
In Silico Identification of Gene 

Amplification Targets for 

Improvement of Lycopene Production

May 2010

Hyung Seok Choi, Sang Yup Lee, Tae Yong Kim and Han Min Woo

Applied and environmental Microbiology



The objective – Improving the yield of bioproducts

 Identifying  gene deletions –
 MOMA

 OptKnock

 Identifying gene amplifications is 

difficult – why?
1. Gene amplification doesn’t necessarily increase                                      the 

corresponding flux

2. It is difficult to predict how much the flux will increase upon gene

amplification

 Available methods -
1. OptReg (Maranas et al., 2006)

2. C-based metabolic flux analysis (Becker et al., 2005)



FSEOF – Flux Scanning based on Enforced 

Objective Flux

1. Start from an initial flux distribution 

obtained under maximum biomass 

production and an initial (measured) 

lycopen production

2. Calculate the theoretical maximum   

yield

3. Apply a n-steps procedure maximizing the 

biomass production while producing the 

initial lycopen production + n-th of the 

difference between the initial and maximal 

lycopen flux

4.    Search for reactions that their final flux is 

higher than their initial flux

The computational approach:



Identifying gene amplification targets

 35 reactions were identified as initial gene amplification targets

 Constraint-based flux analysis does not give a unique flux distribution and 

therefore FVA was applied



Identifying gene amplification targets (2)

•The fluxes to G3P and the lycopene

biosynthetic pathway should be 

increased

•The flux to acetyl-CoA decreased 

and was redirected to DXYL5P  



Identifying gene knockout targets

Applying MOMA to identify single and double gene KOs

singles

doubles



Experimental validation

Conclusions: 

1. Gene amplification has greater effect than gene KOs

2. Combination of gene amplification and KO results in higher production of lycopen



Summary and Limitations

 FSEOF allows the in silico identification of fluxes to be 
amplified for the enhanced production of desired 
bioproduct.  

 Not all targets predicted by FESOF resulted in enhanced 
production due to model limitations

 Perhaps applying a sampling technique would help to 
improve the model’s predictions

 Additional validation of non-intuitive gene amplification 
targets is required 



Questions?


