers

| Dr. Jacob Beal |
Measurement Committee 3BN Technologies '
- 10 volunteer members Committee Chair

- Develop InterLab
- Support teams
- Write publication

Prof. Natalie Farny §#
Measurement Hub: \WPI

http://2018.igem.org/Measurement Committee Co-Chair




36 feams

o

2014: Year 1 study

Teams were asked to
build and measure 3
specific devices

No protocol
iInstruction provided
(teams were asked to
measure the devices
to the best of their
ability)

Brief History of the IGEM InterLab Study

6/ teams

0

2015: Year 2 study

Teams were asked to
build and measure 3
specific devices (2
new, 1 repeat)

Control devices were
recommended but
not required

Basic protocol is
provided

@2 teams

0

2016: Year 3 study

Teams provided 5
specific devices
(same as 2015, plus
specific controls)

Detailed protocol is
provided

Standard curve
material provided

210 teams

o

2017: Year 4 study

Teams provided 8
specific devices (same
as 2016, plus 3 new)

Detailed protocol and
stfandard curve
material is provided

Specific E. coli strain
required

279 teams

0

2018: Year 5 study

Teams provided 8 specific
devices (same as 2016,
plus 3 new)

Detailed protocol and
standard curve material is
provided

Specific E. coli strain
required

CFU protocol intfroduced
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