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Application of a T6SS effector Txel-based counterselection
system for genome editing in Edwardsiella piscicida
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YAN Xiaojun', TAO Zhen""
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2 School of Marine Science and Engineering, Qingdao Agricultural University, Qingdao, Shandong, China

Abstract: Double-crossover homologous recombination using the SacB negative selection system
is commonly employed for genome editing in Gram-negative bacteria. However, its negative
selection efficiency varies significantly across strains, being frequently compromised by
differences in metabolic characteristics or genomic composition. [Objective] To develop a novel
counterselection system based on the type VI secretion system (T6SS) effector Txel to enhance the
efficiency of seamless genome editing. [Methods] We first modified the conventional suicide
plasmid pDM4 by introducing a kanamycin resistance gene, generating the derivative plasmid
pDM4K. Subsequently, we replaced sacB with an L-arabinose-inducible expression cassette
encoding the C-terminal domain of Txel (araC-Pgap::txel 1D ), constructing a novel counterselection
plasmid pTL1010. Using the virulence gene tssB of Edwardsiella piscicida FC2 as the target, we
systematically evaluated and compared the counterselection efficiency of the Txel system with that
of the conventional SacB system. [Results] Under induction with L-arabinose, the Txel-based
counterselection system achieved the efficiency of 91.1% (false-positive rate of 8.9%),
outperforming the SacB system which had a false-positive rate of 100% (P<0.01).[Conclusion]
The newly developed Txel-based counterselection plasmid pTL1010 significantly enhances the
efficiency of seamless genome editing in E. piscicida and provides a highly effective tool for
precise genetic manipulation in Gram-negative bacteria.

Keywords: counterselection marker; type VI secretion system; Txel toxin; double-crossover
homologous recombination; Edwardsiella piscicida
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b
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XSDHY-P VI #I 43 i & 4t (type VI secretion
system, T6SS) i B & Txel, H C i &5 #4 1§
(Txel ™) KA R EGE M, o5 518 £ 4058

T SR, HEER A AL R e 1k T BB BT kL

T%gmiﬁiéﬁiﬂﬂ? BT, BRI T HESEPR
o FTRLAFREZ S 25 31 S o

fﬁ(ﬁﬂﬁ’ﬁ%ﬁ%ﬂmﬁ%@xﬁl%ﬂ@% U2, ShEE S
AT A4 A o 0 42 42k T AR TR o of
FRARIN S BRI TR e B B, R AT A8CT- i kL
o8 M 5 0 8 R T, 3R SR T B R S I Y
T4,

A 5T 6 A 0 2% B A [T (Edwardsiella
piscicida) FC2 #&H SacB £ 4t i 156 R R AL 1) 7]
M, AHE T LL T6SS BN 1 Txel S 6 i b
LR AR RL R S, Wb E Txel TP 4wt
G & T 52 LB RLARBE 5 5 1) araBAD J3 )
(Ppap) T, SCENRE R 35 MRS M B 3 468 il %
I GG BT 4E R IR A LR B Bk AR
SEPE, TTAE B0 8 B B RT3 A AU S i BT AE
WRBOS A Th e o % R G ok BT R 5 5 0
FEALH, LU N i A% 52 SacB R G784 %
AR QT TP O e AR 1Y Ta] R AL 19 FOR
HAZ

=1 AW AT R E R A BTRL

1 AR5

1.1 ERSEFREYE
B BT R R SR i3 1 s . A fa

Tz FEAE U FC2 MR I3 25 19 BN BE 1 X TR A8 1R 7K

2, HAERRYUERE ., %R R EA

i BF27 K 2% Rakesh Das 18- B8 | Jf3i i 45 5+
@l%ﬂ EPF/EPRIIEST PCR ¥ 356 F . A

TR R T 28 CE AR KU NG
(tryptic soy broth, TSB) 3¢ Ji & 1 ik K & 3R
(tryptic soy agar, TSA) K5 32 B tp o K 1% 4T &
(Escherichia coli) S17-1 \pir B& A% FH T Bk A4 #L Al
BEATRS IR, Bi9RT 37 °C LB 53tk . 3%
SR T ES I TP UAER . Z N E R R(Amp,
100 pg/mL), K% % (Kan, 50 pg/mL), SAFF&H
(Cam, 30 pg/mL), HIFIESEH, pDM4K REE
i BT i AR R4 5% TR, pTL1010 RGEHE T
AT 0.4% BY L-FTRLAARE
1.2 FERF

AVNERR., FIF&ER. QG R,

ATAY TR BROARAR,; Bk, &
8 v R Tl Bl T T A A BR A W) 5 - BT R
Wi, Sigma-Aldrich /A F]; 2xES Tag Master Mix

Table 1 Bacterial strains and plasmids used in this study
Bk kL i Sl
Strains and plasmids Description Source
Edwardsiella piscicida
FC2 Wild type strain isolated from freshwater fish; Cam" Laboratory stock
AtssB TssB knockout of strain FC2; Cam" This study
Escherichia coli
S17-1 Apir Strain for conjugation of n-requiring plasmids, carrying the Apir gene [11]
Plasmids
pK18mobSacB Suicide vector with sacB counterselection gene; Kan" [11]
pTxelCT Expression vector with arabinose-inducible T6SS toxin Txel from P. plecoglossicida [11]
pDM4 Suicide vector with sacB gene; oriR6K; Cam' [14]
pDM4K pDM4 derivative with chloramphenicol resistance gene replaced by kanamycin This study
resistance gene; Kan"
pTZ1010 pDM4K derivative with sacB and upstream promoter replaced by araC-Pyp::txel“™®  This study
from pTxelCT; Amp"
pTZ1010-AtssB pTZ1010 vector containing #ssB homologous arms; Kan' This study

http://journals.im.ac.cn/actamicrocn
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DNA $EBGL &, VLI 2 A= YR B Ay
HIRAF BRAGPE N U (Sall-HF . Spel-HF).,
T4 DNA % %M . Gibson Assembly® Master Mix
& Phusion® High-Fidelity PCR Master Mix, NEB

1.3 SNt RER

ARSI R Mg 2 B, B i
A TR RS F A
1.4 BZFEHR pTL1010 FYFE K& EGIE

/N5 FastPure Plasmid Mini Kit, Fj iR

PIRHEB A AT BR A

R2 AWRAETASI
Table 2  Primers used in this study

1.41 pDMA4K FixpytzE
BT RAEMEERE FC2 X AERAA

Gk A Elk7)s2dl Eiipus IR PR
Primers name  Primer sequences (5'—3") Description Annealing Product size
temperature (°C)  (bp)
pDM4-F CCTTCTTGACGAGTTCTTCTGATTTTT To amplify the resistance gene 60 6 381
TTAAGGCAGTTATTGGTG replacement from pDM4
pDM4-R CCCTGAGTGCTTGCGGCAACGTCTCA
TTTTCGCCAAAAGT
Kan-F AAAATGAGACGTTGCCGCAAGCACTC To amplify the kanamycin 60 1172
AGGGCGCAA resistance gene fragment from
Kan-R CAATAACTGCCTTAAAAAAATCAGAA pK18mobSacB
GAACTCGTCAAGAAGGCG
pDM4K-F GCTTGCGGAAACAAATAAAAACGCA  To amplify the suicide plasmid 60 5644
AAAGAAAATGCCGATATC vector pPDM4K
pDM4K-R GTCATAATTGGTAATGGGTTAAAAAG
GATCTTAAGGCCT
Txel-F TTTAACCCATTACCAATTATGACAACT To amplify the arabinose- 60 1671
TGACGGCTACATCATTC induced lethal gene fragments
Txel-R TTTGCGTTTTTATTTGTTTCCGCAAGC
CCCCAGT
tssB-Seq-F CAGCGGTCAACCGACTGCG To amplify DNA fragments of 60 3091
tssB and its flanking regions
tssB-Seq-R CTGCGGCTCATAAAGCTGCC from E. piscicida KE5
tssB-US-F CGCACTAGTAAGCGTATGCTGATCGCT To amplify the upstream 60 561
AAGCAA fragment of zssB for overlap PCR
tssB-US-R TGTTCGCTCATGGCATGAAGTCATCTC
CGTAACATTTCTTACAAC
tssB-DS-F GATGACTTCATGCCATGAGCGAACAG To amplify the downstream 60 547
AACTTGCCA fragment of zssB for overlap PCR
tssB-DS-R AATGTCGACTGTGAGATCTCCTCCAG
CAGGAACA
Vec-Ins-F GGGATGTAACGCACTGAGAA To target the backbone of pPDM4 55 1430
Vec-Ins-R TCCAGTGGCTTCTGTTTCTATC K/pTL1010
tssB-US-inter CGGATAGTCGAGATTGGAATGAA To test whether the zssB gene 55 386/893
tssB-DS-inter TCATGCATAATGGCGGAGAG was successfully knocked out
tssB-del-F GAAAGCAAGCAGCATACGTTGGA To detect the presence of tssB 55 162
tssB-del-R TTTCAGCTTGGGAAGCGGAGTCG gene
etfD-F GGTAACCTGATTTGGCGTTC To verity E. piscicida strains 55 445
etfD-R GGATCACCTGGATCTTACC
EPF CTTTGATCATGGTTGCGGAA To identify E. piscicida strains 58 130
EPR CGGCGTTTTCTTTTCTCG

B PR AU AL s 2R RIZR BRI

Restriction sites are underlined.
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KRB, AHF5EE 5ok pDM4 174 R %
Ehiikzkik pDM4K, LA pK18mobSacB A5,
H Kan-F/R 51499 8~ 8 2= HibE 3 (kanR) f
H W s 7% . PCR J W A& & (50 pL):
2xPhanta Max Master Mix (p515) 25 L, Kan-F/R
S1%7(10 pmol/L)4% 2 uL, DNA iz (% 100 ng)
1 uL, ddH,0 20 pL. PCR J i cf4: 95 °CHids
P 30s; 95°CAEM: 155, 60°CiEk 155, 72 °C
FEAR 1 min, 333 AMEH; 72 )CALEfH 5 min,
F| F Gibson Assembly o [ £ R ¥z A & 5
pDM4-F/R £ PEAL I pDM4 B 284, Biif
T ZPUERE D (camR) KR 8 TIX., K15 H
AR UKL pDM4K., 38 52 < I8 22 Bt i 8 FH M v
R, Jf£: PCR SEAINFEAIAIE AJTAN I IERM:
1.42 pTL1010 FiFpiazE

K H Gibson Assembly . [% J7 7%,
pDMA4K JEkL - #Y sacB FER K H: FIE G 801 A
Be ¥ o DUJORL pTxelCT b4 4445 3 (1) araC-
pBAD::txel“™ B, #%# pTL1010 fFiki, HAk
AR . B, T4 pDM4K-F/R £k
pDMA4K #fA; [, LA pTxelCT AR, @i

Promoter

1%} Txel-F/R (J¥510L3R 2)9 4 araC-pBAD::
el ™" B B 3% R B A B BRLA R IR 4 0T 1
araC-Ppp FIR A A4 F R H I XSDHY-P [
BRI T6SS & 0 2K 1 45 # I Txel“™™., Hoor,
araC-Pyyp F T HRE B4 5 Z 3k, 1M Txel“™
() 4% 2 PN VI Tl 3 7F P 5 3075 32 DNA AN AT 3
it s b 52 ) pTL1010 Tk i i Bk
AL 2 RIGFFEE S17-1 Apir B2 400, it fH
PEsREIF AT IE, 4% PCR U”JF“ WHIAR AT
SN IERRTE, LARAE S B AR 734k 0.4% 19 L-
BHAAAE R LB PR iR 3R R AL,
1.4.3 pTL1010 FRAIAIHIFESRAE
AT 1 JCi 1 Gibson Assembly 7o 4% A
1 pDM4 JTURL H ) 50 B 2R PSR D 8 D ok A
pK18mobSacB M RIR & R BT HEEL I, sy 2
T AR Bk pDMAK, B S5, L AR TR O 208
pDM4K Y RERE T 0 B AR I Bk ] (sacB) B 4
BT H7 A B 175 S 78 Txel R £k
txelCTD, AR A A TR pTL1010 (K 1), %
FI%*_L AraC/PBAD %%%EJLXT-S:%%%ﬁE@PZ*g
PFEE, AERT R AERE S S 25 T S BE PR

ﬁ araC—PBAD::

araC arz/iBAD

- k/anR — \/ txel€™
pDM4 pK18mobsacB pTxelCT \
7104bp 5719bp \ 4465bp
sacB
sacB promoter and camR ¢PCR ¢PCR

control region

camR gene

Promoter kanR
(1) Replacement of

(2) Replacement of
sacB gene

pDM4K

7481 bp /

sacB 4/\
\. Promoter

P
sacB promoter  kanR

E1 pTL1010FRAyE £ T iR EE
Figure 1

Q}b ap

— - ——
araC araBAD Txel
araC-Py, ::txe] P

pTL1010
7265 bp

X P\romoter
kanR

By
S
ey,

Schematic diagram of the construction process of pTL1010 plasmid.
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1.5 Lb% pDM4K #1 pTL1010 AR & E
EEREEAREEMRFRIAA
1.5.1 [EREARFRKNAIIIE

M\ NCBI GenBank %4 ZE3JHUA 1 2 FlEAE G
P KES & PR 4 4 )7 91 (GenBank %5 ¢ 5 4
CP090967.1), fENZSHWITEI1W, P31 ssB 5
PR H b 2y 1200 bp A BE (R 41467
. 2556 888-2 559 978 bp), PCR J i 1k %
(50 pL): 2xPhanta Max Master Mix (p515) 25 uL,
tssB-US-F/R &Y, tssB-DS-F/R 5| #) (10 pmol/L) 4%
2 uL, DNA #i (%) 100 ng) 1 uL, ddH,O 20 pL.
PCR [ 4514 : 95 °CHIAEYE 5 min; 95 °CAR
155, 60°CiEk 155, 72 °CHEfH 30s, 3354
PG5 72 CCAEMH 5 min, fHFH5 ¥ tssB-Seq-
F/R X} FC2 Wbk HE A 2H HAH I f Be i 4T PCR 97
BRI o ARPEPEESR, BT 51X tssB-US-
F/R I tssB-DS-F/R, 435|414 FC2 Wtk tssB FE
Bl . A R . 8 5 3 & PCR (overlap
PCR)JF ikl A b TUeRRE, 3R15 tssB FEH
WA BrRS A BEZ Sall-HF F1 Spel-HF XL fiff
YIJG, sale 2 20 R D) A Y 24k pDM4K Al
pTL1010 v, 4351 4k 45 [F] 5 5 41 5k pDM4K-
AtssB F1 pTL1010-AtssB, F454L 2 E. coli S17-1
Apir B2 AL, (S 9% Vee-Ins-F/R (HE 1]
JRLE 2R R BO) M tssB-US-inter/tssB-DS-inter (43
SR ] £ssB FER b R IR PR ) B 3k BH P
BEALF, IR I 90 R SR B BERA TR
152 FRAEERTP K EREHEWAIH

B 45747 pDM4K-AtssB BY pTL1010-AtssB Ji
B E. coli S17-1 Apir B MR (BEIA ) 75 & K IR %
E LB AR 323 p 37 °C . 180 r/min 15 5
12 h, SRJG LA 1:100 4 Ll 3 R0 2108 e LB 15 5%
FHp, KRBT (0De0~0.6). R, Kk
B AL G FC2 (AR 7E TSB K7 i b 1%
FREXEAN . SIS RO I JE I PBS VRV,
B U RN Z AR 12 2:1 B9 R A, B 100 pL
BA W AR T LB Bijg P b, 28 °ClE 5%

>4 actamicro@im.ac.cn, 7 010-64807516

24 h ATHEG . BHEA R EBEEIT , H PBS
HEIFIAT 10 EHEEERRE, B 100 uL WA %
FIREE E AT EN TSA FAR b BEHLPk LR
W%, R E &4 900 pL TSB W 1A 5% 75 KL 1
1.5 mL EP B H 5538 5 h, ZEFHRIEPRN T+
MR MATR . /3 5 FH A 2 fE A G R FE
SYES ) etfD-F/RUC GOk 2254 Vec-Ins-F/
R KRB 5| ¥ tssB-inter-US/tssB-inter-DS #£47
PCR Y5 . #5 etfD-F/R P H45 FoHE, H
Vec-Ins-F/R ¥ 34 {g 7x 1 430 bp 554t , [RIA tssB-
inter-US/tssB-inter-DS ¥ 14 3K 15 386 bp (fli &5 F
Bt)#1 893 bp (FFARIFELH L) 2 A~ 45ats, I FRHH
fag 4% JFORE L A e [ V6 B 41 R 5 B g R R R 4
K R EL) .,

MR A5 — R R PR F 2 45 0, BEMLEE 3 45
&4 pTL1010-AtssB B, pDMAK-AtssB 5 Hi i) 5%
i BRI AT, ORI R T ik
TR 5 0.4% (1) L-Bil 17 AE 4 (pTL1010 2H) 58 5%
HEA (pDDM4K. ZH) Y TSA M b HEAT 6 07 1k (48
TWRIFNRER), B EEAS FRILT AR
o IWAERAFEM Lk RE 15 S, R
% TSB #5353, 28 °C. 180 r/min 4§ % 15 5%
4 h, 5% tssB-US-inter/tssB-DS-inter i 17
PCR ¥#, Rl & kA28 R IR . 47
P14 3545 386 bp F1 893 bp W45, FIAR KL
AR TR IR 4 A RIS B — 893 bp 4kt ,
FOEE R AR EE 4 R A A B RS, SER ALY
GIARABACAT A A= B 5 #5345 51— 386 bp 4741,
DR e bRkR AtssBo TR, 514 tssB-del-F/R
XoF 5 O TR V& HEAT PCR B83F, [ rssB L1 % ik
B4, FFLA PCR BRHIEJC 44T
1.6 FEUFRIRAVE IR BUIGE

Z IR N TGl PEAh R £
FFEALIGI FC2 AtssB 2878 RNEE 1. T
SARFEBE (KT 0.4 g), TESCH % KA
PiFE—F, KIRAEFFAEQ8£]) °C, & HF# 1/3
PR A K I 5 W et b DRl . o FC2 Bp AR A
FAR(WT)HI AtssB R AZRR 43 #FP 2 TSB 1557
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Kb, 7E 28°C. 180 r/min 54 FH55% 10 h ZXf
B (ODg=0.8), ] PBS kXl & & 4
3x10° CFU/mL. 5t & i B AL 50~ 3 4 (R4
30 &), dE At S BORE S ST 10 uL AT
B ok PBS (XA, W8 ARt oh 3 4
(540 30 B): WT 4. AtssB 75 FRZH F1 PBS Xf
WREH 38 ft T SR R B s i 23 10 uL 40 TR 2
o PBS. {H4T)E, HEEDfE T 28 °C/KIEHM
AR 10 d, B HIgsRAET R R AR . X
RIRBIET B D g T e 5%, EBUITFIIE
HA AT o B4 . LIRSS, 2l
RPBET- RN, H G dlm my 2 5.
AR s S B0 A5 2 W VLI R 2R 5L 50 sh W) 16 B
Z A, HS R 2025058,
1.7 Seitrath

Ii) Y50 L 2H B8R kg I A % 8 T
PR VA B B o He o TR R A 50 I B 0 i AR
FKHVSIREA ¢ K35 0 Ar . B 1Siieh, A 415E
ot () REBET RPN E£IR, R log-
rank f356 FES WT 4H . AtssB ZH A1 PBS X HEZH 22
A 2ZES . TS a8 GraphPad
Prism (v8.0/f4F520, B MIKTEE N P<0.05,

2 BERE54M

2.1 pTL1010 RN K ERIFSFRAEAFTE
gl

B E Txel # R Ay AT M, B
pTL1010 =5 #ifAk b 4k 2= KT S17-1 Apir [z
B P TRAL T . SR ER, EERIR
FF E (50 ug/mL) Y TSA FHe I, #747 pTL1010
P B IE AR K (B 24); TR RIS R IR a2
FUTT AR R340 0.4% B L-FIhi A B A TSA F
M b, BEARAE K A2 2 W E (] 2B). B XT
HRCOR#EAT BRI K AT 18 S17-1 Apin) 78 75 R R
BRI EAAERE 20), (HLE AL
0.4% 1 L-FalHAFT0E i 7 M b 1E % A=K (Bl 2D).
R g R FZ W, pTL1010 #5475 1Y araC-Ppap:

E2 [R{EEESHTxel SRFTAHEERBITE
S17-1 apir P AIEIE. A: (U RABEEZ (50 pg/mL)
MITSA-H; B [l & R ARE R AT R
0.4% I L-FI R AR TSAF-# s C: BHPEXT AR, B
A ORI KA AT R S17-1 ApirdE & R R 1
PR ERERAGOL; Dy AUT B AR %0.4%11
L-FI R AR A TS ASEAR A A KB I

Figure 2 Verification of the expression regulation of
arabinose-induced Txel toxin in Escherichia coli S17-1
Apir. A: TSA plate containing kanamycin (50 pg/mL)
only; B: TSA plate containing kanamycin and 0.4%
(W/V) L-arabinose; C: Negative control, E. coli S17-1
Apir without plasmid does not grow on kanamycin
plate; D: Growth status on TSA plates containing only
0.4% (W/V) L-arabinose.

txel " Z2 G5 AT A RS BB R AT RS S FE R R
R, FIREERR, pTL1010 #4519 araC-
PBADIIfXdCTD %%ﬂﬁ&i?@ﬂﬁﬁﬂﬂﬁﬁ%@ E/‘J%
R
22 FREIREHEPELLRE

W ROCR G R U, K 4 pDM4K-
AtssB 5%, pTL1010-AtssB JiRL () K G FF 1 S17-1
Apir BHARTE 5 4 1 2 B4R R FC2 Z AR AT
HIFEFR . WIS REEIRBCTBENLPEIE 22 4> vk
#F1T PCR %578, S5 MR A SefERY etfD-F/R
W APE, H Vec-Ins-F/R §# l7R 1430 bp
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7, [alAt tssB-US-inter/tssB-DS-inter § 343515 i) ST P8 5% B el L R 2H 3 A R00%

386 bp (FiliE H BOFI 893 bp (BFAERIFERL) 2 4 2.3 FXREIREAMELLE

sk (B 3). AR IR G AR TR E 25, ARG FATHIR LR T Txel HER RS
PP sacB Bl araC-Peap::txel ™ KB ER  (pTL1010-AtssB) 5 SacB % 4t (pDM4K- AtssB) 1]

A bp M1 23 456 78 9101112131415161718192021 P C N

M1 2 3 45 6 7 8 9 1011512 13 14 15416 17 18195208 SRERGEN]

B S S S S A R R R R R R R R e e . e

B bp M1 2 3 456 7 8 9101112131415161718192021 P C N

TeeweweeeeeeeeeeStTeeeeeww 1430 bp

45 6 7 8 9 10FFS2F13514 15 1I6RIERSE1 952 0F0N MR G|

[E3 pTL1010-AtssB5pDM4K-ArssBZHE— X IR ELHBIPCRIGIE. A: pTL1010-AzssBZHPCREIESS R ;
B: pDM4K-AtssBZHPCRIGUEZEH: . BRI, 47 A Vec-Ins-F/RG| WP #4255 s R 47 MtssB-US-inter/tssB-
DS-inter) 4 #2525 . JKiEM: DL2000 DNA marker; JKi&1-21: MWHKEVE; P PHMEX IR (pDM4K-AtssB
Fiki); C: 25 FXTRCCBORLYFC2E A= 4K) s N: BIHEXTH(ddH,0).

Figure 3 PCR validation of the first homologous recombination in pTL1010-AtssB and pDM4K-AtssB groups.
A: PCR validation results of the pTL1010-AtssB group; B: PCR validation results of the pDM4K-AtssB group. In
both panels, the top row represents PCR amplification using the Vec-Ins-F/R primers; The bottom row represents
PCR amplification using the tssB-US-inter-F/tssB-DS-inter-R primers. Lane M: DL2000 DNA marker; Lanes
1 -21: Tested colonies; P: Positive control (pDM4K- AzssB plasmid); C: Blank control (FC2 wild type strain
without plasmid); N: Negative control (ddH,0).
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X E(ddH,0); R1. R2, R3: AW¥dEE .,

Figure 4 Comparison of the second homologous recombination results of the pTL1010-AtssB group based on
the zssB-US-inter/tssB-DS-inter primers. Lane M: DL2000 DNA marker; Lanes 1-45: Tested colonies; P: Positive
control (pTL1010-AtssB or pDM4K-AtssB plasmid); N: Negative control (ddH,O); R1, R2, R3: Biological

replicates.
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Figure 5 Comparison of the second homologous recombination results of the pDM4K- AtssB group based on
thetssB-US-inter/tssB-DS-inter. A: Screening results with 5% sucrose; B: Screening results with 10% sucrose; C:
Screening results with 20% sucrose. Lane M: DL2000 DNA marker; Lanes 1-45: Tested colonies; P: Positive
control (pTL1010- AzssB or pDM4K- AtssB plasmid); N: Negative control (ddH,0); R1, R2, R3: Biological
replicates. The same below.
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Figure 6 Comparison of the second homologous
recombination efficiencies between pTL1010-AtssB
and pDM4K- AtssB systems. pTL1010: Efficiency of
the pTL1010-AtssB system; pDM4K (5% SUC, 10%
SUC, 20% SUC): The system efficiency of pDM4K-
AtssB at sucrose concentrations of 5%, 10%, and
20%. Statistical comparison was performed using an
independent-samples #-test; The pTL1010 system
efficiency was significantly higher than that of the
pDM4K system (** indicates P<0.01). Error bars
mean+SD of three

represent  the independent

replicates (n=3).
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Figure 7 PCR verification results for the zssB gene knockout in the pTL1010-AtssB and pDM4K-AtssB groups
based on the tssB-del-F/R primers. A and B show PCR amplification results using primers zssB-del-F/R for
colonies selected from the pTL1010-AzssB and pDM4K-AtssB groups, respectively.

A B
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E8 ReaEZEERBEFC2HssBERMIRRERIBED BRI A: KE @ E A R E R (W),
AtssBFZERREEPBS (W) 10 DI AEAFIZR(n=30); B: #5AbFRLLBE S fa it BAUIE PRRER JL /IR
Figure 8 Pathogenicity of the zssB gene knockout mutant of Edwardsiella piscicida strain FC2 to zebrafish. A:
Survival curves of zebrafish following intraperitoneal injection with WT strain, AzssB mutant, or PBS (control)

over a 10-day observation period (n=30); B: Representative clinical signs and appearances of zebrafish from each
treatment group.
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