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1. Introduction

• Escherichia coli K-12 has been one of the 

best-characterized organisms in molecular 

biology ----Whole genome sequences are 

now available. 

• Yet, many key resources for functional 

genomics and systems biology studies of 

E. coli are still lacking.



This E. coli K-12 functional 

genomics project is aim to:

• (1) create new experimental resources;

• (2) establish new analysis methods;

• (3) develop new computational approaches;

• (4) improve databases; 

• (5) analyze gene function through experimentation 

by using these resources, methods, approaches, 

and databases.



Question:how to make mutants?

 Using a PCR gene replacement method 
( PCR products encoding kanamycin resistance and containing 45-nt flanking 

homologous sequences for adjacent chromosomal regions.)

----Saccharomyces cerevisiae functional genomics project

 By inactivating each gene with a gene-
specific plasmid clone

----Genome-scale disruption of Bacillus subtilis genes

 Transposon mutagenesis by generating a 
large set (30100) of sequence-defined 
mutants-laborious,incomplete disruption, requiring additional testing…

----Pseudomonas aeruginosa(绿脓假单胞菌)



Then,how to do it in this project?

• The method is analogous to the one that has 
been used in yeast, except by use of cells 
carrying an easily curable, low-copy-number 
plasmid expressing the λ Red recombinase. 

• Advantages : complete deletion, to design 
deletions arbitrarily and precisely, and to easily 
eliminate the antibiotic resistance marker 
subsequently. 

• E. coli K-12 single-gene knockout mutants

= the Keio collection



There are two closely related K-12 

strains:MG1655 and  W3110

• The composite K-12 genome has 4453 genes, 

encoding 4296 ORFs (including 74 

pseudogenes), 156 RNAs, and one annotated 

feature (oriC). 

• Major differences between the MG1655 and 

W3110 genomes are the 12 additional sites of 

an insertion sequence (IS) in W3110, and one 

additional IS site and the defective CPZ-55 

phage (seven prophage genes) only in MG1655.



Genome datas are updating…

• Thus, on the basis of the 2005 annotation snapshot, 
MG1655 has a total of 4464 genes and W3110 has 4474 
(Hayashi et al, 2006). 

• In addition to updating annotations of gene functions, 
start sites were changed for 682 MG1655 ORFs (Riley et 
al, 2006). An additional 76 ORFs that have been 
predicted in W3110 have been targeted, for a total of 
4550 genes encoding 4390 ORFs (Hayashi et al, 2006), 
although these have not been recognized as ORFs in 
the recent K-12 annotation workshops.



2. Experiment

• Material: E. coli K-12 strain BW25113

A series of steps involving: 

generalized transduction   

and allele replacements W3110



Primer design and construction of single-gene deletion mutants



What is FRT (FLP recombinase 

target) sequence?
• The FLP recombinase is active at a particular 34 base pair DNA 

sequence, termed the FRT (FLP recombinase target) sequence. 

• When two of these FRT sites are present, the FLP enzyme creates 

double-stranded breaks in the DNA strands, exchanges the ends of 

the first FRT with those of the second target sequence, and then 

reattaches the exchanged strands. This process leads to inversion 

or deletion of the DNA which lies between the two sites. Whether 

there is an inversion or deletion depends on the orientation of the 

FRT sites:

if the sites are in the same direction, the intervening DNA will be 

deleted, but if the sites are in opposite orientation, the DNA is 

inverted.



Structure of in-frame deletions

FLP-mediated excision of the FRT-flanked resistance 

gene is expected to produce :    34-residue scar peptide 

with an N-terminal Met, 27 scar-specific residues, and 

six C-terminal, gene B-specific residues



Overlapping genes?

• According to its latest genome annotation, E. coli 

K-12 has 742 overlapping genes.

• Solution:PCR product that was synthesized with an 

N-terminal primer that was redesigned to prevent 

altering the next coding region.

A gene B geneOverlapping 

region



Verification of deletion mutants

• Our standard protocol usually yielded 10–1000 KmR 
colonies when cells were incubated aerobically at 37℃
on Luria broth (LB) agar containing 30 mg/ml kanamycin. 

• The most critical step was preparation of highly 
electrocompetent cells (4×109 transformants per 1 μg of 
plasmid DNA under standard conditions). 

• From every gene deletion experiment, four or eight KmR 
colonies were chosen and checked for ones with the 
correct structure by PCR using a combination of locus-
and kanamycin-specific primers.



3. Result

• Systematically made a set of precisely defined, single-
gene deletions of 

all nonessential genes in Escherichia coli K-12

• Of 4288 genes targeted, deletions were obtained for 
3985 ORFs.   Our ORF deletions include 3912 genes 
annotated in both E. coli K-12 MG1655 and W3110 and 
73 previously annotated genes.

• The 3912 composite K-12 ORF deletions include 2157 
characterized genes and 1755 genes of uncharacterized
or unknown function.





Mutant Summary



Categories of ORFs

• ORFs can be classified into 

clusters of orthologous groups(COGs) 

belonging to different functional categories

• It is natural for multidomain proteins to be 

comprised of more than one COG. Some 

COGs also belong to more than one 

functional class.
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Evaluation of gene essentiality

• 1) Mutants with suppressors
----for suppressors allow viability of mutants with the 

respective deletions.

For example:

secM, has a translational arrest sequence within its C-
terminus that is required for expression of the 
downstream secA, encoding an essential preprotein 
translocase SecA subunit .Thus, it is reasonable to 
suggest that the sole secM mutant arose because it 
acquired a suppressor allowing secA expression.

=‘quasi-essential’ genes



• 2) Functional redundancy or duplication

can hide gene essentiality.

• 3) Polar effect of genes:
----Mutants described here are initially nonpolar because 

downstream genes can be expressed from the 

resistance gene promoter, and from the upstream native 

promoter upon elimination of the resistance cassette.



Definition of polar effect :

Many bacterial genes are located in operons in 
which they are transcribed in a single 
polycistronic mRNA. A mutation that prevents 
the transcription or translation of one gene can 
prevent the transcription of promoter-distal 
genes in the same operon.



• 4) Media/Culture media:
----In absence of some substance which is involved in 

central metabolic pathways, particular mutants can’t 

recover.

• 5) Occasional technical problems
----In a few instances, PCR products failed to target a gene 

due to the presence of IS elements at sites that were 

previously unrecognized.

Solution: Redesign  primers



• 6) Toxin–antitoxin (TA) systems
----Deletion of a single gene can lead to aberrant behavior

in certain gene contexts.

For example:

RelE and MazF are toxins that cleave mRNA in response to 

a nutritional stress. Under nonstress conditions, a 

specific antitoxin (RelB or MazE) prevents cleavage, 

allowing normal growth.



4. Discussion and Application

• Distribution is being handled via 

GenoBase(http://ecoli.aist-nara.ac.jp/) 

• Together with supporting data and other 

key resources, including the ASKA

(A complete Set of E. coli K-12 ORF Archive) 

clone sets



Contributions…

• The Keio collection should provide not only a basic 
resource for systematic functional genomics but also 
experimental data source for systems biology 
approaches. The mutants can serve as fundamental 
tools for a number of reverse genetics approaches, 
permitting analysis of the consequences of the complete 
loss of gene function. 

• The authors hope to link the worldwide efforts towards a 
comprehensive understanding of the E. coli K-12 model 
cell. 

• Because many E. coli gene products are well conserved 
in nature, the Keio collection is likely to be useful not 
only for studying E. coli and other bacteria but also for 
examining properties of genes from a wide range of 
living organisms.



Summary

• E. coli K-12 single-gene knockout mutants, they 

are create in-frame (nonpolar) deletions upon 

elimination of the resistance cassette.

• Obtained 3985 nonessential ORFs

• Clusters of Orthologous Groups(COGs)

----rich and minimal media

• Evaluation of gene essentiality

And so on…

The Keio collection




