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industrial microbes
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Abstract: Gene knockout, an important technology in molecular biology, has been broadly applied in industrial microbial
metabolic engineering. From the basic mechanism of DNA recombination, we summarized and compared in this review different
gene knockout strategies. Three most hot and important approaches, including the A Red recombination system using the linear
dsDNA as recombination substrate, the single or double crossover homologous recombination using the circular plasmid DNA as
substrate, and the transposase mediated transposition recombination, were summarized in detail. Developing frontiers and application
prospects of gene knockout were further discussed.
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T80 T AEAER IR K K e i) 5 T, BiA Ry AR T
PR ] — T RG2S BE KR L A,

fay o i, AR TR LR R A T A AR
R Oy Bl BRI R, A R A
FE TR R R B | b 27 T 78 0T 4t i A
BARIAT R BB S O, XA F AR B
OB HEA TS« W) . BH I Eoiy dER i AR iR AR
NI H B A b 2R A A A A
WU ECE A AR R AR R AL, I SR
W AR A TS S, s H AR
W s B B BOE BUR YA Y ) TR
ARFpEN,

M TA Y R G0 58 2P DL R K A 2 B 1Y
RNV, X DS S KLl i R e AR
A I 2332 SRR o FERCARIE TS, DA DR 20 A
()53 A 2 S g6 T B BE il i) S ) Q5 TR D7 vk
WE— kR, R T# (Inverse metabolic
engineering, IME) AYMLEEWIH Jay Bailey T° 1996
AR, W, . WA R AR
HWK, e sz R AR R SOME H 1 &5,
T T T ) A D 4R A BB U 450 12 5 L A T Y
HoAb B R A R TR, R AR g T AR
e RN 3 KL PRI Y | DA e R Y 381 3 7R 1) i PR o 2
M

Toig AU TR 2 S ) AU TR, A
R AR R AR R ) F R — . BRI R
HOARE 20 22 80 AFA S ke iy — T 2 1) 43 F
AR EEEOR R A 1 T A0 R E Y i
PRI R TG B 2R YRR o B B e PR . 4 AR
BEYL (/K DNA FoE e S50 Ao AT P B 4
AR, AAURT AR TR B e R i A 27 Dhig , 38 W]
DL T Dy g 5 DA A 4 A B g R BE IR A e, T
AT LA BELWT 02 A L A Qs 05 6, DR R /RIE
sRAL AR P R E, NIy B B T
MR B A B AR D A T s R R N A

1 AR RERBOR 0 A AR

L EAEIE AR DNA B 1428 #e il i HE
PEAR, (R ) PR AL AR S A R
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(R EEA) % H A, A EAEFE P4 DNA
Sy F 2001, JE R I A B S R BGRB8 HE
W E R 38 R S SR B £ N DNA
[FJRFEZH (Homologous recombination) [, F|H
B 1 1 P DIt L 22 1 DA S PCR AR 25 % k1 DNA
S Bral B A R TR EUA TGS, IR A B R
i, ErE e o B 3 PR S AR i a0
Bk | 4l AR | RS — RGN B HRAE

B 1 /20 e e e v O B 1 e T vl S S
3 FhAEA, B Holliday WMUEER AR
Radding PR ARLRIM Szostak XUfE Wi 2446 2 1%
RIOT Horpr, Holliday #5579 4 Hi (1 Holliday 4 42
& (Holliday junction) Z5#aJ& 3 MR FF LA 1)
A, Bk Z MITFEIER, X 3 RS SR
SR AR ELIGE R R EAN FERY L I UL T 5 | R 1 [
VR A AR W A P B S ) 3ok A 42 )

VARG R R 6, B FF B [ 5 o 20 3o ] 43
o4 FEHE: Rhn . FREC IR . R
WY S (4r LT #8) LA M Holliday i 42 14 1 fif
BT, X —idfE, B 25 FORTEBIE AR
Z51EM. Hrh, BREcEEAN DNA f# el . DNA
HWINRIEG . DNA RAEH . DNA #ER%Z 50,
HA R AE €245 RecBCD ., RecA . SSB. RuvAB,
RuvC P B =0 FH B A5y, Y Chi {7 2255,
i B A2 RecBCD Fll RecA 1.

Ivi) 58 i 2 14 0 i 28 1 I R SRR 2 PR DNA
HA, e RREARIKY . RecBCD i & —Ff
ZIReEE, TR EA RIERE . SN,
BN DR IE M, IR Y s 0 MR S B & A Chi
{37 5.1 DNA H 4, Chi {15 (5'-GCTGGTGG-3") K
SRFFAE T RIGFF A Y Lk DNA h, 255 kb K
FE51 o B — K, X286 Chi 37 25,5 RecBCD J{E,
RERSAE E B A 3'-OH A Y FdiE DNA /Y7~ 4 .
K1 s, B RecA H AR 14 [R] 6 C 0 F 6% 22 4
JE RV E L A% 0 o RecA R REELE A, &
AR E A SR REENEARZ —, BREHhES
A FH5E DNA I (SSB & HiBh), Jtildgshy
ZHE AR DNA SRR IEAUEE DNA, S8 [A] 5
He XS o Zad BRI AR M EES: (Synapsis). [FITRECR S,

Meselson-
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FREE DNA BB/ A NEE DNA Hf H o i [a] Y5 i B
ek, AC 5 EAME AT AR RC RS, JF 74k D-3F,
RZIE I Holliday 454K 4™ 2L 5404k, T
SEUENEE . 7E RuvA, RuvB DL RuvC EHEHMWS
5T, SUSEERY LI Holliday % He (A1 fif 25
IR S8 8, 308 2 7 A TR 000 5k DR A 5 46 LA K 1 )

B 1 KBFAEREREEHITIEF RecBCD. RecA F1 SSB

ERrThaE®

Fig. 1 Function of RecBCD, RecA and SSB during the
homologous recombination in Escherichia colit®). RecBCD
enzyme has helicase and nuclease activities. Unwinding of DNA
ahead of the moving RecBCD and slower rewinding behind
create single-stranded bubbles. One strand is cleaved when the
enzyme encounters a Chi site, forming a single-stranded tail.
RecA and SSB coat the tail and promote invasion of another
DNA duplex, initiating the homologous recombination.

£ S %) ok DR R0 AR SR S LR AR P A ] 050 R 2
AR, Sl RS s — R KA R IR, 5 A
M de Cufhk LA RERE RUR AR R IR 2 (A BB ),
T B 78 240 2 1 R

2 AFERIREEE KA, BN A

A b 3R [ 5 B 2H A A B 3 e e, A3l B[R]
TRE AW YR (AEE/EE . ZRE/R) . B
I (RecA i . RecBCD [if§ 45 K I B 1R v HLA AH AL
TIRERI M) FINRENZ A (Chi 7 ) SFdEAT 7> 7%
Th, BT & 45 R OR [A) B S R i B i, g 1
FT7Rs o AR ) V5 EE 2H AR B AN ), R L O PR B
Iy N s DNA (ssDNA), £ PEXUEE DNA
(dsDNA) DL R BRI XEE DNA (FoRigkik) 45 3 2%,

F1 ETREREAMNEEBREE

Table 1 Homologous recombination based gene knockout
strategies
Zl?tr)gtertates Strategies References
Linear Using single-stranded oligonucleeotide [9]
ssDNA directly as target recombination
sequence
Linear 1) RecA dependent and Chi stimulated [10-11]
dsDNA recombination: introducing Chi site at
the end of the linear dsDNA as
recombination substrate for not being
degraded by RecBCD, also improving  [12-14]
the RecBCD function
2) Red/ET recombination: introducing
red recombinase of lambda phage or [15]
RecET of RAC phage to perform the
recombination without RecA
3) RecA-assisted lambda red
recombination
Circular 1) Non-replicated suicide plasmid or [16-17]
dsDNA unstable plasmid recombination
2) Temperature sensitive plasmid [18]
recombination

3) Antibiotics/SacB mediated single or
double crossover recombination

[19-21]

LLVERAE DNA @BR R M A EATHE R S T4
A, L E A CRSEUE DNA [ 10~100 551,

K LM BUEE DNA HEA7[R] IR EE 20, 2 T 4F R 2
PR B 7 2 I IR 22— o LI AU ) LA £ A B
) e R oA R A 2 A A A 2D R T AR
PCR JrEY 45845 HbR IR 7 Br, SR, 2tk
XU DNA 5 TH 40 A (1) RecBCD A, o T fif
P IR IA S, A DAAES M RUEE DNA I PIIS] A Chi
B, f#4" DNA A RecBCD JH#E, Jffigsiik
RecBCD A5 [ Y5 F 4 R4 R V01 7 g T R sk
J 7z ) Red/ET ARG H, Gam (y) HHAMGI AR
FERN T 15 R E AL 1 RecBCD 192k 3L
B DNA SMIIRGIE T, TP Exo Fil Beta 25 1 5¢
BEAIR Y RecA HlBIAY A Red 40 0] n] 3fF— 3
R Em AR,

g PR TR B AR HEA T E AR L R A 1 ik
FE LR W R A R I e B, RS R
YWAREGH RecA HAREGE (EZEAFE RecA
RecBCD & 1) KIFEH . RecA HE I EHEEL &
B, fEHEAZE DNA 43 F R [ 2 . Foxs 6
AZ NSy 321 . RecBCD & H1 RecB .RecC #il RecD
SAEHAMMWE S, e 5T 0455l
DNA HEf# T, JF7E Chi (7 SJEEEE , 85 H RecA
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FEAMRAEREEA ., BT RecBCD HA B/
VG, BT DAL DNA 4378 40 B 1A 9 2 1 R fidt o
PRI , 2030 b BRI AR 8 A% e B e o i ) 5 o 4
By oyt Al g SE R OL S, SE IR R A
() IV AR bp BUE R 4 ABLRRER AT LA iE
aok [ 5 LA 4 S R, T 60 ) A DA 5 S k] 9 8
AT, TE Bk R, Sy TRk R U 2 A
RO, R X o RS RN S $ 76 T 21 PR Ak, I
A sSAg E B BORL e TR e B AT AR TR
JEARL A AH R T T T AN AN [R] 09 TF £ 0t e b 10 S i)
FHE 1 R 0 Bl P AR AR SR 2 AR A SR O

Wil R R R B R B R, B T R E 41 4h,
A7 1 R S e 2 R 2 5 | A ) I PR A R AR
B B EA AN . AR S T A
Hh Y 3 el 2 ) R DR R SR SR M A T TR I A 2
G IR Rt

3 LM E AR R R

3.1 FAZMEWiE DNA B Red/ET EHAR S
Red F 4 RGO JE T A WER AR 4L R4t
HY IR exo Ml bet BT PL B FHITEHIZ T
exo P (1774 Exo H 1 (AR Red o ) J2& A
B AMIEG, ETE dsDNA (9 S SmilIF, 7o 3
3 o ber BRI ASHY B, & HA IR KR
AR BB G . MR A RIIREAR, HH
[ 5 O ER DNA 43 FH %64 Exo B (Red o)
YR LW o B s 2 %8 s Z )R B B B A
A4 4 3 358 oK, % ssDNA #1744,
TR e 285 B 1) TR VR R A T O B, AR ) —
R, BB ATEEL A 35 bp M HEERAFEREI AT,
55K AT H R IR EH R G, Red o &I
TN REZLT RecBCD, i Red B & H B IhHEZ L
T RecAl?X, B, Red HA RS v LAWK T
RecA H A M SEMIAIRE LA . HAE, B RecA AL
i 5 20 0% T B T FL3 AR e M 2 A B RS,
BN, Stewart ZE7E 1998 AFERIRIE T —Fhid it
TE R 155 %38 Rac WEH AT RecE 1 RecT
FEHRAN SR EHA ET EH RSP, Hrp RecE
F1 Red o 25 M FI/EHAHRL, RecT Fl Red P 2 HIAE
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FAARRL, FrLAZH Al Red T4 —#EHF N Red/ET
HA RS

Datsenko il Wanner ¢} Red B4 &G NiZ 0>
& T —EH B Tk 3 N R T, DAHE 2
FNE R 12 30 T K 8 ) 380 6 R e ok A A 5
3240 b A3z P 3 4 3 TRl B R e A K i o
SERLT 40 ANLA b AN [ e o R S AT A o i A ™ AR
AT 224 . DL B-xylosidase F&[H yagH (1) a4 h 151]
I A Red JHORLH 2H 2R G0 E4 7 35 DR Rl B 1) B A i A
miE 2 pros, Hob, BRI BOR AT 3 4>, —
AR HEPA FRT B bl Ay i BOw bt
MR BeBIAR TR pKD13 5 — A2 0] D3R5 Red B4
it 1) [) 95 E 2 B B SR pKD46; S — AR A
FLP [i3R35 R G (0Bt 25546 B Bk pCP20., o,
pKD46 Fl pCP20 fij Bl oA #R 2 I S B A2 -, 7
42°CF Bk fil g d R FEA L B h Rk

HI P 2 AP0, A B BORL Y Red B4 RS —
MEOLHE 4 A BZHR . 85 125, &L pKDI13 Atk
(LY, @ PCR SI9, SIATREFE H AR
LRI A A [R] IR 51 (29 50 bp), RIS
Kan HiPEFEURT FRT Aic . POk J [R) U Ay 26 1
R B, 5 2 PR OMRRES, i
#5417 Red HZ1 Y Tk pKD46 5 A BRI | ik
T Red 520 il (48R 32 25 20 M 09 1 4 . TR BB A rl,
A VNN T R IS S P17 S L
e N O - S A N G E DA (SR R 7 A 1 A
pKD46 ) Py S B F iR A v, B Al a FEAZ G
M BOkR. pKD46 1Y 23 BRINR ] 42 CHBMM G2 F
B RO AR RN, FIEEHZIE, Kan Hiik
FE R BP S TR A e etk , FREAR yagH JEH . 5 3
A J2 ) R E b i PR BE I 4T (4 B Y8 PCR
WHIIIE, feJg—2, JR7E B E 4T 40 f b
AFRIN FLP H 4 B (1) 4 Bh 5ok pCP20, FLP 40 i
L HEAE T 3 P A1 28 5 0 (9 5 S X . FRT X
(FLP By HAr) JFMR AR RBEEH, H—1
FRT H BACHE: A BB FRT B b v ] B 4 1 i
I, TR B L BRPTPERE R 9 H 9. BkL pCP20 1
F2 BRI TRIARER T 42 °C R & B2 R BT 07 i 2E 1Y
W
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Step 1

pKD46

Step 2

Valid sense ki
yagG | Kan I" FRT yagl
Step 3
Valid antisense
" 1100bp ' 700 bp
Valid sense
yagG | FRT yagl
Step 4
| Valid antisense
—_——
594 bp

2 [zF % Red FRAIEERGEHIT yagH EERFRARIETEE

Fig. 2 Steps of yagH gene knockout using the plasmid- assistant A Red recombination. Step 1: preparation of PCR recombination
product using pKD13 as template and yagH1/yagH2 as primers. pKD13: Template plasmid. FRT: FLP recombinase recognition target.
yagH1, yagH2: yagH extension primers around 50 bp. k1, k2: Kanamycin (Kan) test primers. Step 2: gene knock-out by homogeneous
recombination via electroporation, transforming the purified PCR product from step 1 into competent cells of the target strain
expressed the Red recombinase (Red a, B and y proteins) by plasmid pKD46 (Amp). yagG: upstream gene of yagH in chromosome.
vagl: downstream gene of yagH in chromosome. Step 3: colony PCR verification of the target recombinant with inserted Kan
resistance. Primer-pairs of “Valid sense-k2” and “kl1-Valid antisense” were used for target identification. Step 4: removal of the
flanked Kan resistance cassette via helper plamsid pCP20 (Amp, Cm). Primer pairs of “Valid sense-k2” and “Valid sense-valid
antisense” were used for target strain identification. The positive recombinant with removed Kan gene would show no band via
primers “Valid sense-k2”, and 600 bp band via primers “Valid sense-valid antisense”.

XEFRAE) & Red AMEMNEFRAGAW  FBETFH . £ H AR N embrd fh, RkdE—
TR BRI R, A L R TR, W IRIREE ALY, PR RIS . 207 kTR 5

B T A B AL S I Rl R T A, Bt T S
PR S e et 5 T R BRPUME R 5N, A A —
EYER B TR R G T AT Z BN B ElR; R
BB EIR A BE (30~50 bp) BRI AT S [ PR 4, Y
BT NI T1, JeHEAE TR 7 5 AR 2 11 Ol
T, AR E A R A R SE B R [FR A B St
BRI MRS ARG, dEMEE S, HAT, X
BERGECAE ZMHTRKBIE . FETE . 65
PR 5 22 i e A W ) 35 TR s 29200
3.2 ERAIRKRAHRAENT SRR R BRI
IR B

it FH BRI St 844 144 35k PR B 1) 1 A i 2
TEREPEAE AU MY R PR AR5 H AR SRR Y

11, PRACH R AL Ja A R AR AT A B H b5 3L Y
B, TRV = AR WA UL TG B AR . HOR
i 3A Fis .

FEELR S B v, B R SR ) R
AR, HbREER Bk hm—B, BAE
HRFEM T ATG MZ L% T TGA., —MIHH
T, iR E, MR RAR MR 107~
107 /4ROy 5 8 25 ) e J ) Bt B 1 7R M e
A PR TR MR LT LT BRI (Y I P 3 R T

JaT 4% FESC, v VR A LA A e 3 o T R P
LA REA B AR HAR R H B, o e 58
ARG A AR IR A, WKl 3B K 3C P, it
I GEAR S A Hk DR R IS I ol R R A b ) s i PR e 2k
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2t 1% IX FP A0 L — Bl Gk 2 R H AR H Y5 4
NG U S 415 e DR i o i el R PR 20 ) A DR Y
P4 A D — A [ i s B H AR RN 5 A9 H Y .
N T AET R O e DO R A T, ASME AR SE
M H P RGN

A G

Suicide vector

Target partial DNA

Chromosome ><

Single crossover l
I <_'_- I

N
Target partial DNA with lost internal

Chromosome ><

Double crossover l

Suicide vector

Target partial DNA with inserted SAG
Chromosome VAN
—|/—— T

Double crossover l

— T —

B3 [ AIRAK B 3K BY B IR B8 53 45 0 TR 3T $R 5R
Fig. 3
strategies using circular plasmid vector. (A) Gene knockout
by homologous single crossover. (B) Gene knockout by
homologous double crossover with lost internal sequence of

Homologous single crossover and double crossover

target gene. (C) Gene knockout by homologous double
crossover with inserted SAG marker. AG: antibiotic gene.
SAG: second antibiotic gene.

7] XU 8 9 A w22 — 2 AT 28 17 25— K [
HARRCR  FFRTIRIRIR, AT LLCR A i Y 6 0
FRic, 5 A 9 A 200 S BE SRR Y B R 2
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O, DT AR A ] 5 i 4 ) K A AR R 51 Ok
WK 3 = i BE RO o SacB J2& Bacillus subtilis B
REWE TR RS, v A M P A SR IR SR
PEA 22 [CRA PR TR b, SR SROME A 40 i S Jo s ) R AR
R, SIRFESA s [ 4 W B . 24 LA SacB A i
i EPRIC IS, TEASIEERE SR T . R & AR A5
RS B A BB A7 15 o T3 5k )k ]
PEFNGRE 7 s T vk, 1R 2285 22 [ I PR 40 T 1R
H sacB FERWE R S Gfi kbR ic . 734b, WA ARG
TR 22 FCBH P T A R P, e R GRS
A AFEAR B ABUA Z P 0 SE At - 3% 25 i 250 il o
ZAHEH

HAT, BR T RIGFFTE . BERETE A — Lo 5 ik
B A AL BOR B - T IR AN, HoAtl— LR bk
ML 1 SRR AE 5 2T i A AA REHS o1
P ATE BN, L, [FUR SR I — e R
ey 75 A 5 R BORL H A IR 1 3 Al
Lo BFXFZME S, WF5EE AT LK AT RS SR A mob
AR, DT ol 23 A RE 5 36 2o 7 5 Y A0 T 5 2
o Akl A
33 KAHEMNSHEEENS

FLR#EEF (Transposon, Tn) J&—7F DNA #
VAT, EReE R ALAE A 2 4 B YL 0 R i1 240
b, (AR A B YRR RS B2 AR T B T
i SR SR S B R B2 A AR, i ] AR AR AR
JBRT% TR o TEBEVEIS, T 15 T2 4L P2 i — AR
DNA J B, AR B o FIHTZR M, 56 )46 1k
JZ TR R R AT, R R R YR
AR o BT ) P AR 5 LT g 22 SRy T A B (B B R A
(IS J¥H), TEHEEIFHNZ A Fifbdid: R 3 HE X
FerEmG . W LAY EFA TnS. Tnl0, Tn9l6 %%,
Horp, Tn9le HAGZ07r 236, nTRIN T2
T 2 PR PR T S 0 22 IRV . B Tl A S AR
MRS, AN S R RS,

SR JH B DRI e 1 %of I A ik PR A AT BB AL iR
PR L R SR ZEAR FE , AR X E A 58 R AT (i
W, PR R RA, R S A AR
RIRFTE AR 2 —, HoR R 4 FoRt,
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Transposon
library

Selectlon or
screening

~4.

Target phenotype

B 4 XAEREEFHITEFAMYMBRRTEGE
MEFRERFRREEP

Fig. 4 Construction of the transposon random gene knockout
library and selection or screening of the target phenotypet”.

X i s 35 PR 19 i % 5 48 72 , Badarinarayana 7
2001 AFEHRIE 1l A% R - R0 A R BORLHE T
DR 97 AR A3 51501, Hal Allper 45 71 FH 25 0L
ik, IR I S8 T A A KW AT e
FALLR Fr bR bR Y 3 A B R ax
AL S He ey 4 5 EAE A R R TR
HERA, RAF T 64 BRIERA [F] 5 A Y 58 28 Bk
4 JR) B AL S8 R I 7 21 3R ) 7 2R3 AR TR AR B 5
T 950,

SR, H TG e 1 F B G G JAE it DT 354
FE VAR 5 P Bt K, 4 A5 X324
PRk R SR, DA SRS B S R A A 55
)i, JEAESRE— K T EZ-Tn5™ Insertion Kits
T RERBR R A CY ol DUE A RSOV, (845 TnS %
JE T 5 2 1 DNA JE K& & G4, gk B e Atk A
T8 FEAM, HEAT Ry 5 R BE LA AR o etk
DNA B & Gk py h R s B hiE RhorE AR, W
5ie% B AT 19 bp R E R FFS (ME), J& Tns F )8
M2 G0, BERRI, RS IR RTEZ R
=% PRBF P B3 BH e 20 o v g

K H TAIL-PCR (Thermal asymmetric interlaced
PCR) J5 P15 EZ-Tn5™ Insertion Kits 1% [ ]33}
AR E LT, 3 TR S Ve Y B % 3R T 1S 5
AR BB E SR AL AL, AT M5 R B S H AR B
MEAASC R DI REHE DY, I aet mld i Ay 5k DR Rt BAR ) 4%
ARG AU IR AR o AR I B0 357 1) 5 DR R R i
BAER, ROE R SO gt — 254t BT S
Ay P A B DA Y e 2L TR

Fe e T RE N RER R LR BREE S, FEDIE A S R
FA LRI, — AR TR —fr e FE N1
R, AR ME A A 20 Y N SR T B R A
PG, 38 R O 1 58 R e 5 B R R W 7 vk ik
FrE AR,

4 ARBBREANLRKEE

ZE LA, A s E AL SRR R TR, 3k PR
R AT L) 3 SRy MO T 54K (] 5 ) 114 ] L e 2
RS T R T 5 2) 1) A e e S P 2 LA A T
ﬂ%ﬁﬂ%%ﬁ%%%3ﬁi£%ﬂoﬂ* (s
R e 2H R A T R TR A AR A D

%ﬁm%%ﬁﬁ¥$%%ﬁ%%k%,%%%
DAL R I3 D B A DRI 1) i R A B e BLAR MY
W4E RNA T3 (RNA interference, RNAi) AP,
RNAI S 45 38 52 R J6 R BE BURE RNA {2 i o
PRI mRNA FEAfR =80, 4 5 BH AR o BE R Y 3
Ik, A AN SR R R U R AL, T
HBUEE RNA L AEBHLITIE R i 26 3k, I HLX Ml
A LME L B ARG, FrRh RNAL [ g Rl
AT DA T R RS o 2 B AT 1E, RNAT HOR R 5
PHUTBR A T, BEAF5E A 3z i 3 E0A% A= Y 4
ML RERE N 7 . 2 S0k . ANRLfE e S
M PEIRTT SRR A SRS
WRFLARAHLE, RNATEOARBABAA | R #
VETBAFEIL ., BA R 1K JERI5 .

RSNEE VAN L R L TR T AR T S LR
BT A Y b 2 T o P 1 i PR R e, L
%2,
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F2 JLMEZEI R AT A B9 B FE AR5
Table 2 Feasible gene knockout strategies applied in some
important industrial microbes

Microbe Inheritance Strategy

Bacteria  Prokaryotes; Homologous recombination !
single-celled; Red/ET; linear ssDNA as substrate;
asexual replication RecA dependent/ Chi stimulated;
only; plasmid-based single or double
peptidoglycan cell crossover, etc.
walls; ribosomes Transposition *'~*;
70S; may contain  Transposon Tn3, Tn5, Tn10, Tn916,
plasmids etc.; EZ-Tn5 transposome

Actino-  Prokaryotes; Homologous recombination 272°*;

bacteria single-celled; Red/ET; PCR-based linear dsDNA
Gram positive; recombination; plasmid based single
high GC content in or double crossover, etc.
DNA; may contain Transposition *¢!:
plasmids; spores or Transposon Tn916; EZ-Tn5
mycelium break  transposome
asexual replication

Yeast Eukaryotes; Homologous recombination 3*!;
single-celled; PCR-based linear dssDNA
facultative recombination; plasmid based
anaerobic; asexual crossover (positive-negative marker
and sexual selection)
replications; Site-specific recombination “"':
ribosomes mainly pSR1 plasmid
80S; Transposition'*"': Transposon
polysaccharide cell tagging
walls; may contain RNAi !
plasmids

Mold Filamentous fungi; Homologous recombination 12643-451;
heterotrophic Red/ET; one-step PCR-based gene

eukaryotic; asexual targeting; linear minimal element
or sexual sprores  (LME); plasmid-based

replication; recombination with special genetic
ribosomes mainly tags (positive-negative selection)

80S; mycelium Transposition %'
forms; not Transposon arrayed gene knockout
contain plasmids  (TAGKO)

RNAj 7

Others “3?%!; Efficient host
construction, etc.
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FFXTIX—34E, Hal Alper S54211 T 255 #bLas
T.# (Global transcriptional machinery engineering,
gTME) HRTEEE 1 DISE R SRPL A ——RNA R
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