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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 situ 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 pIn2. When a gene needs to be inactivated, an internal fragment of the target gene
(non-frameshift) is cloned into the pIn2 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 pIn2 that can be used for different
genomic operation mentioned above. With the help of this toolbox, we successfully knocked out
large fragments from 20 kb-270 kb.

Keywords: gene manipulation; single-crossover recombination; Pseudomonas aeruginosa; long
fragments knockout; new technologies and methods

JUF AV HOR S0 06 % #  E AT B U G I R, Bl ZE R IR bR . #N . Rl G55
Horf I R bR, A VR W DA R DR R B B S A ) S R EE DR R R HR A A —E 1
F B R A R i B R R s B O, TR 2R D Be . T E SR w2 R H DNA [RR E 4
(S BE,  ANJE DR b 8 e sl o E 25 IR 7R AT 5T R T R R A Y % L A S A A T B IR
FEAEYIR, B ARSI ke G SR AN JE OGS I () T, AR B R R . AR A AR
Ve AR KR . 1 08 & () S e %, U o R ok i 30— 4t 36 DR 4 A (3 R B s ) 100 B 7 V2
%1 in CRISPR (clustered regularly interspaced short palindromic repeats) A HA7A+ A, I8 H T
o I B h AE R Y S Rk ST, dX e TR TR Bt 0 R S A A R B O B

SR V& 52 B B AR IS UE B BE AR 2 TAR A, 759K 75 228 A A () ik A 1y e 2k 9% 748 bk Bt AT
FEDRAEN . RlE SRR o 20 B R DR R B U 3 A R T K I 2 U i B A i R e D
A FRT A7 SRS, Z 5 BAI A FLP/FRT 2 GoKs i v 5k D) I 356 DR AL e o X — 7 9%
BAR G M AB 5 BB 9] 40 K B A B PR R I ARed R GERE R 5 £, @ H e B W R DR
1) vk A E bR B, % B O B[RRI S DR+ R U R R s 2) 4H B3\ ARed
RGIHFHFRIE: 3) WE T AR B 4) A S PUE R R IE R E R 5) WIEE
PRI BR ARed R G0, S AR EAT 31 0 HT % i B AR OE 7 AP 1 454 . Wanner F1 Hirotada 55 %1 H
XFh T ERM R T KA K-12 BW25113 B AR B 5 5 R e bR SO, e Zh 315 1 3 985 /> FiLJik [K]
i B A ik LO°81 Ik e S AR R S AN R 2R G 3 AT A e R TR 0 R R RO 4 X 4% 1 T R U
NAE KR K-12 BW25113 31X — 5 WL 5 AR 1 55 T A 4 3k PR 4 R A 2002 il 3 3 7 S 6 % U
N R GE A 0T TR AL T S0 K SRR B

T3 Ah— hoAsE G A P i e A N T R R (DR B I R B R R PR B R . AN R TR K
FRE LRI, S NBIEE BN PCR 1S 7™, 40 {1 50 i B 35k DAl g o ol 2 o 10 1 B R Ui
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[ 5 FF 0 RN B 35 TR B B R 2 B 5 sacB 3[R | A% FORL B 100, 2 ) f R4 RN K A T B
FEIH B 25k . Schweizer 1 Harrison S5 7E iR 77 iy 28 il B A7 o0, B BB bR 2 R 1) bk
U R BOE I v B B R TR, 5N TR R S R R AR By 45y B B R R AN sacB Bk R AT
PR R 3, T R LA B a0 O IR 0 R PR g R, I R — R SRR B Al e i R R R R R

ARSI AR N S JF R — B R 0 0 2 DR R B GE R0 4 B e . 4l N5) 70k, PR SR — R
) 3 DR B AR B8 R 30 4 RS i M, 70 38 1 1 5 P 0 Rl B v 0 0% 2 TR SN Pl . — MR, 7R 2R
WAk P B AZ e [F] Y5 20 (homologous recombination) & AE ) RE 28 B2 5% = T A A8 e 7] U5 40
(double-crossover recombination)™2 %1, [X] it bb 5 25 5 3@ ik 5 AZ e [ U5 B 40K B Bedd N B A R A
AL . FR, PRS0 R VR L6 BT B SRR R B R AR e, HR A S EHIE G (R
R TR R R ) R R DA S0k R e bE SE R R AT, DR BORLAR N, G0 A ST B R pIn2 K
/N 1800 bp, A R ER T FURE K /INE 173, B H RN IR A A B (SR RS v B B %
Wb, TN BR G 8 e — 0 R AT 4 [R] U E 2E, TR B 2 1 A R S B R R R P A T B AR
XFERSERR T H IR R (B 2). 7E pIn2 FI2EaE ERATIFR T —ERAN T HE 1) HTH
A TOLE A BHER OIS 3T M E AL B R R e RGN K A B bR (>
200 kb) %,

1 #BEF=®
1.1 SEIeMR
1.1.1 E#

a3 R i RS2 25 K AT B D R Mk AK Top0 Bk o ik [R5 R SIZB6 mh Bir FH P B b S 4 2 AP 2 i o
PAOL(ATCC15692), KT F[E XBE K Joshua D. Shrout 5256 %,
1.1.2 IEFHE

LB ik Rs 77 5L R A 10 g/L, BERFSREY 5 g/L, SALEN 10 g/L; [ERR: = FL B fa#r 20 g/L.

FAB R R IR BilREL 2 o/, T —/KEBEREA 9N 12 o/L, BEIR — &80 3 g/L, SFAL4H 3 g/L,
FALEE 93 mg/L, —/KEF 14 mg/L, —/KEMMRE 200ug/L, L/KERBRIZ 200 pg/L, —IK
G E 20 pg/L, FHIAKEBRERE 20 ng/L, L/KGMERE: 20 pg/L, L/KEBRERET 10 ng/L, FHEZHN
10 pg/L, BIMR 5 png/Lo MRABANF LS8 7522, Bl ol BEONEEIREA 30 mmol/L B4 2 R4 30 mmol/L.
DER R R I ASA R, K (gentamicin, Gen) ZKE N 30 mg/mL(ASHR LM E) A1 15
mo/mL(K#TB), PUFFE (tetracycline, Tc) #4554 100 mg/mL($ Sk B 5 L ET) A1 10 mg/mL(CK it
H), R K (carbenicillin, Carb) 243K A 300 mg/mL (4 G445 5 1) Al 100 mg/mL (K AT ) -

12 SLWHE

1.2.1 FRRIAZEFIERE
AT ORI AS F G S% v b DT AR . SR 0 PCR 9738\ BORIARAA, (8938 B 25bp (1 H.
ANFIE R v P 51, P 4L BE R EL 31 1 ELBIR A, INNZEAARFR 1) 2xGibson Assembly® Master Mix, 50 °C

7. 010-64807509 0<: cjb@im.ac.cn
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SN 30 min. R R BRFEALE] Topl0 2R, SPud REEIURIE AR A0k, B4 PCR
S e RN TR S ORAF A o ORISR P R b B, e B R .
1.2.2 $REER1R B B FR 5% R AN ik

JRRLCFN PAOL AR e i, BRI MOBRIZER LB ~FAR EHk— MR T
15 mL #rff LB ifAE IR AL, 37 cCCiIHRA#EFR. 5 RIEEIR FIREME, 305 08U 3 mL Hil,
B ER EE. H 10%0E A E RIS T 2 OFEOF B, A 100 pl (1) 10%8E M AR E A, 15
BB . IMAJTRL S uL W F 5 min J5, BB N 2 mm A, fH 2.5kV, 5ms
ZH TS . RS RE, TEMA 0.5 mL ) LB 3R ERME, HEBIELESD, £
37 °CHEIRE D5 2 he HL 100 uL B IRAT B AHRIPTAE 2 LB PR b, JE T 37 °ClEIE G =M T &
Big%. DU K H IR, I BOR S NG SE R 2 . BRE 4 SR TSV T 30 uL ddH,0,
95 °CELR, BEOo 5 B EISWAERBAR AT PCR BAIF. AZERK PCR Pk LM e, #E— B0 HkkE
BPE o B SOIE IR B AR ORAT T H b, B T-80 CCUKAR TRAT
1.2.3 M EEHR

K B R s i i Ja 5 0, T RR IR AN FE R AL HiiE e . ZEAEH pIn2 A1 pIn2Tc K P45 77
i) FRT A7 S AUTORLG N B A5 B BEm N fs , 75 B8 F FLP A7 2 FE AU B AN Bk FRT 7 52 [ 1 b BERI i
FN BARTT RU0F: 1) ML pFLP2 JiUkL, 15 2 M XCHU I 4 B ok i35 7%, #4518 1.2.2 FiTid 751, 88 pFLP2
ORI BB, 359E 2 h J5HC 100 pL EiRAmE| Carb HLfEtRk Fo pFLP2 J5iki ] KF4:&iA FLP2
br ARG, RIS REREEOEEE R . 2) TR pFLP2 ik, kit BB I A E s I 2R 35 5%
PR LB [EfRR 770, W iigt. 3) PutEIiE, Hhik b DRk b K I REES T, T 30 uL
ddH20, 25 3 A HL 1 uL s3] LB ~4%, LB + Tc 100 mg/mL ¥4, LB + Gen 30 mg/mL “F# #1 LB + Carb
300 mg/mL “FAR b, 37 cCHERFAIERE TR, RAE LB PR K % B B bt B R F0 pFLP2
JFREL, BRI T B AR B B E (R AR, I oA R E AR B TS T R
1.2.4 MEEFF

M-80 CCUKFEHN H SR I BT 75 M B ik, RIZR BB LR LB [ k5537 5L, BT 37 cCIHIER AT E 18
ho 1) 4HE swimming MEE5L5, BEES— N REEEZA T 3 mL #rif LB, 37 °C. 220 r/min $Z K157
216 h, SRJGIEBEMEREEL . 2) WyWRaRiA LB, Ph— MR VR EFN T 1 mL #7E LB, 37 °C. 220
r/min FEPRKEFRL) 10 h, I B ODeoo FU1H - KA A J3 21 1 B I #R G — Wi B2 1) ODeoo = 1.0, F-43 7
Y 150 pL Wy FEHR 2 3 mL Hrff LB 55774, il Rl B2 R 4k 8255 77 2 ODeoo fH. 274 0.8(J5 X i) . 3) PilT
TENARIT, P DEABIEER T 1 mL B FAB + 30 mmol/L A2 BeahIs 3R, 37 °C. 220 r/min #&K
KR 4) aceA Ja B F XA FIBIR M N 525G, Bh— SR BB T 1 mL i FAB + 30 mmol/L
BRAMRMEEFREL, 37°C. 220 rimin $RARE KRG 7% M 5E B ODeoo ZUMH , F 1 i F4 B 2] ODeoo = 1.0,
SRIG 3 B 50 pl BRI 1 mL #Héf FAB + 30 mmol/L B2 FREN IS F5 A 1mL ##F FAB + 30
mmol/L BEERENRE 7L, R FRIR S5 3% 6 h, 2 J5 FH ¢ B A W82 10 AN [R) 40 B 1 7 6B i
1.25 HEEHMEGRE

O B S T R R R SRS F AR S50 S IO e R I SRR BT . REEVREAR T, 1 2o i F R
FI| ODgoo 1HZI1 0 0.05, HU5 pl B RIZ) 2 mm JEH 1.5%EAEHE A b, F5 R T B 4 Bt i 13
MFEWHRIE A Lo BRI A TR E Bases L, AR5 F LAk ) Andor B4z 6 Pt 34K

http://journals.im.ac.cn/cjbcn
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11, AR5 0 AR Andor SCMOS AHATLIEAT 41 TR I WL 82 A4 5% . STGFP 2R 858 Y Adi A 488nm % Bt
BOGER, P65 5T 520/20nm R g FUSc . FOERA B 00 I B R i, M A B E N BOK
bl
1.2.6 HHEHEE(swimming) AL TSR &

V4 TSR 1) oA TR R J B 30 L YR N I RS A B A A SR SR AR R IR L, JR a6 b T IRV
Ko KRN T8 B B L, AR Andor B4 Hl48: TR E T HE80E, [FIFEEH
LR Andor SCMOS  MALEEAT BUE KA, MR BEE N 20 ms/i.

2 ERG4M

21 RREFRRMET ARSI XL

AR PRI R T RS A S R L IR 1 fios. pIn2 BURLZH Messing 551 &K 1
pUC18 i ki fif £ >k B84, 414 lacZo (J% lac oprator). pMBL1 &I 4a67 . ampR HitEHEH . £ 50
BEAL A, SOR/NY 2 686 bp. pUCL8 A LAFE KIIZAT B B3R M, (HIJCIRAE A 2B e S o vh B2 A
AL PCR M FI Gibson Assembly 32 (17772, EH4 pUCL8 Jiuki EAL 7 lacZo F11 ampR it 5
RIS 7 BEB ¥ aacCL(B &R 3IT) PitERER), BRK pinl. SN 7 IEH T 2 5K A Bl
S, FAIYRLLELE aacCl FA sl AR 5 A 1) FRT A7 88, PN FRT 07 sl 42 bp, IX A5
327 pIn2 ki, [FIFEfEFH PCR M A1 Gibson Assembly #$%, ¥f aacCl JE[K & i A VIR E ik tetR
Uik, 152500 pIn2Te(B 1),

F1 REEERERNTIRS

Table 1  Plasmid toolbox for rapid gene manipulation

Plasmid Components Resistance Purposes
pin2 ori, aacCl, FRT Gen Gene disruption, large fragment deletion
Tc

pIn2Tc ori, tetR, FRT 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
pIn2-sfGFP_F sfGFP Gen sfGFP fusion

RNA ing sit . L
pIn2-sfGFP_T se III processing site, Gen Construction of in situ gene reporter

B0034 rbs, sfGFP, TOT1

Note: rbs-ribosome binding site, Gen-gentamicin resistance, Tc-tetracycline resistance

(1) WEAFER A SIGFP, FATLE pIn2 BRI A FRT AL Z [ 1 AN IR 31 1) sSFGFP 2[4,
PR pIn2-sfGFP_F Jiiki. (2) fEHEAIA B R BN SR R 3 7 B o tEAL T R 37, AR

7. 010-64807509 0<: cjb@im.ac.cn
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— RIINT ARG 8 FER rbs HEHAZ] pIn2 B~ FRT A2 8], B3 T — RN EANFE BT
FEBI TR, T J23102-pIn2. J23105-pIn2 55, iXUEE 87 AN LA, AHXEE O SR s e,
AR R ER . (3) M TR S BT R AL s AR S RARIRL, FRATLE pIn2 R4S FRT
REEZIAHEN T — B4 RNAse 11 447 £ (RNAse TIT processing site). A L& & rbs(ribosome
binding site). sSfGFP £[A LA J& TOT1 & 171751, XFE1GH] T pIn2-sfGFP_T Fiki(&l 1). 1A RNAse
1 ARBERAT 52N T AR S TE il pre-mRNA JE L EIE LA )W, RARE s BN LA R rbs A7 5 %
DUJG IR 43 I E T DL IBE G P YR 55 S5 5 AR 2 TR Y, R i) s alam g e, (4) KA B

5 DRI R P 75 LA B pIn2 A pInTe PN SREEs FRT A7 30 A BIARE R DX, HARIE FRT A7 A1
Jr AR . XA pIn2 A pInTc FORIESEL & AN FRT OLA MR . B 1 B AR 1 OB FI
H s Fr B (Bt 2 [FIVRE) A ALE, Bl “Insertion site”s

Bl REEEEET AR EE

Figure 1 Schematic diagram of the plasmids using for rapid gene manipulation. aacC1: gene for gentamicin
resistance, tetR: gene for tetracycline resistance, FRT: flippase recognition target, TOT1: terminator,
J23102/J23105: synthetic promoter.

2.2 RIREFEBFIEFA T RN A

2.2.1 EFARPRGEKE)

SR RV 1 R R0 P 2A BT o K IR RS DR PN S 40 B B e R B pIn2 A3 B r bR R, R R E
=R ERAT R FIPR A 2H, TR 2 M AR B 2 [R] PR S AT S5 EOE DR e 2 B R B, T TR — B
X AEH, JEiH— B sk 5 il o mis X H LW B ah 7, IXFEE R At 298 M. o8 T 38E pIn2
RGBS B DR RS 3 0] T i R (R, AT B 2R A B M 1 2 R 4 1 1 fliC(PAL092) LR A4
PRIEATSESS . SR H MR fliC f7 ST gm D #E B 5 A (flagellin), B2k fliC JEK 1) PAOL B R A 12

http://journals.im.ac.cn/cjbcn
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SEMIBENRE S, Wiz (swimming). TH3)(swarming) 2202, RATELE MRS A PAOL FE A4
BT lIC BR P — B 200 bp K BORR HAE AR pIn2 Bk, 1524 ABRL fliC -pIn2. JETH
o g FAAR N JTRL, A8 200 bp X MK . KA TR AL ) PAOL, AHRHTMEMR bk % e 515
F| PAO1flic’-pIn2 Bitk, WRIE flic FEIE BRI B IE. SAkEs PSR B, B AL R TR ik U w] LATE 3%
Wb B s, KA AR LR K. PAOLflic’-pIn2 B bk LR LFENEE /1, MR AE P AN RE
EREAA SRR, R e RS (K 2B). X7 B IRATI 77 AT AR TR DR A e v R o

2 plin2 TRRKATEERE (AERKENRIE (B)FEER! PAOL 1 fliC AFIAE POAL ifiFEhHEIHY
EbE. EFHRRA 5 pm

Figure 2 Gene disruption by pIn2 plasmid. (A) Schematic diagram of gene inactivation. (B) Comparison of the
swimming ability of wild type PAOL1 and fliC-disrupted PAOL1. The scale bar is 5 pm.

2.2.2 BEIFA rbs Bk

Xof 3 PR () 232 7K P R 2k I AT A%, B AN R T BOl 2 B B 3 70 rbs. JERI KA
Fe Bl A R A AR A T R AR s, HEERIZIEsh . B, AR SR M T TR R T Wy R (phenazine) &K
) phzl J= A0+ (] 3B), R A TE4H T A=K 1) o A 52 21 1 75 5 (2-heptyl-3-hydroxy-4-quinolone,
PQS) T A4 & F ja KBS, InPRAVE B ZA RIS E— HAA T RHIRE, w7 E phzl #H4 1
R JE B T B o R R A S M R B 1. B 53 & 3A Fow, K HARERDE (1 11 P B (B i
GRS ) T RE R J23102-pIn2 ik A3 B4 A FRL,  FRAE AN T SR AT DO B LA SR B 1 S 3R rbs
Mo KRB TR L] PAOL Ji5, e B kA8 3 [RI YR 5 4l o] LUK B DR SR AR 1 5 3l 7 B e . FRAT]
FHIXFP 538 phzAL B)JE 37 R0 rbs 433 B 4 323102, 323105 J&i 31 F11 BO034 rbs. 7Kk Wy g
RER R B TR LR TR T DA R R IR = i, AT SR phzl B9\ T-RIA 505 . ] 3C FRINL T 7EAH
[ 3 9% A4 T (ODgoo = 0.8)f81 F AN [E] JE 2 T- 2614 phzl I RIS th . @it ] LLE EE R A B 37
T RTEOHR LT AA WA, A G A B R AR RIS, BRI R M AT S o BN
JE BT J23102 F1 323105 Ji5 Wy B e X Uk 287242, JF FLUE 31 0 B Ry R = m bl s, AR

7. 010-64807509 0<: cjb@im.ac.cn
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RITE R BT A2 B BRI T RIS, T DUMAIHERIR phzl BEPH . A RRYIRATHI T
P20 DU 22 DR R e (0 4, T X 22 R R KT A P AT R 4%

3 pin2 TERKNATEINFM rbs Bt AERBRTHBEBRNEE B)WEREMEREK phzl A
(C)phzAl B FEEK AR FRIMERE~ER

Figure 3 Promoter and rbs replacement by pIn2 plasmid. (A) Schematic diagram of gene replacement. (B) Gene
cluster phzl for phenazine biosynthesis. (C) Differences in phenazine production after replacing the phzAl
promoter with different promoters.

223 RIRAEBEFNRE

PRICHRERFEA B A AL E 0 AT, 75 ZEAEXT R 1 B R Y B RGO AL Ao il I RE AT LA
FJEAEORE b, ] DAR R 5 il NAE SR DRI A b o 4 R 02K g ke DR 9 N A0 o AR P 22 P 4 mT B B
mini-Tn7 80# CTX2 R4, HRZXFIE RS0 AR HTEU T BUs N\ JE 4L 52 b B P2, FIF pln2 R4t
SKIL AL SIGFP J Al 5 1) SR B A AA B ARG AN IR ) 75 SR mT LACKE STGFP 22k IR i £ B[R RO 67 B
Rl B RRH T R REE WS RIS 050, RIS AR w7 &

FATLL PIIT &AM ehric R RS EIR . PIT 24 E M A W E R A M DIAEA, H
pilT B A Gifidh. BFTERM], PIlT 8 A4 R i S0 A, XA 2B R i DY 7R 1 =B O R PR A
—H, AV pIn2 RGHE pil T FEHG EHERL S T SIGFP LA, #8 B &4 J5 G50 R H 143,
MPOEER AR AR T PIT SHE 700 AWIE 4B ATELE i, PIIT &8 A 20 A7 L4 10— AR s b,
FERHRAH I 2 R AT RAE R S8 2 BN, 51 BV PIlT A A0, XA BT SRR IE )
25 AR, X R B ERA R T LA T E R 4 b B e xt H AR 5L R R AL il sTGFP ], HEim W42
N E RO B AT A

http://journals.im.ac.cn/cjbcn
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4 pin2 TERNATBERERFRAME SIGFP £& (A)BFREREFREMUME SIGFP MRIEREE (B)fE
F SfGFP RAFEBHRIE PIIT BERMS . BEFFRRA S um

Figure 4 In-situ fusion of sSFGFP 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 SFTGFP fluorescent protein. The scale

bar is 5 um.

224 BEITFHERRIRERGHE

5A SRR EIRAMEIEN BT st RG R E B . HT RNAse 11 ARFRAL fFTA
T4 HL rbs FITELE, HTEE 51 mRNA 25780 )\ RNAse 11 AEBEA S ANTITT, 58083 A e e A
LA B rbs A7 s UG, SXREIRE G T PR I A S5 S YR R R X S R B s, e R
WML BT (5 5K F

AT T aceA BN TR EF R NI E RSt aceA FR S A IR A GHE, & LIEMRIE
I it S LR 2T, 2 DIRETR 3h (acetate) B —BiIEI, ISR aceA FEK #4352
EHLE, MY LuiE % B (glucose) M E M2 Eh (glutamate) FEFERT, aceA J PRI S5 /K F | B 552 5|
011281 AN 43 31456 P T o RN R AR M B — BRVES 5 aceA Ja Bl F 1 HE 3%, 99 e i dE (1 5B, 5C) i
INBER ERHIBLT aceA JH BN TH: F K FAH LB AR E A R Hem 729 10 5, FSCEIRIERHREYI& . 1X
RIABATHI 50T UL TR 4H b A A 3 3l T IR iRk 5 R G0, i Wl L S ok
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5 pin2 TRERNATHERHTFHEREMERRET (A) BEEHTFHRMERRETFHEREREE
(B) aceA B FHFRERZEARKIREF THRNAER (C) aceA BEIFEANRKIRF S THIHEXEE
FoRE

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 aceA promoter transcription reporter under
different carbon sources. (C) Transcriptional intensity of aceA promoter under different carbon sources.

225 KHERRIR&

K Bk 7 Bt pIn2 1 pIn2Te TR 2 0K FRT A7 st N H Az v Bewiil, [ B 5 2y s AR
WEFAS FRT AL 0 MR IR . AR5 SR I FLP EAIERE AN FRT A7 55 2 [0 i K BCAL R4 1 50k
B — IR (B 6A) . FRATTEEEL T A SRR 5 B R DR 2H F 1828 PF DR GG 1 74 (PFL-like prophage) 2 [H %
PA0616 - PA0641(3L 25 N[, K L) 15 kb) FI=%1/p9 R Gi(type 111 secretion system, T3SS) Ft[A
% PA1690(pscU) - PAL724(pscL) (3 35 /N[, KEEZ) 24 kb) 1E 9iibRif H AR (&l 6C). X AN A 7%
FECR ARG T A L 2329900, AN SR A SR P M B P 0 TR R IR, DRI SR I E B AT 7 2 Rl AT
FEIRAT 180 v BRI A N PRAN [ 7] FRT AL s B bR (B A DU PR 2 R0 PR 85 3 XU E), 94 FLP B HRR
FRT A7 s RRE BE IR L T B pFLP2 ki fE, FRATTASBREN 16 A FR AR HEA T HUIEI0AIE . XA 25 B T K
A BRI R, 8 Te Al Gen PitkEiR LA IRAE K HIE R AR E K. B 6B &, T
PA1690(pscU) - PAL724(pscL)Z: K%, Phikir) 16 V& H, A 8 MNaibrpki ) ; X PA0616 - PA0641
B, PRk 16 MERREBIR, 9 AMRIBRATE . X3 WAL X R S T LU A RO R K B
FEN % . X bR X iE4T PCR M, 2 5Kl 45 S B SnapGene 5 E %t L 32 7 51 _E (K 6C),
J7 45 SR B A DX 35 PR P 8 R A e S B T
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6 pln2 TERNATARREMER (A)XRESMRIFREREE B)AT 15 kb AERAEMRIIEC) =R
ik RGEER (L) FREREAEERAERMEBMRUFER EERLAFNLEELEMNFHEXE A
B R, EEXTERHJ9 SnapGene, B ARRFX—ERIRABEME], HENHMIER

Figure 6 Large fragment knockout by pIn2 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.

PATEE— 2D 7R S B B P R SR SR R B, DABRUESX A A 03 71 Turner 2548 Tn-seq
T B B 45 A SRRV RN R, S T AR A A B PAOL AEAN R N TR IR FE DL M B AT 4
BRI T LR BY, BONIRATRAE T 2% . RATZAF5: PAL184 | PA1373 Il PA2246 %
PA2452 iX 1 K B[R], HiH PAL1184 - PA1374 1% — B 524 200 kb (L7 190 /N 5:[K]), PA2246 - PA2452
X—BK BN 270 kb (7 206 N3EK) . it M R iR D B8, B 20X AN KR BERR A T Rk »
45 5 0L & 7TA FIE 7B A T7E CL iR PAL1184 - PA1373 X AN K BB MR A FE R | 4k 455 % PA2246
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- PA2452. PA0616 - PA0641. PA1690 - PA1725 iX =f%3E K, Zit3t M PAOL JE R4 [ &5 4 520 kb
T3, 2 o5 4 R AR AR B DR 2K/ 8.3% . AT BT Bt 1 bR PAL1184 - PAPAL373 iX MK Fr
BRI AR EA R B 755 FRIAE K. EIRBIPEREFREE FAB H1, APA1184-1373 e K. HEEE
FEM) LB £57REEH, APA1184-PA1373 ALK IEH, WA PAOL AH L&A H & X 7 (K] 7C). FATH
-80 °CIA A1) APA1184-PA1373 B AT PAOL B MK 73 7l RIZ 2 [ 44 LB AR I, PAOL B PEE E KB N
TRiE, WP RRERM, APAII84-PAL373 1 BEA Lk ECA T g HAA RIHR v] WL i) 2048 AR =4 5=
A4 (K 7D).

7 200 kb LA E R ERRIRIBR (A)PAL184 - PA1373 HIRNFR (B)PA2246-PA2452 HUERFR(C)PAL1184 - PA1373
BRI R R IR IS B R A KIRZS(D)PALL84 - PA1373 AiFAZEFhAN PAOL P4 HI7E LB AR LAYAE
KER

Figure 7 Knockout of fragments greater than 200 kb. (A) Knockout of PA1184 - PA1373. (B) knockout of
PA2246 - PA2452. (C) Growth status of PA1184 - PA1373 knockout variants in different liquid media. (D)
Differences of PA1184 - PA1373 knockout variant and PAO1 on LB plate.

3E&EREITH
B 251 PR A R A2 A 5 00 P A A R ) B AR S R P o SIZ I 5 8 R TR KT A AR R P e 2 AT 4.

DNA HHAT RER 7> TH#RAE. — M DNA #1EF B T XM FIPRE AL, i 5 RGN 203 3t i fR 2
D] (R AH L P A AR ) o ASCERAETF R —Ah “RI4ERIA” 1% B A ZE D bR G 48 B e . 4 N55) 77
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s TEERAE RN 45 AR 2 (R 3RAS 11 o R P B A8 8 )05 2 ZE R 455 7 [R1 F B A R ZR P A i N
FERREERI IR B, TR T —WUn Peid B T 2 M s B R R R0 . b, FEDR TR e, f gt g
PRI ZH JE AL e s ROt i 1, K BURERR M SR S B A 10 7 0 o 0714 it 7 — B B T &
R &R pIn2 ikl R4, XEFRPARGE S pin2. pIn2Tc. J23102-pIn2(i84 J23105. J23100 45).
pIn2-sfgfp F. pIn2-sfgfp T SEHEAl Tk, (B4 IS A 55 WA — 2 PCR R S3RAS FIEE B, 25
f | Gibson Assembly 324224 [R5 1 e N\ Sl S0 R gl vl SR A5 T-AH REAAE B BORE o ok FL G 1 40 B 2
Ja R B RPUIE G B AT SRAS IR TR AR o FH T BRI 8 B A A 0 I s T RS e B AH, ALt R
T A T AR, FRATTSIRI6 A 5 FH 1 [ B Bl 200 bpo AR5 iR A1 HA O R R 7V LLEL LR 2.

R 2 AMEEEIRES AR

Table 2 Comparison between this study and other gene manipulation methods

Positive The Time to
Recombination - rate of complexity of  obtain the
Meth Efficien . . . Advan
ethod type clency candidate plasmid(s) desired dvantages
clones construction mutant
Easy, rapid,
One plasmid Iargi P
. Single crossover with one
In2 (this stud ~1077 214 - 414 3-5 days
pIn2 (this study) once fragment y fkragnllent
inserted (ZnYOOC kcz)l;t
. . One plasmid
Two-step allelic . First crossover T‘e plasmi
Single crossover 3 46% on with two Two
exchange twice ~107, second average fragments weeks seamless
method[ crossover ~1075 g rag
inserted
Three
More than 103 ) )
Cas9 cleavage . plasmids with  More Can be used
CRISPR/Cas9 \ colonies for a 5/12 - . .
based methzsd 132] mediated double sin Iel 12/12 multiple than two for high
crossover once g fragments weeks throughput

transformation .
inserted

PAME LB o 7z IE AT v, SEIL T 2RI RS . BER TR B e, TR Al R4t
R KT B BR A o XL AR T AT FU L I DhREATE 1 . PR k4% . ARh&AE, |EIIREMERL,
B R AH R 254 5 BT BB JUHAEAS — 3R 072, A BhIZX 8 R G0 5 00n] AR R A x SE R4 L 270
kb B, I HEE WU T MER PAOL B:[K 4 | 8.3%M)/7 41, AR{E 4k n] UM A o 2R E 0
T BE 22 O DR o S0 T A AT 7 A o AR R 1 e /N i AT 2 B A ISR i 3

ZITEN T HAB A R R R B — B IS8 . 1ZERE T RIVREY, BN R
EHHIE AU DNA B2 (ALY s e, X — JE BEAE S B Bl A7 R K, [ 95 2 26 P 40 Al 21
G WA, AT EINESN . BRI b, 1Z77VE T DU 21 H A = [R5 5 2H SR b 0 o A B A A
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B AR, R B BRI R AN AT SR R R ORE, BORE SRATT R 2 4 1 R AR A6 7 B
BoIX R A AN B HERIA AL, AT DU SRATT 0 R SR e SRR R e A LA A

PRAFIN 5 ZLE A R, BRI B A R A 2 R B RS AR MR N T S R A, R A 4
N B2 A PR B TR R ) B R A B AE BT AR SR DUAE SR IS T 4 NSk DR A (R R A ORE 2 B i 22K
0 T OB K R OV BT AR . DR AR R IR AR S, ORAE AN I 7R B AT BT SR AE R
BAEK.
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