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Fig. 2. Schematic view of the construction of ASKA deletion
collection.

1) Preparation of the antibiotic resistant cassette with common
set of primers. The sequences of yellow box are the same
sequence of the priming sites of Keio collection. Blue box
represents the specific priming site of Cm cassette template.
Red box shows 20 nt random sequence, which will function as
molecular bar code.

2) Fragments by the first step of PCR are then performed the
second step of PCR using specific primer set for each of the
target genes, which was used for the construction of Keio
collection.

3) Fragments are transformed and integrated into the
chromosome by RED recombination system.

4) Selection by Chloramphenicol resistance and checked
Ampiciline sensitivity for elimination of pKD46, which carries
RED recombinase.

5) Validation by genomic PCR.

6) Determination of sequence of bar code region.
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Fig. 3. Flow chart of evaluation.

a) The diagram of evaluation steps for the first round
construction. All of the four candidates of each of the target
genes were performed evaluation according this procedure. The
deletion structure was confirmed by genomic PCR using up and
down stream primer set. Partial duplication was checked using
internal primer set of each of the target gene optimized by Primer
3 software.

b) The flow chart for the second round construction. For the
second round, 7 candidates were picked out and applied for
evaluation by genomic PCR. For the second round, external
primer set instead of up and down—stream primer set was used.
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Fig. 4. Venn diagram of the comparison of essential genes
candidates from Keio and ASKA deletion collections. 292
candidate genes were commonly failed to isolate as a single gene
deletion mutant both from constructions of Keio and ASKA. 289
genes were failed to isolate by second trials of the construction
of ASKA deletion collection. 29 genes, which were essential gene
candidates from Keio collection, were established as single gene
deletion in ASKA.
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FIG. 5. CIP plasmid structure

Green bar represents tra genes operon and ori7(5). aad (Sm
resistance gene), oriR and gray region are from pAH143(6). About
300 bp fragment from BW25141 is shown as orange color region.
Fragments from 10 different lociof the chromosome were cloned in
both direction.

A) Construction of Hfr by conjugation and integration.
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FIG. 6 Schematic view of double knockout strain construction

(A) method for construction of Hfr by conjugtion and integration of
CIP into the chromosome of the recipient strain.

Donor strain is a producer of @ protein, which is essential for
replication of oriRg (6, 8).

(B) Donble knockout strain construciton by mating between Hfr
strain having a Cm" single gene knockout and 4000 single gene
knockout library, Keio collection.
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FIG. 7 Dependency of conjugation time and oriT position on the
chromosome

rhaS(88.3 min) was used as query deletion carrying Cm" in Hfr
and araC (1.5 min) was used as recipient. Hfrs were made by
integration of each of the 20 CIP plasmids. X axis represents
distance between query deletion and oriT by unit of min, which
represents about 45kb/min). Transfer of clock wise (CW) and
counter clock wise (CCW) were separately analyzed. Red and
blue lines represent 2 and 24 hours conjugation time respectively.
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FIG. 8 High-throughput conjugation system and quantitative
method

(A) Conjugation wasn performed on the surface of agar plate. Hfr
query strain was spreaded on the agar plate as lawn. Recipient
strains of Keio collection were spotted with a density of 1536.
Conjugation was performed at 37°C for 2 or 24 hours. After
conjugation, conjugants were transfered onto the Cm and Km
containing agar plate for selection of double knockout strains. (B)
Cell growth was quantified by transmitted light.
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FIG. 9 Evaluation experiment using synthetic lethal gene pair

(A) Picture of 1536 density double knockout strains on agar plate
after 12 hours incubation at 37°C. Top right square region is 128
double knockout strains of the same combination of AmrcA and
AmrcB. (B) Magnified images of ( mrcA, frID) and ( mrcA, mrcA).
(C) Calculation of .
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