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ok A 0 6 DR ARG FRT O Ak 2 4 G R 2
RN B, FERRE AT, 4EEAn
JH1E A B 1 e D S R IE B T i A
ffe /NP, BRI /N 2 Y vk £
PIFC, —FhR “H LR, WA RS R
HrppRAE SRR S —FhE “A L,
FHFEAR JEORE N T A B et 5 DX RS 7 B R
H B LW kg NER A,

ok A 0 5 R A T — M s FH 35 1% 85 5% WA Wi
TP A PR, AT . R AT
R ZEIAT B . A R R AT B . BT R B A
P B TR A5 o R T TR A BT ARG 1R L A8 E A
38.99%1°1, R TRT DX 33 f4 B IR TR7 SR ik A 180 S
ol A A e DR 20 T3 1 DG SO X ik 8 DG )
BT TG, s R il M FE R ARG i T4
RIS

1 SEmA R AL FRER

TR Pt R AR R 20 M A A7 BT 5 1Y
e As 38 F B BAME, PR IO 4 il T
A2 R s B R T R AL
5 R R UK T AL RO AT 25 11 . HATE 284
HA R F ) A A 4 325 A, [HHE A
o Sk PUE SR 1 JAT 20 Bl GR 1o A
P18 0 e 5 PRl — il 1o 15 R R e A o 3R 1 TR
MEEERTE Streptococcus sanguinis SK36 FIFRIP %
+): Saccharomyces cerevisiae K FFEA 15 37 31 1€
Hb, HABBIRHF 1G5 By h i 2
L 5] — e Bt o i 3 PR B R 1G Z2 T osi b o A B SR
& Mycoplasma genitalium T i & ¥g 1l T &
Haemophilus influenzae BIFER AR/, Wi 3L
Ao 500 799%™ R 40965 4 A1 B T

Pseudomonas aeruginosa FERNA K, HATEHE
PR 56910, 25088 My 5 LA L 431
IAGTE 109%~20% o JAARIRZRAL Tk | ik a6 1F
K HNBr bR ERS LT B R 2 i 22 5%

Wit HEITEA R A Wy h s AR i o 5505
G RPN BERR AR L, IS R TR 1Y 05 A
Y B4 25 1 R R 80% , T A it 56 IR G i 1)
EAFEEES 59%" . KIGFFEM 303 b
S AT 282 ANEFT I T A7 e, WgEd
FEVPI TR Salmonella typhimurium | 31 IV 7 &
Francisella novicida . /AT #  Acinetobacter
baylyi ADP1 Fll #i 2% i ¥ il 1§ Pseudomonas
aeruginosa PAO1 "3 BIfEAE 256 NPT 126 AN
256 AT 133 AU RS TR A S (B L
A 209 AT UM S Rk e T
Porphyromonas gingivalis 5 463 i 5E, H
H 364 /> 35 [R5 HA ff A 4 0 e 25 DR A e 1 [
S A 7 A B 7B S At Y N S DA B is K e e
5 U MURR B S5 RN D BB G o 522 [ PR TR A
B2 P T A 2 T DX A T A R 2 A A
UL IT o R PR 2 v 5 ISR A DG 118 A e PR
wAEERR 22 R R SRR E ) P R BOR AR G
SEPRTEAE R T HE L, B yb T R g O-9t
RN rfal™", IR RITEHTE AR 42
AN B AR G Y 06 N TS 4 0 4 A R TR
Staphylococcus aureus N315 F1387 H # +F B
Caulobacter crescentus 433147 51 FT 48 A4~
T T R

A Wy 5 DR ) O < M 5 HL e 5 2R 1
TEAH A1 T UIAR G o 22 B0 AR ) ) a0 75 i
HEr S8 5 DNA 2. aibsE . fes
R BERA ARG, MEEEKTE T DNA #
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Table 1 Number of essential genes with methods to identify them in various microorganisms
: Essential/
Microbes Percentage (%) Methods Reference
total genes

Mycoplasma genitalium 265-350/482 55.0-72.6 Global transposon mutagenesis [22]

Mycoplasma genitalium G-37 382/482 79.3 Global transposon mutagenesis [8]

Mycoplasma pulmonis CT 321/782 41.0 Global transposon mutagenesis [23]

Haemophilus influenzae RD 670/1 657 40.0 High-density transposon mutagenesis [9]

Escherichia coli K12 MG1655  620/4 291 14.4 g4 Trnposiion, gunsile [24]
footprinting

Escherichia coli K12 BW25113  303/4 288 7.0 Single-gene deletion [12]

Salmonella typhimurium LT2 257/4 525 5.7 Insertion-duplication mutagenesis [18]

Salmonella enterica serovar Transposon directed insertion-site

Typhimurium WT26 (Ty2) SRS e sequencing (13]

Helicobacter pylori G277 344/1 590 21.6 LGy (18 3o O T pROD [21]
mutants

Campylobacter jejuni . .

NCTC11168 195/1 643 11.8 Microarray transposon-based tracking [25]

Campylobacter jejuni Flux balance analysis,

NCTC11168 2Ry 658 Lol global-transposon mutagenesis [26]

Pseudomonas aeruginosa PAO1  678/5 570 12.2 Random transposon insertion [16]
Transposon-site hybridization, genetic

Pseudomonas aeruginosa PA14  335/5 962 5.6 footprinting, statistical analyses, [10]
bioinformatic comparison

Francisella novicida U112 396/1 767 22.4 Global-transposon mutagenesis [14]

Acinetobacter baylyi ADP1 499/3 197 15.6 Single-gene deletion [15]

Porphyromonas gingivalis . .

ATCC 33277 463/1 909 243 Mariner transposon mutagenesis [17]

Caulobacter crescentus 480/3 876 12.4 Hyper-saturated transposon mutagenesis [20]

Bacillus subtilis168 271/4 101 6.6 Systematic inactivation [27]

Corynebacterium glutamicum R~ 658/2 990 22.0 ngh—throqghput transposon [28]
mutagenesis

Streptococcus pneumonia Rx-1 113/2 345 4.8 Mlcrqblal con?or(.iance Plefumgt [29]
insertion-duplication

Streptococcus sanguinis SK36 218/2 270 9.2 PCR-method for global-mutagenesis [11]

Staphylococcus aureus .

WCUH29" 150 Antisense RNA [30]

Staphylococcus aureus RN4220  658/2 592 25.4 Rapid shotgun antisense RNA [31]

Staphylococcus aureus N315 122/2 595 4.7 Comparative genomlcs,.allele [19]
replacement mutagenesis

a Transposon-mediated differential

Staphylococcus aureus SH1000" 351 ittt tio [32]

pcoree et e ot 614/3 223 19.0 Transposon-site hybridization [33]

H37Rv

Saccharomyces cerevisiae 1 105/5916 18.7 Single-gene deletion [34]

? The number of total genes is unknown.
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sk BTG REE . 2R R A DL
£ 50 % ~76 % 2 6 H L U L B 1T IR AT B
Helicobacter pylori P34 . FHAA R IR
TR HIEIE A AT 25%0~389% h o SEIH P,
B RAIREATH Corynebacterium glutamicum "F#%
FRACIS . A0 F S D RE . M A I SR A A DG 2
LA 209%~35% Fp i S, KA i
R R AR N 11 G B ) A G 5 R rp b 75 A L
BI5 5 i 28% F1 4896124, AL P T A
450 A B AT LU St 5 A Qi 420, oy
P A R A 2 I S A I I B A i

B 2 ol A W T 5 DR 8 O v R
DRI ZH P50 LR | 4 Ry A A SR8 15 | BRETA]
RRBRIE IR 3L RNA T4k 4 Rl

1.1 EFARFF X%

FE DA 7 30 Lo vk e T R SR O R
8 O B A R DR A T JE IR PO, B i
PR 2015 50 H 25 5T o B DX 20 9] L R 4 it 1
RGN L XA R (GT) R
MAFE (G MISEHEAFS, 256 A0k K
R, it A 8 NEUINMUE DI EIN AL, 15
BT AR 206 40T KA A fie /N DR 4 A 0 B8
FEPAH T 9 LB R FLBR )™, A5 H 1 a0 i DAL
A RGP R . T AR 3 ORI T
CFT073 . DEL933 Fl MG1655 1143 K 20 J7 51145 H
2 996 ANAFEHRENP T He g 100 /4SFE PR £H ) ]
63 AMESFIEE O, RN 8 Heoxt ik AT L
FE R[] P 43 B 22 i A= P 6 R A DR sk, DRk
HED AT LD, (RN BB B B 0 SRR fE 1)
LRI o AT A HE PR ALY 5 AR Y i
JINFEE IR 2 AR AT (A Ay i A A7 1 B

WKL ICARR S HNE

1.2 2RFEEHmANRT]

4 Ry i JAE A A\ 5 AR 1 o AE G AR L
B Rl R A A A SRR A
[Fi] Fsf 235 5 5 DR A 3 3k i 56 PR 2 0 P B AR i
Wi LR . #% )8 F (Transposon, Tn) HJ BfALIH
ABNEE KV A0 1, 5 A1 2 R J3E - ) 4
NBERE . TR Ao AR 2 5 Ml 5 B DR A 0
PSS EE T~ ToSHFI To7#07 SIS % E e
kATt — AR Y eV T TR E T, B
1A BT AS S T TnAraOut, HE—4 Bk
R W e DR LS TR SR SRR T R A
i PAOLH, i FLHES F BT E] IS
phoAlhah RIS lacZ/hah ST %58 W L1 161
Xof Bt JRE ~F HEA TS S5 AT T DA AR 28 5 0 75 R IR R
E— A BB AR MR . 7E MG1655H, SR H]
[-Sce 147 5B B FE T Tn-Kan- [-Sce 1 %5
Wi SN, ARJFIE I FRIK 1-Sce | B3RS TR
T LN A TR IE ) FE R PRI b, SR
FH FRT 5 s B 06 - IS Fn2/FRT %8 LT
BN, HEMIZRIA Flp B B S8 AR RRAG 50 %5
g LU ] I8 2 i IR T 5 T A W o
o S A AT B EA I, WA SRR AR AT T
RIS 3183170 TnsSP®, A oh WA P4 i bR T17
(IS Fnl), T18 (IS Fn2) 1 T20 (IS Fn2/FRT)!,
I Campylobacter jejuni W, {#i FHAN ]
FAR SN AR Tn7 1 Mariner 45153625/~ F1414
AMEBE AT RN, Hi 2334 G JE R B E R
WA FEFPO, Stahl F Stintzi R EZ-Tn5-Cm %%
JRET-H 5 23 s i 195 b A R Y {H 55
Rl A TR 26 N0 3 195 0 A 4 A T
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K, TEIBEN, AL EBOCHE, 45 SRR
R PR AN RASTERCR R, SRR BONER, 1
BT, JUFFrA B rAR il L 4R % 14
AZREE LTI N . (HR, 275 B
TR MR AR 5 2 PR PR NS R B 2 SRy b PR Y
25 5 H 4 AL B8 313 5 T 11 3 IR VR 3
i 2 B 5 R UV 2 SR AR AL TR

1.3 BEREMRE

YL R R 53k v ) B — 5 AR R B R ]
J5 % SRR RE TS AR A7 R R T S U2, AR AT
e IS PRy SA /[ Br A | U S PR
HAZSE. R BW25113 i, il
FRT/Flp v fi B S vk U e 4045 1 3 985 o
RASMIFHE— B E 303 DRI R
AT o R PR AR AR 2 594 ANRAR
B, PEMIHGE 499 AT LN FE B R
Saccharomyces cerevisiae Wi 13 15518 & F bR 5 %
FROAPMRARRDL, 2P 1105 LT
FEP R[] B BT SN R 22 5
PRI AT v, 3 1 B R Bt v 2 VR s 4 SR
B AT A\ 98 A8 0 PR A O 6 T SR RN L 205
Ao XFP2E 5 FER AR TBL RSSO W
PR T BT S 4 Jr i e 4 A 98 A8 1 1T i
P FEE K218 1Y 52 TN S e S i BRI, T
LR DR I 1 T s i TR TR PR BB S A A7 R T E
T T LN FAM ] mini-F Bk
ol 5% A 2 O LRI PT DA Bl S
A, 303 S RIGAF R b Fs E A A 35 M IFE
[ MR RS T, sk 3 R ph R A O R TR BT
I o G55 A B AT 5 Lk ] DAy b B L A
SR TAE S, IanTE mEE ek, St a2
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PRI 2H 3 41) Uo7 Y B R DR ST R S AR, X
ST 35 DR AT AR SR 1 2 o JE R REL) R AR
T A 2 B LA B DR 2 AR 1 BOPE M R S b T
SEARAE O, (A TARERARA, RIS i i )
TR % AR LTI, ot TR AeR
B A 20 b T FE PR S 5 T 3, 1A
I, 2R T AZE A SE )7 91 H i Bt i i ot
W, AT AZE G LA TR 5 R4 i S MR
1.4 =X RNA FH#iix

SCSCRNA T Seidat ;e CRNA BHIE R4
S SE PR G SR ERIE , 130 3 v R S TR T R R
SRR A ROR DL, B BOIEE I BE DR B o Dy 0 T i
P 320k H RN D, R T4t
WIEBRE T, fEHAR WCUH29 Fl RN4220 4y
BIHE T 150 PO 658 MBI X Fhoy
PE, 7RG R A ARG R RS, (R E AR
FAT— 5 fh g R AR

2 RAEMEEARKE R

TCEE Wy DR 2E0 157 SR 2 A 1 5 WA
JE B AN A ORI e, e DR ARG T 2 5 T W] R
2] (Homologous recombination), XUk WrZd (&
2 (Double strains break repair, DSBR) 4 . {i/
MRS METE A (Site-specific recombination) | 4 8k
H 4] (Transpositional recombination) A I B A&
% (Transduction) £, H, XsEWMiEE
o2 RIS SRR S 2 N7 A [ U 2 Y
fith b, 2D SRR AR o e AR Wk A
AR G40, W] LK £5 R PR I K R B o AR AU 5
A TAZREY, fem AR ARE RReR . [WikE
20 RN AU Wiy SR8 52 A 20 T SR TCIR AR L T 57 a5
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S T 2 RN R 2 S R AR B B e A
— AT PR R R AR AT S D DR T bk, R A
A e o A R B AR R R DR T TR
21 ETRIFEHEREBAREE

[F PR 228 i1 DNA 431 2 [8] [R5 PR X 35
AR SCIT S B A AR, IR A S AR
AL . TR T SMNE DNA 45T ok
LA Be#ifh o F T mlBR B9 PE JORL 32 22 45
H AR, Ha bR S 25 T 1 = A R BURL A [A]
Pesg it , M 2t i B bk 23T Red B4
() () P A48 o 38 3 ] P o 2 A A 7 3 DR A0 1 B A
5 2 51 A BT i % AR 9L (Positive
selection marker) F1 1 i ¥E #5 i€  (Negative
selection marker),
211 ETARFRAFEIRES

H A ki (Suicide plasmid) ¥ % 7615 £ &
HONRESE I, AT HA A Y [ U5V E 2 R 5 3
et ik Lals HEER (8 1A), Foki g
[7i) 5L B S RS 488 - (] Y5 B A 4 A A B e v
I 1 A [ YR A R TR R S B B 2
b, RN W 2 A (R 2
HAREEP R Br o BEPIRG RIS, rTAR IS H AR A B
KN Bl 2R A e Bl 1 [ R A2 4 7 K. A
KGFFE T, B AR R IS 3 T LA T @
B AR R B FEB4ERE R B, Komatsu
8 SR FH B AR ) 1 A% SR ] Y XSS 48 T — VR P
B 1.48 Mbp HYFE B [ % ok R U5 S 4
AR AT T MR T 2 AR, R B R
FRLE R BB, I AR A ] SR A LA MR
R e e R E P i A iR/ Gt /s el B ek 1
RORBAR, HA 5 5 578 B A= RIR A, ASH]

TR S AR R I 1
2.1.2 ETLM DNA BB R EES

LMt DNA F B & B LD [ P 1 i
B b B, 385 A AR AR R B AT E R HOF
SEENH KA FEE L, T SEELE R S5
B (K 1B). 2t DNA F B[] 15 5 41 fe B
FH T TR 0GB v, 30 Ao 7 7 0 B S 7 Sk TR A
40~50 bp AYFRIEREIF PCR 718 b A Be
W e AR p R R AL, dE—2 R ST
PERR IO R bR 28 A5 R U, e RS e 1 S 4
FETELE, Sl 2 DNA H BRI 5 # 4 O 315
T — Z 5 ARG T B AR (HAE K AT
H1, RecBCD #%MRAMIIG 2P AR SMNEZME DNA
F B, AT REL L B BRI RE DR 4 1y ) a4 B
Datsenko #1 Wanner F|FH A-Red W B 44 H BE 4171 il
RecBCD Wi Gam , #Z RSN Exo FIFAEELE &
1 Bet FH B OB pKDA46, 4855 T SMNRZ
Fr BE DNA 1 F 1 880K D2 Bk [ I d 2 aor
2Pk R B[R]V 5 2 A K T TR 1Y) 5 R G T
B2, R TIF 2SR s Ak, Bilan
A16. A33') MGF-01 Il DGF298™%, jifii A-Red
7] 5 4 P R PR B3R IR R B, PR IR R E 4
J5 ARA IR bR 28 AR RO | S S g A R S 4
ANMURRE R R AR RN E 1 P B Sl 38
TR AL IYURE T AR Y e S 2T
Morimoto 25454214 DNA [R] 75 520 A1 3 5 J50kL
IS RR A UEA TR ALK 7 (| 10), mirE
TRk H R, J5# T RERmEhric . &
PR A B RS A R TR TR Ry {4, LAY
B,

FERIRE A, A 5 A G i £ e

oH
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Fric, FHFH G SR 10 283K FRAR N 4 ) i 2
A R R R, B R TC IR 5 9 A o 1 S 3R RN
., WHATESRCA SacB. RpsL. Upp.
Ura3 ¥ Urad, Hrp, FEREEGEPEILA sacB f77E
T ZEMOFT I, Ao R R, 7R 2 [T
FIPEE T RIE sacB J& DI ERE A R LM
% FEAE JR s o) i A R A AR TP B RSO
FE rpsL St IR 1T S12 555 RIE AL
BEY), YR TR R 540 16S rRNA 455
Bl 7 M BEL L i DR 20 2 s % 59 bR i e R B
LD upp it R W WE W R AZ M S R Tl , PN 20
AR 5- 95 DR W WE B Shy 240 JEL A 25 90 410 71 40 e
AP SRELIEIR (5-FOA) EFEESREH pyrF
% ura3 M ura4 Gt FLIE TR R EE, W LMELL
S-SRCEL I BRE AL N A B S AN st T FE K
Wttt , HH SacB fEMAE iR im kiR Id, H
T TR T34 3k 9391, TR rpsL HE R,
1] D) B RpsLAE 7 5 e bRic o), i 1t BB 166 sacB
N rpsL SEERRUEE T i 2k ] g — A5 2 5 i e vE A
RO TR GEREFTE T, FIA sacB JaiE L FR
XU [7) P8 32 e th AT LA S B 22 48 ORI 78
iR ZEMUAT B D, B e R B RS upp B S
3 A Upp fEfFEhrC St 25 mat . 1
Wbk, % P Ura3 (35 Urad) A5 kB4 i o
(T e AR e 0 S R R R, B
Urad J&i AT LASEAT 22 46 0 R0ORS 50 10 OIS 00
T EARIC I S TG F) T 52 AL K A 1) 2 48 T
RG], 4 e ) VB 2 P T e 38R
2.2 EF DSBR BYEFEEIEE

DSBR %2 3 F [ 5 4 ML R 41 AR R L
) S B P i R S P RS T . Postai 577 1999
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AR ORI, I R TR VR B RS e
FERAHTIA 1-Sce T B AL S (18 bp), it
[-Sce I Bk N S sSAbHIMrBER 4, s S
L SOS B 2 R G JH sh AL 40 B BB E ML,
FETE RecA BIREFHBI T RIS AL, AT 5
e brictY, RBIICR R . ERBATE T,
Kolisnychenko #§ifiiF DSBR #ZH#47 H I B
(6~82 kb) LIRS (18] 1D)®), Posfai 1R
FHAZ R W e X 3K 1% T — & 5] MDS (Multiple-
deletion series) A% fAj R0, BT R A B B
3 B AL B I C, PitEimERRic 2 4
I -Sce T PUIHLEL S, Hrh A F1 B 2 H YRR X
B R T8, C EERE B A m bR DX R i Y
[T 5] (K 1D). S A Fil C [FIVFE 4 4
H R B, FRSIA 2 4 1-Sce TIRBI 5 S,
M B P41 a5 H 20 8 52 38 31 5 DA 20 TO IR A
o0l st 5 | A S e bric AT 2 DSBR #BR
A E SR A HE R PE T Yo SEAER R AP
ATEREARICH 1 A4S S o7 5 BV Al 52 30 s 3 b
(B 1B A TR RIS RS 3 T4 1-Sce TR
4 3 pKD46 I, 48N 48 84—k b ok
pRED1 A #F— 538 iR R G0, SCBL P =20
FEBELY. DSBR ik 2 G0t v LA FH T 3 SRR A
B E R AT U S Y b . DSBR
Y1 AT LASEEE 25 9 A5 00 JOIR R o, E A A Tl i
ZIKHZ& PCR A FIIEEH B,
23 EFMSfEMEANERERERE

AV 1 R S P L A e R A A 7
SR S B B e e A R 5
FHA Flp/FRTPIAI Cre/loxP" WiFh, ©AT# 5
Ivi] Y5 20 235 6 1 T 22 b oA A 1) 2 R B o
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Flp Fl Cre /&0 s Fe U, 23 BRI AR
PE7 5 FRT Hl loxP., FRT Fl loxP Y54 2 M
) 13 bp JFEH, LIS 14> 8 bp HIFP.O X, 4
S e Tl TR [ i) ) A S P S i O 2 2 R A
Z [H) ) DNA ¥4,

FIp/FRT MR RGE 2 H T RIGFE . ERK
R I T B 14 3R DR R R IR AR U
Cre/loxP % Flp/FRT RGBTz, "IN HT
Z PP I L R RS T o 2 R BR Y H A R B
Fa, HA AR AR E R B, #5241
loxP i i, Sl i [5) 5 F 4 e H 193 A,
i3 Cre BEWUN loxP 1 15 AL L BRI bR,
YRR B AR A Bt A, AT S ) 7 i 5 A A
REBRER RS BE, £ 1A loxP s, Joilsd
[ EZRE loxP ALsinI ASIH B X,
It Cre BEMNER H AL B i dric . 76K
kT rE Y, Fukiya 55385 @bk A Bere B i X3
U5 I 1A loxP A7 &5 (K 1F), Al LAmRR KR
117 kb f95 B, (B B loxP 7 A FHibk
PRt ml, 2 B IR LBk . TERT 4 RE
W, Komatsu %R HZERIAYREE, @it 2 4
R ERZAR ST BE I loxP A7 45, FIREEER 1.51 Mbp
BT, JoxP 0 T e b ic A S
], AT LAEERIGE R L, Cre/loxP HAATERS:
— AR PR IG SERE LA, THET 4 iy
SRR, O TR RN, AT AR
FEHNRE S 5, AT I AR, R
B Cre BRI, PR AT SCBE SR . A 2R
PEFFER T, Suzuki S5 BT S48 AL ALY
loxP-LE Fll loxP-RE 57 Cre/lox 2872 25t (K1 1G),
ALESEHEAT 11 FembR, BARRIRAITAR Bk

10~56 kbU>1, 407 o5 e S o 2 A o — %) [ R e £
FC AR T, o g | AU R IC , #RAE D,
2 I T 22 P A 0 1 3R DR e 53 AR 3R DR RS
s (HREBRIG 2 5% BRSNS, AR T SE Bl
DR IR 17

24 HEFHESHMERBARER

B DR 2 A - B e T P AR 1T BE LA A
FNEERHVF 20 0 o B A 2 BT AL e e g
(Transposase) FEH , 1 Hy A AP FE D 5078
TR, WA HmE T e S AT
Wit & DNA $EJ75) 455 55 XUE DNA 255 1)
), [R) AR 2 A - U 1 R i D) RS ) PR, i
77 A T Bt B it 5 i R 370 i i 4 o R
S LT RE , WT LOKE LN Tk 4 3
RZHKGE T o AERIAFFE Y, Goryshin Z8F|H Tns
0 A T T A Y R %) S5 R N 1T SR ek
(#l 1H), B MINEFREHEA 5.6%, R HEE
A20-4701, TnS 5 ) ¥ HAZ 0 81 R D 4% 181 1Y)
1S50 JFF AL o A% 0o J3 51 H 110 JAE Bk R e i B )
Jiti Top-EK/LP , Fi 4 35 PR 1L 4 i 52 A5 R i 146 . 1S50
HA 19 bp M1EE K, SMA OF Fl A 1E,
Hr OE /- A 11l A4, 1B 25 1
fitf Tnp-EK/LP MFERINIAS . Y TnS FEHLIE A F]
RIGAFIRFE K2 -, 3Rk 5% FE T Top-EK/LP 455
F 24 IE ¥ L, DAL S sE I {7 A Rl
MK, FIRHMBRAZ P9 BLEE, AT
JE B Tnp-EK/LP {5 2 4N IE 3241 78 3L K 2H P 3
BERL, JFHIER ANLE R DNA JE K 2 AN b
MZE TE ARG A Sy 5 A 20 0149 125 i 26 422 A 51
PRILIH A Bt (4~23 kb) ikl (& 1H), 145 1E
5 0 30 i S i B B L RO T A il
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Microbial genome-reduction strategies Scars left
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Fig. 1 Microbial genome-reduction strategies based on recombination. (A) The homologous recombination strategy
based on the suicide plasmid™*”. (B) The homologous recombination strategy based on the DNA fragment containing the
homologous arms of the target DNAP*. (C) The homologous recombination strategy based on both the suicide plasmid
and the DNA fragment containing the homologous arms of the target DNAP®. (D) The strategy based on double-strain
break repair recombination system; the DNA fragment used for recombination contains two S sites and one positive
marker *. (E) The strategy based on double-strain break repair recombination system. The DNA fragment used for
recombination contains one S site, one negative marker and one positive marker®. (F) The strategy based on Cre/loxP
site-specific recombination. The loxP sites are integrated into chromosomes via the homologous recombination of DNA
fragments”’". (G) The strategy based on Cre/lox site-specific recombination. The lox mutant sites are integrated into
chromosomes via the homologous recombination of plasmids’’”. (H) The strategy based on Tn3 transposition
recombination'’®. The double oblique hyphens represent the break regions of the chromosomal DNA. The letters A, B
and C represent the homologous arms of the target DNA on the chromosome. OE and IE represent external and internal
transposon ends in TnJ, respectively. Pm and Nm represent positive and negative selection markers, respectively.
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Microbial genome-reduction strategies Scars left
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Fig. 2 Microbial genome-reduction strategies by combining different recombination systems. (A) The combined
strategies of the Cre/loxP system and DSBR. S and /oxP sites are integrated into the chromosomes via homologous
recombination of the plasmids”’". (B) The combined strategies of the transposon insertion and the FLP/FRT site-specific
recombination. Two rounds of the deletions are shown'’”. (C) The combined strategies of the Tn5 transposon, Cre/loxP
excision system and P1 transduction. After insertions of two modified TnJ, the two mutant strains with a loxP site are
combined into a single strain by P1 transduction'’”’. The target DNA between the two loxP sites in the new mutant strain
is deleted by Cre recombination. The double oblique hyphens represent the break regions of the chromosomal DNA. The
letters A and B represent the homologous arms of the target DNA on the chromosome. OE and IE represent external and
internal transposon ends in TnJ, respectively. Pm and Nm represent positive and negative selection markers,
respectively.
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Table 2 Characteristics of different microorganisms with minimal genome

Strains Deleted sizes/kb (%) Deleted ORFs (%) Characteristics Reference

Escherichia coli

A20-4 262 (5.6) 212 (4.9) Normal growth rate [76]

CDA3456 313 (6.7) 287 (6.7) Normal growth rate [77]

MDS12 376 (8.1) 423 (9.3) Ten percent higher cell density [65]

. 0/ <0 .

MDS41 662 (14.3) 703 (15.9) Xletlslout IS elements and 20%—25% lower mutation [66]

MDS42 663 (14.3) 704 (15.9) Two.ordgrs of magnitude higher electroporation [66]
efficiencies

MDS43 708 (15.3) 743 (16.8) Increased genome stability [66]

Al6 1380 (29.7) 1227 (28.6) Lowe'r growth rate, cha'mged cell size and abnormal [46]
localization of nucleotides

A33 1 810 (38.9) Lower growth rate than A16 [6]
Higher cell density (1.5-fold), lower glucose

ISR 1030(222) 1081 (24.6) consumption, higher L-Thr production (2.4-fold) [54]

DGF-348 1170 (26.2) Higher growth rate and cell density than MGF-01 [53]
Without any IS, higher growth rate and cell density

DGF-327 1 380 (30.9) than MGF-01 [53]

] No auxotrophic phenotype, more stable genome, higher

REES L G () growth rate and cell density than MGF-01 el

Pseudomonas putida

407.1-A, 272 (4.4) 219 (4.1) Similar or better growth [80]

407.3-A, 457 (7.4) 372 (6.9) Similar or better growth [80]

Bacillus subtilis

A6 320 (7.7) 332 (8.1) Normal cell viability [79]

MGIM 991 (23.5) ~1 000 (23.4) Slightly reduced growth rate [81]
Enhanced recombinant productivity of cellulose

LIGIERTE I () S (l1L) (1.7-fold) and protease (2.5-fold), reduced growth rate [56]

Corynebacterium glutamicum

RMD (190) 191 (5.8) 188 (5.9) Normal growth rate [75]
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242
RDI11 250 (7.5) 233 (7.4) Normal growth rate [70]
Streptomyces avermitilis
Normal growth rate, stable genome and higher
SUKA17 1 670 (18.5) 1272 (16.8) productivity of streptomycin and cephamycin C [47]
(2.7-fold)
Saccharomyce scerevisiae
MFY1160 531 (4.4) 247 (3.8) Slightly increased yield of ethanol and glycerol [49]
MFY1158 472 (3.9) 223 (3.5) Increased yield of glycerol (2.0-fold) [49]
MFY1162 281 (2.3) 122 (1.9) Increased yield of ethanol (1.8-fold) [49]
Schizosaccharomyce spombe
500 (4.0) Lower growth rate [50]

3.1 KBEHF®E

KIGFF AL T S, s FEAEROR L
B, TR K, RS A YA R S
MBI — . 2002 4ELISK, KIGHAT#
FENHRERIEEE N 5.6% 42 38.9%, Hirf,
MGF (Minimum genome factory) #1 DGF
(Designed genome factory) Z %1 4§ T i Kk
W3110 2, HAKE R EERNIE B MG1655, X
SRS 7 AT AR AR KBEAIE R, 28R40
P R REPE

KR kE A20-47°F 1 CDA3456!7 115 i it
PUKS T IR T LR T RAS , AR IEH, (R
H A R 451, Kolisnychenko 4§ if DSBR
MR R GERE PR 11 AR AT 6 AN H/INE K-
Y1 (K-island) FRAFKE (7 bk MDS121% Hife
SAER SRR AERIES , FUE a4 s 72
1091, Posfai Z57E MDS12 f5LAE F, Wi
DSBR iR R Gt — AT T S A SR 1S
FEOVEIE IS FRAIRY AR, 345 MDS41 .
MDS42 Fil MDS43, HAK RIf, stfefae . H
FEAL R i 0 Tl B S 2R R R
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