
ChromoBricks: 
A Platform for Chromosome 
Engineering with BioBricks



ÁWhy engineer chromosomes?

ÁStable maintenance

ÁPrecise copy number

ÁUnlimited size



Homologous recombination



ÁCurrently no standard system in iGEMfor 
integrating DNA into the chromosome

ÁOur goal: Stable and efficient integration 
system

Á3ÏÌÕÔÉÏÎȡ ʒ#ΩΧ integraseenzyme 



Landing Pad Strain:

ÁLanding pad
ÁTarget for integration of BioBrick

construct

ÁIntegrase expression plasmid
ÁFacilitates recombination

Donor Strain:

ÁBioBrickdonor plasmid
ÁBBaconstruct exchanged with 

landing pad
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Integrasesrecognizes attachment-B and attachment-P sites and 
exchanges DNA between them, maintaining orientation.



ÁattPsites for integrase recognition

ÁSelection markers
ÁsacBɀsucrose sensitivity

Ákanamycinresistance 

Árfp



ÁʒC31 integrase 

ÁCloned behind constitutive promoter
ÁChloramphenicol resistant

Á Introduced into the landing pad strain (LPS)



Á Intermediate vector for target BBa

ÁFlanked by attB sites and two OriTsites

ÁOriTsites ensure the BBaconstruct and surrounding attB sites 
are transferred

att B att B



Á Core dinucleonutideoverhangs are created at  recognized 
att sites

Á Marker gene segment and BioBrickconstruct are exchanged
Á attBand attPsites become attRand attL sites, not reused
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ÁattPand attBsites with six different core 
dinucleotides
ÁattPnot cross-reactive when embedded 

within a BBaconstruct on a donor plasmid 
with attBsites
Áallows continual integration of  constructs 

and devices into the chromosome
Áeffect of attL and attRÓÉÔÅÓȭ ÁÃÃÕÍÕÌÁÔÉÏÎ 

on Integrase activity can be modelled



ÁTo eliminate garbage, one first has to 
simulate the system.
ÁTherefore, the primary objective of our 

software was to model integrase(ɮC31) 
mediated DNA rearrangement.



ÁProgrammed in Python
ÁAssumed 107DNA strands at steady state
ÁDifficult to simulate steady state
ÁInsufficient resources to simulate to steady 

state
ÁIndeterminate whether it reaches steady 

state at all



The Process in a Picture



ÁComprised of Strings

ÁDNA is easily represented by strings

ÁASCII encoding has 256 states per character

ÁReverse compliments halve that: 256/2=128 states

ÁReserve states for the origin, att sites, and 
nucleotiodes(ATCG)



ÁCanonicalize:

ÁConvert multiple equivalent representations into a 
single one

ÁLook for the best starting element
ÁCompare the adjacent elements to determine 
ȰÃÏÒÒÅÃÔȱ ÄÉÒÅÃÔÉÏÎ



ÁBTTDYOPTTQX

ÁxqAAp9ydAAb

ÁȰ/ȱ ÉÓ ÔÈÅ ÇÒÅÁÔÅÓÔ ÅÌÅÍÅÎÔ ÉÎ ÂÏÔÈ 
representations, so use first representation.

Á.ÅØÔ ÔÏ Ȱ/ȱ ÉÓ Ȱ9ȱ ÁÎÄ Ȱ0ȱ

BTTDYOPTTQX
OPTTQXBTTDY

ÁȰ0ȱ ÉÓ ÇÒÅÁÔÅÒ ÔÈÁÎ Ȱ9ȱȟ ÓÏ ×Å ÍÏÖÅ ÉÎ ÔÈÁÔ ÄÉÒÅÃÔÉÏÎ



ÁFilters remove DNA molecules that would be 
selected against
Áe.g., loss of plasmid origin, lack of markers
ÁDifferent categories 

ÁFrequent

ÁModerate

ÁInfrequent



ÁDNA to react with itself and every other DNA 
molecule in the bag-o-DNA.
ÁRuntime of nnȣ ÓÏ ÉÔȭÓ Б(nn)

ÁThis lower bound is optimistic.

ÁHoped that filtering would remove enough 
DNA so that the system would reach a steady 
state.



ÁAs proof on concept, it works

ÁNot possible to simulate to steady state

ÁA non-brute force algorithm to solve the 
problem may exist

Á7Å ÄÏÎȭÔ ËÎÏ× ÉÔ



ÁUse ChromoBricksto build new chromosome in 
native E.coligenome

ÁSpecific att-sites facilitate separation of two 
genomes

ÁNucleases used to degrade native genome

ÁSynthetic genome remains undigested & 
induced

Chromosome Re-engineering



Nuclease Construct:

ÁReverse promoter: anti-sense transcript for 
repression

ÁCI repressor protein: ensures high concentration 
of CI

ÁRemains repressed until IPTG removed from 
media
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