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Development and application of a rapid gene manipulating
toolbox for Pseudomonas aeruginosa

LI Feixuan', NI Lei?, JIN Fan*"

1 Hefei National Research Center for Physical Sciences at the Microscale, University of Science and Technology of
China, Hefei 230026, Anhui, China

2 Institute of Synthetic Biology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences,
Shenzhen 518055, Guangdong, China

Abstract: Manipulation of genes, including knock-out or knock-in, replacement of gene elements
(such as promoters), fusion with a fluorescent protein gene, and construction of in sifu gene
reporter, is required in most of the biotechnological laboratories. The widely used gene
manipulating methods based on two-step allelic exchange are cumbersome in terms of constructing
plasmids, transforming and screening. In addition, the efficiency of using this method for long
fragment knockout is low. To simplify the process of gene manipulation, we constructed a
minimized integrative vector pln2. When a gene needs to be inactivated, an internal fragment of the
target gene (non-frameshift) is cloned into the pln2 plasmid. Once the single-crossover
recombination between genome and the constructed plasmid occurs, the endogenous gene is
segmented by the plasmid backbone and thus inactivated. We developed a toolbox based on pln2
that can be used for different genomic operation mentioned above. With the help of this toolbox, we
successfully knocked out large fragments of 20-270 kb.

Keywords: gene manipulation; single-crossover recombination; Pseudomonas aeruginosa; long
fragments knockout; new technologies and methods
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8 T B fe R [N 2 b A 6 PR R s g, A
T HE 2R DI BE o 1M 38 R U I A ] DNA [a] I
A, LD A B e s B H A BRI
TERIE T DR D BE AR 42 R 45 | g st A A T
BIREAYIN;, By 1A S ke R HE A
XL BT, R SRR @R . EREE
BACEYHOR KRR, Rl Rk Ra g, ik
S AT PR B — LR D R A CHL v A 36 R ER)
fR 8T 5 ik, o LA IR 1 1] i e 1] SC R AR

(clustered regularly interspaced short palindromic
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FB (4) S P4 200 85 5% 5 0 22 bR T
s (5) BuEm BRI IR ARed R G0, IR
R BN TCPTME R R AR A T B354 . Baba S5 F
PR A A T R K-12 BW25113 14
R B0 BRI DR R SO, IARAS T 3 985 AN HR
SR PR AR, X AR SEARUN R G
3BT oA R 5 DR Ty e R S PR e 4 TR 2% B At T L A
R, RAERMAFFE K-12 BW25113 53X — WL
PR ¢ T 0 4 R PR 2 58 A 28 s 4 it 17 5
BRI, W RG AV E s Rt T S g s
S

T3 A —FsE TR ) A g A B L AT A
JH [) 58 B 20 0% D PR e B B P o AN [R) 3 R o R
AT B B i A Rl - Bely PCR 473 7™
Yy, el 2o Al 5 M e 5 DAL B AL B
Uie [) U5y A0 Ao v S R i e BEA 2 2 5 sacB
2 SISLONE PN ik A s = UEC L (S ESI DN 772 58
T L R R B 25l . Hmelo Z57E by e i JE Ak
AT EEE, HARRR AR R N Y R U A B
It e RE B EbR Bk, T A TR RS R R A
B BT IE R A sacB SRR VAT 2 WRIGE,
PRI AT AR 4B GIR Y R s — R
3 SRR T 0 4 ) TR R B B A o

AT TF T — B R > ) 6 AL
R GE G452 4 | 48 A SF) 7 i, TREUSEIE— R
1 B PR PR AR AR A0 2% B8 20 R 1k, TR 4R AE TR 5
P R o5 TR T 2 ARl — R R
TE A W AR 8 B A2 He W] U5 EE 40 (homologous
recombination) /& A A8 A 58 L7815y WL e (] Y
# 2 (double-crossover recombination)!" ">, A it
Fb B 75 By i 3k B A8 4 [ 5 E 2 6 e Bai A H AR
SRR E . Kk, Fas e a] i E 2E 6 B A AR
FORL SR WAR T B, RSS2 R R (A
FE 7wl B TR Rk mh 52 i) A DA S 85 1 16 1) B 1k
FERRIRT, REBURAR /N, GnAS B 5 00 FH A o
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K7 pIn2 K/NA 1800 bp, J&— kB BT A A
KANE) 173, % B BSER N B BE (RS 1)
SRR, S A AN B i — R A Y [
VRE AL, ok B R AL B A 3 H 10 3 R P 3Rl
MR, XA SER T B AR S . A
pn2 [3LRt FRATFE T —E R THH T
RGO E A B IRSLE TR ST A
I 1Y) A sk RV A R g R i B R
(>200 kb)%

AR

1.1 LI
1.1.1  E#k

i 3 Jo R BT FH R 32 25 K AT TR R 7 Ak
Topl0 TRAK . J PRI A 5236 v BT ) 1 ol oA 4
SR HIEE PAOL (ATCC 15692), K T2
%1} K 2% Joshua D. Shrout SZ55 %
1.1.2 EHE

LB ik 323k(g/L): BREAM 10, R
PRI 5, FALEN 105 AR SRS R 20,

FAB BR#ilPERE SR 3L BilR%L 2 g/L, K
BBFRE N 12 g/L, B S 3 g/L, fAkin
3 g/L, SALEE 93 mg/L, —IKEEALES 14 mg/L,
TUKATRERES 200 pg/L, LKA HER I 2k 200 pg/L,
—IKE Wi RS 20 ng/L, F/KARERSR 20 pg/L,
LKA BREE 20 ug/L, E/KAFHERES 10 pg/L,
FABRAN 10 pg/L, BIER 5 ng/L. P8 ASIF LI 75
B BRI E A IEIREN 30 mmol/L B4 2R
B4 30 mmol/L, WAEERF A REFRIEHIMAPUER, K
KB 2 (gentamicin, Gen)ZkJE 437" 30 mg/mL
(S4B B ED AN 15 mg/mL (KIBFFE), DU
Z (tetracycline, Tc)Z ¥ JE 100 mg/mL (HiZk
BRI 10 mg/mL (KBFFH), BREHE
Z (carbenicillin, Carb)Z¥¢E & 300 mg/mL (4
LR BN 100 mg/mL CRIGHAF).
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1.2 REHE
1.2.1 FRAEMGEFNIRE

AR SCIIAG SR 8 R JoaE s i,
Je43 ) PCR 4748 i Be Az A, i HA 25 bp
P B AFEIIR AR U6 P51, KR EER B 3:1
PR A, IMASERBIR 2xGibson Assembly®
Master Mix, 50 °CSZ 30 min, 5 ik 5% 46
F| Topl0 BAZ AR H, LAk R IEIE AR i
JF S RN EEAL R, FEZE PCR % M IE )5
PRAFE T o BORLEE B R Mk 6, 4 Ui ]
PHlE.
1.2.2 AR FE B FRR AN iF ik

FRAE A L e ATk A PAOL Wbk, H
AT, WHRIZA LB Fk Pk — o pEiE
PR 15 mL B LB il iARE 5L, 37 °Cid ik
Bt B 2 KA FUEME, M0
AR 3 mL B, B0 AT B . F 10%RERE
W R UE 2 UOF B0 3 BT, A 100 uL
10%BEMA T T, 198 B S .
A5 uL R R 5 min 5, CBHRZASAEFEA
2 mm HLEEHAR, (R 2.5 kV .5 ms S TR
LG FRF 4SS, EMA 0.5 mL () LB K%
FLE B, BB EOE Y, 1E 37 °CRER
K952 ho BU100 pL W& ERAL 2 S AR B A R
() LB A b, BB T 37 °cCIEIR R FR At ks 371
W Pt bR R TE, UE SR C 24
AR AT, PRI 4 DHEEFET 30 pL
ddH,O, 95 °CHLff, B0 5B EIF R AER AR
17 PCR BiiF . KB IEHA ) PCR F= 4 7l )y,
PE— A B TE AR IE B P o 85 BRI 1 B0 B R A
FFHIhT, BF-80 CCIKAIIRAT
1.2.3 HEEEER

KA BB sc i e 5 A 5, R IEBRIE A
FEHAMBERERE . ZEMH pln2 A1 pln2Te %
2 AR5 ) FRT A7 o5 ASOREAR A B B F B wi il
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J& , £ dH FLP A s A EE M B FRT {7 552
[ R Be Ao v 56 I8 . BAR O 2 . (1) Mk
pFLP2 Jikr, 35 HTtEgn i Falid, #%
B8 1.2.2 Frd ik, 8 pFLP2 Jokr o 5 21 41 14
o, 55 9% 2 h S5 B 100 uL RIS AR £ Carb Fitk:
M o pFLP2 Jikin]fpgk#ik FLP2 fi s E 4l
fifg, [FBSSARERMESOEEER . (2) EF pFLP2
JRL, Pk b — 20 B BT I R B 5%
PR LB BEAS SR b, K. 3) Ptk
UE, PRt b — 20 AR b R VR A T,
% T 30 uL ddH,O, SRJ5 438 1 uL %] LB -
#. LB+Tc 100 mg/mL ¥4z . LB+Gen 30 mg/mL
SEAR AT LB+Carb 300 mg/mL “F-AR |, 37 °ClEIE
kg . BAE LB P B K H T
BRI SL B A pFLP2 Bk, o B Th g T
Hbs A Bt HrbEseuE (Eaf 0 @bk, 8 1 iy gk
— K B AR R B R
1.24 HEIEF

M—80 °CUKAHHL R S 00 BT g Y B Ak, 14k
FFrif iy LB AR b, BT 37 °ClE K
FRAAMEE 18 ho (1) A G W3 (swimming) W 5255
5, HAEPE— AR M T 3 mL BiEF LB,
37 °C. 220 r/min #& KB4 6 h, SRIG UK
M BELER o (2) WrWEFIA LAl , Fk— A B Ts
PEIERIT 1 mL #ff LB, 37 °C. 220 r/min ¥ K
ReF8 29 10 h, MEE K ODeoo 1. A3
TR R IR S — T B 2] ODgoo=1.0, F-43 7l B
150 pL B3] 3 mL HreE LB B3R 3tdr, i
[BIPE R AR LB SR 2 ODgoo THZI A 0.8 (J5 XF 4L
). (3) PilT #thric, Ph— A HREIEERT
1 mL ¥ FAB+30 mmol/L &2 MR4NIETEH:,
37 °C, 220 r/min $ RS R KGFE . (4) aceA iz
XA [l 5 P g 1 S, Bk — A BT VR H A
F 1 mL #i#f FAB+30 mmol/L 2RI AL,
37 °C, 220 r/min ¥ R 55 F2 8 o 7 B ODsoo
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{8, B R B S ODegoo=1.0, R J 43 51 HL 50 L
FRZNE] 1 mL i FAB+30 mmol/L &2 iR
BB FRILA 1 mL B fE FAB+30 mmol/L [ FR 4N
B iR R GRS IR 6 h, Z R POk
AU L0 SR [ 20 B 1 2 T 3
12,5 HERMEGRE

2 T I B 1 AR ) SR S A AR S 30 2 Y O
PR ILRME WIS . REVOCEIEN, Bk
PR AR FEE] ODgoo (HZ12M 0.05, HUS uL TR
FN 2 2 mm JER 1.5%3 e R b, frrle T
BB IE B A Bl TE 8 A b KA
TR S B AGEY R & EARE R A
) Andor BRI B SR AT, BIAE S
LY Andor sCMOS AHHLIEA T 40 B 1) WAL
4% . STGFP & 5L fii ] 488 nm P B0
Bk, 26ES# A 520/20 nm B pE I B
W FrARAN TR 4 B I I B, DU R R
PRI
1.2.6 HAE HFsh(swimming) B 57 % &

W LS TR TR AR B F B 30 L T BiS
PR R BAAR LR AR IR L, JE s b T
IR ZE K o 35 77 LT3 8 B s B L
R AL R Andor B {44 il e -8 45 1T 5
e, [RREE FAE Y Andor sCMOS AHHLIEAT
BIECRAE, W E N 20 ms/il,

F1 REERBERNTIERES

2 BZRE5OM

21 REEFREIREENFAL

ARSI PR DR A T B 1 kL Je
HA @ 1 s, pln2 Fikif Messing 27T
& pUCLS ki fis Az i, 5 lacZo (K
lac oprator), pMB1 & HIAL G755 . ampR ik
LN | ZrEBe S S, MRK/NN 2 686 bp,pUCIS
Al DATE R a v B 3 A, (H IR AR A 2 A
HigrhEdl. FATdEid PCR M Gibson
Assembly M7, HEF pUCIS ik b4
T lacZa F1 ampR HUPESE R 84 B B fie
aacCl (& A8 F)PutE A, 5350k plnl,
H T EM T Z RO B RS ge, FeAdksr
1 aacCl FEH L A 2 4[R5 1] 9 FRT 7 45,
2 4~ FRT i 5 [l Bk 42 bp, X FEEAS 2] T pln2
Jkr o [FIAEfE A PCR S A1 Gibson Assembly
A, B aacCl FEE R VAR R A0PE retR Bt
PEFEDA, 7533 Bk pIn2Te (K 1).

(1) XFENEEERS s/GFP, KAAE pln2
FBURL A~ FRT A7 8 Z A6 A T A8 811
SfGFP K:[N, A pln2-sfGFP F ki, (2) 1
FER A b E R A LR 0 ) 3 7 B 4 o A o
IR+, AT —RIIAN TE G F
% 7] rbs ZHA 4 A F pln2 Bi> FRT {37 5 2 Ja]

Table 1 Plasmid toolbox for rapid gene manipulation

Plasmid Components Resistance Purposes

pln2 ori, aacCl, FRT Gen Gene disruption, large fragment deletion
pln2Tc ori, tetR, FRT Tc Gene disruption, large fragment deletion
J23102-pIn2 J23102, B0034 rbs Gen Promoter and rbs replacement
J23105-pIn2 J23105, B0034 rbs Gen Promoter and rbs replacement
pln2-sfGFP_F sfGFP Gen sfGFP fusion

pln2-sfGFP_T RNAse III processing site, B0034 rbs, sfGFP, Gen Construction of in situ gene reporter

T0T1

Rbs: Ribosome binding site; Gen: Gentamicin resistance; Tc: Tetracycline resistance.
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Insertion site
Ry

A

ToT1 4, /0 Insertion site
LT[
o

f'éd‘

J23105-pIn2
2029 bp

1
Figure 1

R R £ F 52 4E T B Bk 89 B i

pIn2-sfGFP_F
2601 bp

Insertion site
ot J‘J‘?Jg Insertion site

Ry

123102-pln2
2029 bp

L Insertion site
Insertion site . .
RNAse III processing site

Ry,

Thg

pln2-sfGFP_T
3248 bp

ToT]

Schematic diagram of the plasmids using for rapid gene manipulation. aacCIl: Gene for

gentamicin resistance. tetR: Gene for tetracycline resistance. FRT: Flippase recognition target. TOT1:

Terminator. J23102/J23105: Synthetic promoter.

13T — RIS A FE S S Bk, 4
J23102-pln2. J23105-pln2 45, XL HhF R A
TAR, MR C AR iR e, TARIETS
BLERE L (3) MR AT IR AR 8h T R A e
s RGERY BORL , FATTLE pIn2 FURL 2 4> FRT fif
MZ AT — B & RNAse IIALFEA; 55
(RNAse III processing site). A T.& B4
24V /5 (ribosome binding site, tbs), sfGFP %
LR TOT1 &1k FWFs, XFEARRET
pln2-sfGFP_T Jiki(l 1), 1A RNAse II4b#H
PLEN T HERE I pre-mRNA J& 7 B 7E it
WUIWT, RO ST BN T AR tbs s
B VLG 853, 3XRE AT DA sk 6 P 5 5 3% 5 R
PEIZ AR, R A Sk el i i S
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(4) K HBOIERFERBR T 2B pIn2 Ml pInTc
PN BORCKE FRT 67 4 A B R w5 DX S ]
HARIE FRT A7 I AH TR . X2 pln2
pInTc JFRIAAL S 2 4~ FRT A AR A . K& 1
B S AR E T OB R, B AR A B (d k2 (A
P4 A B3 B (insertion site).

22 REEFRBIERMNTIEZNA
22,1 EEBRRCRE)

BENRTE A B AN 2A FR o FFEEAR L
DR Fr B se e R pIn2 R4S 21 A bR kL,
LG SR — R S R IR 2, R Bk i
PR B S A 5k AT A DA T 5 202 LR 495 7 1
PIEC, FI— Bt XA SE R, 5 T — Bk
&5l i I H TR B, X AR EE A
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AR TR, N T IRIE pln2 RG0S PR 7
LR A2 mT FF UG SE I, AT e R A o
MO LN FR fliC (PA1092)KE R R ¥EFR UEF T
SRy, BRI P iC T gL HEE
(flagellin), 2R f1iC FEF ) PAOT BMEK 2R
FeE W Zshfe 1, WiiE 5 (swimming) . Vi )
(swarming) 2 P02 3R AT L 12 IAA S 1B TR
PAOI JENY] -y 34 f1iC B NF—EBE 200 bp
K BOT R HASH A S pIn2 Jiokr, 45 346 A5
Ki fiC-pIn2. i AL EE AR A SR, o fidfi ]
200 bp XA~ K4 A TURL HL AR B B R PAOL
o, R BTME AR b O 2 4 5 15 F) PAOLflic'-
pln2 WK, BRIk flic B BRI R . B AL
e TOWE LB, B A AU AR AT ARV W B
e sh, e B AR fBAR K. PAOLTic'-
pln2 RPRT R LIS T1, BOREERRHA
RE BN A4 AWMU, W H A AL § B
(Kl 2B). X FRIAFATHY 5k ml LU TR A 2R
T B R o

P, |
”J:—_pm_/(mm:/

Start Stop

B#FF rbs ik
Xof 5 DR A 2 35 7K T FH R IR I e A TR 4
I A R0 T Bt 2 e 4 301 R rbs, S
DRI 1) 2 3 2% B A A SR i AR Al & Ak i s, B
ZRIZIRE S I, A 2R R AR A R ey
(phenazine) & . phzl #E9\F (¥ 3B), HATE
20 B A K 1 v A 27 3 M 3 R 45 5 (2-heptyl-3-
hydroxy-4-quinolone, PQS) 75 F i A4 2 JF Ji %
BEEE AR AT BIE A s — A T
TR T B phz] B F IR IR 21546
HFFEEFRIB TG B . BN 3A
Jis, A B bR DR BT B (L4 R 4G B S )
FEFEF J23102-pln2 Fk: H A5 2046 A FREL, HR
AN )5 SR AT DABE B At 5 B (4 5 3 TR rbs 41
Go KRR FUR A AT PAOL 5, @it
YR A2 o TR 5 E 4 T oK 3 R AR [ ) Bl
Brite o AT RO 048 phzAl ()5 37 F1 tbs
Ay SRR 123102, 23105 B 3hFF1 B0034
rbs. ZKVEMR W 4k 6, D] TR VR €8 TR

2.2.2

B

PAO1
wild type

PAO1
Aic'-pln2

E2 pin2 TERFATERKTE A HEEELEWIRIE. B. B8 PAOL Al f1iC BEIRK! POAL iFs)

RESTEY LA, AR RN 5 um

Figure 2 Gene disruption by pln2 plasmid. A: Schematic diagram of gene inactivation. B: Comparison of
the swimming ability of wild type PAO1 and f/iC-disrupted PAO1. The scale bar is 5 pm.
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l’ TOT1 J23102
4 4

A pln2 backbone & A
Start Start Stop

3 pIln2 TERA AT EzF rbs Bk

C

Native promoter

phz] —<am-LE - E > ——

phzM  phzABCD!  phzEFGl  phzS

Native

promoter J23105 J23102

A BT S5 B W5 TSR N FR phz 1 LN

C: phzAl J3 8T AN RS 375 g e 2R )7 22 5+
Figure 3 Promoter and rbs replacement by pln2 plasmid. A: Schematic diagram of gene replacement. B:
Gene cluster phzl for phenazine biosynthesis. C: Differences in phenazine production after replacing the

phzAI promoter with different promoters.

A DL My R 1 0, DT S Bt phz ] 59\ T35
R E . B 3C R T EMERERZMGT
(ODgoo=0.8) i AR 73 8l 335 phz1 I TE )
g, Wl Een ERERE RS T, Xt
O S JLF- B Wy =, DR hy sl 440 R A
WAL, BHARBAI RGN AT . miEh
WA 123102 F1 123105 J7, WyBRAEXT £
BESEC 2= A, I 5B 20758 B B wy e = 4
st , R ESHE S 3 A a2 ) R AA
BAE SRR, n] AT Rk phzl L
L R FRAT) )y 1207 DU F 2 R R 45 oo 0
PR A8, AT X PR 2 R 7K R e A T 4
223 RAURAEAERME

PRICHUR B AN TR B A, BT
X AR R BRSSO RN . A R
TRBE AT DAY B FORE |, T LUK i AR
FEZ B Rl 228 1 DR A A i SR B
T R 4 AT DL B mini-Tn7 803 CTX2 &40,
H2IX 2 E RS H ARG Ik i Bedd A LR 411
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[ 2 o B 242 R pln2 BB SL IS sfGFP
R A EBNE 4A Fos, WRIEAENT
KATLLKE sfGFP JEH & BIANF AL E . /il
BT B R BE S MER B Sk (o, b e R
HE

FATUL PUT 25 055 1 ok ik 58 1) Jre
No PUT J2Hl S S R U B T B R A0 ik
HEE, HopilT FEHHG . FRXEH, PIT HH
TE 2 TR 2 TS ARPE A3 A, 3 FH A 2% M5 B i 7 Pl
R B A 434 — 80P, RO pln2 R4
TE pil T N5 B G T sfGFP JE N, KR 3R
MR G WAL T 40 A, T A AR 3=
T PIT ARG MWK 4B ATLIE Y, PilT
B AT I — WS PH, FE R AN o
240 2 AR AR S oy B, FE4rE] s E
547 PAIT B 14040, 33X 2 Fi SRR A8 119 25 51
FFFRO, X FRBRRATH LT LU T3 N 4
[ EEX BRI RN S sfGFP S, T
L A 7 2 1 A7 RN 0 A
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plﬂ2 backbone =
Start Stop

E4 pin2 TEFRNATFEHRERRMME sfGFP & EH

SfGFP

A: HAREER B R G sfGFP 1Y I BR AL

B: f#if SfGFP Z¢ 62K FAric PilT & A7, EIH4RR A 5 pm
Figure 4 [In-situ fusion of sfGFP gene to a targeted gene. A: Schematic diagram of in-situ fusion sfGFP
gene to a gene of interest. B: Labelling the distribution of the PilT protein by fused SfGFP fluorescent protein.

The scale bar is 5 pm.

224 RBEIHFHERRERFZHWE

Bl SA BN B A AT 8T
G st RGER B . BT RNAse HIARHLA
RN T AR tbs BIFFTE, B sk mRNA 23
7 B RNAse HIAEFRA; s kb EDFF, 9868 Y
FIPE HBE M A R rbs A7 55 T4, Xk 5f ik
B T T R B S Jim RS RN R R 0 Ol R B
FISEIR SR B HS IR RS Bl 5% SRk

AT T aced J& ¥ 0 5% s At
W RS, aced FH It FATER MG, &
R AR IA P i S e L BT S DU R
(acetate) iy L — R YR I, AL T aced
BE TN B e iKY B B LT 2 R 2 AR
(glucose) F1 4% & MR £k (glutamate) 7 7E B, aced
LR A 2 S ) 1 2 R S B ATT 4
et FH TS 18 3 FAF 24 IR £6 O B — ik U5 5 aced
Ja s Sk, YOLBHR (A SB. 5C)BIRTE
BERRER ML T aced J& 3 T 55 FAKFAH LA &
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SRR PR R T4 10 £, A SCHERHREE SR
Go XRWATN AL LUHFAERRA s
BLAb R 3+ B 5 sk Al 5 R G, HETOW g R
SRR E
225 KKREmBR

KR B s 23l 12 pln2 F1 pIn2Tc ik 43
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Figure 5 Constructing in-situ transcription reporter by pln2 plasmid. A: Schematic diagram of constructing
in-situ transcription reporter of a promoter. B: Fluorescence image of aced promoter transcription reporter
under different carbon sources. C: Transcriptional intensity of aced promoter under different carbon

sources.
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Figure 6 Large fragment knockout by pln2 plasmid. A: Schematic diagram of large fragment knockout. B:
Efficiency of large fragment (>15 kb) knockout. C: Sequencing results for large fragment knockout variants.
Top: Gene cluster of type III secretion system. Bottom: Gene cluster of Pfl-like prophage. The red arrow is
generated by comparing the sequencing file to the fragment, the comparison software is SnapGene, and the
middle blank indicates that this part is not detected, meaning deleted.
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Figure 7 Knockout of fragments greater than 200 kb. A: Knockout of PA1184-PA1373. B: Knockout of
PA2246-PA2452. C: Growth status of PA1184-PAI1373 knockout variants in different liquid media. D:
Differences of PA1184-PA1373 knockout variant and strain PAO1 on LB plate.
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Table 2 Comparison between this study and other gene manipulation methods

Method Recombination  Efficiency Positive rate  The complexity of Time to obtain Advantages
type of candidate plasmid(s) the desired
clones construction mutant
pln2 (this study) Single crossover ~1077 2/4-4/4 One plasmid with 3-5d Easy, rapid, large
once one fragment fragment
inserted knockout
(270 kb)
Two-step allelic ~ Single crossover First crossover ~ 46% on One plasmid with  Two weeks Seamless
exchange twice ~1077, second average two fragments
method!! crossover ~107 inserted
CRISPR/Cas9 Cas9 cleavage More than 10° 5/12-12/12  Three plasmids More than two Can be used for

based method®” mediated double colonies for a
crossover once  single

transformation

with multiple weeks high throughput

fragments inserted
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