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= Eeiﬂeﬁ:y‘i Rab7 E & FF 51 $F1iE
HE5MMEEEIRB X R

KRR BEE' BER' MER ERE gEx
(1. TTHRGFERFKFERE TR T 524088; 2. JAEBEREHLGH TO & BIT 524088;
3. TARAMOKIFAY ER TREE=E A& MHIL 524088;

4. THRABKTIYIRENE S EESREE A SERE SR YT 524088)

WE RDEAEERNEHIBPINEERATET, EEREBRMKF G0N RRENEPATHEE
Fahtt, KR EE T Kk I (Pinctada fucata martensii)#] Rab7 # H (Pm-Rab7), 2 # 7
Pm-Rab7 7£ 6Aéﬂ4\4ﬂ&zﬁ£/ﬂﬂ}“ﬂi}x(1&fﬁéﬂ 17°C. XBEH2C, HRA32C)THEREAER, 7
WA AT T B K2k I TR R % B £ (low temperature resistant line, R) Fs Fndb 3 75 B 4 B (K
(Beibu Gulf wild population, W)#) Pm-Rab7 5~ % F X iy SNP L&, R B 75, Pm-Rab7 [ 5| 2K K
1153 bp, 53 . 33 A0 7 # B 32 HE(ORF) 7 71 K B 25 4 30, 505 fn 618 bp, 4k 205 & ;
Pm-Rab7 B & —/~ RAB fR F & M3k, H 5 K-F 3 H 4 (Crassostrea gigas)Ai L& 7 (92.79%). %
FI UG RE T, Pm-Rab7 § KB 47 FHR 20 4 R A — X o Pm-Rab7 7 FT A 0 41 04 4 &
ik, A A MR R R P B R 3k B R T AN A I R IR S 41 44(P<0.05), Pm- Rabmmﬁ?ﬂjmfﬂﬂ?
KRB AN, £ 17 CRIRA, Pm-Rab7 i RFEE R LA B THWES, £6h-3d HHEF

T 22 CA B4 (P<0.05), 7 1 d Btk 3|EfE; 7 32 CHIEA, Pm-Rab7 k£ EREBEE, X 12h
B E T AT B 41(P<0.05), HfhetE A5 EATEEZ RP>0.05); WHAZERNEAS DK
ThoRE DX 8 38 B9 78 B2 1A % o Pm-Rab7 3 B 8948 B F K78 B K 2k B DURHK R 28 & £ Fr b 35
BHAEBKPEHME 7 ANSNP AL h, HFINMLANEIAFAEE 2 ANBARALFEERZR,
X AL T e 5 H KRR AT K . 5 RE W, Pm-Rab7 T &S E&%EUH iR K L 3 B I AR
REEBZEM, ARERTHENT D KSR IR E L A0 30958 B o R ESE TR
P33k O R¥%HF J; Pm-Rab7; FLFE 7w %; I8 ihE; SNP

FESES S917.4; Q953+.1  XHAARIRED A XEHRS  2095-9869(2023)06-0155-11

Rab (Ras-related proteins in brain){f & /N F B, 43T~ 20~25 kDa (Schwartz et al, 2007), | 2
GTP 455 M A i KINEKE , Z9H 200 D2 R A A TR EAZ A Y D, R o R b )
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T, BRI LT S G A g b,
VEF =28 5k GTP 454 Fl GTP KBy =X, 7EE
s Hi £ A B Be AT S 2L DB (Jordens et al, 2005,
HF4%, 2008; #MSE, 2016), HAlT, Ks8I A
X Rab & AT REMAIFGY B4 v e e Jy i, il n .
Rab11a fil Rabl1b Al LIid it f v i 1255 B i S 2l
(letalurus punetaus) J& Y« B ¢ % 5 4 L W
(Edwardsiella tarda)J& W) 425 i 2% (Liu et al, 2012,
Sun et al, 2012); 1E 1R GFEE (Eriocheir sinensis)',
Rab FEH I 33k B AR YL 88 90 (Vibrio anguillarum)
By ZH 2R 23 58 2 THE (Wang e al, 2013); H AR
(Penaeus japonicus)IiLZMMLHY Rab F& F 4% ¥ 51 i 54
siRNA JUERES , X &I 1L 9K & (Vibrio parahemolyticus)
MW A o R A s B0 & %A% 53— 7T, Rab
FE A o 22 38 FT B I o R R s B0 35
FW] Rab HHAZS 5 T H AR Il 240 B A w5 D) g 1) 34
Y9 (Zong et al, 2008); B3 %] ¥R (Penaeus monodon)n]
Wt dsRNA SRIEFE Rab7, FHMHI HBELEGAE
(WSSV) #1 # 3k 9% B (YHV) B & | (Ongvarrasopone
et al, 2008). DI LHFTEERW, Rab HEPX K3
o A B AR . AL B OC T 5 [k bk
D (Pinctada fucata martensii)ii 5 1E N B9 B 58 245
SR, FH B T A B A 1 N S0 1 SR R B ey
Ly [ BR B DX IS U 26 5% A9 38 1Y fig ) (Wang et al,
2018), {H Rab F A A AVEF M AN A

SNP 4 W A 21 v g BRI A% IR 98 22 I |
HL DNA JPHI 280, EA5 AW IRPLRE I AR Fi
PRI I KA G (R R4, 2018), 7EX dEf1
(Oreochromis niloticus)YUiR ¥ & W H, 5 KL 55
(2014)F1 Fu %5(2014) 73 %1 MHC 1IB Fl MCP-8 34
TR R T SEERR P CHY SNP FRid; fVEGS
Q015X F B (Paralichthys olivaceus) PTG B85
VRS TR AR 2 SRR A T 1343 SNP o i i 43 A,
IR 22 G4 R A 1 T DR A o 47 S TR SR e v 4
TEZEAMEM; Zhao F(2012)fR1E T FLYN I XT R
(Litopenaeus vannamei)lfil ¥ # F1%) C Kuii) SNP fif
JUTTRE S XA [ I B A BT AR G s TR B KA (2016)
i1 T2 W5 85(Cynoglossus semilaevis) Nramp FEH
S5 P8l B YeAH ) SNP 1 &5, &I Nramp FEH
AN Ti) e R 28 %08 2 3 7 485 1 005 B ) A A H: S Y
WU, HRT, SNPVENEIIAA DNA /- FAric, B
Tz T K 7 Bl ) e 92 R OG5 TN 5 03 DG I 4 A
IBFFE, oK sh I B B E 1B

Hy [QERBE DRI E B F K2 2R 201 Fl, B
AEEZFME, FEHMAERE AR, ) AR

i, IR 52 5 88, e E R T KRR 3R
B X A= (L iR, 2020), S TP R ER DL ALES
FRoH, AT B RS T kB DU IR 7 &R
(low temperature resistant line, R) (Wang et al, 2018),
T T 55 PR 4 0 R LA 0 i T TR GE B &R
Fy Filth [ 2R B DL AL &8 7 W A= B K (Beibu  Gulf wild
population, W) it & 4514 (i HL.JiK, 2020), 3545 T Rab
BERTE Y — L AE R 7 0 A v A2 3 9 B E e 1Y 4
PEFLH (Lai et al, 2021; BRIRAE, 2022). A5z
RACE iR FClE T 5 [k Dl Rab7 FEH Y 2K
cDNA J741, Xf B [QBREE DUIRIR 38 J5 09 68 2H 24k 1 7
TP RIAIEIE, A B AR 4 A PR A I R A
Xt Rab7 FEIH HEAT A1 T SNP {37 s i i 06 g 14 22 745
PR AR SRR R S, DIIRA T f# Rab7
BEPE B LBk B DU IR g 17 v VR T, S it — 2B T
b PREREE DX it B2 0 A9 107 25 ML A 2 At Rt Kl

1 #wRERE
1.1 SEIgHE

ARSI BT [RERBE DLk A T AR T M T
J5 HERTE X (20°29'N,  109°54'E)., 122 Ifi {25 4005 32
T S B D s RS = 5, BT 22°C, 2.d
S DR B8 BBOCRRAS AARL L 3 77 1E H FLE R % | AR BER
A RAFHY 158 AU T 3 PN o o B 3 PR 58 4 #r
S D172 K M (69.23+3.80) mm ., FEHLEL 8 H & [RER 1
DU, BYHCAIFENL. HE . PERR . FFBRR . R ASNERE,
ZWRHETR, BT-80 Cokf& A, HAMMAR TR
JE Jolp6 S5

T EE e T SR ZH 2 b i R A LR DL 3 A
300 L B K AR A 2848, 20 B B B /K IR B R 17 “C(fIG
HRAH) . 22 C (R BELE) A 32 C (5 L4 ) (It LK 4,
2019), FEKME XN IR EER 150 XD REkEE
DURENLA L 3 2, 4y Bt 3 AN FRE, 76 6 h.
12h, 1d. 2 dM3dNENAFEHLE 8 H 5 [CERE)
DU, BYERBEZZY, WA ETR, 80 CUKFiIfAr, HT
JE LSS FRAE IR, B R AR 50% A [R] L 1) ¥
K, BWREEN AR, REFHMTEA.

1.2 Pm-Rab7 EE£KEE

K H Trizol %32 HUE RNA, 3' RACE Hl 5' RACE
FRR A %2 % SMART™ RACE c¢DNA Amplification
A& 45 o A ] Primer Premier 5.0 ZF 1% 1150 50
s s ¥ 1), FIFHER PCR P8 3R15 505 F1 3"
JEI], PCR F=¥I 1% B ARl el Jk R, K5 5
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Tab.1 Primer sequences
5% Primer J¥%1 Sequence (5'~3") FHi& Purpose
Rab-3-outer AATAGATTTGGAAAACAGGGCG 3'RACE
Rab-3-inner CGAGACCAGTGCCAAAGAGG 3'RACE
Rab-5-inner CTTCTTTGGTAAGGAAATCTGCTC 5"RACE
Rab-5-outer GCCTAAACTCTGAAACCTCTCCTG 5"RACE
NUP AAGCAGTGGTATCAACGCAGAGT RACE
UPM-long CTAATACGACTCACTATAGGGCAAG RACE
CAGTGGTATCAACGCAGAGT
UPm-short CTAATACGACTCACTATAGGGC RACE
M13-F CGCCAGGGTTTTCCCAGTCACGAC % 7% PCR Colony PCR
MI13-R AGCGGATAACAATTTCACACAGGA 7% PCR Colony PCR
Pm-Rab7-F CTACTTCTGTTTCTTGTGCGAGC qRT-PCR
Pm-Rab7-R AATAGATTTGGAAAACAGGGCG qRT-PCR

H R B JE—3hy PCR P fI#Z A pMDI8-T &
1, B YREALE] DHSo B2 S 40M b, S %
PR SRR FR 5 AT BV PCR, P PH I T 6 A T4
W TR (L) B A B R o 00 7 3R A5 ) i )
TElE A 5 L FCERRE DL D2 B RN A EA T B
LGN 2K P51,

1.3 Pm-Rab7 NEMERFENH

DNAMAN #3547 Fp 51 Pf 42 S 28 HE 1R e 471 4
5, ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder)
R3] Pm-Rab7 fITHCE EEHE(ORF); #H] SMART 4
(http://smart.embl-heidelberg.de/) T il I 5] {5 ~F 45 #4)
Sl WP BRI A BRAGE BT 3BT | AR SR TR R 2
¥y 53853 5 F Fl ExPASy-ProtParam. SignalP 5.1 £l
TMHMM Server $4:5€ il ; #]F§ NCBI COBALT (https:
//www.ncbi.nlm.nih.gov/tools/cobalt/) #il DNAMAN 9
AT Z A ekt A =45/ Phyre 2 (http://
www.sbg.bio.ic.ac.uk/phyre2/html/page.cgi?id= index)
UM 5 D RE A AR Z LRy 8 b i o3 A A G0 A
SoftBerry-Psite(http://www.softberry.com/berry.phtml?
topic=psite&group=programs&subgroup=proloc) il ;
MEGA 11 [l TAY R G R T,

ZERBEMETHERSHT

ARWFELL B-actin NS FEH (i 5 IKEE, 2019;
WRIEZE, 2022), FIH 2722 38 Pm-Rab7 FENTEA
[Fi) 2 20 B4 R o 2 32k ek DA R 7 S92 6l JBE T 4% I ) Y
HHXF R A, LAFSHZURY Bie sk cDNA SRt , Koh;
RZ (10 pL): b FFSI14045 0.4 uL, cDNA 0.4 uL,
2xPerfectStart Green qPCR SuperMix 5 pL, K&

1.4 Pm-Rab7 fJZE47

ddH,0 3.8 uL. SR %A% 95 CHIZEM: 5 min, 95 ‘CAF
P 10s, 60 ‘CiBk 15s, 72 ‘CHEf 155, 45 MEH;
WEfith 2kl 95 °C 10s, 65°C 60s, 95°C 1s, B4
SCERLAAE 8 MRS, RENHEMESR 3 K. FIM SPSS
22.0 FAF LT BA TR 2 T 224341 (one-way ANOVA)ZH
21 [i) 2 3 1 R 3 5 45 B U] 658 B B L
B, WEMWKFH P<0.05,

1.5 Pm-Rab7 E[& SNP 4 #f

I TR 2 0 5 B ) EBR B DL IR R 1 F
FER(R) L AR EF A= BEAR (W) 30 MR 2 56 A
20 E 0 SO (R ELIR, 2020), X Pm-Rab7 FEP A1
T IX I SNP {7 ;S A7k . FI k{4 Haploview 4.2
THE DB R K 0473 BHAS - A A 2R 0 43
Mr; PopGen 32 3KAFGE 11441 SNP [y FE R Y | F R 7Y
W LI A A BE (H,)  IER AR A T (HL) LA K W i
A& 1 (HWE) 55 i85 S8 PIC F4F1H SNP 4 1
B2 505 8 & i SPSS 22.0 AR 7 K6 6 ok
17 2 DBEMRE SNP 2 S8 07

2 HRE5HH

2.1 Pm-Rab7 EEEEREFTSH

ARWFEHH RACE HR ek 3R 45 0 [CBR £ I
Pm-Rab7 F:[H ¢cDNA JF51 , Pm-Rab7 44 1 153 bp,
5'UTR 4 30 bp, 3’ UTR 7 505 bp, ORF 3} 618 bp,
Hihth 205 DR (A 1), BB+ 8 23.04 kDa,
S HLIEN 5,401 B 19 5R B B (Asp+Glu) o 27 1,
HOE HL RO AR I B AL (Arg+Lys) oy 25 45 IRIEFRECH
77.02, FIJEKM(grand average of hydropathicity,
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1 gaggaataagaaaatcttgtttacgaagagE:gGCTTCGAGGAAGAAGGTTTTGTTGAAAGTAATAATATTAGGTGACAGTGGTGTAGGT
1 MASRKI KVYLLI KVTITLSGDS S GV G
91 AAGACATCACTTATGAACCAGTATGTGAACAAAAAGTTCAGTAATCAATATAAGGCCACCATTGGAGCAGATTTCCTTACCAAAGAAGTC
20 KT SLMNAGQYVNZE KIKTFS SN QYZKATTIGADTFTLTT KEYV
181 ATGGTAGAAGATAGGCTAGTCACTATGCAGATATGGGACACAGCAGGCCAGGAGAGGTTTCAGAGTTTAGGCGTGGCTTTCTACAGGGGT
51 M VEDRLUVTMQTIWDTAG QETRT FAQSLSGVAFYRG
271 GCAGACTGTTGTGTATTGGTGTTTGATGTTACCATGCCAAATACATTCAAATCACTAGACAGCTGGAGAGATGAGTTTCTTATACAAGCA
81 A DCCVLVFDVTMPNTT FI KT STLDSWRDETFTILTIA QA
361 AGTCCAAGGGATCCAGAAAACTTTCCTTTTGTTGTTATAGGAAATAAAATAGATTTGGAAAACAGGGCGGTAACGGCAAAAAGAGCCCAA
111 S P R D P ENTFPFVVIGNIEKTIDTLENRAVTAIEKT RAZA
451 GGCTGGTGTAATAGTAAAGGAGAAATTCCTTATTTCGAGACCAGTGCCAAAGAGGCCATTAATGTTGAACAAGCTTTCCAGACCGTCGCA
141 G W CNS KGETUPYFETS SAZKEATINVEAGQAFUGQTUVA
541 AAGAATGCGCTCGCACAAGAAACAGAAGTAGAACTTTACAATGAATTCCCCGATCCAGTAAAACTCACGGACAACCAAAACAAACCAAAA
1797 K N AL AQ ETEVELYNETFPDPVKTLTUDNA QNTEKPK
631 GAAGGGTGTGGATGQ@EEtagtttacaagttatcatggattttattatgtgatcatctttaagttctttcaaaatatggaagatttccat
200 E G C G C =*
721 ggacttgaaattagaattttatttaaaatatggtctagttttgattggacaaaattggaccacttgtgcattttgggtaaccattttgea
811 agtgaaattaatactctatctcaaaagcctacattacaaaggtttatgtctataagaagtagaggtcttaagctgaaaataaagaatata
901 aggagaatacaatgcattcagatgtttaatttttaacaaagttaagaattatgtataaattatcagaaggaagtacatgtacaatatctt
991 tgtgttaccatggttaccagttcatttatttgaaaagtaaatttaaaattttattgaagtcatgttgaaagtaatatcatttgaccaagt
1081 ctttagtatatttgatccatggcattatcaacccttcacattaatccaaaaaaaaaaaaaaaaaaaaaaaaaa

Bl 1 Pm-Rab7 W AFTRIT 51537
Fig.1 Nucleotide sequence analysis of Pm-Rab7

/NG TFRERIR SR 3R GBS X RS TR R i DX LR S ) B R RS 5
JIEN IR F R T SR T R A

5" and 3’ non-coding regions are indicated by lowercase letters; coding regions and deduced amino acid sequences are indicated
by uppercase letters; within the box are the start codon and stop codon; and the shaded region is the domain.

GRAVY)H-0.343, NEKMEEMA . S ra ik % Wk (Nanorana parkeri) . V6 2 % J§ B sk fa
/N, Pm-Rab7 E A Rab LB 254, RAB, Hr (Notolabrus celidotus) . % & fi (Paramormyrops
% 15~22 SH IR (GDSGVGKT), 5§ 37~45 S H kingsleyae) . 75 % AW (Coptotermes formosanus) .

R (YKATIGADF), % 62~67 S %I (WDTAGQ), Z W Bk /N ¥ (Copidosoma  floridanum) . %% D1 (Lottia
5 124~128 S MR (GNKID), % 153~157 S & LR gigantea) . K4 WG (Crassostrea gigas) . TR 2
(ETSAK)F& Rab G IRST IF51 . (Acanthaster planci) 145 (43R IH (Strongylocentrotus

purpuratus)i) Rab JE K P 5 34T 2 P51 Hext . 45253

/N, Pm-Rab7 54501 | K055 AR S P i
N THGE Pm-Rab7 SIMHFREYFBIE. K RAB FEBIARL, B R R AT PR, i 92.79%

Pm-Rab7 5 [K W & (Equus przewalskii) . 4 (Bos (F 2).

taurus) . B4 K 3G (Meleagris gallopavo). ¥t W RS

(Apaloderma vittatum) . #it6,(Chrysemys picta bellii) |

rhAE%E (Pelodiscus sinensis) . FAELE(Bufo bufo). =1l XL [RBRAEDL | ROFEVR4EE . v 22T sk

2.2 Pm-Rab7 BB &S

2.3 Pm-Rab7 =g LT

1 10 20 30 40 50 60 70 8 9 100 110 120 130 140 150 160 170 180 190 200 208

! 1 ] 1 ] 1 1 ] 1 1 ] 1 ] ] 1 ] 1 ] ] ] ] ]
BRI L Pinclada fucata martensii S -5 S
5 & Copidosoma floridanu s S S
Bi4_Payamormyrops kingsleyae | e -5
] Crassostrea gigas I -5 S

a F4 Coptotermes formosanus I . -
® @ﬁﬁgg Strongylocentrotus purpuratus

Acanthaster planci

"t Nanorana parkeri

R Bufo

B 24 SRSk f4 Notolabrus celidotus

Bos taurus

REFTh Equus przewalskii

BEEWHY Apaloderma vittatum
A eleagris gallopavo
Pelodiscus sinensis

8, Chrysemys picta bellii

<

Kl 2 Rab7 &I T H L 7 H %)t

Fig.2 Multiple alignment of Rab7 amino acid sequences

LLAF IR AR T P R I

Red to gray represents conservatism from high to low.
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FIRE [CEF S5 Rab7 3 M IR AT R AT 8 =4
ERRR A, T B R LR 3, K 3 T LR
H, AR e AL, Uil Rab7 SN
TEA W) A A PP AR FE AR T

2.4 Pm-Rab7 #t{k ity

% Pm-Rab7 5 HALYFh ) RAB [ 51 57 RGe ik
m, 255 R, MER R 3 K3, Hrf, mFL
K. B RITEE. MR SRRV ERESIY, R
R— R WS SRR R O3, RoA
— R WS R —RKRZE 4), XEESW
IPRBEARFF 3
25 Pm-Rab7 HLAREKREMETHERSH

K 82 96 % € & PCR (qRT-PCR) 5 A A il
Rab7 TELL[REREEDIHFCNL, B8 AR . 2. FER
FIANERE R FR A, 45 5R BN, Pm-Rab7 LR TET

A [CER R DA 4l 2 rp ¥ AR RRE A R 35, FEdE
JIR N 38 5 I8 2 T A AL 21(P<0.05) (& 5).

& 3

FIF QRT-PCR HARKEIM T Pm-Rab7 FE1FE Wi
5 B DR SUh g Rk . A5 BN, TE
17 CAIRIR4L, Pm-Rab7 (335 & 2B FTHE FREE
i, TE 6 h~3 d W T 22 CXF 4L (P<0.05),
761 d B IARIEAE ; 78 32 Criél, Pm-Rab7 By
N RVARRE, L 12 h B T IR (P<0.05),
At A R] 65 55 %05 BEZH TG W 2 1 22 7 (P>0.05), Ui ix
FE R B 238 5 FCBRAF UL IR IR B 6 %) i 107 %% 1) AR
X(E 6)o

2.6 Pm-Rab7 E[HE SNP il &g & 5S4

i ROA W BRI 4 R A S Y A, TE
Pm-Rab7 JEH WA FILKILT 7 4 SNP fi o XF
X4 SNP v s AT 5 BT, iR E/R, 78 R
HEAR PIC YL M 0.091~0.352, “FH{E K 0.251, 34>
BN B 2 AP (PIC<0.25), 4 Al 24
(0.25<PIC<0.5), H, yulfl} 0.033~0.533, F¥{EH
0.310; H, T [E M 0.097~0.463, F-H{H K 0.311 ( 2),

Ly ICEREE DL (a) . RCFPEAEWA(D) BT P4 2275 TR B Sk £ (o) A TR B T (d) Rab7 EEH 70 14544

Fig.3 Molecular structure of Rab7 protein structure in P. f- martensii (a), C.gigas (b), N. celidotus (c), and E. przewalskii (d)

81 XP 008505063.1 Equus przewalskii LB,
XP 005223227.1 Bos taurus 4
61 59 XP 003210144.1 Meleagris gallopavo B AR K
15 XP 009870872.1 Apaloderma vittatum BEEE MY
XP 008166229.1 Chrysemys picta bellii it
100 5| 58 XP 006130940.1 Pelodiscus sinensis rhfgk
XP 040262836.1 Bufo bufo LS
96 XP 018409443.1 Nanorana parkeri =il 3
.| XP 034540142.1 Notolabrus celidotus Fo iy =1 7 )
cl XP 023655373.1 Paramormyrops kingsleyae ~ 2
98 GFG31875.1 Coptotermes formosanus BE XA
XP 014204028.1 Copidosoma floridanum EAY N3
36 i{ XP 009066993.1 Lottia gigantea N
L | XP 011455069.1 Crassostrea giga IO bR
81 Pinctada fucata mrtensii L RCERRAEN
| XP 022105356.1 Acanthaster planci T R
761 NP 001116983.1 Strongylocentrotus purpuratus 2 FRIEH

Kl 4 Rab7 B RGEHALKE
Fig.4 The phylogenetic tree of Rab7
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1.5 _
n=3; X+SD

Pm-Rab7R:RFE R E

Relative expression of Pm-Rab7

Gi Go A He M F
241 Tissue

K5  Pm-Rab7 755 [RBR B} DA R 20 4L #9335 53 A1
Fig.5 Pm-Rab7 gene expression profiles in different
tissues of P. f. martensii

Gi: f8; Go: TEM; A: H5%EN; He: JFHME;
M: 4bERE; F: 2. RRFERAAERZE R BE(P<0.05),
Gi: Gill; Go: Gonad; A: Adductor muscle;
He: Hepatopancreas; M: Mantle; F: Foot.
Different letters represent significant difference (P<0.05).

3
117¢C .
B 22T

32T

n=3; X+SD

2+

Pm-Rab7R:RHFAE

Relative expression of Pm-Rab7

6h 12h 1d 2d 3d
it ] Time

6 17°C. 22 CAHI32 CF I CEkE: I
Pm-Rab7 FEH (¥ 7 335
Fig.6 Temporal expression of the Pm-Rab7 gene in the

gills of P. . martensii at 17 °C, 22 ‘C,and 32 C

[Fi) — s i) s A [7) SRR A R R T W 3 1 2 53 (P>0.05)
The same letters at the same time point represent no
significant difference (P>0.05).

Pm-Rab7 %) 71> SNP o S 3EPIAT- 5 7 Hr 45 3 o
P SE R BB (D=1, R*=1)f 0 Xf, SRIEHIN
P (0.8<D'<1, 0.3<R<1)H 1 X, F9EHUAN T
(D'<0.8, R*<0.3)f7 8 Xf (& 7A). 1 W Ef{Ah PIC 78
Filoh 0.062~0.357, “F-H{EN 0.211, 4 LA AR
Z 1 (PIC<0.25),3 > Ry H B 2 28544:(0.25<PIC<0.5),
H, JulEl2h 0.067~0.533, FH{EHN 0.291; H, BTG
4 0.066~0.472, F-I{E K 0.260 (£ 2). Pm-Rab7 i
7 A~ SNP o s BT 53 Hr 25 3 o < 7 558 4 3%
BIARF-#(D'=1, RP=1)F 0 X, #ESAF#0.8<
D'<1, 03<R*<)F 0 X, 553% 4841 (D'<0.8,
R*<0.3)F 13 %f(& 7B).

2.7 Pm-Rab7 £[& SNP i & 5t {2 <B4

f£ Pm-Rab7 3£ AMNE T KIS ILR M E] 7 4~ SNP
frs, Horr, 2112712470, g.112712503 ., g.112714774
X3 AN SNP A 14k PR TR0 25 A 46 ik PR A1 38 A
ABER B 22 53 3% (P<0.05) (£ 3), g.112712470 ¥
AG BEH A R AW 35353 501 K 53.3% 11 26.7%,
2112712503 1Y) AG FE K BRUAE R AT W 1 (0555 43 51 o
40.0%7%1 13.3%, g.112714774 1) GG LK BITE R 1 W
H R RS R 83.3%H1 36.7%, FWX 3 M
Tif ARG itk 1 R AH G (P<0.05) o [HARTE B A&, A
g. 112712895 fFEN I CC HAE R BEARF gl b 2]
UL A TR L B A b 32 31 T 3R U AY IEEHE

3 it

HA M EHfis . 3EAm 5 MRSFFAI
GTP/GDP JF36 T FJT 5 I J& Rab Z W ng i 4t v B A
RORHIE,  C i e JLA Sk IR 7 LA 1] 5 B e
e AR 2 AT S TR B A, R AR R R A R

& 2 Pm-Rab7 B SNP ZiEMES 1T
Tab.2 Analysis of the SNP polymorphisms of Pm-Rab7

(o XL 2% A B WA A R RS SR ZEFERE & Iy 31— A1 A T i
D - H, H, N, PIC HWE
Position/bp
R w R w R w R w R w

1 112712141 0300  0.100 0259  0.097  1.342  1.105 0223  0.091 0366 0815
2 112712470 0533 0267 0398 0235  1.642 1301 0315 0204  0.055 0434
3 112712503 0.400  0.133 0325  0.127 1471  1.142 0269  0.117  0.193  0.737
4 112712820 0400 0467 0452 0427  1.800 1724 0346 0332  0.520  0.604
5 112712895  0.033  0.067  0.097  0.066  1.105  1.069  0.091 0062  0.000  0.895
6 112714774  0.133 0533 0.183 0472 1220  1.867  0.164 0357  0.106  0.471
7 112714849  0.367  0.467 0463 0398  1.835  1.642 0352 0315 0246  0.330

W R: HRIREE R; W JLEBIEEP AR,

Note: R: Low temperature resistant line; W: Beibu Gulf wild population.
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Fig.7 Linkage disequilibrium analysis for the SNPs in Pm-Rab7
A: THMRREE R B: JLARZEF A HEA

A: Low temperature resistant line; B: Beibu Gulf wild population

&3 Pm-Rab7 EMHMERET RRMILTEHFEREW) B HIRRERBER SNP LA R EEFE
Tab.3 The characterization and significance of Pm-Rab7 SNP sites in low temperature resistant line (R)
and Beibu Gulf wild population (W)

T WHE RAMEE WAMREC ER BREE R WK W
Position/bp Genotype Ind.of R Ind.of W P Allele Ind.of R Ind.of W P
1 112712141 AA:AT 21:9 27:3 0.053 A:T 51:9 57:3 0.067
2 112712470  AA:AG 14:16 22:8 0.035 A:G 44:16 52:8 0.067
3 112712503 AA:AG 18:12 26:4 0.020 A:G 48:12 56:4 0.032
4 112712820 AA:AG:GG 14:12:4 14:14:2 0.660 A:G 40:20 42:18 0.690
5 112712895 CC:.CT:TT 1:1:28 0:2:28 0.510 C:T 3:57 2:58 0.650
6 112714774  AA:AG:GG 1:4:25 3:16:11 0.001 A:G 6:54 22:38 0.000
7 112714849 AAAT:TT 5:11:14 1:14:15 0.220 A:T 21:39 16:44 0.320

TE: BRI IR SNP A A B ik DX DB A< 1 28 (0 BE DAL TE 2 AR 1) 22 57 1 35 (P<0.05)
Note: Shaded areas indicate that the genotype and allele frequencies of SNP loci differ significantly between the two

populations (P<0.05).

TN E IR EZ MR (Stroupe et al, 2000; Pereira-
Leal ef al, 2001; Takai e al, 2001; % CHk%E, 2006).

RAB Z5#938J2 Rab FER KGN A FRSFIXIE, B
AR, FIH S MR E LR IT 5ok % 5E Rab
HH & —Fh 2 0 E B9 56 UE 7 7 (Pereira- Leal et al,
2000), AWFFEFIH RACE £ AR 8L 5 AR5 1) B [G
BREEDL Rab7 RS 5 MRSFIE SR TS, Tl
3K 250 7R, Pm-Rab7 HA7 Rab # IR ST 454
B, RAB, XUEHRENUE T [FJE Rab JE N 45H I m B
SF(Kelly et al, 2012), XA, Rab7 45 2 A~IX 3, 435
FRATFSE T TIPS, X 2 AN IX e Rab7 4 AE S
GDP Hil GTP 45 & 19 2 RS Z (8] 22 fL A9 437 & o >4 Rab
M GTP 45 AR, Rab A TFEERA, vTRLA SN

S Hh 0 5 ) PR S R T A R AR T B . GTP
TEWUKRIG, Rab7 AR5 RIGER, XFEHMHl Rab HH:
by R VA G B FH =2 T8 A AR LA P | G008 0 1 ol 1 55
SO A ¥4 25 T B FH (Pasqualato et al, 2004), £ 773
FEXTE5 SRR, Pm-Rab7 S5 HABYIFH A Rab7 (123
R P AN AR B, 5 R4 05 Rab AL fe i, M
92.79%. 1 BL AT HEM , AHF 55 sCRE R4S BT 5 R Rab7
M, H£YAE Rab7 FEHIERFE HELE R BN, JH
FUShY . Bz sh A HE sh ) 53 3 = K3, 7RI
Fghi¥H, Pm-Rab7 & 965 HAA S RIS, ik
YIS EEI R A — KL, XU Pm-Rab7 7F
HEA I AR
Bi/DECYIFR G Rab 454 8 FUFE R E 4 40
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AL , KZH Rab 456 H AN BT HEUR 1%
(Stenmark et al, 2001; Uno et al, 2010), AWFFE 45 g
/N, Rab7 76 T FCEREE DUSE AP B Y 235 AR 5508
TESNERE . TNl IFERR R4S ik, WA W
T H AU M X S Rab FERTE H A HR B 4~ 4H
LUh BT T B AR 45 R AHL(Wu et al, 2007), 20
ZUR T [CER AL D 5 AR LR He il 23, 2R
52 DU S KA A1 ) 3 0 55 — 3B Bj 6 (Tiscar et al,
2004), Pm-Rab7 3R TEHEL L 1 7 I8 IS /R Rab7
TEHEHTHN LA ol PR 55 il 38 s 2 4% o B0 1 L TR Tk
JG ) Pm-Rab7 Wy KGR ER: 7F 32 CriRdl,
Pm-Rab7 WJ3Rik SRR ; MAE 17 CIRE 4,
Pm-Rab7 TEFTAT I [] 5 f0) 38 35 1029 18 35 8 T iR 41
(P<0.05), X UL Rab BN FE S5 T 5 [LEREE DL
ARG R I 1o A P e 1 o 7 22 K 7= sl i 5 E
KW, Rab RS 5H T HEYHRIENZE, MRS
[ IR A DU B 58 S 0 Ot s ik, 2020) , 4fE T
Pm-Rab7 W] REJ&iH TS5 5 FRERAE DL (1) G 28 1 72 171
XoJ YRk WA A i

WAL 2R PRI A A AL RS B R, ) R ER
VIR Y B AR ] B s A% A8 S B, LA N A0 S AR
TR E W A AT ) (SRS, 2010), i E A] R ]
PIC . 244 P LU K AT R0 5 Avr 5 DR RS 48 ok Al 1 b
et 2 e, H 3= & AR B 8 S by b v IR 85 A5 R i)
I8 N BE 1 (20 A, 2019) ARAFGEH, R BEAK Pm-Rab7
Z A~ SNP i i i 2800505 BART W BEA, Bl
IS AR B R N TR, A T R BEIRAG 1%
LA, Hid, g.112712895 7 i 7E R BEMA P B 14
IR A% (P>0.05)(FR 2), 1 i 25 1 2tk — TR AT A% -
7 B0 52 19 HE BT AR Sk 6 B RO ) b i R h S
ARAR & 0 A5 W CFF W 45, 2017). ARSI LWt 1%
PEARFZ IR, DRI S X SNP 43 A [H] X SNP Al
] . SNP, TijfA] X SNP ] 1 i 5 i A K i 13t
BT 0], DT 52 M B 115 A 485 44 1 2 e (K omar
et al, 2007), ABF5E LI, Pm-Rab7 H:H 3 4~ SNP fif
SMEF R R W OBRAR R BRI 25 B
(P<0.05), 1% 3 M AR KA A-G B REZ,
YiJ@ Tl X578, [Hixue SNP A s 5 F PR 0] ()
KA TE B — B SL Y0 UE . DL gT 4 SR nl itk
— VR A FT T FQER B DU R85 35 5 A8 Ak A 338 97 AL
[ilE 7 e e 2 ey SO
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Sequence Char acteristics of Rab7 of Pinctada fucata martensii and
Its Relationship with L ow Temperature Tolerance

SONG Xinlin', YANG Jiawen', HAN Shuya', LAI Zhuoxin'?”?,
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Abstract The Ras-related proteins in brain (Rab) subfamily is the largest group of small molecule
guanine nucleotide-binding regulatory proteins (GTP-binding proteins). These proteins are widely
distributed across various eukaryotes and consist of approximately 200 amino acids, producing a
molecular weight of approximately 20~25 kDa. Rab is known to be an important regulator in the transport
of membrane vesicles and is embedded in almost all membrane-related proteins. Rab is primarily
regulated through GTP binding and hydrolysis within the organelles and is known to perform several
important functions across various stages of vesicle transport. Current research on Rab proteins produced
by aquatic animals has revealed that the Rab gene plays an important role in immune response. The Pearl
oyster, Pinctada fucata martensii, is the most common species used in the cultivation of seawater pearls,
making them economically important. These oysters are primarily distributed along the coastal areas of
Guangdong, Guangxi, and Hainan provinces in China. However, they display weak tolerance to low
temperatures, which severely limits their cultivation area and the overall production of seawater pearls.
Given the desire to expand their cultivation northward, we designed this study to help create
low-temperature resistant P. f. martensii breeding lines F3 (R). We used genome resequencing technology
to compare and analyze the R and Beibu Gulf wildtype populations (W), and identified a group of
candidate genes, including the Rab gene, that were strongly positively selected during the breeding
process. In addition, the full-length sequence of Rab7 of P. f. martensii (Pm-Rab7) was cloned using
RACE technology, and the expression levels of Pm-Rab7 in adductor muscle, gill, gonad, hepatopancreas,
foot, and mantle, and their expression patterns under temperature stress (17 C in the low temperature
group, 22 C in the control group, and 32 ‘C in the high temperature group) were detected using
bioinformatics analysis. Furthermore, single nucleotide polymorphisms (SNPs) in the exon regions of
Pm-Rab7 in the R and W were screened, and this information was used to determine the genetic
polymorphism, haplotype, and frequency rates for each mutation. Sequence analysis also revealed that the
Pm-Rab7 gene displayed a full length of 1 153 bp, with the 5' and 3' UTR adding 30 bp and 505 bp,
respectively. This gene was also shown to encode a single open reading frame (ORF) of 618 bp and 205
amino acids, producing a theoretical protein of 23.04 kDa with the isoelectric point at 5.40. This was later
confirmed using the cloned Pm-Rab7 gene, which produced 5 conserved amino acid sequences, including
a RAB conserved domain. Similarity evaluations revealed a high degree of overlap with C. gigas
(92.79%), whereas phylogenetic tree construction revealed that the Rab7 gene produced a tree with three
branches, one each for protostomes, echinoderms, and vertebrates. Closer inspection of the protostomes
branch revealed that Pm-Rab7 first clusters with other mollusks, and then with arthropods to produce a
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large clade, suggesting that this protein is relatively well conserved during the evolutionary process.
Pm-Rab7 was also shown to be expressed in all the tested tissues, with the most Pm-Rab7 expression
recorded in the gonad and gill (P<0.05). Time-course results from the gill tissues of temperature stressed
samples revealed that Pm-Rab7 expression first increased and then decreased in response to low
temperature (17 °C) exposure, with all time points showing a significant increase in Pm-Rab7 expression
when compared to that in the 22 ‘C control from 6 h to 3 d (P<0.05). In addition, we noted an expression
peak at 1 d. The expression of Pm-Rab7 was generally stable in response to growth at 32 C (high
temperature group), but was also significantly increased when compared to that in the control group
following 12 h of exposure (P<0.05). This suggests that Pm-Rab7 is most likely linked to the low
temperature response process in these shellfish. We also identified a total of seven SNPs in the exon
region of Pm-Rab7, three (g.112712470, g.112712503, and g.11271477) of which demonstrated
significant differences in occurrence rate between the R and W populations (P<0.05). Genetic evaluations
of all seven SNPs revealed that three could be classified as low polymorphism loci (PIC<0.25) and four
could be classified as moderate polymorphism loci (0.25<PIC<0.5) in the R population. There were also
no pairs of sites with complete linkage disequilibrium (D’=1, R*=1), one pair with strong linkage
disequilibrium (0.8<D’<1, 0.3<R’<1), and eight pairs with weak linkage disequilibrium (D’<0.8,
R*<0.3). In addition, evaluations of the W population revealed four low polymorphism loci (PIC<0.25)
and three moderate polymorphism loci (0.25<PIC<0.5). Taken together, these results suggest that these
loci are likely to be associated with improved low temperature resistance in P. f. martensii. Thus we
conclude that Pm-Rab7 may play an important role in the adaptation of P. f. martensii to low temperatures,
and that these findings may support further explorations into the adaptation of P. f. martensii to low
temperatures.
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