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Construction and biological characterization of Vibrio
mimicus’s metalloprotease gene PrtV-deletion strain

XIANG Fei', TIAN Ziqi', FENG Yang', QIN Zhenyang', PENG Kun', OUYANG Ping’,
CHEN Defang?, HUANG Xiaoli’, GENG Yi'!

1 College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, Sichuan, China
2 College of Animal Science and Technology, Sichuan Agricultural University, Chengdu 611130, Sichuan, China

Abstract: [Background] Studies have found that Pr¢V gene encodes a metalloprotease
containing polycystic kidney disease (PKD) domains, which plays an important role in the
pathogenic process of various bacteria. Vibrio mimicus is one of the important pathogenic
bacteria that infects a variety of aquatic animals, but the role of Prt} gene in the pathogenicity
of V. mimicus is not clear. [Objective] To explore the effect of PrtV gene on the
pathogenicity-related biological characteristics of V. mimicus. [Methods] The natural
transformation method was used to construct the PrtV gene-deletion strain (APrtV) of V. mimicus,
and the complement strain (APrtV/pPrtV) was constructed by electrotransformation after gene
combined with plasmid. The mutant’s biochemical characteristics, biofilm formation,
self-aggregation ability, extracellular product protease activity, pathogenicity, and cytotoxicity
were analyzed. [Results] As compared with wild stains, the growth, biofilm formation,
self-aggregation ability, and lecithinase activity of the APrtV were hardly changed, but the
physicochemical properties of decomposing urea, glycine, coumarinate, ornithine, and lysine
were changed. The extracellular product protease activity and cytotoxicity of APrtV were
significantly decreased (P<0.05), and the pathogenicity to hybrid catfish was decreased by
10 times. [Conclusion] PrtV gene is related to various biological functions such as cytotoxicity
and pathogenicity of V. mimicus. The results provide a basis for further analysis of the features
of PrtV gene and its pathogenic mechanism in V. mimicus.

Keywords: Vibrio mimicus; PrtV gene; natural transformation; gene deletion; biological
characteristics

AN (Vibrio mimicus)3J& v-Z8TE B 4
(Gammaproteobacteria) N\ " H (Vibrionales) jJk
RN Vibrionaceae)y\ s J& (Vibrio), HIRALFRES
FERLINE V. cholerae)dEHARML, WERFRJyqF st
BUPERERLING, &M B G FH A IR s
JRTR , AT JRYLL] ZEELNT(Cherax quadricarinatus) .
wa ERJRFE N (Procambarus clarkii), K175 (Silurus
12]

meridionalis Chen) , #3Jitfi( Pelteobagrus fulvidraco)!
SGEZROKIRFEYY R AR S — R IR e

JEU TR AT 5 | A AN p 1 B o A v R
Prev B A 9 1% & Z 4% 5 9N (polycystic
kidney disease, PKD)Z543k )4 @ & I, 17
1T EELINE (V. cholerae) . Bl Il 9K
(V. parahaemolyticus). H&3NEE (V. anguillarum)
S MINE (V. coralliilyticus)35 22 Fh N B Ao J&
K. ZamEOERET M6 Kk, &M
BT RS R E O, S s e
¥ B (Bacillus thuringiensis) W) 92 3% #1055 A
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(immune inhibitor A, InhA)f 37% A RIPE H &
A 2/~ PKD Z5#b5, Ao AR AE 1 L JE R %
HE . FEEAMEEEAYY, HEEalE
R B E B T R A R A A/ I R R A o 4
A, AT S 57 A S S, e BRI R
R4 JE B VAT R IR R ZE ST R R, A
AR TN N e, &8y
023111 R SR e 7 R e S A 11 N ORAE R 2 9 A 3
BT AN 245 A R v it B P % 4 R
it kg — o Jg DL il T 5 | A 245 44 2 48 ) 4 e R 2
VY, AT S B AU S IRAE, R
Prev 5 B VE FFEAS RV A D ) A —E 25 57
FATHTIA AT 8 IS IR SCCFO1 MR 4 %L
MNP RELE R, HhWArfE s Prev
FRRLEE AR 73 A A AL G Y, (R i 3 R e 4
A INTE A VE M AT A

AWFEFR A A R0 S A-RED B4 RS
LA T A B S IR (SCCFOL) Prev LR Bl
MRS M, IR I R (SCCFO1) |
PrtV &R SRR KR (APrtV) S [BIAMNE (APrtVIpPreV)
1A W) R AVHAT AT, b Prev BERTESDL
SIE PR ELIEE, Nk — P8 R IR e 1Y)
FOR AL B AR A

1 MR5r%

1.1 #8
1.1.1 Bk, RGN

LA B 4= FR(SCCFO1) . pKD4 ik (17
Kan"3£H) . pKD46 kL (i Amp" HEH) . pCP20
JEORL (i Amp" FER) N pBAD24 JFiki(H Amp' F&
PR Fh 0 )1l K 2 K A= 2 40 99 9 F 5 HR o0
1 3 (R RE 2L 22 ik [(150.3+20.7) g8 T4 )11 45 15
IR
1.1.2 EBHFE. TEiXFIFLE

LB 85520k, 7 &5 B ol el i A P4

RERAFE . JLT B, AR REERE AR
Al; CCK-8 &, A T/EW TR
AIRAW; BCA &, BaREVHEARAR
/Al 5 PrimeSTAR Max Premix Fil Rapid Tag Master
Mix, G4 (Ki%E)A R F]; ClonExpress”
MultiS One Step Cloning Kit, FF Ui MEREEY)
FHE A R AE] . PCR $7 84 . B2 FLAX,
Bio-Rad Al ; 4 A S S E L, EPigH
/NI

1.2 RUZSIE PreV B E B KRS B 4K AT
M

1.2.1 SI¥IMIt S5 &K

PSS IR SCCFO1 AR Prev JE[H T
5(GenBank %55 A CP016384.1) 5% Ji 4 ¥ 5
& &, H Primer Premier 5.0 #4453 51T PreV
27N I N N 1 7/ - S N 1928 S 717 8 Y S I
pKD46 Uk | HZH R % AE | mlA A Bk |
pCP20 K5l Kz [l AMAATIN G |91 (3R 1) 514
TAY) TR R B A R\l A
1.2.2 TR BRI &

SN DNA $2BGR ) & U FokL
/NIRRT SCCFO1 AR Y 2
[K41 DNA #1 pKD4 Jiiki DNA, FLLILAE AR
#z, Fi Up-F/R. Down-F/R #l Kan"-F/R i% 3 %{ 5]
Yoy st 3 ARk 15541 510 11 536 bp
P HB R B, RAESLEM PCR (splicing-by-
overlap extension PCR, SOE-PCR)¥ 3 4~ F B itk
TG I 5 . W T, 25 1 2 PCR
JX WA . PrimeSTAR Max Premix 25 pL, |,
N [R5 A B (192.5 ng/ul . 168.4 ng/uL) K Kan
Pk BE R A B (83.1 ng/uL)4r oM 1.1.5 &2 1 uL,
ddH,0 21.5 uL. PCR JZJW 2&fF: 98 °C 10 s,
66.4 °C 55, 72 °C 23 s, 10 MEFF. 55 2 4 PCR
JCWAKZ : PrimeSTAR Max Premix 25 pL, |,
TUES19)(10 pmol/L)4% 1 uL, %5 1 4 PCR J2
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Table 1 Primers used in this study
k7 EA S 5195751 iR //PNGN
Primer name Primer sequence (5'—3") Product size (bp)
Up F: ACCACACTTTTGCTCGCCAT 1554
R: GAAGCAGCTCCAGCCTACACAGCGGTAGCGAGTAGCGTTT
Down F: GGACCATGGCTAATTCCCATTGGATGATCGTGGTGCAGTC 1510
R: CCATGCAGTTGGCGGTTGAT
Kan' F: AAACGCTACTCGCTACCGCTGTGTAGGCTGGAGCTGCTTC 1536
R: GACTGCACCACGATCATCCAATGGGAATTAGCCATGGTCC
pKD46 F: ATGACACCGGACATTATCCTG 649
R: TTTCAGCCAGTGCCTCGTC
KJ F: ACTGGGCTATCTGGACAAGGGA 1128
R: TCATAGAAGGCGGCGGTGGAA
Soe F: CTGCCAAGGCTTGTCGTA 660
R: TACCGAGGAGCAGTCTACC
pCP20 F: TGCTCCACCCACAGGATGCT 474
R: ACACTGGCACCGCCGTTACT
PrtV F: TTGGGCTAGCAGGAGGAATTCATGAAAACAATCAAAAAAACGCTACT 2757

R: TCCGCCAAAACAGCCAAGCTTCTACAGTTTTACTTTGATAGTTTTAGTGGTG

747 2 uL, ddH,0 21 pL. PCR S 444 98 °C
10s, 66°C5s, 72°C23s, 35 PEIR,
1.2.3 EHE SCCF01/pKD46 BIHI &

¥ pKD46 ik L 5%k A SCCFO1 83z 4541
fd, Amp-LB A4 (100 pg/mL)iiiidk BHH: 4 4k -+
J5 TR % PCR S ilE 4545 SCCF01/pKD46 H 41
¥k PCR JXWAKZ : Rapid Tag Master Mix 12.5 L,
b RS0 pmol/L)4% 1 pL, iy 1 uL,
ddH,0 9.5 uL, PCR JZhi 454 : 95 °C 3 min;
95°C 155, 55°C 15s, 72°C 15s, 30 PMEH;
72 °C 5 min,
1.2.4 SCCF01/pKD46 BB A%k

] ODgoo N 0.4 [ SCCFO1/pKD46 i
IOAJUT B E 24 hy /NCIRHERR Fif, FHT
IATCHI 0% MO 55380 S5 THE R B TR 5 TR
# 24 hJ5 ,Kan-LB ¥4t (Kan # % 100 pg/mL,
T Rk B AL 5T S 1% KI-F/R #E4T
PCR B UFE (S AR R A1 2R ] 1.2.3) B8 )5 FA TR
FRIEFPZE LB M T 42 °CREFRW M pKD46 J5i

ki, 3%15 SCCFO1APrtV::Kan B4k,
1.2.5 SCCFO1APrtV::Kan Btk Kan FU1EHIE R

¥ pCP20 JFTki HL 541k SCCFO1APrtV::Kan J&
ZAYML, Amp-LB ARG EHMERL T, 5
Prxf pCP20-F/R #1774 PCR Bk (S WAk Z il
SRR 1.2.3) RS MR AN 2 LB WA R+
%, 28°C. 180 r/min 535 12 h 5409 A LB 5
Kan-LB P11k , 45 AN AETE Kan-LB P-4
AR AR TE , T TS 1Y% Soe-F/R i#£17 Kan
Utk BRI R % E ;. e MR LB EART
42 °CHEFEHBR pCP20 FURIAAFBLIHE APreV
1.2.6 [EIFMKREIMDE

L SCCFO1 FA#RAYIEIN 2] DNA At , H
S5t Prev-F/R ¥ 38 Prev 3E[R B4 BE 3L R A
B E e U3k pBAD24, 4IFRAE)S
HAR A KPR, pBAD24-PrtV, 55 ¥ BRI 5T R
pBAD24-PrtV HL¥54k APtV JEZ 754008, H
Amp-LB V- i 88 J5 147 PCR ik (S i {4 72 il
ZAFIR) 1.2.3 797), R4S B RMR APreVipPrev.,
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1.3 REREMFESFED
1.3.1 A KEMHREN

B AR SCCFO1., BURBR APreV ¢ [al%b
Yk APrtVipPreV 53 iR T LB WA SR 5L,
28 °C. 180 r/min 557, TPk 3 1NEHE, 7E24h
WAEERR 1 h I %E ODeoo fH ) 2 A il 2k
1.3.2 £EEREFENE

i 4 B 3l ik 2R B 58 3O A2 BF AR bk
SCCFO1 ., BIHk APretV I B4 MK APrtVIipPrtV )
A B AR R
1.3.3 YW IRR B EE NN E

27 Beshiru 2 5 AN A2 Rk SCCFO1
B bk APrev T IRRMR APrtVIpPrev 1894 Wk
Y A% R
1.34 BE&ERANE

B 10 uL ODgoo fE M 1.0 FYHF A= ¥k SCCFO1 |
B KR APrtV I RUAMNE APreVIpPreV i 5 B
FEA 10 mL LB WS 3R, 28 °Cifr i 1 5%
48 h J5 W BB ODgoo fH
1.3.5 BESN=4) 50 85 AR B A0 & B BEE M4

27 Sales %! kil £ HF A= Fk SCCFO1
SRR APrtV ] [BIAME APreVipPriv WM™
Yy, kA BCA B0 & e 2 vk B, SRASEAl
T UV 7 45 A R ML A1 7 40 1) B T 2 1
A3
1.3.6 RSN RS iR Ie

2% Cai FWHIEAES 1.0x10° M |
JZJ&i (epithelioma papulosum cyprinid, EPC)#fifl/
FLA R AR 43 AR B4 0.1 mg/mL A9
"Rk SCCFO1 B2 bk APrev I [al kMK APrtVIpPriV
HIMEAN =), 25 °CREFE 24 h J5 N A CCK-8 a5,
M E ODgyso {8 1T 40 M A 4706 R
1.3.7 Himttitis

BB #k SCCFO1 AR RR APreV 43545
Fh#l LB AR #:3E 28 °C. 180 r/min K55
18 h, 5000 r/min &.0» 3 min, YWHEEKTUE,

FH PBS Wki% 3 K, FFIREEMRIERE N 1.00x107,
1.00x10°, 1.00x10°, 1.00x10*. 1.00x10° CFU/mL,
PBS 1EZ5 FAXT R . BRALFEALAEL 15 B ARscff;
SEGAH A R ME ST 0.2 mL B, K REZH LIAH
) 7 2 G 46 i PBS, LA 14d WA
FETRE L, & IR ROt A .
1.4 HUESHR

i A GraphPad Prism 9.3.1 #{4F/EK],
SPSS A X EAE A TS F o0, SR
{H A5 25 (meantSD) RN, 4T ¢ Ki g 0 #r -

2 HZRE5OM

2.1 PrtV EREREKKE B RAIHEFD
PCR £7F

RIR S ¥ %F Up-F/R, Down-F/R &
Kan"-F/R ¥ 314 1554, 1510 F1 1 536 bp ] PreV
BN B FUEEEE & Kan FitESER(E 1A);
SOE-PCR ¥4 3 /™ i Be il 3145 4 600 bp 1 H 94T
BB 1B), MR I UEIEA s SR AT X
pKD46-F/R #E4T pKD46 J§i %7 i 3% 1k SCCFO01
FREE AL T Y% PCR, ¥ HE3KAS 649 bp 1Y
Hi R Be(#l 1C), miitd SCCF01/pKD46 H
HEE; RSP KI-F/R #:47 H 3T A B S
SCCF01/pKD46 H 4 18 A SR Ak FH V5% Ak 1Y
7% PCR, ¥"14H1 1 128 bp A H B H B2 (& 1D),
2 42 °CRiFRINBR pKD46 Jiki, Wishiysd
SCCFO1APrtV::Kan B2HIk; K5 4%} pCP20-F/R
HEAT pCP20 Jiv ks HL 54k SCCFO1APrtV::Kan T4
PRBAVEREAL TS PCR, 3 H 474 bp (9 H Y
B 1E), i@ SCCFO1APrtV::Kan/
pCP20 41 ; 555% 12 h 5 K5 #%) Soe-F/R
HEATHR 7% PCR L, 4738 660 bp H 124545 1Y
Prtv SR SR B AL+ (B 1F), 5T 42 °C
iR E bR pCP20 JikL, R oAy i LA I i
SCCFO1 RSk APrtV, K5 HI%F PreV-F/R

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



[ 3ESE: S ING & )8 B I RE ALK Proy SRR BR IR 22 K A2 2 R I 43 BT 2853

bp bp c N 1 M bp
5000
3000
5 000 2000
3000 1500
2000 2000
1500 1o
1000 1000
750 750 500
500 500 200
200 200 100
100 100
bp F bp
2000 5000
3000
1000 2000
750 1500
500 1 008
75
%33
200
100

1 BREMKEEMKRIMERIE  A: 519% Up-F/R. Down-F/R K& Kan'-F/R §"3§ [R5 4 Bt
(1: BRI 2: Kan' 22N BE; 3. MHFFTTEE). B: @G A E. C: 51903 pKD46-F/R X pi )%
A pKD46 FiRIFEEAIYEE. D: 5144 KI-F/R % SCCFO1APrtV::Kan TS E. E: 5195
pCP20-F/R XJ 8215 A pCP20 JFiki SCCFO1APrtV::Kan AR E . F: 51¥%F Soe-F/R % 5E Bl ¥k (1 :
SCCFO1 ¥k; 2. 3: APrtV). G: 514%F PreV-F/R XF[IAMEAG 4 E. N BATEXT IR, M. DNA Marker
Figure 1 Construction and verification of the mutant and the complementation strains. A: Homologous
recombination fragments amplified by primer pairs Up-F/R, Down-F/R and Kan'-F/R, respectively (1:
Upstream homology arm fragment; 2: Kan' gene fragment; 3: Downstream homology arm fragment). B: Fusion
fragment. C: Primer pair pKD46-F/R for identification of SCCF01/pKD46. D: Primer pair KJ-F/R for
identification of SCCFO1APrtV::Kan. E: Primer pair pCP20-F/R for identification of pCP20 plasmid. F:

Primer pair Soe-F/R for identification of the mutant (1: SCCFO01; 2, 3: APrtV). G: Primer pair PrtV-F/R for
identification of complementing strain. N: Negative control; M: DNA Marker.

PE4T pBAD24-Prev [n] #b J5i ki HL % Ak Bl 2% dk
APrtV FHYERALF TR PCR, P H 2 757 bp
Hi R B (& 1G), D)5 X iEws, ot gl
MR APPVIpPrtV,
2.2 HRKFMEEELIFMH

WIASINFHEF Ak SCCFO1 ., Bkl APV Fil

[BI%Mk APreVIpPreV 76 LB A% i A K AR
A—F, 3 HREZELREEZES, 1%
FEREEE, 210 hZ X EAE KA 2), Prev 3
DRI BR XA IR R . T2 OT e .
ZAPRRIR N . 2R R B A R A5 R
A, S H A R G A B AR AR TR (3R 2).
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1.60
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< 0.80
0.60
0.40
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SCCFO01
—— APrtV
-+ APrtVIpPrtV

0 8 16 24
Time (h)

2 EEEKHZ

Figure 2 Bacterial growth curves.

23 HWMHWIRERINEREED
WIS 4 ¥k SCCFO1, BkItk APrtV
FEIANE APreVIipPrev 1A W) 9k TR i (1 3) Ko
HRER (K HI LB ES, KW Prey 3t
DRSS ) LA kTR 1 e B SR 4R BB ) o
24 RESNIINERSEEFNE B EE
FLE P4k SCCFOL ., Stk APreV FilEl
R APreVipPrev SRBEREEE . HE 11 K R 1Y
HAEKR/NELS), 5RFBHEF LR Prov LR ik
Je k5 [mR Mk B L A1 57 40 B 18 G TG 7 25 S AN
B2, (R AR A0 2 1 6T P B A ik A [
PR B 3 A (P<0.05).
2.5 RESNYIEBEEE
FLESEP AR SCCFOL ., Btk APreV Fillal
R APrtVipPrev JEAN WX A BLAE IS R 00 5
M, 25 03K Prev B DR SR AR 9 A0 P VE
T EPC 4ififl )5, HAAE RN E & TR AR b
HER(E 6), B Prey JERIE AT TSR
BRI JIEL A 7 40 ) AT L b
2.6 BUFEM
PSR FE B 2E bR SCCFO1 FIlZe bk APrev
AN TRV B2 1) TRV T S A A By, 4% 43 2 I A A it
RN 7 BN, BEAERR 1.00x107F11.00x10° CFU/mL
HAT-FE 100%, 1.00x10° . 1.00x10* F

1.00x10°> CFU/mL 1 AE.1= %43 51}y 80%.53.3%
H1 33.3%, Hldkk 1.00x107, 1.00x10°, 1.00x10°,
1.00x10* 1 1.00x10° CFU/mL 2H3E 1= 343 %] K
100%., 86.7%. 46.7%. 26.7%# 13.3%, HJ4t
ToRFEI e 2-8 d. HRYE SPSS & [ kit
AR, B ARG RIS 14 d-LDso 77
%24 5.32x10° CFU/mL A1 5.32x10* CFU/mL,
PrtV FER GRS B A RRA EL X 2258 il () 8
o A B T

3 W54 %

H #R %% 1k (natural transformation)ff “ky 40 A
Fe [K] 7K V- %% #% (horizontal gene transfer) it — Fi
T, AT 20 PR UM IR DNA DL SE 4 b 3 iy A
FRIREE KRR T AR A ST R SR A R A O
DA ISR At A 40 o S5 DR A R . E R FH 1 4 1]
P 240 T 55 DR A R iR A 4 B AR TR A S A 2
NEH" | A-RED E4 RS K& A FE R m bRt
Fl CRISPR-Cas9 R GEA 5 H) HE[H G4 14 1
AR, RETERSINE R A B A BRS04
B e R S B 1) M 3 IR A bR U, (RS
FRARGT B H E 2 ACRAR . AT RATR A A
SRIGARTE A T SN BE ¥ I 2R 18U 4
WRGH TonB RGAFIH MR, (R
FETER AL A R AR = IR R, R AR 5
152 Yu SR B B SRS AT A-RED
W RS, P8 T IR e A
KWL=, S5 R I i — iy g s
SR JE R B R B A R s s, R IR RSN
PR DR D) RE B AH DG IF R B8 T il

AHIF TR A B Pre v 55 Rk R 5 S T A A1
BT T S RGBS O R O B
WAL, AHIAFR 95% 0 LI 73 Wb M A1 2
PG, X i A i B0 L R b OC B 1Y B ) I
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R2 EREERE LMY
Table 2 The major physiological-biochemical character
Tt H Item T ¥ Strain
SCCFO01 APrtV APrtV/pPrtV

R MR- RN 2 1R -l 24 IR )5 Fe i Ala-Phe-Pro-arylamidase
2R R - H % R -KG = R 75 I i Glu-Gly-Arg-arylamidase
L- M e il 55 il L-pyrrolydonyl-arylamidase + + +
2 205 W i Glutamyl arylamidase pNA - - _
L-2H 2R [ 4k L-ornithine decarboxylase 7 , _
Y- AW Glutamyl-y-transferase - _ _
5,2 /R i #2 B Ornithine decarboxylase* + - +
L-ifi %82 55 IZ i L-proline arylamidase 7 . _
L-3E R 2 £ [ fb L-malate assimilation 7 . _
B-T %12 55 MZ i B-alanine arylamidase 7 . _
L-FLIR £ [Flfk L-lactate assimilation - _ _
1% 52 R 55 ¢ i} Tyrosine arylamidase
i = R X R W Lysine decarboxylase*
H & B2 55 el Glycine arylamidase* - + _
& W%/ % B¥ Glucose fermentation - _ _
FrEERR £ (4) Citrate (sodium) _ _ _
B-2FFL A F i B-galactosidase + + +
a-EF A o-galactosidase _ _ _
0/129 Tit 24 0/129 resistance _ - _
B-#i % BETT T B-glucosidase _ _ _
H,S A= % H,S production . _ _
B-AMETI Wl B-xylosidase _ _ _
L-FAH7 (A B L-arabitol _ -~ B
D-1A A D-trehalose

D-H # % D-mannitol I

+ o+

D-H #& % D-mannose _
F R Coumarate* _
D-Z7 2 H D-maltose + T i
D-YE A& D-tagatose — _ _
D-#j % # D-glucose T " n
D-111ZL% D-sorbitol _ _ _
2 Phosphatase + + n
N R %k Malonate _ _ _
Wy & b¥ Palatinose _ _ 3
JRZ W Urease* _ i _
HE Wi Lipase _ _ _
JEHE Sucrose _ _ _
ELLMAN + N N
AFOR RSO 3 R ; * KRB R APreV SEF AR SCCFOL . [B1 kMR APreVIpPreV AE 16 25 53

+ means positive; — means negative; * means the difference between the mutant strain APrt}V and the wild strain SCCFO1 and

+

the complement strain APrtV/pPrtV.
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Figure 3 Bacterial biofilm forming ability.
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Figure 4 Bacterial self-aggregation ability. A: Observation of self-aggregation ability test results. B:

Self-aggregation capacity analysis.
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Figure 5 Extracellular lecithinase and protease activity assay. A: Lecithin activity. B: Lecithin activity
analysis. C: Protease activity. D: Protease activity analysis. *: P<0.05.
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Figure 6 Cell survival rate analysis. *: P<0.05. Figure 7 Survival curve of hybrid catfishes.
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