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Why engineer chromosomes?
Stable maintenance
Precise copy number

Unlimited size



Current Methods of Chromosome Engineering

Homologous recombination
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Currently no standard system iGEMfor
iIntegrating DNA into the chromosome

Our goal: Stable and efficient integration
system
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Landing Pad Strain: LANDING PAD

: ©
Landing pad INTEGRAS
Target for integration oBioBrick
construct LANDINGBBa

Integrase expression plasmid
Facilitates recombination

Donor Strain:

BBa

BioBrickdonor plasmid
BBaconstruct exchanged with




Integrase-Mediated Cassette Exchange

DNA of Interest arkers

Markers ‘é E> DNA of Interest <E

Integrasegecognizes attachmenB and attachmenP sites and
exchanges DNA between them, maintaining orientation.




attP sites for integrase recognition

Selection markers
sad z sucrose sensitivity
kanamycinresistance

rfp

attP

H1 H2

MM294A chromosome



Integrase Expression Plasmid

3 C31 integrase

Cloned behind constitutive promoter
Chloramphenicol resistant

BBa 23118
BBa — . Integrase
Prefix ORF
RBS
BBa B0034

Integrase Expression Plasmid

BBa
Suffix

Introduced into the landing pad strain (LPS)



Donor Plasmid

Intermediate vector for targeBBa

Flanked byattB sites and twdOriT sites
OriT sites ensure th&Baconstruct and surroundingttB sites

are transferred

oriT att B

BBa
Prefix

BBa
Suffix

Donor Plasmid

att B oriT




Integrase Mechanism

Coredinucleonutideoverhangs are created at recognized
att sites

Marker gene segment andioBrickconstruct are exchanged
attB andattP sites becomattRandattL sites, not reused

attB attR attB attR

attP attl attP attL




Multiple ChromoBricks

attP andattB sites with six different core
dinucleotides

attP not crossreactive when embedded

within aBBaconstruct on a donor plasmid

with attB sites

allows continual integration of constructs

and devices into the chromosome
effect ofattLandattROE OAO6 AAAO]
on Integrase activity can be modelled



Abstract

To eliminate garbage, one first has to
simulate the system.

Therefore, the primary objective of our
software was to modahtegrase(z C31)
mediated DNA rearrangement.



Introduction

Programmedin Python

Assumed 10DNA strands at steady state
Difficult to simulate steady state
Insufficient resources to simulate to steady

state
Indeterminatewhether it reaches steady

state at all



The Process in a Picture

The new products are
added to the DNA bag.

XPTTQO

) attP sitfe Drigir?
Sequence of Interest

ort | 1BTTDY

Drigir? attB sit)e )
Sequence of Interest

Strands are taken from the

DNA bag to be reacted. Strands are tokenized.

OPTT
1BTT

OPTTDY1BTTQX

Each attP site is reacted
against each attB site.

OPTTQX
1BTTDY

att sites are located.

XPTTQO
l
OPTTQX

Tokenized strings
are converted to
canonical* form.

*This eliminates
duplicates hidden by
DNA circularity.




Comprised of Strings

DNAIs easlily represented by strings
ASCII encoding has 25gates percharacter

Reversecomplimentshalve that:256/2=128&tates

Reservestates for the originatt sites, and
nucleotiodes(ATCG)



Canonicalization

Canonicalize

Convert multiple equivalent representations into a
single one

Lookfor the best starting element

Compare the adjacerglements todetermine

OAl OOAAO6 AEOAAOQOEI I



Canonicalization

g b

D I
BTTDYOPTTQX O/ 6 EO OEA COAAOAOGO Al A
XqAApP9ydAAD representations, so use first representation.
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OPTTQXBTTDY



Filtering

Filters remove DNA molecules that would be
selected against
e.g., loss of plasmid origin, lack of markers
Different categories

Frequent

Moderate

Infrequent



DNAto react with itselfandevery other DNA
moleculein the bago-DNA.
Runtimeofn"8 OITBMNB OS6 O

Thislower bound is optimistic.
Hopedthat filtering would remove enough
DNA so that the systerwould reach a steady
state.



Modeling Lessons

Asproof on concept, itvorks

Not possible to simulate to steadstate
A non-brute force algorithm to solve the
problem may exist
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Chromosome Reengineering

UseChromoBrickgo build new chromosome In
native E.coligenome

Specificatt-sites facilitate separation of two
genomes

Nucleases used to degrade native genome

Synthetic genome remains undigested &
iInduced



Nuclease Construct:

" D> - @

Reverse promoter: amsense transcript for
repression

Cl repressor protein: ensures high concentration
of ClI

Remains repressed until IPTG removed from
media




