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Abstract: In the present study, the nutrient composition of Crassostrea hongkongensis from two oyster fattening areas in
Qinzhou Bay, Guangxi was evaluated. And then the metabolism-related gene expression in the mantle, adductor muscle and
gill tissues of C. hongkongensis was analyzed, and the correlation between nutrient composition and gene expression was
discussed. The results showed that the contents of cholesterol, vitamin A, vitamin E, zinc and some amino acids including
phenylalanine, histidine, glutamic acid and alanine of C. hongkongensis in Qinzhou Port fattening area were significantly
higher than those in Dafeng River fattening area (P<0.05). And the proportion of essential amino acids (35.51%) and the
proportion of half-essential amino acids (10.51%) of C. hongkongensis in Qinzhou Port fattening area were also higher than
those in Dafeng River fattening area (34.06%, 9.31%). Conversely, the contents of calcium, sodium, magnesium and the
proportion of flavor development amino acids (41.33%) of C. hongkongensis in Dafeng River fattening area were better.
Moreover, the gene expression of P5CS, GP and SREBP of C. hongkongensis in Qinzhou Port fattening area were higher
than those in Dafeng River fattening area, while the gene expression of DYRK was lower, but the differences were not
significant (P>0.05). The heat map of Spearman correlation showed that the gene expression of P5SCS, GP and SREBP were
positively correlated with the contents of multiple nutrient composition and amino acids, in which the gene expression of
GP was significantly positively correlated with energy, fat, cholesterol and vitamins (P<0.01), but the gene expression of
DYRK was negatively correlated with the contents of various nutrients and 14 amino acids. In conclusion, there were certain
differences existed in the contents of nutrient composition and the metabolism-related gene expression of C. hongkongensis
from two oyster fattening areas in Qinzhou Bay, which had own characteristics in nutritional value and flavor taste

separately, and both oyster culture areas could be used for fattening and breeding of C. hongkongensis.

Key words: Crassostrea hongkongensis; different fattening sea areas; nutritional evaluation; gene expression; correlation
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analysis

T U5 ( Crassostrea hongkongensis) , {6 R4
IR RCIE, FJE A5E4N (Bivalvia) #H15E(Ostreidae ),
H R EESe ., EIefE, TRPEEHEEE 45%~57%.
Wi 7%~11%. HHIG 20%~40%, iR & & 2 Fp 4i 4
. TR ESLRR . AR LA | B iR
JUE, BB G EIEN . FHsshEE TR KT
T R R B LR AR A AL A, IS B ER S F 5%0~25%o,
T T IR E R LI, 2P DUIESRGE Y 32
AR BHAET, P A S A R i 3R T R
BT H4EFK . &2 (10~11 A 439 7RI R iS4k
PRSI IOIRAS WG Y, ST S iR AN B LR
A5, AT R ARA S 2 L TS AR R, AH G
WFIEFRI, $HM5 F2EE IR SRS E AR
AS[A] T 2 BT AR AR, AV B A K BT . EREE
HRRE | AR SRS IR 20 i A5 TR ZR AR S X F i 4 W5
A A AL AN B e A — g pgsg e, Bl 6
THE A SR R BT 0 AT B A R, (HE XA FF AN
FEGHHE X b B AR e 05 A0 SR A BRI A
FLA IR 22 5 DA KW 5 Z A I AHSC S T R S5
BB STHT M AR TRABFFR
SRR TR EEF A RIEZ 27, N TE K
TR R, TRELEE s, Bl BRI 2 E A KRR
sz, WU 3277 X R PP AER B . RNV
A5 B AR SR G DX 322 53T A RRT T AN s T
3R, 2R T O 28 F7AL, B MK ER S b, ksl
AR R, A SC LU E IR A S5 S BT
G2, X T PNV IR S R T AN s A B AR SR
FEVE X A Hs 4l BB SR A WOt ER | SRR
Pt e SR A R L R i 8 1 L AT L3 ATAH
FMESIHT, T fEASF B R IRAH I X A st 1 5%
LA ZH AR DGR B, LA TETPN & 1B A

FEA A 35 SR AL E SR PP i 158 S5 PR 1y i 158 B4 2
LA, M E—2 S s N T A B P& BT
RR IR AR AR
1 MRI5RE
1.1 MR5{E

LR T A S AR S AR EREE T PaERN
YRR A B A SRV X (R FR AR LFRIA X, N
21°3824.10", E 108°52'27.91" ) FIAZ I k4145 75 AC =4
¥ DX (FR] FRAR M HE 37 7H X, N 21°44"22.31", E 108°
34'4.28"), FAE K/INR: 58 10~15 cm, 55K 6~8 cm
FCUE 4~6 cm. FRARHLUE K 30~40 g; A7 Tk Eh
iz . MR . STk . BRERED . ANIRER  SrbiTal, Rt
K 2#GA) 5 TransZol RNA$EHUAF & . Trans
Script All-in-one First-Strand cDNA Synthesis Super
Mix for qPCR 7] & . PerfectStartTM Green qPCR
SuperMix ifF&  JbEe2XEEWA TR

GZX-GF101-3-BS H#VEIR X T4 i
BRIE BT 28 FRAS T B180 Thfgrr 42 [ g [kl
oSl IEARh g e A ERA A BR AN F s KDN-
815 EAAN . SZC101S1 JEIIEAL IR
PR HITACHI @R dRs.obl - HARH S
#; Light Cycler 96 SER%E5 PCR 1% B2 ERANH] .
1.2 XWFHE
1.2.1 AL S35 T R FREH DRI s
FEFH X R4 30 DNFARM(11~12 A4Y) B HEHWkE
i, T RE S PBITE R T FE B SRR AR ZH 2, Fg2H
HLIEEL 6 A AR A B g SM SR P15 LN
HEAEZH ZHRE N, B TR AT S T80 °C Sk
TNARTERRIN; LA e S B SRR A R AR ZH 2,
PEATLH AR SR G A5 S T-20 °C 454 MMRATF
.
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1.2.2 FEARAGTINE
1.2.2.1 WHEFRMSME TG AL P aE
FESE R & S R SR S E AR T e, T
FREEZ I8 GB 28050-2011(ETT O HATINE; A
i GB 5009.5—2016 CGF—35) 4TI E; iENTZ=
8 GB 5009.6 —2016 (28 —35) 471 52 ; EEIEMRLH 43
&2 GB 5009.124—2016 HEF7I 5 ; 1B & pist
Z: 18 GB 5009.128 — 2016 (55 3 JEATI & ; 4E4E
= A g4 22 E 218 GB 5009.82—2016(55—1)
HEATIAE o
1222 WYL RME  FHsHWFHL F 55 (Ca) .
BE(Zn) | FI(Na) | (M) S50 P & S e g
24 E ZARME GB 5009.82—2016 (5% — 1) #H4T
MRE .
1.2.2.3 FERWE S EFEPEE T FAwsshs
HAP LR L 53 F BT E AT 2 18 GB 5009.124-
2016 FEATIE F1 43875 HYE 1973 4° FAO/WHO $2
H S LR T o35 =C AN b I TR B2 24 Rl 24 B o S
B DA T U AR B AR AR G T AR, ST
A FEMR V43 (amino acid score, AAS) Flfb 22145
(chemical score, CS)®1,

AAS F CS BT STHH:

AAS=# I FE 15 2 FE R % & (mg/g N)/FAO/
WHO PFA AR = A AH N 28 3518 & i (mg/g N);

CS=#IIFE A BT & 518 & & (mg/g N)/ASEEH
Jor FP AR Y 2 R S (mg/g N) o
1.2.3 stz 2 S SE R 238 530
1.2.3.1 L RNA FZHGHI cDNA &% =88 Trizol
FIH TransZol RNA $HGAFI S T4H 4R RNA 119
PREEL, JFARIE RNA I 5% 58057 & 3£ 17 cDNA 28
1 #5095 Ao
1.2.3.2 ¥t HRNSEET 2 B IR G M 2 s bz
(PCR) #¥ESEHEEZAWEE 0 (NCBI) AT
PR A R PR ) RIRE DG 22 SOkl 012, B I 5 il
JYeRE R PCR 54, WFR 1 i, SERTDEGE = PCR
ISR ZR (20 pl) A b, TS 1445 0.5 uL, cDNA
A 2 uL, 2xTransStart Tip Green qPCR SuperMix
W 10 pL, FTCALIRAGK 7 pl; W FRTA: 94 °C
TiAE M 305,94 °C 55, 58 °C 15 s, 72 °C 10 s P4
40 MG ; UBHPEIEM R T 1A(EFI1A4) NS HREHA,
SRFH 27 A H SRR AR R B

1.2.4  FFuS T Qi 3 DR 2638 FVE 3R o AH e PR 5
Br R SPSS A4 A s A A Qi BL DA i AH X 2
IR SR AT TR 64 T 1T B2 Sk 2 (Spearman) #H
KPESTHT, P<0.05 FRonEF 3, P<0.01 XnER
I ETE
1.3 HiEAE

K FH Excel. SPSS. GraphPad Prism 5 Fl1 Omic-
Share Tools S e AL T A T8RS 1A
el Ak B B 2 HE DL S 2 k5 1R (Mean+
SEM) " 7N, i 2 Mk 4 A SR FH B XL S T A 56,
P<0.05 F/R2ZERLE, P<0.01 FRESR B E.
2 HBRESH
2.1 TEERFEEXEBHIFEMNEFRHR DY 49
TTESEN

ST BN, SR ZH 2o I AT SRR,
SRS T RUMRASRAE (4 B2 DR 714, Tk 3 B ) 2
SN PR AV EE R 2 T, BB S S n ARt 2t
T AN [ 4 R S B AT RS, R R 2 AT, 4
BT FRAE I X B A A s A e RE A . AR5
RN . A JERR . IH IR AN A 2458 3R A & AT
TEASRIRRBE Y 22 575 oy, O s R H X A ds a9
REm . AT, IR, &L . AHEEE, 4E4 38 A f
E4 YAl N I Sl i N L A B R = W
[, 43R A gk K E i B4R 225 B3 (P<
0.05), 3X 3 F ul 43 14 B L 43 i) 2 ROV IR 50 X 11
1.9, 1.7 i1 1.6 1%; RWAFINIE AR F L X FEFE
Frus G B RS IR & A — B 25 57, 3X AT
HE S AR B K B IR 25 5 . N
HufiJE TASBSE R sh), Fy B R A P I A
SyTe A AN R B ER BE TR B 1028 Ak, TSN 1T [
B E SR G S E e, ARG g IS T S5
LEUT ISR AL, SZAF IS AR L BT ARV |
VB VE . BHVPH S5 X B s T 05 B0 75 35 B AT S =
255, XAl BE S AN RIFETE X /K BIEL B 22 2 A 5,

MrEERW, MW S FEE e, Bk FEL .
BB BEAE AR A BT REE B R oT R
Hodp, gt gH 20 S T B BRI 1 S S
B BT AR SR DI RERE 5 VR VR, B Ay
ZAE” BITFEFREN; iR R H B S e R S ) BT
FMPAR N VAR5 3k 3 nl A, RIRLSE
HH X B U A PR S | AN EE ST e R I S

£ 1 ERPOLEE PCR 51

Table 1 The primer sequences for quantitative RT-PCR
B LU IFAN(5—37) TS ITN(5—37)
EF1A4 GCCCAGGTCATCATCTTGAA GCAGGCAATGTGAGCAGTG
P5CS CAAAACTGCCCAGGTTCTCATC CTCCTTCAGCGTCCCTATCAA
GP AAATCAGTATTCGTGGTATTGCTCC TGTCGCCACATTTCTATCTTTCA

DYRK
SREBP

CACAGAGGGTGGTAAGCTGGTAG
AAAGGTGGTGATGAGTTGGGACA

CCCGTGTTGATGGTGGAATAG
CAGTGAGTAGATCCGTGAGTATTTGAC
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2 GINIEA R FRIA DA WA R 5 o i
Table 2 The main nutritional composition contents of C.
hongkongensis from different culture areas

T4 FINEAR R SR X F WA = SRR 1 S 5 =
Table 4 Amino acid composition and contents of C.
hongkongensis from different culture areas

IR KKIT. BRI SRR KAIT(g/100 g)  EIMHE(2/100 g)

fig i (kJ/100 g) 303.50+6.50" 387.00+19.00° 55442 (Leu) 0.54+0.025° 0.61£0.02°

FEHF(g/100 g) 9.02+0.18° 9.54+0.44° i8R (Lys) 0.55+0.015° 0.64+0.03°

M (2/100 ) 1.7240.31° 2.49+0.12° AN R (Phe) 0.33+£0.015° 0.43+0.01°

S HER (/100 g) 7.84+0.35° 8.66+0.33" WimEER  FoedEmR(le) 0.32+0.02° 0.37+0.02°

[ % (mg/100 g) 44.05+1.85° 82.90+5.20 #i5R (Val) 0.34+0.01* 0.36+0.02°

YL A (ug/100 g) 45.15+6.75° 77.40+1.20° IR R (Thr) 0.38+0.02° 0.41%0.02°

4/ ZE(mg/100 g) 1.33£0.07° 2.18+0.07° TR R (Met) 0.23+0.02° 0.27+0.01°

1 FATARING FREROR 2257 .35 (P<0.05); #3~34[H] AT O %ﬂ%ﬁf(ms) 0.20+£0.01° 0.28+0.02°

e . Y . Hi %R (Arg) 0.530.04° 0.630.02°

FE THUNHETRIA X (P<0.05), 53 S RER M HE R X FARM(Asp)® 0884004 0.8940.03"

FY9 2.4, 2.2 Fl1 1.6 47%; WA s FRIE X A s 4105 19 8 A (Gla) > 11620.025° 1.3620.04°

TLE B B D) k25 TR EIRAI X (P<0.05) , SRR H4m (Gly)® 0.670.02° 0.6320.06"

VIFRFHIX M 1.7 4% X P BESE P4 X AR T S—— AR (Ala)”? 0.54+0.01° 0.62+0.01°
%) SRR TR IR 0 ) G2 B A AR — S Y BEER(Cys) 0108003 (8

FETATHe, F5TC I BB LR TS5l MERR(Tyr) 03020035 0.3620.02

FHPI bR 209 SR ST R G TR 4 R T2 225 iR (Ser) 0.38+0.01* 0.42+0.01*

i (Pro) 0.44+0.03" 0.42+0.03"

E HA - E s S, R D SRS AR L AR
JE B H AR A A A O CERFhEA OC

23 RMIERRIFR XA B YT &8
Table 3 The main mineral element contents of C.
hongkongensis from different culture areas

THIITHE KA R o
5 (mg/kg) 1550.0+360.0° 652.5+16.5°
£ (mg/kg) 188.5+3.5° 314.0+£3.0°
#1(mg/100 g) 574.5£16.5° 256.0+13.0°
#: (mg/kg) 819.5+22.5" 509.0:+5.0°
22 A EBERFEEXEBHIFRERAKLEFRMN
{B547

A6 B N SR T DX s T 2 LR 2H ke M &5 2
Nk 4 PR, BR T A PRRAK AL, ENVEPRAFR
HE X A sl 2 rp s T 17 FhE DLAERR, 6
& 7 PP SR . 2 P TR S BB A 8 FlE L
TR LR, S LR BN 7.84~8.66 g/100 g, Hirp 4y
IR s, eI & K. EPFREEIX
T HE A 2 B IR ZH il Lh AR T, SCPH SR 0H X A s
WEAIRTN 2R . H R . A5 2R TN PR A5 2 iR &
BB R TR T R X (P<0.05), Hy e S 3 & A
2SN EE . BIEFEAWE I —Fh B IR E U,
B, FHEH AR AT 30 1 S LR A R T AR N 178 15
JE, BRI AN [T DX A -t 2 PRI HC A R R B AN BT i
A IEIR M0 BN B T AR 2= 5,

g B BT B SR R B R L SRR
FEI ST AR A AR S ) s R, R S
LA, R HE FE A X B w0 14 A T LR Sl
3.08 g/100 g, HEHLR DI 35.51%, 5 WHO/FAO
AR IR (35.38% ) F2E0T 125 T R RWVLFEFE X
B WS P05 14 A T S IR 1R & ;N e )43 8 R 2.67 g/

e “O" RN AR AR (FAA) .

100 g Fll 34.06%, FHIR TR HESRIEIX o 4R HEFRHH
X B sl w5 2 AR IR A 0.91 g/100 g(10.51%),
[EIRE S TR F#FE X (0.73 2/100 g,9.31%)

K5 PINEA R FRIE DA U A Wi 2 SRR 2H AR
Table 5 Evaluation of amino acid composition in C.
hongkongensis from different culture areas

SR KA. RN
FHER M (TAA, g/100 g) 7.84 8.66
W IR & i (EAA, g/100 g) 2.67 3.08
AT EIER LI (EAA/TAA, %) 34.06 35.51
TSR F i (HEAA, g/100 g) 0.73 0.91
T ESERR B (HEAA/TAA, %) 9.31 10.51
R E IR & 5 (NEAA, g/100 g) 445 4.69
JETE E IR LU (NEAA/TAA, %) 56.70 54.10
KRR KRR & B (FAA, /100 g) 3.24 3.50
KUK IERR LB (FAA/TAA, %) 4133 40.42

Shy i — 2 PP A G B R SR E Y
I, 2K FAO/WHO P43 158 =R 8 85 1 10 75 2
FEG S AR T, N VS AS IR 278 X Ak H 5 Y
AIEIRTT 1 (AAS) AL 2421743 (CS) S R L3R 6.
MRYE A TT IR BT, IR T FREE X w45
ZAIRIY AAS Fil CS T4 AR, EE—FR 2B RR; 4K
PSSR FH X s A0 114 55— BIR i 220 S 98 U] Ay 25 2 1%
(AAS) FIEAME+IEERR(CS) . MG AAS P43, 4K
P HE FREE X A A AL 1 S re 2R |« Se R . IR
RN AR+ AR . &R AAS P44 T KRR
TLFRFH X, Hoh AAS P53 e i 19 J2 28 DN 22 1R+ 1 2
fiR(1.35); #R4E CS 143, BRI HEFEHH X B WR 1) 5
FEEIR . SEAIR . AR . RN AR IR . 3R
By CS PRS-t m FRIRLFRFE X, Hidh CS P50
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Table 6 Scores of essential amino acids of C. hongkongensis from different culture areas
) . " - o 5 KIRIT AR He
TSR FAO/WHORLFN i i 434k PUE R SN\ d

AAS cS AAS CS
LR 250 331 0.89 0.67 0.97 0.73
LR 440 534 0.84 0.69 0.90 0.74
R 340 441 1.11 0.86 1.22 0.94
EAMRHE AR 220 386 1.02 0.58 0.80 0.46
RN R RS AR 380 565 1.13 0.76 1.35 0.91
IR 250 292 1.04 0.89 1.06 0.91
MR 310 411 0.76 0.57 0.76 0.57

PSR 2172 (0.94) o Rk, R S FRAE X B s W)
SRS R SR AR B A, SRR HIS), AR
S, YjE TOL R U, BAARBGS S IR E -

7 ) £ 55 11 JBRGA E — B TR B IR AL
i . RAEMR . HARANETRSE 4 FhXBRESLRR W
ZH AN i, L A SR N R A S S S R RRNE
FAFERR, i H 2R RN PN 2208 U A H AR R AR 2
PR 7260 RN T R FRAE X A A 1) AU S 1
AR ST 3.24~3.50 g/100 g, 4K A 325 IX s
WG A R A R A 2R TN 2R 1) 2 i DA M RUBR 2
FLPR 5 (3.50 g/100 g) ¥ FRRITIRFAIX (3.24 g/
100 g), {HXUMRZIERNA o 28 ZEPR S LB 91 (40.42% )
HUER T RRITFRIA X (41.33% ), FEBH R RITFEFH X
TG Y S S AR AR X R . BHAEREPT XTI T
JUVEECH L TARBRYL AR AN AR Sk DU SR
XA s A 1 2 FRERR 2H AT 5 B, U0 R IR M R
TERAMR i . UWAFEEIR . AR AR IR S LA
7 TSR B .

2.3 FAEBRFEESXEEHIFE R SHEIERESR
LRIBTH

FHIEL 1 AT, O-1 N Ibk-5-FR R & i (delta-1-
pyrroline-5-carboxylate synthase, P5CS) . ¥ 5L i
fitt(glycogen phosphorylase, GP) . XUEFF 4 i S R s
FR AL Y& 19 13 1 ( dual-specificity tyrosine-phosphoryla-
tion-regulated kinase, DYRK) FIJH [FEE#E 5 o425 &
£E I (sterol-regulatory element binding protein, SRE-
BP) 45 DU E FRACHAH SCIE R I AH X 20k S| AR s
SR PSS LRI B AGEAS R 2H 21 19 2H 0] FR 3k 8
Fopa—2, BIFRINAERIHAS R LHL PR i
BT AR Hor, BN S FRAE X AU ALY P5SCS.
GP F1 SREBP )5 RIAH X 23k vy T XA, i
DYRK FEPRILHLR IR SRR TR TLFRAA X, (H
LHIRI 22 R IIAN 3 (P>0.05) .

P5CS FEPRJR R A QT AR 0 S, W] LA
AR IR, Z ARG IR . S 2 R ARG 2
PR 17 S B BRSO s IR IX A U 4R 1Y) P5CS
FLRFESMERE | DA SE USRS ] 2 A AR X 2838 4y
FSRFRITLAIY 3.0, 4.0 Fil 1.6 1%, FRWIZM #EFR5H

X s e 2 SR A A A I AR . SR
KR PRSI EAIEHE . GP LN 5 ZARH CigtAe
&, BEHARR I S e — FRIRAGIA T DAL B AR S
A AT B 2R R, 1 GP 388 1o B0 20 - 1 -l R
AR L 53-f, JEeaX Aad F2 A BRI A IR U0, 4 k2
GP FERAESMER . FISEIURIEE S ZH 2 A X Rk i
SF AR R RITZHAY 1.4, 1.9 F1 1.0 4%, LB 57
T X U B T s R AR RE T o

DYRK LD & —Fh R S R 114 22 200/ 75 2 iR
T, FE AN G FE AN ST i YR T A SR E 14
LSRG WD PTBEIR AL/ 22 i), A0 FS A iE R 1 26
BRI AR, AT DA s A BRI AT i AT RS s
FRBA, AN, 22K/ 3W i Quantitative trait locus
(QTL) 3TNy DYRK JEIR & n s nm 4 i A= KRG
PR MR AR BARICIE R . SREBP 3 PRI JE: PN Ji A i
G SRR, BT DA T R B R S A A S i3k
K, SRR B 0 A B S DT 7 KRR F7258 X s
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