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2. TE IR SHOR R RS0 IR 5 i TR, IR TR 266200;

WE: NIFER LN PR FIE (Portunus trituberculatus) FALBRTR LA 2, BB T =R FE LRk
W BE 4 A5G ROCHEI L 1 cDNA 24K, 435444 4 prNdufv2 . prSDHC., piCytochrome ¢l 5 ptCOX6B.
pNdufv2 £ K cDNA 2K 1005 bp, Fifih 234 SRR, %E AR A 1 19803 Ndufv2; prSDHC 14K
915 bp, Ay 179 R FEBR A& A4 11 8V F SDHC; prCytochrome ¢l FEH 4K 2371 bp, 4w 313 1M&
FERRA AT EE Cyt cl; prCOX6B HH 4K 1171 bp, i 105 MEFEMRA AL COX6B WA, HEW{E B0
TR, XU AR LI R UEAL b R ST o BETE AR S RT-PCR 45 R0, BE UL RECR3EIN, =R T8I
AR P A T AR SN F4. F2 PR 2B E T B #(P<0.05); F10 & AR IVREGES /7 8 2% T HA
FAR(P<0.05); 4 NE AL RREY W E TR, HARERDEIRT FOP<0.05), 7E0NET, Za4 1, 11,
IVI% S35 %I B2, F2. F6 JT45 838 T FE(P<0.05); piNdufv2 5 ptCytochrome ¢l JEPH Kkt B F2. F4 TFA &
F R (P<0.05), 3% —25 FAF S0 58 RER B AR = oA 1 A TLml R Te At i

KEIFE: R TE, SIBRAE; R, EA4; g EiR
FESES: S917 XRRFRARRS: A XEHS: 1005-8737-(2018)03-0520-16

=YW T 18 (Portunus trituberculatus)j& [ Al ATP, MLt 2% 4 MEAR

UM KRB LT EE, F20a T EE
W AR B AR K s, S R B
MR MRS . R TERAZ, IREIE
W, RS EEE, BAEENATNE.
AR fL 2 A i i A0 Y 3 24 R 4,
FETELRLR N ADP FI 4 N ) it SR AL RE L BE
i 5 oL AT E S N G L ATP R, AW
RN 95%F ATP K H AL AL 10, % F 2
WA A AR IS N RE A R R AR
o AL BERR A i A F 2 o 1% 338 5% (electron
transfer chain, ETC) 58 i, HL 1% 5% SUFRIT- I
B, S — R ER L RO 2 2 N &R
ge, AR ER 2 0 SR 1 B4R 3 3 4 e e AR K

ks B#A: 2017-08-23; 1&IT HER: 2017-10-11.
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R IVEI R ¢ AL, H et
g R PR IR, OBl B &
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ORI RPREDT AR IE AL, R =
PERR 18 AR TR AL AQI3E % ] o 1 A HLRE AR
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FH R A 2 B B R AR T 5 RS B . WA
TEW T 52 e WS R 72 sh B 520 | i el
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T 26 T30 A2 % H 52 20 ) AR 5 2 R 1 5 i 5 A 4
6, X ARLEE PR TE A 7T RERA
TRAL vs /NS RALEE S B T 1) o BT S 0 ik, %oF
RN 2ZEFILNGEFT T KEEG B HE00r, 255
DAL 52 190 A i T2 A AR T B T Tl B . &M i
U8 138 RO I AP AR A o WS AT =R
T A AL RR AL AR B, TN TR AN ST 58
X =P AR BRI RE A 5 ma R O S

AR H RACE HoAR FERE A =Pk 18
R IARNTI S 4 DR GRS A cDNA 2K
JPH, FEXHE A R H P AT TR 1 AR
B2E5r T, TR A FH S22 %E 7 PCR 4041 T8
BB =R FEAS PR ERRE . B
B = Pt T B8 SRR I W 4 52 A (A K PR 1) 258
R, RMIRARR =R T8 ALk i AL S L
il BE A LAt o M E AN [RE SR AR R R =M T
JHF i B L JUE v SR A T I 5 2 A AR TR T, TR
F RT-PCR # ARSI E GNP FREEN, B
P 7R T AC TR B X = P 1 S ALl R AL Al 1Y
S, =R FEE M S

1 HRE5HE

1.1 SRIEHH

FI 2005 4F, S 3 BAFHE IR M I IX |
IS 2o VI 0 9 DX P V5 9 DR R L T X AR B 4
A =P 1 B A [R) by BB A AR S SRl RE 44K (FO),
AN TE MR AR, A7 1 2 F kA%
RERC, RFRREFE, & 2017 FEMEE
13 fR(F13), ZMlEH 80 H W[4 HE (25.36.4) g]
FO. F2. F4, F6. F8 ll F10 LA UK R 1 =4k
B, A UL T I Bz (R0 ) = e 1
18 H (3 HMfEle . 3 HEy—A-F17, 4L 3 4F
1), BFRTEHNRIMS 1, Kilk(25£0.5)C,
B H 8 BHLA5 50%1 7K, 16 43T ik i oy, 3608
OB 10%.

S BT FH RNA #2HUA] Trizol Reagent ) H
Invitrogen 23y F]; SMARTTM RACE Amplification
Kit 4 H Clontech /A H]; NucleoSpin Gel and PCR
Clean-Up Kit, PMDI19-T. PrimerScript'” RT re-
agent Kit, SYBR Premix Ex Tag™ Il 1 DH5a /&

ZARANMLEIWG E TaKaRa A H]; 2RI BOLR
F &, EEE RN A (A045-2) , LRI IK 4%
AR T M b vk A T R £5(S50007)
52 AR T M (87 o 4 IR0 462 (S50008)
52 A PRI M b (8 72 2 4 T80 65 (S500009)
A2 AR IV I M e vk e A I 57 82(S50010)
ARV IG5 82 (S50083) 3
W4 H R E R R TR ST r, oAt 50 2 ok
IR0
12 ZHEBFEE RNA HIERREAGKTER
E £ 1< cDNA KT FE K I HE

=R T 45 1 2R B RNA SR Trizol B4
B, HH R € & ¥ (Thermo, NanoDrop 2000)L
1.0%35 I8 A8 M L VRGN G L RNAL 1) J i % 5%
ek, BUSE R TICS ALZU B RNA IRE), S
SMART™ RACE Amplification Kit 18] 454 5 3/
H1 5'RACE ) cDNA 2 —4%

FRE M = P AR 118 5 Sk A B AR B R A
R IE R B EST 41, FIH Primer Premier 5.0
AT 3 SR IR SRS 1 . AR TERE R Y
HAWER TR PO E w5 1Y . a1
R WG i i 11 IE R ) 514, #5174 cDNA [
UE o SEae v BN 5 1 A T AR A R W
E U 1), FI ] TaKaRa LA Taq #EA7 A Im 444, 3/
Uit FHIE 5 19 UPM F1 NUP 43591 54 I 14 4 S e
5147 0 PCR Y4, PCR RPN : 94°C 30 s,
65°C 1 min, 72°C 3 min, 30 MEIR; 5K Jig 4" 14 7]
¥ 37F S'RACE W4 384 7 ) 2 B BE MR EE e FRLTK
VI alifk 35 %43 PMDI19-T, ¥4k AJRSZ 25 40 0
t, 7E LB 353535 37°CH5 5% 45 min 5, FRIGEEK
W& AMP [ LB FAl I 37°Cal . #k
HUPHME T VR Ak 2 st 7%, IR AT VE PCR % ik
L R R A Y AR RA R T . fa A
SR E R W51, X H 4K cDNA #AT5IE,
13 ZRERFEEAGCITEERANEMERSE
ST

fii [l ORF Finding 7E£R T ELAf & 45 B G K3
[N 5 K FF T B 2 HE R i IX . R NCBIT H i)
BLAST TR )P HE T = PEmR 78 L A B 4% 1T iR
LR T 51 (1) L X o FIH CExpres Fil Gene Tool
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Tab.1 Sequencesof primersused for genes cloning and relative mRNA expression analysis

5192 FK primer J¥31(5'-3") sequence (5'-3") JHi& usage
NADH-F1 CTCATACACTCTCATTCTGGGCAT RACE ##55|%) RACE primers
NADH-F2 TCAAGTAATGGGATGACCGCA
NADH-R1 GAAGTAGAGTGTCTTGGTGCCTGTG
NADH-R2 GGACTCACCAGCCTCACCACC
SDHC-F1 TGATGATGCCTCCACCAAACT
SDHC-F2 GCACGGAGAGAGCCAGACCT
SDHC-R1 GCTATGGCTTCACCCTGCG
SDHC-R2 TGCTGGACACACCCTTATCACA
Cytcl-F1 CACCAAGTTACGGAAGGCAATG
Cytcl-F2 CGGACGCCTTCACGGACTG
Cytel-R1 TCCCATAGTATCACCCTTTCATTCA
Cytcl-R2 CTGGGGGGCTGCTGGTGACT
COX6B-F1 ACACACGGAGCGGAACACC
COX6B -F2 TCTGGCAGCGGTGGAAGTC
COX6B -R1 GTTGTTGTGTCATCCACTTGTCATT
COX6B -R2 CCAAGAACAAAAAGCAGCCCA
UPM Long CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT  RACE i@/ |49
UPM Short CTAATACGACTCACTATAGGGC RACE universal primers

NUP AAGCAGTGGTATCAACGCAGAGT

QNADH-F TGCCCAGAATGAGAGTGTATG
QNADH-R AGTGAAGAGTCCGTCCTTGG
QSDHC-F CGGCTCCTACCCACACTACT
QSDHC-R CCCAAATCCCACACCAAG
QCytcl-F GGCGTCTTCTCATCTCTGGA
QCytcl-R GGGACACACCCACCAAGTTA
QCOX6B-F ATGCGGTCAAACTCCTTCTG
QCOX6B-R ATCAGTGTCTTCGCCTGGAA
p-actin-F CGAAACCTTCAACACTCCCG
p-actin-R GGGACAGTGTGTGAAACGCC

¢ 5E B 51 W) real-time PCR primers

AP LT RRIT S . RKBRIUAR TS B
%%ﬁa A R A BT | D Re A A B B
S KA B A InterProScan Fil SMART &8 75 £k %K
ﬁ%ﬁﬁi FIH DNAMAN #1775 HAB Y Fh a4 AH Dz
HRRIFIIMZ EIFH X, W MEGA6.0 #%
4, R 4R 1 (Neighbor-Joining) M H R F A H
HEACIR I AT R0 HT
14 ZFERFEENETRES SEE DN
51 M BUA [A) 3 52 AR 28 2R 1Y =08 1 I
MR O MEH LR A A PO, 73 51HC 100 mg A2
LALLM AMA 2 mL EP &, fRid)E A
—80°C VKA H IR AF o 4 HUFT HUZH 2L Sk A4 -0 o

HAE PR, A8k RE A e 2R &
E Infinite 200 PR3 H 23 5100 e A R AR R =
Pt FEES ALK B AR T, BEREESRIA
A G UL 31T,

2ok R A% A AR T TS PR E L 7E 30°C,
pH7 5 K#FT ﬁ%ﬁ?ﬁ\]%@z’ﬁ{t 1 umol ‘N?%'J
1¢ﬁé$mo£ﬂ%ﬁ%&EéWH%@$m
X AE 30°C, pH7.5 &M, Bash N iL R
1 umol 5 BUAHT G Q [ DLl — &1 HE % (DCPIP)
Jr T AR 1 ANIE YRR . Sk AR A
BRI 2 X 18 30°CIRJE R, pH7.5 5514 F,
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B4R BERE AL 1 pmol ¥ JEURIZ HL(CoQH,) T
T BRSNS TEEAAL, QORLIRIE IR 5552 &
R IVERE TS S 7E 25°CHE TR, pH7.0 £&14FTF,
PR BELE RSB N 4K 1 umol AT (L c(Cyt ¢)
AR 1 AEPERAL,
15 =ZZERFELZNETRESESEERME
B

O3 PR BRI . WLPA L B O E
OUEL | KRGS MGRRey . RAW K ph 2 AR 4,
AW AP RAT o 43052 HAS ZH AU B RNA, il
JH PrimeScript RT reagent Kit S2%% %5 il cDNA,
B2 R & Ui B 45 . AR 2 =itk
T AR IEILR cDNA 2K FH, EitHR
Sl 1), [#iH SYBR Premix Ex Taq Il i3]
(TaKaRa), 7 Applied Biosystems 7500 Real Time
PCR ¥ bt & A 52 5 R IR 1) s O
PCR Jx Wi {AZ K 10 pL, f3F%: 5 uL SYBR Premix
Ex Taq Il . 1 uL ¢cDNA ., 0.4 pL ¥} A 10 pmol/pL
W54, 0.2 uL ROX Reference dye II fil 3 puL
PCR V7K o RO ARFH: 95°C 10 min; 95°C 30,
95°C 55, 60°C 34 s 40 MEH; 95°C 15 s; 60°C
1 min; 95°C 15 s, VA p-actin ZEEAE N NS, BEAR
NS HBEE 3 AEE, R 22T kP
A X I8 5
1.6 HBELAEESH

S 56 RO R FH V- 24 {8 £ 5 1 22 (x+SD) R 7R
S5 AT SPSS 19.0 Bk AT B K R Ty 2% 43 bt
(one-way, ANOVA), F|H Duncan’s £ L3 HEAT
2257 WEMEKL, P<0.05 INAZERBE .

2 #EREHSW
21 ZHEBRFEXNEERESEAGCTEERER
MRERFIISH

PR TSR RN B 5 G R S R Y
5 e B FERRAF BN 1 f13k 2 im: 4 MR AR
P HL L 43 il i 44 b ptNdufv2 . ptSDHC .
ptCytochrome il ptCOX6B, 43#I4h% 234, 179,
313 #1105 P BEPR . Horb peNdufv2 gt )8 H
HATRERH, HARB Rt HEH; prSDHC Fifl
MR HER KRR 1, HAR B KR A

SIS RARW, PR T Lok AR R I BE A
AR T 7 JHE I R g it 1) 20 5 T 285 4 h TG I R 4
BAMESIRFS, 5539 2 193 f & Hbr b vk i 2
F438, NADH i & B3 E (IPR002023). F|
BLAST [RJUEPE 5B =ik 78 pNdufv2 FEH Y
AHRITH), kIMH G Z FE B (Culex quinquef-
asciatus) . J8 RN (Ixodes scapularis)Fl MK 32
(Daphnia pulex)[R1JEPEIE 2] 70% (Bl 2). FlH
MEGA 6.0 A4 =it 78 prNdufv2 FE P 2 5
W75 AT RGBT, TR R ek (&
3o HREI/R IR TEE B REM . LIE
(Limulus polyphemus)FI#REF L% LR KIE, 5
A, WAL RKIL,

ME 4 iR, =Pl FEA IR S &
RIS K iy a5 b & A 3 DL
B, 5% 83~105 £ (GTGLALSVLVSGLGI-
GTVMLPGS), 119~141 i (GGGIIMGAKFLIA-
LPFMFHLCNG), 158~179 {(LYKSGYLVVAV-
SVILAAIAAAM), Jof5 5 KT3I, 55 60~178 £

R2 ZHERTFEESNATRESSHATEREFIESRREEERER
Tab.2 Gene sequence and amino acid information of mitochondrial respiratory chain complexes of Portunus trituberculatus
I J ty oz
GenBank ~ CPNAJ#F éoéi P Okt ARE
2otk w4 gag PR EROP e mipy G FHE AR
complex name GenBank full length u amino HLA pI  molecular formula average coefflment
of cDNA length . of hydro-  of insta-
number acid A .
sequence ~ of ORF philicity bility
I ptNdufv2 KY682717 1005 705 234 7.01  Ci184Hi390N332035,S14  —0.297 40.53
I ptSDHC KY406169 915 540 179 10.38  CgsoH1401N2350223S10 0.528 37.70
I ptCytochrome c1 KY406171 2371 942 313 8.83  Cis17H2350N4130443S19  —0.176 33.15
IV ptCOX6B KY406170 1171 318 105 5.81  CsssHs30N1420162Sg —0.633 36.56
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=Pt T8 Portunus trituberculatus VLTRREG. . VRGLHRTAPTARRS BRGLEL KKRIAEAT T S AA\I[PLLDL AOROYG 78

[ Sk gk Stegodyphus mimosarum LOKGLOONTGCLFTTSS ARKS i) AESI TS JANTIP LLDL AOROMG 79

B FEWL Culex quinquefasciatus ~ LOSTLRNFRG. . I CSTSI RMJ s KKRIVS Al L ANTIPLLDLAOROGG 77

J& 5SH@ Ixodes scapularis AALRCPTPRSRALGTSTS LR A WAESLTS AA G 79

S INANAT T A A 80

Zootermopsis nevadensis GQI FLRNSNTRNLQS TCCALJ, TIBRYIIJIQE Sl IJAEAI } A . 79
vhrdt qnnpdvpfeft enlkraeaiisiypdghk aavip

pS }‘%Daphniapulex KI GRALSSOVRSFTVSSASLIS B SINMNP
1

Consensus

Eiﬁﬁ%& Portunus trituberculatus
LUK Stegodyphus mimosarum
gf_]ﬁ gule}))fn quinquefasciatus
JA AL Ixodes scapularis

%’ﬁ/& Daphnia pulex

Zootermopsis nevadensis

Consensus

=P THE Portunus trituberculatus
[k ik Stegodyphus mimosarum
BT FE Culex quinquefasciatus : :
§ %%m Ixodes scapularis > > SIBKOGK]
JR¥& Daphnia pulex
Elﬁ Zootegmopslzfs nevadensis KDQI |4
veclgacvnapm qvnddyyedlt kdteeilddlk gk pkagprngrfaaepaggltsltepppgpgfgvr d

Consensus

BEHATR I S M/ ) TR 3 i il 125 52 37 € (succinate
dehydrogenase/fumarate reductase, transmembrane

subunit 75 145 38 (IPR000701) . [F] 54450 #r A& B
YRR TR prSDHC A 5 2PN | Sy £ s
(Lepeophtheirus salmonis) . KERIHAEIK & (Pseud-
odiaptomus poplesia). 77 X (Papilio polytes) .
K5t (Larimichthys crocea) B[R IEYES A 47% |

50%. 41%. 51%. 54%(& 5). RGEIFITHLs
RER, =R TESRMERGCRRIR, 5
Sk i fa ml | AR S W (Apis cerana) & T Y

GCTGATCTGAAGCCAAGATCAGGATTAAGACAGCACTGGTTAACTGCTGACTTACCCAACCGAGGCTGACCTTAGTGCTGACCTTATTTGTGACCCTACC 100

M L T R R E G V R 66 L H R T A P T A S D S L F V H
CTG ACC AGG AGG GAA GGG GTG AGG GGC CTA CAC AGA ACA GCC CCC ACT GCC AGC GAC TCC CTC TTT GTG CAC
R D T Vv Q N N P D T A F E F T P E N K K R A E A I
CGG GAC ACA GTA CAG AAC AAT CCG GAC ACA GCG TTT GAG TTT ACA CCA GAG AAC AAG AAG CGC GCA GAG GCC ATC
r s 1y p D G H K K A A V I P L L D L A Q R Q V G
ATC TCA ATC TAC CCT GAT GGC CAC AAG AAG GCT GCG GTC ATC CCA TTA CTT GAC CTG GCC CAG CGG CAG GTC GGA
N W L P I T A M H A V A K M L D M P R M R V Y E V
AAC TGG CTC CCC ATC ACG GCC ATG CAC GCT GTG GCC AAG ATG CTC GAC ATG CCC AGA ATG AGA GTG TAT GAG GTG
AT F Y T M Y M R N P V 6 K Y H I @ vV C€C T T T P C
GCC ACA TTC TAC ACC ATG TAT ATG AGG AAT CCA GTT GGC AAG TAC CAC ATC CAG GTG TGC ACC ACG ACC CCC TGC
¥ L R G S D Q VvV M A Vv I K D K L G L T P GG H S T K
TGG CTG CGG GGG TCG GAC CAG GTC ATG GCG GTG ATC AAG GAC AAA CTG GGC CTT ACT CCC GGC CAC TCC ACC AAG
b 66 L F T L S E VvV E CL G A CV N A P M M Q I N D
GAC GGA CTC TTC ACT CTC TCG GAA GTA GAG TGT CTIT GGT GCC TGT GTC AAC GCG CCC ATG ATG CAG ATT AAT GAT
by Yy E DL A E S D V V E I L D T L T A G K K P K
GAT TAT TAT GAA GAC CTC GCT GAG TCT GAC GTA GTG GAG ATC CTG GAC ACC CTG ACG GCC GGC AAG AAA CCC AAG
A G P R N G R F A A E P A G G L T S L T T P P P G
GCC GGC CCT CGC AAT GGC CGG TTC GCT GCT GAG CCG GCA GGG GGA CTC ACC AGC CTC ACC ACC CCA CCC CCC GGC
P GG F R V R D D L =

25

175
50

250
75

325
100
400
125
475
150
550
175
625
200
700
225
775
234

CCA GGC TTC AGG GTA CGC GAC GAC CTT @ TGACCCAGCTTGACCCGTCCGGAGGTGAGGTGAGGGCGGCAGTGACCCGGGATGGCACCA 865
GTGTACATACAACAGAAAACGGTGACCTGACCTCCCCTGCGTCCCGTTTTCTATGCGTTTGGTGGATTATTGGGGGAAAAAATGTAATAATGTAATTTTG 965
1005

TGTAATAAATGGAGTTGTAATTCAAAAAAAAAAAAAAAAA
Bl 1 =R FELRIREISE Z A T (pNdufv2)FE K cDNA £ K H 20 5 i & 36182 7 571
ATG: BIFEMT; *: L IL%ET; B N NADH dehydrogenase subunit E 454415,

Fig. 1 Ndufv2 nucleotide sequence and deduced amino acid sequence of Portunus trituberculatus
ATG: start codon; *: stop codon; Shadow: NADH dehydrogenase subunit E.

VCTTTPCRYL!

L
|

RCAEDI OAVI E GI GP€ETS

VCTTTPCQLEC GI SPEETT
SEKI MNCL L

> BWER'€S DOVVAVI KDKIBGL TP{€HS T
VCTTTP(‘“LI' €AEDVLDRC GI DVEGTT
SDDI LNCI I KPEEVS

A (!
SGNVIY] ‘GPR#
OGK PEGPRI GRI
)

GRE|gKACI NN
MGP R)

B2 ZERTFELRRITRE R SR T (pNdufv2) = 38R 751 Xt

Fig. 2 Multiple alignment of the deduced amino acid sequences of Portunus trituberculatus Ndutv2

Ru—3, 50, WILLKEGELRE
YRR T LR AR T 5 5 A IR T FE ]
Bt 0 B 1 B4 A h O IS A B, T S T
H, 55 83~302 AL MANMIE R ol FRE 45k
(IPR002326)(I&l 7). #IH BLAST [l 44 73471 & B
H 589 Cyprinus carpio). Bt (Danio rerio) Ak
PIRYE (Xenopus laevis)[FIRPEIEE] 74%, 51
Jv At (Scleropages formosus) . 43k W8 (Sparus aurata)
(TR 350K 72% .\ T3%(FE 8). Xt HZd L HR 5]
HATRGEHA T, IR G (K] 9), 25

REYSLSE 159

[y

I

mpror vyevatfytmfnrnp gkyhvqvetttpecwlrgsddi mnvi kkklgi pgetltkdgl tlse

&l 6).
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671 BN Homo sapiens (CAG33209.1)
75(1 KAESR Gorilla gorilla (ABH12155.1)

99| Mk Macaca mulatta (NP_001244514.1)

2k Bos Taurus (NP_776990.1)

KB, Cricetulus griseus (XP_007607875.1)
KA B Rattus norvegicus (NP_112326.1)

100 | b———— $H Ul Xenopus tropicalis (NP_001017166.1)

40
77

63 FKHIIES] Poecilia latipinna (XP_014904572.1)
499|: EIBEHI . Esox lucius (NP_001290678.1)

66 R W Cimex lectularius (XP_014250835.1)

83 4{ TN ES Tribolium castaneum (XP_969318.1)

B KFEIL Anopheles darlingi (ETN58427.1)
100 I;

Xl ELESERL Anopheles gambiae str. PEST (XP_308018.4)

69

98

—_

17

86

42
161

67
236

92
311
117
386
142
461
167
536
621
721
821

8 SEWN# Limulus polyphemus (XP_013792805.1)
F AR Daphnia pulex (EFX75440.1)
32 JE RS Ixodes scapularis (XP_002414815.1)
63 A PR T Portunus trituberculatus (KY682717)
thiEE M Trichinella pseudospirali (KRX96561.1)

M2 A% Rhizoctonia solan (CUA72323.1)
FRAMEFENE Dictyostelium discoideum (XP_635380.1)

0.05
K3 =i TEERLORRIT IS S SR T (peNdufv2) Z SRR ) 2R GE ik ALY

Fig. 3 NI phylogenetic tree of amino acid sequences of Portunus trituberculatus Ndufv2

Mm A T VvV L R L A A K G C W A G
ATGGGAACCCCTTCCTAGGCAATGCACTACGCAATCCAAC [ATG| GCG ACG GTT CTC AGA CTG GCA GCA AAA GGG TGC TGG GCG GGC
G P R P A VL Q G P L V T QQ W T R A V F T S P S A
GGC CCA CGG CCC GCC GTG CTG CAG GGG CCC CTC GTC ACT CAG TGG ACA CGT GCA GTG TTC ACC TCT CCC TCA GCG
A A L K S Q@ S A E D Y W A K N K R L R R P V S P H
GCC GCC CTC AAG TCA CAG TCG GCT GAA GAC TAC TGG GCC AAG AAT AAA CGG CTG CGT CGG CCC GTG TCA CCC CAC
L T 1 Yy K p Q@ I T S M L § I T H R G T G L A L S V
CTC ACC ATC TAC AAG CCA CAG ATC ACC TCC ATG CTC TCC ATC ACT CAC CGC GGC ACA GGT CTG GCT CTC TCC GTG
L v §S 66 L G I G T V. M L P G § Y P H Y L A M V Q A
CTG GTG TCT GGC CTC GGC ATT GGT ACA GTG ATG TTG CCC GGC TCC TAC CCA CAC TAC TTG GCC ATG GTA CAG GCC
MQ F 6 6 6 I I Mm 6 A K F L I A L P F M F H L C N
ATG CAG TTT GGT GGA GGC ATC ATC ATG GGT GCA AAG TTC CTC ATT GCC CTG CCC TTC ATG TTC CAT CTC TGC AAC
G v R H L Vv W D L 6 Y G F T L R A L Y K S G Y L V
GGC GTC CGG CAC TTG GTG TGG GAT TTG GGC TAT GGC TTC ACC CTG CGT GCC CTC TAC AAG TCA GGC TAC CTG GTG

v A v s VvV I L A A I A A A M =

S MEEEA K ET Lepisosteus oculatus (XP_006633934.1)

16
85
41
160
66
235
91
310
116
385
141
460
166
535
179

GTG GCC GTG TCG GTG ATC CTG GCG GCC ATT GCA GCG GCC ATG ACCATTGGGAACCTGGACCAAGACTGCCGGTATTCTGTCC 620
AAATTAATTTATTTTTGTGACTACAATTTGTTTTGTTTTTTGTTTGTGTAAATATTTCAGTTGAAAGAGTTGCAAGGATTGTGCCTCGGCACAAATGAGT 720
AACATTCTGACTATTCTTGTGGAAGAAAGTGGGGCACACAACTTATCAGTAAAGTGAATGCTGGACACACCCTTATCACATCAGTAATATGAGAAGGCAA 820

CAAAACTCAGGTTTTGTCAATGAATAACATGGCTCCTAAAGGTGATATGTATATATATAATATAATATAATAAAGAGT TTAAGATTTTTAAAAAA

B4 =Pete LRI ARNT W 4 & 4 K 11 (prSDHC) LA ¢DNA 4K e HL g it 1) SR )7 41
ATG: GEIGET T * LR T PISN B IREE .
Fig.4 Nucleotide sequence and deduced amino acid sequence of ptSDHC in Portunus trituberculatus
ATG: start codon; *: stop codon; Shadow: transmembrane domain.
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=Y F1E Portunus trituberculatus
SEW % Limulus polyphemus

f#\ Caligus clemensi
BB Lepeophtheirus salmonis
KERONEIK F Pseudodiaptomus poplesia
Tt R Papilio polytes
KF A Larimichthys crocea
Consensus

=R T Portunus trituberculatus
W2 Limulus polyphemus
Wit &\ Caligus clemensi

RS A Lepeophtheirus salmonis

Kk BRON4EIK % Pseudodiaptomus poplesia
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K& £ Larimichthys crocea

Consensus

=R T Portunus trituberculatus
SEWM % Limulus polyphemus
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YR T Portunus trituberculatus
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Wit B\ Caligus clemensi
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................................... ST SLKSMTOEEVAPK
...................................... PMS AEEHKI . SR
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(€QYR HL \YWD
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VMTMS GTFPALLGSTI OAAOFGAPLI FLA
ALVLPHDVSHYI MMI EGLNLSPATI FLA
ALVLPGNYPYYLDMI HSLSVGPYLI GLA

vipg fp yl

TVMLPGS YPHYL AMVOAMOF GGGI I MGA
MLVLPGSFPHYLTMVOSLHLWPSFIFTV
f

miqsl p li la

LGYEF TLRAL)KS §YLVVAVS VI LAAI AAA
LGHGFEI KTLMKTEW. . . . ... ... .....
MGY KISEV)¢§SSE€. . . ... ... ... ... ..
MGI KIREV)gSS[€ . . ... ... ... ....
MGY KMODL)KT@®W. . . . . .. ... .....
TAKELTI KEV)STEY. . . .. ... ... ...
LGKFRI PEVMRTEY. . . .. ... ... ....
g gf 1 evy tg

R TR AR I 5 5 5 1A T (peSDHC) Z LR 1 41) HL X

Fig. 5 Multiple alignment of the deduced amino acid sequences of Portunus trituberculatus SDHC
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A =PtR T4 Portunus trituberculatus (AR092229.1)

54

FEWNE Limulus polyphemus (XP_013777033.1)

29 36

Kk BBDHEEIK % Pseudodiaptomus poplesia (ALS04686.1)

34 99

KEBE Daphnia magna (KZS12836.1)
S i fa T\ Lepeophtheirus salmonis (ACO12460.1)
Wit H\ Caligus clemensi (ACO14651.1)

100

71

R 4RIk Apis cerana (AEY61755.1)

PR SR8 Drosophila melanogaster (NP_001262472.1)
BEHIVLL IR Trichuris trichiura (CDW52221.1)

YU B Ascaris suum (ADY47681.1)
94 FHINBATLR R Caenorhabditis elegans (CAA82572.1)

100

Jzﬁ%ﬁ@ Sparus aurata (AGV76823.1)

KW Salmo salar (ACI69787.1)
et WS Xenopus tropicalis (NP_001136371.1)

# N Homo sapiens (NP_001030588.1)
99 _
—95‘— FK B Mus musculus (NP_079597.2)
0.1
Bl 6 =t T Loh RN IR 5 & A4 11 (peSDHC) Z 3L R 1) R GE AL i

Fig. 6 NIJ phylogenetic tree of amino acid sequences of Portunus trituberculatus SDHC
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1

M ¢ I I A XK M A A V A C R G V R T VL G K S A G T S I L T H

1 GGG ATC ATT GCT AAG ATG GCG GCG GTG GCC TGT AGG GGG GTT CGC ACC GTG CTC GGG AAA TCA GCT GGC ACT TCT ATT CTA ACA CAT

31
91
61
181
91
271
121
361
151
451
181
541
211
631
241
721
271
811
301
901
1007
1127
1247
1367
1487
1607
1727
1847
1967
2087
2207
2327

Q S A K F § T L R D M A T A R K A V L A A M G V V 6 G G A A
CAG AGT GCC AAG TTC TCC ACC CTG AGG GAC ATG GCC ACC GCT AGG AAA GCC GTG TTG GCT GCG ATG GGT GTG GTG GGA GGC GGT GCG GCA
G L A Y A L N Q@ S V K A S D L E L H T A K F P W S H D G V F
GGG CTG GCA TAC GCT CTC AAC CAG TCC GTG AAG GCG TCC GAT CTT GAG CTC CAC ACC GCT AAG TTC CCC TGG TCA CAT GAT GGC GIC TTC
s s L D H A S I R R G Y E V Y K NV C A A C H S M K Y I A F
TCA TCT CTG GAC CAC GCC TCC ATT CGC CGT GGC TAT GAG GTG TAC AAG AAT GTG TGT GCC GCC TGC CAT TCC ATG AAG TAC ATT GCC TTC
R N L v 6 V.S B T E A E A X E E A M G V Q@ I D D G P D D E G
CGT AAC TTG GTG GGT GTG TCC CAC ACT GAA GCG GAG GCC AAG GAG GAG GCC ATG GGT GTG CAG ATT GAT GAT GGC CCC GAT GAT GAG GGC
M M F K R P 6 K L S b Y F P N P Y P N D E A A R S A N N G A
ATG ATG TTC AAG AGG CCT GGC AAG CTC TCT GAC TAC TTC CCC AAC CCT TAC CCC AAC GAT GAG GCC GCT CGC TCT GCC AAC AAC GGT GCT
L p p DL S Y I T S A R H G G E N Y I F S L L T G Y C D P P
CTG CCC CCA GAT CTC TCT TAC ATT ACC TCA GCC CGC CAC GGA GGG GAG AAC TAC ATC TTC TCA CTG CTG ACC GGC TAC TGT GAC CCA CCA
A G V S V R E 6 L Y Y NP Y F V G G A I G M A Q A L Y N E V
GCG GGT GTC AGC GTC AGG GAA GGC CTC TAC TAC AAC CCT TAC TTT GTG GGA GGT GCT ATC GGC ATG GCT CAG GCA CTC TAC AAT GAG GTG
M E Y S D G T P A T A § Q@ M A XK D V S vV F L K W A A E P E H
ATG GAA TAC AGC GAC GGC ACA CCA GCC ACT GCC TCC CAG ATG GCC AAG GAT GTG TCC GTG TTC CTG AAG TGG GCC GCT GAG CCT GAG CAC
b b R K K M A L K A L M M F S M L F S I T Y Y I K R H K W A
GAC GAC CGC AAG AAG ATG GCC CTG AAG GCA TTG ATG ATG TTC TCC ATG CTG TTC AGT ATA ACC TAC TAC ATC AAG AGA CAT AAG TGG GCC

v L X §S R K I A Y K P P Q =x

30

90

60

180
90

270
120
360
150
450
180
540
210
630
240
720
270
810
300
900
313

GTA CTG AAG AGC AGG AAG ATC GCC TAC AAG CCT CCA CAG TAGCCAACTTACTCCCAACAAGTATTTTTTCATTATTTTTTTATTTTTTTTATTGTTTAATAAT 1006
TTTTGAAGAACAGGCTGTAAATATCCTCCTCAATGGAATAGTGTTGATGGTGAAGCACTTGAATTATCCATTGAATTATCCACTGTCTTGTGTGAAATGTTACGGGGAGTGGAATACTAC 1126
ATGCATCATGACTCGCTGTCCACCACTGCCACCTTGTCTGGACCCAGACTTACTCAATAAAACCACCAACAGAACTCTCAAACTTATTTTCATTTTTAAAATTTGCATGAAAGCTAAATT 1246
CATTGTCTGTTTTAAAGATAATTTGTGTGTAAGATGAATTTATTTTACATAAAAAACCTATAAAGAACTATTGTGTGGTGTACAAATCAGTGTACATAGTTATATTTATTTGGCACTCTA 1366
TGAAAACTAGTACTGCCAAAACCTGTACATTACCAGAAATTAAAAAATAAAAATATAATAATTTTCTTTTAACTCAGTAATTTCAACATACATATCTTTGAGACACTCACCTTAAATTAA 1486
AGGAAATTATATACTGTACATACAACTCTTAAGTTACTAGTTATGTCACCCTGTAGGACCTGTGCCACAGCAGTGCTTGGTGCCTGGCACCTCCTGGGTGATGTCCACCCTCCGCGCTGC 1606
ATCACACTGATGGATACTAAACAAACTTCATTAACAGCCGTCCCATAGTATCACCCTTTCATTCAGTAAACAATGATACACATACTCTTAATATGATTCTCAACTCCCGGACAATTTTGT 1726
TCATATTTTGTTGATATAATGCTCAACAATAGTTTATTTAGACTCAGCAGTTCAAGTAGTACTATTATGGTGAGCCATTGGCCACCATACCTGTGAGTGCCTGGGGGGCTGCTGGTGACT 1846
AGGTGTTGAAAGAACCAGTGATGGATGGGTTGCGAGAGATCCTGTGCCTGAGTGTCAGGGAGCCACCAGGGTACTTGTCCTTGCGGCGCAACATCCACACACTGACACACACCACCACTA 1966
TTGCCATCACCAATAACAACACCAGAGCCAGCAGTGCCCATGTGGCCACAGAGAATGCATATGACACTTCAGATGTGGAGTCCACGTGATAGAGAGTCTGGTGCCATAGATTCTGCTCCT 2086
GAAATCAGGGTTATGTTTATTTGAGTCCTCAGCAGTGACAGCTGTAGTGTGTATCCTGTAGATATTGTTAAGAATAAACAGTCTATTGTCACCGTGCAGCCAGTGTGTTATCACCTTGTT 2206
CCTGAAGGGCTTGAAGGACATGGTGGGGCTGAAGGATATGGTGTAGTACAGGACGGGCTCGCCAGGCCTCAGGGGCTCCCAGGGCGGCAGCTGGCTGGCTTCCCCTTCCTGTGGAGATCT 2326

GCAAAGGTGCTCTTGTAAGGAATACTGGTGTGGAGTGGATTGTGG

Bl 7 =R TFEARIRMRAEE AR (ptCytochrome ¢ 1)K cDNA 41 K Ho 4w it i) 2 2 R 7 571
ATG: BIRET T * Z %W T, P RLRE cl family 2595

Fig. 7 Cytochrome c1 nucleotide sequence and deduced amino acid sequence of Portunus trituberculatus
ATG: start codon; *: stop codon; Shadow: cytochrome c1 family.

=R TEE Portunus trituberculatus  NCGAKNAAVACRGVRTVCGESAG. . .. TSTHSAKSTRENATHRKA y 1 ALORR S VE A SN 1) S
8 Cyprinus carpio LRVAVFSGTGRTLENTSKSIH. . S ASLPKKEKI 1 yle

B
WM Scleropages formosus

Danio rerio ... SCGTGRTLLNTSKAFH. . B ASLPECEKI 1
LRVAAA. GSGRALLNTPRSVG. . S ASLSRG 5

2371

E”Eﬂ”}'[\%ﬁ Xenopus laevis ACLVLRRSLRGAVECQGGRVAVPV. 8 SRG g 80
4310 Sparus aurata LRYVVLSGSGRALLSTPETIK. . 73
Consensus lrv sg grallnt ks
ZYER T Portunus trituberculatus N 127
# Cyprinus carpio M 158
¥ 544 Danio rerio { 152
MEW IR H Scleropages formosus { 157
WIS Xenopus laevis M 160
453K Sparus aurata M 158
Consensus
=R T Portunus trituberculatus  NYNDAPGSERRNERDS A 186
#8 Cyprinus carpio fe 238
48 Danio rerio a 232
WM B Scleropages formosus G 237
FEMTIYE Xenopus laevis d 240
43k Sparus aurata i G 238
Consensus anpeaaraanngalppdlsy1 nar ggedyvfsl1tgycdppagvslreglyynpyfpgqa1gnapp1ynevleyddgt
ZYER T Portunus trituberculatus . . .. .. BBOJER. . ... .. NS 233
48 Cyprinus carpio d MJASI 'v 303
BEL 1 Danio rerio : 1 \r LGGA 297
SEM £ Scleropages formosus ; LCSAI 302
LN THE Xenopus laevis : VLM SSTLT 305
43k Sparus aurata MGSAILV (R 303
Consensus pa1nsqvakdvclflruaaepehdqurnglk Imngsail pl yynkrhrwsvlksrkiavrpp

Kl 8 =it T LR IR 45 B A R (ptCytochrome c1) 2 FMR 7 51 /7 51 LE Xt

Fig. 8 Multiple alignment of the deduced amino acid sequences of Portunus trituberculatus cytochrome cl



528 H [ K R 2 %25 %
99 [ MEREE Papilio xuthus (BAM19411.1)
58 L %=z Bombyx mori (NP_001106230.1)
" PEJG BUE Drosophila melanogaster (NP_001246637.1)
60 \— KR Anopheles darlingi (ETN66619.1)
23
Y Zootermopsis nevadensis (XP_021926733.1)
21 A =R TIE Portunus trituberculatus (AR092231.1)
4:3K48 Sparus aurata (AGV76827.1)
4 99 4|:§£jclﬂ§ﬁ Salmo salar (ACMO8987.1)
55 B Danio rerio (NP_001032470.1)
K& Daphnia magna (KZS08534.1)
— B N Homo sapiens (AAA35730.1)
Pr— 4F Bos taurus (AAB57834.1)
0.05
K9 =Pt FEELORAA I BE S A AT (prCytochrome c1)Z R 1 5 Gt ALY
Fig. 9 NJ phylogenetic tree of amino acid sequences of Portunus trituberculatus cytochrome cl

1 M N A E S G 6 T @ L L L L L L L A R K G 20
1 ACTAATTTAAATAAGGGT AAC GCA GAA TCG GGA GGC ACT CAG CTG CTG CTG CTA CTG CTG CTC GCC AGG AAA GGT 78
210 E v. P T M S E A I M S S @ M E T A P F D P R F P N 45
79 GAA GTA CCT ACT ATG TCT GAA GCC ATC ATG TCT TCT CAA ATG GAA ACT GCT CCC TTT GAT CCT CGC TTC CCC AAC 153
46 Q N Q T K Y C Y Q S Y vV D F H R C Q@ K L K G E E Y 70
154 CAG AAC CAG ACC AAG TAC TGT TAC CAG AGC TAC GTT GAC TTC CAC CGC TGC CAG AAG CTG AAG GGT GAG GAG TAC 228
71T E p ¢C Q Y F K K v F R S v ¢ P N A W Vv E K W D E Q 95
229 GAG CCA TGC CAG TAC TTC AAG AAG GTG TTC CGC TCC GTG TGT CCC AAC GCT TGG GTG GAG AAG TGG GAT GAG CAG 303
% L E N G S F P S K I = 105
304 CTG GAG AAT GGC AGT TTT CCC AGC AAG ATC ATCAGCTTTTCCCTTTCCTTCCTTTCTGTAAATGTCCGGGCTTAGGAAATAAAAGT 392
393 GAGAGAGAAAGAGAGAGAGAACGAGTGAGAGATGGTTAGCAGAGTTTTATTGTATTGTGGGTCTTGCATTTTGCTCCTTGTGCACACCCAAACACACGTG 492
493 TGCACACATTTGCATCTGTCTTACTAATGTACATCTCATGTAGAGTTGTTGTGTCATCCACTTGTCATTTGATCCGGGAACAGTAAAGATGGAGCATAGT 592
593 ATCTGTTGCTGGCCAAGTGGTGAACAGTCGGCCATTTCTTCACTAGCCACTCTTTGTCTCCTTCAACACTCTGTGGAGAGCACCATGCCTCTCCTGCTGT 692
693 AGATATTTGTACAGGGAGTTGCAGCACCAGCAGGATAGCCTAAGTGGCGCCTCAGGCCGACTCTTTCATCTGCTGTGATGCAATTAAAGGTCCCCATCAG 792
793 GCTCTTTGTTTGCTTTACCCCAAGAACAAAAAGCAGCCCAACAAATAGGTGTGTGTGTATGTGTGAATGAATGAAACTAGTCTGGTTTATGTTTTATTTA 892
893 GCACTTTATTTATTTTCCTTTTATCTCTGGAATGTAACTGATTATTTTGTGCTAGGGAAGATTGATTGTGGAATTTATACTTGTATGGTCTGGAACAAGG 992
993 ACAAAAATGGAAGATATTTTATGTTGTTGAAGAGAGGCAGGCAAGACTTGGACAGACTGTAATGTTGGAACTTAATTGTAAATAGTATCTGTTTTCCAGT 1092
1093 CAATGTAATATTTAGTAAATGATCAAAGATGCTGATCAGCTTTTACTATTACCATACATTGTTGTTACATGGGGAAGA 1170

K10 =K 7R R IR I 4% 52 A K IV (ptCOX6B)E: K cDNA 4K K Hi gt (19 4%

ATG: SEIREI T * ZALEB T P NESIRFH.

Fig. 10 prCOX6B nucleotide sequence and deduced amino acid sequence of Portunus trituberculatus
ATG: start codon; *: stop codon; Shadow: signal peptide sequence.
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Consensus
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Fig. 11 Multiple alignment of the deduced amino acid sequences of Portunus trituberculatus COX6B with other species
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PRI RME Drosophila melanogaster (NP_001245767.1)

4 JBE Papilio machaon (KPJ07445.1)
FUEHEEXTEF Litopenaeus vannamei (ATU99749.1)

100 W:E%@%ﬁ Portunus trituberculatus (AR092230.1)

PHr JWE Xenopus tropicalis (NP_001005102.1)
— —— B N\ Homo sapien (CAG46934.1)

¥ Sus scrofa (ABK55637.1)

XA Oryctolagus cuniculus (ACJ73990.1)
JE M5 Ixodes scapularis (EEC20473.1)

LTI Pogonomyrmex barbatus (XP_011634202.1)
B IRIR Y Trichogramma pretiosum (XP_014235941.1)
ZRBk/INE Copidosoma floridanum (XP_014217857.1)

E 12 =P0R FRELORRIE U4 & A R IV (ptCOX6B) R FLIR 1Y 5 Ge ik ki

Fig. 12 NJ phylogenetic tree of amino acid sequences of Portunus trituberculatus COX6B
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Fig. 13 Distribution of the expression of oxidative phos-
phorylation metabolism key genes in different tissues
of Portunus trituberculatus
HE: hepatopancreas; M: muscle; G: gill; HT: heart; O: ovary;
T: testis; B: brain ganglion; E: eyestalk; TG: thoracic ganglion.
The expression levels of different tissues were expressed as
multiples in comparison with the ovaries.

SRR T IR R B v SR AR R I i 5 A 1R
P HE A B Z (] 15). S5 R, Bl
FIEZ RGN, 4 NEA KSR ERL RN
JEEAR 3 R, HAUR R BEIRT FO
(P<0.05); ptNdufv2 FLFTE F4, F6. F8 Ll #
£ 57 (P>0.05)(F 15a); ptSDHC(E 15¢). ptCOX6B
(Bl 15g). ptF-ATPR(E 2-32a): K 7E F6. F8 G
1 & 2 5%(P>0.05); ptCytochrome cl 7£ F6, F8 fll
F10 H G i 3 25 5 (P>0.05) (8 15¢) TEOo i rh, B
FTAE R B IEIN prNdufv2 BE kB R T
f a3 (P<0.05) (&l 15b), i F2 Fil F4 .F8 I F10
Z [6] 43 9 JC i 3 22 5 (P>0.05), F2-F10 1 prSDHC
(K 15d) =1k 534 83 5 F FO (P<0.05), H&2Z
[6] JC 8. 3% 22 5+ (P>0.05) . ptCytochrome cl F&[H £
kN F4 JFiR 3 TR (P<0.05), F8 il F10

E 0.65 b I fF AR hepatopancreas
& 08 B i heart . d
S b b b
S04
RN
=} .. r
g% 0305 mm
R 2003
%8 02|
= 8 el
& 001
du ol
= FO F2 F4 F6 F8 F10
SR T EARBEAARE
different inbreeding generation
-é }(2)8 rd 1 JiFfAR hepatopancreas
= .00 - a a S
2 > o0l B .0 ) heart
O &2 080r a
=2 0.60F b
% 5 0.40f c d
|_|2 0’20; - ==
g 1
= £
#® 8
4o
®
FO F2 F4 F6 F8 F10
SR TEARBIAAE

different inbreeding generation

AFERHACH R =P TR A RS S AR T . T, . VG

AN [) B 38 7 AR [R] AR ] 22 57 8. 3% (P<0.05).

£ 06 a
) a
% > 0.5} a [ ¥ JBeA% hepatopancreas
Z 2 04 B 0> heart
T b
E— 031 ) b
R %. 0.2 ¢ d g d ¢
I d
© 0.1 H
dz ol
g
FO F2 F4 Fé6 F8 F10
EPRTFEARIEZAE
different inbreeding generation
Ic)
£ r¢ a
g 0.200F — E\?ﬁﬁ% hepatopancreas
S zo.160f b I OJE heart
© £ 0.120f © c c d
gg 0.080F H B B -
= E o010
£ E
E S 0.005
o 0
= FO F2 F4 F6 F8 F10
SHRTFEARIEARE
different inbreeding generation
&l 14
Fig. 14 The activity of complexes I .

I, . IV in different inbreeding generations of Portunus trituberculatus

The different letters represent significant difference among different generations (£<0.05).



531 FEATH S SR T B AR AL BTE X R s Y 284 531
1 FFJEERS hepatopancreas
g, 2 2,5 b I 0V heart
Q . r -
i o a a 1 FFJEERS hepatopancreas 5‘3 ’
4310 B 0 heart BR 0l
K= 03 &4
75 '8 155
Zg06 =g
K2 Kz
w8 04 g 8 10]]
QE Q &
& ¥ T S 0.5
,.§ ° 0.2 Qo
=z 2 0 “ 2
= - S 0
g FO F2 F4 F6 F8 F10 [ FO F2 F4 F6 F8 F10

PR TEAR R AEL

different inbreeding generation

12¢°¢ 7 FFBEMR hepatopancreas
a a a B 0/ heart

Cyt cIZEFMNFIE R
relative expression of Cyt cIgene

FO F2 F4 F6 F§ FI0
=P TEARREAARE

different inbreeding generation

B 15

COX6BXEF RN ik &

relative expression of COX6B gene

=HRFEARIERARE
different inbreeding generation
C] FFJBERS: hepatopancreas
d I OV heart
L a

a @

S e Qo = o=
o N A o o
L . s s s

FO F2 F4 F6 F8  FI0
PR TRAFIEAEL

different inbreeding generation

AN A AR SR Z8 = HEhR 1 S T WA R A S e i DX R G ik i

[R5 BETR AN [l AR 8] 25 57 2.2 (P<0.05).
Fig. 15 Relative expression of oxidative phosphorylation metabolism key genes in different
inbreeding generations of Portunus trituberculatus
The different letters represent significant difference in the different generations (£<0.05).

Z A JC i 2 5 (K 15f, P>0.05); ptCOX6B & [H
Fe Ik T A2 R BB NG B AR A (Bl 15 h,
P>0.05),
3 itig
31 ZERTFEZNETRESESSHETEER
FF B 4F1E

AARRITE NS AR T, XHRA NADH-H
Q EAbIR Mg, A LR - ERE
AR (TR R F BN ER T R [R]
P A0 A R b AR PR A PR 2 G 1Y) o AR5 e
REAT 2 1 = PoAR B LR R I B 2 AR T 5
(Ndufv2) cDNA J¥44Kh 1005 bp, H &
705 bp 1Y ORF, 4ifh 234 NE KR, %EHEE
AR T R OWEE, B Ch R T BT Y /)
AP % A L R A E S KR, B
A tEE A4 NADH i S V3 B, 1% E
580 RIS, 8 2 5 MR 5 R 55 57 s P )

VeSS, TR AR ORAY
RRLIRIT IS AR T, MARBEFIER -5 Q
A Ak IA 5 (succinate dehydrogenase), S ik 1F
R IRE N ) o S PSR R (TR 3 R
MEAZGHK, ZM—— RN S5 = RRIEH
FA kB R IL R B E sE e A9 3 1 =R
TR RN 55 5 A 4 11 W7 5L (SDHC)eDNA J7
F 4N 915 bp, H AL 540 bp 1 ORF, it
179 DRI, FROWIEHAMIN AR AT A C
(Succinate dehydrogenase complex subunit C), %
RN E AR RS 3 DB IRA B,
TAF 5T, EA B30 b 4 1 5 5 I A ik
PEE PSS, ZEAREMNNZEENRENZ
—, LS E S W A, ARk A A
A O =Pt T8 prSDHC S [H 4i i
R EEIRT S 5 YN | RS 0 555 Bsh )
[) PSR s, HC AR AR 23 At 3R B HG 5719 Tl 3
YIRS G RO o AL 2 B IR AE A 2R S Yk



532 Hh [ K R A

%258

welE R, A EENMRE L.

LR R £ 2 AR, AR Q-4iffita % ¢
A Ak A JF i (Q-cytochrome ¢ oxidoreductase), &
W e = M EHE AR, SAMmLR
MA@, 78 ATP B e Sesi e Rl
BAYNUE—Fh S B 1, RMERIREIREE b
A2 o) AL R AL (9T A oAt W7 36 ) e ) G
i o A vw REAS B 1Y = PR 1 Lo (AR i
AR F B K (Cyt c1) cDNA FAl 4K N
2371 bp, HP41 & 942 bp f ORF, 4ifhy 313 4
FIERRALR M AW 1 W3 4. %3 AR T4
R c MARG . ENENZM Rieske & 4%
HL T IR B 4 LRI IR BE A (A 2 (A IR

IV 2 R o 8 4 2 11 I 4 v A5 KO 97,

HAMMAER o ZKGE DS %8 H AR
N EABE R, XTREHR T EMERZENE
HARIIE B T RAE SRV, it BREERN
AT . =P T prCytochrome c1 Fk [A i) & &
PR 7y 4 S5 4 B D £ R A U TS [ I R 3] 74%,
REIA R 5 B R R LW ARG
FBGE, WHIHAEIE E RS o
LRARIF IR £ 2 SRV, NFRAER ¢ A
LB, 2R FRBENRE - TEAE A, 2
Rtk - RMMEREALZ A" ZEA
A 3 AN FE AL AT %, J 51 b ek A 5L
AR IE N it . BN 4 DNMIEEER ¢ o
1 W = R o v (W2 221 D I = s e el O 0
TFEFAC AP K TR A5 ve B fs 2 8 =9k
12 B8 SRR W 4% 52 5 AR TV 7 [ (COX 6B)
cDNA 54K R 1171 bp, H 4% 318 bp #Y
ORF, #if%h 105 P2 MR %L H g iy () R R K
BN —DWEE, HEERmEY, ATz
AT FIERC . =i T8 COX6B it
R A5t b O AL, A4 EAER o A
fL i 6b(Cytochrome c oxidase, subunit VIb)fr i 4
HHSWE A—ME T WF8), HAERTRER N
3G R 3 7 B 5 A AR IV Y o AR rh U1 v,
PR FIZ AR =R T8 prCOX6B HE A 1 2 FE 1R
¥ 95 FLANEEXRTIR R R o R B i
N5 NANEX IR RGO R KR, Bl HAE# i -

Lo A PR 57, AT Ay HC A v P A W AH G i BF 9 2 it
Z%,

JE G E B PCR 45 R, =R 4
ANWF WA 2 A R W S L 7R T S A 8P 3l 5 3R
5, FENFIERE .« FLPR IO JE S5 4Ot HE % 1) 2 270
FIR Rt A, B . WLPFLC MR =i+
BARKER FENMRE DL, XL R & RIE
L EIE T 3% — 8
32 ZEBRTFEEUBBURBHERRZEXH

T =R B AN H R, Bk
2 I AP RE N TR0 B SR AR L, SR B
Fofr A 7 g R S AT A b 2 o AR N S, A
T80T =Pt 18 b ot 5% I 0 R 1k S st % 24
PERYFRARD- 20, Rl A BIF 5 IE B A8 2 1 Rk
RRSIE/BI 2t NI 3 B RN S AN 7 B LK
SR RAIVEAR Ty T A SR, (B OG0 B0 AR B AL )
FAE S A B A 1 . Ren ZEPHIESE T A Ak
5 | S — PR 1 B S AL S ) S AR ML 45
A FRALAE YR . H B ATA T SR =R
FE A Y 52 3 R L

AU A5 IR, TCI T R AR A 2 7 0 JIE
H, =R T EE LR ST AR TR TIT A3 ) 4 bl
T AE FR AN R EREAR, 3k R W SRR
TEAW I DANH IRES), 16 T ALk
— Bl T AR, I R I R T A Y,
HAR I A s D 8L T 3R, mifiife Q
PEERZ B, 5200 HL 7 N QH2 LA F% 31 41
% ¢ ZURME R0, (A& A 1A I 3
LA ptNdufv2 Fll ptCytochrome cl FAHXT Feik &
LT R ) — S, meEfIREA K 1
IO S S T g S0 U 1™ DR gy e ) 36 3
ptNdufv2 Fl ptCytochrome c1 ik it 3E1E 435l
M T YRR T LR AR I R A A A T TG
JIR TR [FREdh, (CRE S SR TV 6 1 2 8
W E R S, ULE R T =i T
OEE G IV IE iR, BAR T HIKS) ATP
A ARSI PT, B A AR Y BE A K O Y [
o AR FLC WE R =T F IR N E A E,
WA RO TR BRI A . A S0 25 R m) LU



%5 3 4]

EAEAE PR TR SRR A K R S A AL 533

A T R A 4 AN AR T I
HAP S R, OERRE &K 11 24 3 A4
82 ARG 7 B A B Y R, X R A
IR ITE T =i 7 B8 S Al IR AL Al i 2 v,
CIRDE311B e s =5 5 e ¥ o NI €2 L 2 B
REMFIRWFEHZ —,

SRR, PR TEOMTNE AR 10 T
F1 B 3 FE [ prSDHC ()25 i M 2 058 &
LR IR R o = 7S 2 B ol [ S K=
BEHAMR M BE T 1G5, sk T A LBERR 1L 2E — 2T
TR T E A 1 F 2 5 a8 s L=
RIRIGFR A ", A —E R E FRES IR
A AR A, W AR T RIS Y
BB AT RE T R T = RRIE A F A AR R W
Hsk, XATREEH TR TEE MR PR
HNEE T BB,

AR LRI, BEE DIV #E )5 HAE
FLILRA X B H AR —2, b HLRE R T g
EHTEANRBR I ER., ffhRE—EA
FEHE— B[] i 3R3K 2 B 2 Fh I R A 520w, LA
(%G 5 . mRNA 9B | 2R 1 5 A R A o R 258
JR4E mRNA Rk KA —E B L B R 2=
ik, (B RECR B 2 TR K B, mRNA KikK
FIHAREE R E AT MK, W HEARAT
TE 2 ZRE RIS N T A8 25

4 #ig

K RACE HAR B IR e R IRAT — Ptk T8 4
BRI BE 4 5 AR IS 1Y cDNA &K 7
B, FFX ik B6 3 K P 5 HEAT T A WA B AT
XSEFE R RS E AR, HESANE S
R R EE EEME . XS 5 AT 0 ) Fh
) PR s, AE Rl bt SR B T R ST
FEAE =P TR . O NE . LA RS AR
IR A AL gL e ik, T ok H A IR R AR WA 5 1Y
MRS %, HIRARE = PR 718, AL R
PR A AR AL T 2 (LT 52 Feflt o A ST 45 SRR A,
UEACHE L T =Pt TR IRAR b 2% 4 AN Ak
W B S R R, DI BRE AR T 2
AN 3 AN ARG M RS R B IR, ESE T

LA TE IR AR T =P 18 S AL R A Uil aE
B2, MBI = e T B S B AL S It T
BlESCFr . BEF LSS R BN IN, =R .0
I PP A2 A TR 3% ) B G S DR ) 3 3K 1
F ISR AT, UEWIOE R EE AR AU A P e 5
TR AT ] =P TR R AR ik
IR MS%

5% 0k

[1] DaiAY, Yang S L, Song Y Z. Marine Crabs in China Sea[M].
Beijing: China Ocean Press, 1986. [HiZ =, #EiK, RE
K. I EEAEEEISM]. JEET R AR AT, 1986.]

[2] WanglY, Zhu S G, Xu C F. Biochemistry[M]. 3rd ed. Bei-
jing: Higher Education Press, 2002: 114-146. [E8s, KX
BE, IR AEEM]. 5 3 L dbat SAEEE R
1, 2002: 114-146.]

[3] Dai C, Wang F, Fang Z H, et al. Effects of temperature on
energy metabolic enzymes of swimming crab (Portunus tri-
tuberculatus) in the post-molt stage[J]. Journal of Fisheries
of China. 2013, 37(9): 1334-1341. [##8, FJ5, B T1E, %
L X 8 e I ) = T R A T T R ],
IKFE2ER, 2013, 37(9): 1334-1341.]

[4] Chen J C, Lai S H. Effects of temperature and salinity on
oxygen consumption and ammonia-N excretion of juvenile
Penaeus japonicus Bate[J]. Journal of Experimental Marine
Biology and Ecology, 1993, 165(2): 161-170.

[5] Jiang Q C, Pan D M, Tian J, et al. Effect of nitrite stress on
gene expression of antioxidant enzymes, heat shock protein
70, and metabolic enzymes in gill tissue of adult red swamp
crayfish, Procambarus clarkii[J]. Journal of Crustacean Bi-
ology, 2014, 34(6): 754-759.

[6] Ding S, Wang F, Dong S L, et al. Comparison of the respira-
tory metabolism of juvenile Lifopenaeus vannamei cultured
in seawater and freshwater[J]. Journal of Ocean University of
China, 2014, 13(2): 331-337.

[7] Gonzalez-Ortegon E, Pascual E, Drake P. Respiratory re-
sponses to salinity, temperature and hypoxia of six caridean
shrimps from different aquatic habitats[J]. Journal of Ex-
perimental Marine Biology and Ecology, 2013, 445:
108-115.

[8] Vinagre A’ S, Chung J S. Effects of starvation on energy me-
tabolism and crustacean hyperglycemic hormone (CHH) of

the Atlantic ghost crab Ocypode quadrata, (Fabricius,



534

Hh K R

%258

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

1787)[J]. Marine Biology, 2016, 163: 3.

Gao B Q, Liu P, Li J, et al. Effect of inbreeding on growth
and genetic diversity of Portunus trituberculatus, based on
the full-sibling inbreeding families[J]. Aquaculture Interna-
tional, 2015, 23(6): 1401-1410.

Moss D R, Arce S M, Otoshi C A, et al. Inbreeding effects on
hatchery and growout performance of Pacific white shrimp,
Penaeus (Litopenaeus) vannamei[J]. Journal of the World
Aquaculture Society, 2008, 39(4): 467-476.

Luo K, Kong J, Luan S, et al. Effect of inbreeding on sur-
vival, WSSV tolerance and growth at the postlarval stage of
experimental full-sibling inbred populations of the Chinese
shrimp Fenneropenaeus chinensis[J]. Aquaculture, 2014,
420-421: 32-37.

Livak K J, Schmittgen T D. Analysis of relative gene expres-
sion data using real-time quantitative PCR and the 2T
Method[J]. Methods, 2001, 25(4): 402-408.

Hirst J. Energy transduction by respiratory complex I—an
evaluation of current knowledge[J]. Biochemical Society
Transactions, 2005, 33(3): 525-529.

Liu HY, Liao P C, Chuang K T, et al. Mitochondrial target-
ing of human NADH dehydrogenase (ubiquinone) flavopro-
tein 2 (NDUFV2) and its association with early-onset hyper-
trophic cardiomyopathy and encephalopathy[J]. Journal of
Biomedical Science, 2011, 18(1): 29.

Oyedotun K S, Lemire B D. The quaternary structure of the
Saccharomyces  cerevisiae succinate dehydrogenase —
Homology modeling, cofactor docking, and molecular dy-
namics simulation studies[J]. Journal of Biological Chemis-
try, 2003, 279: 9424-9431.

Hirawake H, Taniwaki M, Tamura A, et al. Cytochrome b in
human complex II (succinate-ubiquinone oxidoreductase):
cDNA cloning of the components in liver mitochondria and
chromosome assignment of the genes for the large (SDHC)
and small (SDHD) subunits to 1q21 and 11g23[J]. Cytoge-
netics and Genome Research, 1997, 79(1-2): 132-138.

Gao X G, Wen X L, Esser L, et al. Structural basis for the
quinone reduction in the bc; complex: a comparative analysis
of crystal structures of mitochondrial cytochrome bc; with
bound substrate and inhibitors at the Q; site[J]. Biochemistry,
2003, 42(30): 9067-9080.

Bosshard H R, Ziirrer M, Schiagger H, et al. Binding of cy-

tochrome c to the cytochrome bc; complex (complex I1I) and

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

its subunits cytochrome c¢; and b[J]. Biochemical and Bio-
physical Research Communications, 1979, 89(1): 250-258.
Balsa E, Marco R, Perales-Clemente E, et al. NDUFA4 is a
subunit of complex IV of the mammalian electron transport
chain[J]. Cell Metabolism, 2012, 16(3): 378-386.

Wang H F, Liu P, Gao B Q, et al. Inbreeding influence to
some economic traits of six inbreeding generations of Por-
tunus trituberculatus[J]. Journal of Fishery Sciences of China,
2013, 20(6): 1157-1165. [T, XIE, Efta, & T8
X =P T T 2 TR R M ma[T]. b EK= R
2%, 2013, 20(6): 1157-1165.]

Frankham R, Gilligan D M, Morris D, et al. Inbreeding and
extinction: Effects of purging[J]. Conservation Genetics,
2001, 2(3): 279-284.

Luan S, Yang G L, Wang J Y, et al. Selection responses in
survival of Macrobrachium rosenbergii after performing five
generations of multi-trait selection for growth and survival[J].
Aquaculture International, 2014, 22(3): 993-1007.

Ren X Y, Gao B Q, Liu X X, et al. Comparison of immune
responses and antioxidant status of different generations of
growth-selected Portunus trituberculatus families[J]. Aqua-
culture Research, 2017, 48(3): 1315-1326.

Sazanov L A, Hinchliffe P. Structure of the hydrophilic do-
main of respiratory complex I from Thermus thermophiles[J].
Science, 2006, 311(5766): 1430-1436.

Cecchini G. Function and structure of complex II of the res-
piratory chain[J]. Annual Review of Biochemistry, 2003, 72:
77-109.

Trumpower B L. The protonmotive Q cycle. Energy trans-
duction by coupling of proton translocation to electron
transfer by the cytochrome bc; complex[J]. Journal of Bio-
logical Chemistry, 1990, 265(20): 11409-11412.

Yoshikawa S, Muramoto K, Shinzawa-Itoh K, et al. Proton
pumping mechanism of bovine heart cytochrome ¢ oxi-
dase[J]. Biochimica et Biophysica Acta (BBA) - Bioenerget-
ics, 2006, 1757(9-10): 1110-1116.

Gygi S P, Rochon Y, Franza B R, et al. Correlation between
protein and mRNA abundance in yeast[J]. Molecular and
Cellular Biology, 1999, 19(3): 1720-1730.

JiCL, WuHF, Wei L, et al. iTRAQ-based quantitative pro-
teomic analyses on the gender-specific responses in mussel
Al

Mytilus ~ galloprovincialis to tetrabromobisphenol

Aquatic Toxicology, 2014, 157: 30-40.



55 3 3 EAEAE PR TR SRR A K R S A AL 535

Effects of inbreeding on the oxidative phosphorylation of the swim-
ming crab Portunus trituberculatus

WANG Zhuging" %, REN Xianyun'?, GAO Baoquan"? LIU Ping"?, LI Jian"*, WANG Lei"?

1. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;
2. Functional Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory
for Marine Science and Technology, Qingdao 266200, China

Abstract: The swimming crab Portunus trituberculatus (Crustacea: Decapoda: Brachyura) is a dominant species of
portunid crab fisheries and an important economic species worldwide. The key performance traits of crustaceans
and other aquaculture species are often depressed by inbreeding, especially if inbreeding effects accumulate too
rapidly. Although previous studies have investigated the effects of inbreeding on the morphology, hatchability, and
survival of crustaceans, little evidence is available that demonstrates that inbreeding affects crustacean physiology.
Therefore, in order to investigate the effects of inbreeding on the oxidative phosphorylation of P. trituberculatus,
cDNAs of the key subunit genes of the four mitochondrial respiratory chain complexes were cloned, sequenced
using rapid amplification of cDNA ends (RACE), and then analyzed using bioinformatics technology. The
full-length ¢cDNA sequence of the Complex I core subunit genes was 1005 bp in length and contained a 705-bp
open reading frame (ORF) that encoded a 234-amino acid polypeptide (GenBank: KY682717). The full-length
cDNA sequence of Complex Il was 915 bp in length and contained a 540-bp ORF that encoded a 179-amino acid
polypeptide (GenBank: KY406169). The full-length cDNA sequence of the Complex III subunit (Cytcl) gene was
2371 bp in length and contained a 942-bp ORF that encoded a 313-amino acid polypeptide (GenBank: KY406171),
and the full-length cDNA for the key subunit of Complex IV was 1171 bp in length and encoded 105 amino acids
(GenBank: KY406170). In addition, homology and phylogenetic analyses revealed that the amino acid sequences
of the four complexes were highly similar to those of closely related species and had higher conservation in evo-
lution, and could be used as a reference for other marine organisms. The activities and mRNA expression of the
four complexes in the hepatopancreas and heart mitochondria of P. trituberculatus were investigated. Results show
that inbreeding reduced the activity of all four complexes and their respective subunit gene in the hepatopancreas
(P<0.05). Besides, Complex I, III and IV activities and their subunit genes in heart were declined by inbreeding
(P<0.05). Furthermore, the elevated activity and expression of Complex II in the heart may indicate that the ability
to oxidize succinic acid and the level of aerobic metabolism in the crabs rose by breeding might because the
dominant homozygous genes were accumulated during the family-based selective breeding programs. Therefore, it
is clear that inbreeding gradually reduces the oxidative phosphorylation pathway and provides a reference for
family-based selective breeding programs for P. trituberculatus.
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