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F&Erndl EEEE. REEXEESRFEINEER

KFRY E OB RAMT S ORY OATLIL? R

(1. mEAO RFT G e T8 8 2140815 2. FREUKFRIEFIIGE R B K o0 TRl 58R
FOSER LR RS S EY = BRI =E  ILAR HE 2660715 3. ILARIBIER2E 1WA BFRF 250014)

mE REZEERE R KEE & XN EERE, RWIUR 2 FARI0H B F M2+ 0880
K KR VLT EF(Paralichthys olivaceus) rndl 3 F (Pornd1) A 3t %, *tZ 2 F A T 5008 #IX 7
W 1E R HEAT RA DN . B A5t Porndl ZEEHAT R B EE R R AR TR L SBA RN EL,
% J& FI B 7% & € & PCR (qQRT-PCR)X Porndl 2 FI WG4 047 . 40T B B J5 R 3k 1 UL UL REFum
5 RE R AU R AT HATAN , 45 R 8 7R, Porndl cDNA FFk [F3E4E H 699 bp, 4% 232 &3
B, A HH GWAS 2T 848, AFF KA Porndl 2 EY ¥4, # % Porndl £2EA4F 2 E
FHE-NNMREZELRERARERTRLANMCE, ZEEAEZRRXZTIARAEZF 25 2
C/T, #i K % (freqr=0.92)% T 7 & & % (freqr=0.20), HA &3 % #(P<0.05), Porndl #£15 . AF
fRE RS REERS; RERZECRERLEER. BMEY Porndl WERKEA 6 h [FKEZE
HFAE, #£48 hik B KRG, Porndl EHREXANIEFNRAERER T HIRR R, £EAKF,
F| il K i AT W (Escherichia coli)#% ik % %5 3k PoRndl E41 & &, # il LM EE %, A PoRndl
Y7 G X4 E ] 5 2K E (Staphylococcus aureus). KATE . R %Z & B4 K B (Edwardsiella tarda)
Fuvh 4 KN (Vibrio harveyi) ] B — R WH E W . KA KB T T Porndl 1& T 41 %% HUIw 77 W B 1E
JH, AFFRET IR AT E MR T —AHBATIE, I 0 AT HH0R HR R dLH 32 420 At
K§EA T8 mdl; REZEERE,; Rk x; WHEE

FESES S942.1  XEHRIEEE A XEHRS  2095-9869(2023)03-0052-12

Rho #H3¢ GTP 454 % 4 Rho6 (Rho-related GTP- Mot fE, NN A . BEaE . AR AERT . an

binding protein Rho6), ¥ 44 Rndl, K4 F& HA
20~30 kDa iY/Nr ¥ H o AE/N G 8 H %R B9 FE
RIS L, Rnd 2715 GTP &G )5, AEEKfE GTP,

DIFFEE S GTP 454 iR #4 4E Y) D) iE(Nobes ef al,
1998; Shutes et al, 2004; Dong et al, 2019; Wennerberg
et al,2005), Rho-GTP i ZfEH: N2 51 £ B2 12

MOBE5 . k. B JH TS NADPH S0 Y 0
A, IFLEHRAE I S AR SR g ol i v ke 31— 1 (Kwon
et al, 2004; Xiu et al, 2019),

2 Rod1 #F5EAR D, (A B 5 . (Danio rerio)
Rnd1 Z53E K 551 (1) 4] 1 (Salas-Vidal et al, 2005), 5
Rnd! [f]J& Rho-GTP [l 515 9 Rac W ZK i SE R 7 £

* E R E SRR E 0RO R B3 & (2018 YFD0900301-02) . 1L ZR 44 5 S0 & 3R] -2 KRR A1 T 7250
F(2021LZGC028) ., Hr K = BE 2= B 58 BE S ABH Il 55 9% (2020 TD20) Rl Ll AR 48 %% L1 2% 5 BE R Rt H AL R B, ik L,
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FARTEPUR T IS8 £ . Racl Fll Rac2 FE[H il 2L 7E
Wi ffi (Ctenopharyngodon idella) . KZZ ¥ (Scophthalmus
maximus), PEThfh | K 1 (Pseudosciaena crocea) .
28 B (Cynoglossus  semilaevis) %5 i 25 rh gl % 58 1
Ko AN Y 5 Racl Ml Rac2 7F £ B g 4Uh i) 5%
BEAW BT, B Rho-GTP MFES 5 T fufk
(9495 By 131 2 (Han et al, 2011; Hu et al, 2016; Jia
et al, 2009; Liu et al, 2017; Salas-Vidal et al, 2005; Xiu
etal,2019),

FWE(Paralichthys olivaceus) 2 — i B B 1Y 1 7K
FEIRS, IR T E L H AR E SR E 5
AR, BEE A PSR T R R #5285 i 55
TR, IWHIFN B35 B Be A &k, & T ER
Mk, Hp, R &AL K (Edwardsiella
tarda) &G | B IE 7K 2 oF B E 2 3

ARWFFELL T BF rndl TR X4, HIRAF Porndl
HE PRI A T 5 A 68 LI PR DGR 437 o A AT i 6 I
TE 2 G f B 4 2 vh (9 363k 1 D S IR 92 2 TR AR R
JRYL S R, R Porndl FERTEPUR A
FMGIER R P RIB A, FrizEEH S5 Jn
KR, Ll AR, £ PoRndl B4
R BEIE M, DT R GE AR HT F BETR MR s A%
HL P2 LI BT kL

1 MRS
1.1 IEEFEERMEFRRLE

FE T K 7 B 5 B 0 7K 7 B 5 T i BH S
35 e b (T FRvEg BH S 1 ) BEHLIEHL 6 2 £l B 2 6T, R
JEHUF. WL B B s L. Bk O E L Bl
MVESE 10 ML, BMAVREE S, SRHRARA T
W, ME%RE-80 CrkiE, HT RNA B#EHL.

R 4 A 52 58 % Ay 9 4 57 1) Uy 75 (Wang et al,
2017), XA GFHEATIR G AL QIR Gy, L5
FIHCS ASBFE] (0 6. 12, 24 F1 48 h) K 645 6 4%,
LI PBS 4 X R, AEAH RIS ) 5 45 B 6 4% BRIFES
i S BURFIE LI R B O S 2 20, A B RNA
TRAFMY 1.5 mL B0 TP R AT, Bl 48 31-80 "C ik
A, JHT RNA 4L,

12 MIFEREARGBRRAMBERFEMRRE

2014 4 9—10 H 7ET FHIE S50 e 25 X BT Y
BRGSO A RPN R R F1421 Mg RE &

F1441, 2 DR R MWNBEGAFTE H 5000 47.06% Fl
11.11% (FMf 4255, 2015). 2015 4-0ik - SF PR K R
F1501 MG RF 2 F1544, 2 DK RBEGAETE B0y
TR 80.72%F1 8.54% (KR T A%, 2016). HEAFFE B YL
SR JE , REVURR R A G BR R ARG %
5 4%, RBREBUIFIEZHESY, AR A s RS A-80 °C
KAETRAE, T THREL RNA, [FImF, SRAE P Ay
&, AWK PO, HITHE DNA,

1.3 DNA. RNA 12EUK cDNA E—H#% &K

DNA  $2 Ui FTE V¥ 20 2H 2 PR 2 2 B0 &
(RIRAEARHHCA R A, dE)iktr, SR ikZ i
A5 . RNA $2EHUH F Trizol ¥ (TaKaRa, Ki%), 52
WS U . T 1%35 R W A L VO 58 45
YU RNA 7, KHSEHE, ] DNA/Proteins
Analyzer P100 Il & RNA V& FE XA SC A, 2485 i
B 4 2R RNA JH T/ 22 cDNA 14 .

ffi ] TaKaRa Prime Script RT reagent kit with
gDNA eraser A cDNA 5f—4%, 1cEBRILHAH
DNA, PCR &% : gDNA clean reagent 1 uL, 5xgDNA
clean buffer 2 uL, &L RNA 1 mg, RNase-free /K%M
10 pL AR 3 SOBL5c1F 42 °C 2 min, AT R SR
M, PCRAKRZR : E—25 KWK 10 pL, Evo M-MLVRTase
enzyme mix 1 pL, RT primer mix 1 pL, 5xRTase
reaction buffer mix I 4 uL., RNase-free JK 4 uL; &
4 37°C 15 min, 85°C 5 s, ALY cDNA i
p-actin WZIEHN 5| P iEfT PCR BilF i (38 1), PCR
A% . ¢cDNA 1 uL, TaKaRa Ex Tag 10 uL, E514)
£ 1 pL, ddH,O 7 pL; S 34 MEFR: 94 °C 30s,
58°C 30s, 72°C 30s; 72 °C 5min, 2 1%BRfEHE
BECHLTK , WLEE AR, IR BT 4P cDNA I T /R 2E

14 H£HEHH

fdi ] DNAstar 7.0 Fl DNAman #4347 9104
i, 193] Porndl 3:H ¢cDNA F%1, NCBI ORF Finder
(https://www.ncbi.nlm.nih.gov/orffinder/) #f & H: JF jik
[5e] EHE I T 2202 )7 51, A\ NCBI A2 AR A )
() Rnd 1 Rac 14 26 14 )7 51, {1l BLAST (http://blast.
ncbi.nlm.nih.gov/Blast.cgi) i 17 [A] J& ¥ L X+, fdt F
BioEdit X/ AT & MR IT 5 LX), izl MEGA 7 %K
PF . SRAABAAREE (NI M R E R ARG KEW
JEE bootstrap FE 1 000 ¥k, THE 444> A B .
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Tab.1 Primers used in this study

5|4 Primer J¥% Sequence (5~3") 3% Purpose

rnd1-RT-F GCTCCAGACAGGCTGTGTAG qRT-PCR

rnd1-RT-R GTCCAATCAGAAACAGAGTC

B-actin-F ACTGCTGCCTCCTCCTCCT 2 Internal reference

B-actin-R TCTGGACAACGGAACCTCTC

Ex-rnd1-F ATGAAGGAGAGAAGACTCCCCCAGCCTT W #E 4 BE Partial fragment verification
Ex-rnd1-R CATGATGGAGCAACTCTTGGACTTGTCC

SNP-rnd1-F CAGAGGAACAGCGGAATAGT W4 SNP £ 5 SNP verification
SNP-rnd1-R GCTCCCCAAAAGGTAAGATA

1.5 Porndl EEHHifEHEX SNP L A EM I B2
5

S 2 F X % 2 22 AR g T 1 F B R R AT IR
G R AR QTR IR S0, PRI IS 1 931 AN Ak
XN AEMF, JFFRT GWAS 400, 53—
ENAE Porndl K[H I SNP {37 5 (Lu et al, 2020), A<
SLIGBETS 4, FIFH PCR 5 1 SNP 3 5 AT 7E X,
B, PRI RAE . A 2014 I EEHUR R RS
J& % DNA FEfh, PEFT SNP {7 A5 56E A1 SNP i 15
SHUiE 1 M ST

1.6 WHEE PCR

1.6.1 EFTHMLF Porndl ¥ & EFEX, R
Porndl $H %) ORF ¥4, & W qRT-PCR 5#I (5 1),
VIAGE B-Actin B NS EK, /] TaKaRa TB
Green® Premix Ex Tug™, K FHYeRHEAE ABI 7500 fast
PN it PCR AN L5 3L, W2 Porndl 3L
FENR . L B SKE L . 0 BB Rk LA R
WP A XS Fik, PCR /KR : cDNA 1 uL, TB Green
Premix Ex Tag 10 uL, Rox reference Dyell 0.4 uL,
ERGI4 0.8 L, ddH,0 7 pL; RNEF: 95 C
30s; 95°C 55, 60 °C 34 s, 40 MEH, HAHH
WE S NMEMEE, R 2R Porndl 1Y
HHXF ek e, F T Origin #1445 4 SURI 22k
, FIF SPSS %4 Duncan #4173 A 46
1.6.2 RZRIELEKHAKSE Porndl ¥ F ik HEX
PIFGE B-Actin NS FEH, KA 1.6.1 (17720
JE Porndl JERTE PBS VES] | IR 5 % flAe [C R YL 4b
HS 0. 6, 12, 24, 48 h i, JANE A A X 2k
H, RMWAKRE 161, BHKE S MEYEE, X
FH 2724 )5 B Pornd ] ORIk, F ] Origin
B 22 A [ E B] A X ek B X HL BT, fdi A SPSS

AT FEA T K90 A7 B E Mo o

1.6.3 Porndl £ 2 NR ZIFIEF 69 & ik DL
p-Actin NWNSFEH, i 1.6.1 B ENE Porndl
TEPUR M o) R E R IFh iR iA &, RVIARF 1.6.1,
AR E 6 NMEWER, R 27 LI Porndl
AUARXS Rk i, 22 2 DR BN RIBEXT LA,
1 SPSS BRAF AT REAS T K50 34 T i 25 43

1.7 Porndl EEHF#Z KL R EFE LS

171 FTUREMEREFG R X} Porndl F£H
i AT A AT, eI, DU BT E
cDNA JBAY 3 rndl G5 IX 2K JF 5] 696 bp, Hf
PCR P= ¥ 4lifl )5 1% A pET-T1 # 44 , 26 R A4 M1 (75 &)
DTS, B0 5 T8 4 B P SR (ET-T L-rnd 1) #4747 1
fglifh, WEFY)E A RAERGU) R pET-his 24K, %
pET-his-rnd1 ¥ b KT & (Escherichia coli) Rosetta2
(DE3), FRHCERFOREIT o K BHPE B sw pe ™ K HG 3%

FEBE W ODgoo nm=0.6 FFIMIAZIEEEN 1 mmol/L (¥
IPTG, 18 CHR% IS 18 h, BEFEAFTRIE. MER
IR BRI FRET RS, T 200 mL @R TE AR
R MAifl, RAEAEEA b EAEA, WEEA
WeE N 1 mg/mL., ffifi] SDS-PAGE il 25 11235 .

1.7.2 PoRndl THFE G WK WE FH  RAS
BAREE, K PoRndl H4H 4K (% 4 B (0 8 45 Bk A
(Staphylococcus aureus) . KIHFFH IR G 2B G
W& 2 FC TR (Vibrio harveyi) WA BE 1574 o B 1 mL B8
IIAF] 200 mL LB AR 325 p i Ti6 1k, 37 C
180 r/min 1HIRAE %1 3% 6 h, HL 2 mL & PBS 2%
R, G IE BTN AE TR ODsgoo am TH o H4
BB 1000 £, HX 100 pL #5134 %) TSB [#{A
KRk b o FJC BB 76 KRR T M5 1 2R AR 1
W, BRAEEMZE ., WH 100 uL PoRndl &
(0.5 mg/mL) AT A A= FEAR b, B XT BTy 100 pL
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PBS; RZEZMEALICIE | M4k FCHI R 4H PH XS BE 2
100 pL 2 S H R (1.0 mg/mL); 48 (O 2 BR i .

KW AT w4 XA N 50 ub RIB & R
(1.0 mg/mL)., fHIRIEFEHE 37 CHEFE 12 h, WA
Az KPR B B AT T A L

2 &R

2.1 Porndl EEFE7%

Porndl cDNA FAFFRCRIEENE R 699 bp, Fifi 232 4
FAHRMR(E 1) BE A2+ 54 26 kDa, HIELEH
81, FEF Rndl 2 A AZS(Homo sapiens) Rnd1 H

10 20

A ALY S5 R, 45 GTP/Mg? 4540 15.(22~28 fir .
70~73 i . 125~126 Al 168~170 fii); Switch 1
region Ml Switch Il region (48~50 3. 69~70 vl
86~87 fii), LA G1 box. G2 box . G3 box., G4 box #ll
G5 box 1V £5,(20~27 3 . 45~47 {ii . 67~70 i, 125~128
£7F1 168~170 £31)(E 2).

2.2 Porndl EER#L S

{#i FH NCBI BLAST (http://blast.ncbi.nlm.nih.gov/
Blast.cgi)X] Porndl P gaft ()2 FE R 75 5 HAbLY)
Tl rndl J IR bt Y 2 IR 7 9 R A T R IR R LB, 4%
B, HY5 KGR (Hippoglossus hippoglossus)

40 50 60

1 ATGAAGGAGAGAAGACTCCCCCAGCCTTTTGTAGCGAGGTGTAAACTGGTCCTGGTGGGA
1 M K E R R L P Q P F V A RCI KLV L V G

70 80

100 110 120

61 GACGTCCAGTGCGGGAAGACAGCGATGTTACAAGTGTTGGCCAAGGACTGTTACCCAGAG
2060 D Vv Q C G K T A ML Q V L A K DC Y P E

130 140

160 170 180

121 ACGTATGTCCCTACTGTGTTTGAGAACTACACAGCCTGTCTGGAGCTTGAAGACCAGCGG
4 T Y v p T V F E N Y T A C L E L E D Q R

190 200

220 230 240

181 GTGGAGCTCAGTCTCTGGGACACATCAGGTTCTCCATACTACGACAACGTCAGACCCCTG

¢ VE L S L W DT S G S

250 260

P Y Y D N V R P L

280 290 300

241 TGTTACAGTGACTCAGATGCTGTGCTCTTGTGCTTTGACATCAGCCGACCTGACACAGTC

gt ¢ Y 8 D S D AV L L C F D I

310 320

S R P D T V

340 350 360

301 GACGGTGCCTTGAAGAAGTGGAAAGCAGAGATCCAGGACTTCTGCCCGAGCACACGGATC

101 D G A L K K W K A E

370

380 390 400 410
361 CTGCTAATAGGCTGTAAGACAGACCTGCGCACGGACGTGTGCACACGCATGGAGCTGTCC
G ¢ K T b LR T D V C T RME L S

121 L L I

430 440

I Q b F C P S T R I

420

470 480

460
421 AATCAGAAACAGAGTCCCATCTCCCATGAACAGGGCTCGTCCTTGGCCAAGCAGCTCGGA

141 N Q K Q S P I

490 500

S HE Q G S

S L A K Q L G

530 540

520
481 GCAGAGGCTTACCTGGAGTGCTCGGCCTTCACGTCAGAGAAGAGCATCCACAGTGTTTTC

61 A E A Y L E C S A F T S E K s I

550 560

H S V F

590 600

580
541 CGTACCGCAGCTCAGGCGTGCATGAACAAACTCAAGCCTGCCAGTAAACCCAGCCCCGTC
81 R T A A Q A C M N K L K P A S K P S P V

610 620

650 660

640
601 CGCCGCCTATCCAAGAGACTGCTCCACCTGCCCAGCAAGACAGACCTGCTCTCCTCCACC
200 R RL 8§ K R L L HL P S K T DULUL S S T

670 680

661 TTCAGCAAGGACAAGTCCAAGAGTTGCTCCATCATGTGA

21 F 8§ K D K 8 K S C S

I M *

Kl 1 Porndl cDNA 351 eI ) 2 AL 2 7 51

Fig.1 Nucleotide and deduced amino acid sequences of Porndl
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A.HsRndl 3 25 50 75 125 150 175 200 225 232
¥ L 1 1 1 1 1 1 | 1 J
EWTH GTRMg AL
HEW KIGAP(GTP RS P ) TAFALA G4 Gs#i
B e+ S
ARG AR
X T BRI
GI# G248 G3%
FEE LR Radl_Rho6
HF P-loop_NTPase M
B.PoRndl 25 50 75 100 125 150 175 200 225 232
ﬁﬁﬂ’?ﬁ“ L 1 1 1 1 1 1 1 1 J
GIPMg AL \ \ \
GI# A HEHER T 0 G3# G4t GS#
G271 R
HERIE P-loop_NTPase &%

K2 AZK Rndl 8 FH (AT oF 6F Rnd1 2 F (B) RS54 ]
Fig.2 Protein structure of human rnd1 (A) and Porndl1 protein (B)

[ J5 e s, SA3N T 98.28%., ffi ] ClustalX %
Rndl Z(FM )75 5 ALY Fh ik 17 Z E b X, 7T
Rnd1 ZIERTHNAEA R YR E A s w =, R
HIEAE N Uit 90 A2 FERR I AHLLEE 4 51 90% LA L (& 3),

FIA ClustalX ZXF 9% Rnd1 M [ ZE )% Rnd2 .
Rnd3 .Racl .Rac2 2[R 7 517 LT, #FH MEGA7
AT R G, IFRE NI RGO, 45
RER, FHF Rndl ZHERRTFH) 5 HALAY Radl
—%%, Rnd2. Rnd3 1 Rac 235l B i —# (14 4).

2.3 Porndl EE SNP I S 5HFE A EZER ST

55 5 BT IR 28 % FE A [ AH O 1 7 S T 2F 6
14 S YLk E 4 575 720 bp 4L, i% 07 S HIE BN C/T,
TEFTAIN B 5T K R M K F v, S T FSg:
REFER C H B MI R AETE i 35 25 5(P<0.05), U HK
RS T B (freqr=0.92) fF T Z K
F(freqr=0.20). FIHFEFEENAH 4T SNP o A5 RHG
YE AL, %A E SIAE Porndl FE) 4 157 bp Ab(Lu
et al, 2020), Zad 3 K E548 50 B AT 51 Hx & B
Porndl 3R E 5 NHMNET, 4390 123, 87, 108,
136 1 245 bp; 4 PN ET518 647, 3700, 201
F1 126 bp, SNP fimifi TH&F 2 (& 5). 7E SNP
i b RIS, LUFEE 2014 4R AL R
K % DNA B, #4177 SNP {7 s X338, #E
T SNP {7 s 255 2 W& F Lo

2.4 Porndl EFEMRIEER

241 Porndl K B W R E Ky 1 H
qRT-PCR W& Porndl K:PHIAEAN R 2 AR e ik
i, ST ZIFRIARE RAE, KIN Porndl TESF YO
ek fe i, FERT L BRSL B b Rk A, AR RK
Mg . SEFILA Ik AR (] 6).

242 B HT Porndl Bk ik 69 % FIH
qRT-PCR ¥ , 3R 27 2 fl A [ A Jek e i PR UL I AN
[RIEFTE], Porndl JEPRFENT: . & FIRG o (AR X 265K &

FERF. B, PBS XTHRA1S 0 h 4158 TG
ZES . ERYE 6 h 5 Porndl 3L M E K E B EMRK
T 0 h 41(P<0.05), ZJaFEREBHiTHeE; 785 Mg
2R YL 48 h IS Porndl Fik BB EST 6 h.
12 h B (P<0.01) (K] 7).
243 Porndl XA ERAFHBRFT Z Py REAEX
FIF qRT-PCR %, 4340 2014 F1 2015 452
BEHUR R R S IRE R Porndl LR L, 4
Wt Porndl JEHTE 2014 F1 2015 4EH0E 1 5 K RN
AP I FRIBIK, B IZIERTEPUR R &R h %k
W E R T 9 RE R (P<0.05), TEPURE ZPH#E
R ESBRRFRIM 3~5 15K 8).

2.5 PoRndl1 EHEZEHAFRIAFL4L

2 1 mmol/L iy IPTG %%, 76 18 CHR% K5 18 h
Jei o X HE SR bV VRORN B A T AR A, SRR
HEHE A LHWR P ERE, EHEAK/NH 32 kDa,
S R/N—5 WIEEHE A His 3%, JH7
Ni #1:4lifk, 735 PoRnd1 T HE I, 4ifk/5 PoRndl
FAHE AP E N | mg/mL, 50 4. 281 pL
4lifk PoRnd1 & AW 1T SDS-PAGE HLJkAG I, 7E
32 kDa B B A BH 8 1 8 1 251 (] 9).

2.6 PoRndl1 EHEBMINNEFEME

WL A PR ok 20 2 1 A S T 52 56 o A e
KORBL, A B PoRnd1 H2H 8 FOX 15 37 B9 & 2 (A 4
BRI KA IR ZTEAR T | 4 R A
— & MR PE(E 10).

3 it

Rho-GTP )& T/ G HHMBHEIE, EMiFshy
e RIIRZ) 20 F, 430 S ARG, $E Rho W
F . Rac WA . Cded2 W% . Rnd I Z % F1 Rho
BTB W% %, Rho-GTP 5% bt ¥ EA GTP 454
DIRE X, #e/EHIE AT 43S S A B 51 5 3 LY i 51
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Paralichthys olivaceus 40
Larimichthys crocea 40
Lates calcarifer 40
Maylandia zebra 40
Takifugu rubripes 40
Salmo salar 40
Oryzias latipes 40
Homo sapiens 40
Mus musculus ) 'V 1 40
Consensus mkerr qp v rcklvlvgdvgecgktanl gvl kd wvpe
Paralichthys olivaceus 80
Larimichthys crocea 80
Lates calcarifer 80
Maylandia zebra 80
Takifugu rubripes 80
Salmo salar 80
Oryzias latipes 80
Homo sapiens 80
Mus musculus 80
Consensus
Paralichthys olivaceus 120
Larimichthys crocea 120
Lates calcarifer 120
Maylandia zebra 120
Takifugu rubripes 120
Salmo salar 120
Oryzias latipes 120
Homo sapiens 120
Mus musculus 120
Consensus ei
Paralichthys olivaceus  BiT [ GEn R ERE Y 160
Larimichthys crocea  j§1 1 lelad NP gusY 160
Lates calcarifer |31 1 [elel gum M g9d Y 160
Maylandia zebra  jiL V{clogu B IWDY 160
Takifugu rubripes  |8LT [doi:gunBgNsy 160
Salmo salar  JHLT (@O QENBSESY 160
Oryzias latipes LIS§GCKTCLRTLYY 160
Homo sapiens H 160
Mus musculus 160
Consensus
Paralichthys olivaceus 200
Larimichthys crocea 200
Lates calcarifer 200
Maylandia zebra 200
Takifugu rubripes 200
Salmo salar 200
Oryzias latipes 200
Homo sapiens 200
Mus musculus 200
Consensus ae yle saftse sihs
Paralichthys olivaceus 5 SKS[eSI 232
Larimichthys crocea s SKSeST 232
Lates calcarifer s SKSleST 232
Maylandia zebra s SKS[eST 232
Takifugu rubripes S SRSNI 231
Salmo salar AKAeST 232
Oryzias latipes TES[eS 232
Homo sapiens AKS[eST 232
Mus musculus AKS[eST 232

Consensus

r Iskrll 1p

8

B 3 S HALY A Rod] & B/ F ) £ & Hxt

Fig.3 Multiple alignment of the deduced amino acids of Rnd1 among P. olivaceus and other different species

O DR R BIERR AL A R IR IE R 100% , By (5 DX 7R Z R 37 s R URIE =0 75%,
Wi X IR R R B MR A R I 2 D 50%.
The black region indicates that the homology of amino acid locus is 100%. The pink region indicates that the homology of
amino acid locus is at least 75%. The blue region indicates that the homology of amino acid locus is at least 50%.
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100

30

55| Paralichthys olivaceus Rnd1 XP_019951797.1¢
39
40\l Maylandia zebra Rnd1 XP_004546277.1

Lates calcarifer Rndl XP_018556725.1

Takifugu rubripes Rnd1 XP_003963487.2
Salmo salar Rnd1 XP_014001010.1
Oryzia slatipes Rnd1 XP_023812343.1
Homo sapiens Rnd1 NP_055285.1

Mus musculus Rndl AAH_48531.1

Mus musculus Rnd2 AAT 28476.1

22

100
3

Cynoglossus semilaevis Rac2 AVX_41469.1
Paralichthys olivaceus Rac2 XP_019958218.1

Homo sapiens Rac2 CAG_30441.1
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Abstract

Edwardsiella tarda is a major causative pathogen of bacterial ascites in Japanese flounder,

leading to massive economic losses, and the discovery of molecular markers linked to disease resistance is

an effective strategy in resistance breeding programs. The Rho GTPase family comprises small proteins

with a molecular weight of 20~30 kDa. Rho GTPase family members are involved in diverse cellular

processes, such as cytoskeleton, cell adhesion, vesicle transport, and proliferation. In addition, they play

pivotal roles in infection by different pathogens. Rho-related GTP-binding protein Rho6 (Rndl), a

member of the Rho-GTPase family, participates in various biological functions, including neural junction

formation, axonal extension, tumorigenesis, neuronal function, and apoptosis. Some members of the Rho

family, such as Racl and Rac2, regulate immune response in grass carp, large yellow croaker, zebrafish,

and half-smooth tongue sole. However, the function of Rndl in fish is poorly understood. Japanese

flounder (Paralichthys olivaceus) is greatly affected by E. tarda infections during the breeding process. In
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previous studies, whole-genome sequencing and assembly of Japanese flounder were performed, and
subsequently, various disease resistance genes were screened to support the improvement of Japanese
flounder germplasm resources. To study the role of Porndl in resistance against E. tarda infection in
Japanese flounder, Porndl was cloned and identified using PCR. The full-length Porndl cDNA was
699 bp, containing an open reading frame encoding a 232-amino acid protein. The predicted molecular
weight of PoRnd1 was 26 kDa. Sequence and homology analyses showed that the Rnd1 protein harbors a
Rho-GTP superfamily structural domain, which is highly conserved in various species. PoRnd1 shares the
highest homology with Rnd1 from Hippoglossus hippoglossus (98.28%). On phylogenetic tree, PoRnd1
was clustered with Rndl from other fish species. The single-nucleotide polymorphism (SNP) locus
associated with E. farda resistance is located at 4 575 720 bp on chromosome 14 of Japanese flounder.
The frequency of the T allele in disease-resistant families (freqr=0.92) was significantly higher than that
in susceptible families (freqr=0.20). The SNP was located at the 2nd intron of Porndl. Real-time
quantitative PCR was employed to characterize the expression profiles of Porndl in the tissues of healthy
and E. tarda-infected fish. Porndl expression was the highest in the heart, followed by the liver, kidney,
head kidney, and spleen, but its expression was low in the skin, blood, gills, and muscle. In
E. tarda-infected fish, the expression of Porndl mRNA decreased after 6 h, then gradually increased, and
subsequently reached the highest level after 48 h in the liver, kidney, and spleen. Porndl expression in the
kidney and spleen in the 48 h group was significantly higher than that in the 6 and 12 h groups.
Furthermore, Porndl expression in the liver of resistant families was significantly higher than that in
susceptible families. Based on its His tag, the PoRndl recombinant protein was purified using an Ni
column and subjected to SDS-PAGE. The target band of PoRnd1 at 32 kDa was observed in the gel after
Coomassie Blue staining. The PoRnd1 recombinant protein (0.5 mg/mL) was used to study antibacterial
activity through the Oxford cup assay. PoRndl significantly inhibited the growth of Staphylococcus
aureus, Escherichia coli, E. tarda, and Vibrio harveyi. In summary, Porndl may be closely linked to
disease resistance in Japanese flounder and can thus serve as an effective gene marker for disease
resistance breeding. Our findings provide a theoretical basis for further elucidating the molecular
mechanisms of immunity in Japanese flounder.
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