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thalmus Maximus) . Bt 5, XUR(letalurus punetaus) .
RPGHEEE (Salmo salar) %7 SR T4 WF T IE =
R AR A W 1 B B AR A T B BN T A
Pl O o B 43 =A% A A W AR AN i 7 A=
HPEW RIS, B B AL = A AR A W
(3nB); 24 25% (19 =A% A ARG A A T LU AR K
A T, RO o B = AR K W5 Bna)!
EHARA =R E SRR, WRE T
g3 =AU A W 7R A 2 BE 8 7 A R R
B o AN[EE P SRR AW A AE, Bl T ot
FEFATI T, WA H T R DL 2 A5 K
PERR R B AT TS T E AR

DUZE I M IR R B 5 BT B A AR 8 o3 28 Al
WU, RN 7R A DB, R
HEE BRI & g BT, o R
TR, ARG EC T A A T A A 00 e B Ik B
P Allen S XA A5 R RO I 5 2 0 BF
SERBL, EER N, AR AR R A
R R R, T = AR AR S i R AN R
AR AL A B R b R B T 2R
IZE R SR X LEF g, HBA HAR X 43 m]
HEAATF R =R AW, AR F
8 = A R G e iR e o AR R AR AR R ) 1
AR B 2ZE R IE R WHRE . A, B
Gy AR ARG RO A R AR,
25 WM I A AR A R R TR — A
B,

ARG LI B BUHUR O] R A AR 4
REEL, G BT AR R — N ERT . P SELRISNE
HREZH 2Ry 3 A B FR o (B st . B IR 07 A
HER) EEEET PSR, IR K
KA AT I, BAEAE AR E M =K
PG E SR o B R R B AR AR, AR
) & M = AR K AL W 10 8 FR B . IFSE 4 2R
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1.2 LWHE

B N4—7H, FHRE K
KW (52850 77.91~81.38 cm) Fl = fF 44 K- 4t 15
(5 E5 M 85.13~107.31 cm) 4% 30 H . FE 5 I 14 i
), SCIU/INES A B8 22 FPE BE A% P S T R 4]
LR 0T, SRIGHIMERL . P NIRERIA AR —
P AT A TR R R, TR 2280 °C B AR vk
FEIRAT

A% A4S ) B 1~2 AR 8 22 F PBS %2 vl
v, FRBTETRE, A1 mL FE SRS IAT K,
AT 300 H i 45 1 38 2 4 A0 A B TeK S,
4°CHE4hl F, W1 mLITES LG FE
W, H 1 mL PBS %28 vh i B 40, ALYkt
LAk T BE (propidium lodide, PT) % 41 Jii DNA 4t {5,
30 min, >R A 401X (Beckman CytoFLEX) #f
PR PRI, A UK N 488 nm, #E % iE E
& ] 585/42 BP, illl5E DNA 7r T Gam %, Ll
R AR R0 S o B, RIS AR AR 1.5 A%
R Ry = A4

LR F AT B2y 5 mm® K/ Y P R 41
ZUVE T B G P 5E 24 h, 75% T4 B 40 10 I
B, HEZ 75%. 80%. 85%. 90%. 95%.
100% KGR BEML K, —H2RER, s ot
YR, VIR 5 um, FHIRANS—BBLL (H.E)
Peykgen, BT E HDb BA%EE (Olympus
BX51) M IFH IR

TR KM WG EEEL S g ANERT
P B — Pk RN P e LG B 20 SR RE B A
ROHRTH 480G, BEESUEE RS A, HH 80
H (LR 177 pm) i B 3 58, B0 T8 b 7F
o & H MR 3 B —4, %
EINEYHFER, RIE Wang %7 R # UL LT
A R 3E (NIR) 43 B B8, i FH {6 L - A5 46
NIR Y 3% 1% (Thermo Fisher, Antaris MX) 43 #fr &£
Al 155 S B SO O B, AR A TR 9 S5 1)
B 5T AR X P 22 S T 1 O s R A 0
LHEXRWIIS AT AFEM PR & & A&
F 5 5 B RN B 5 B s AR, A TQ Analyst
(Version 9.1.17, USA) 4 4b B R 4 09 ' 1 K540

1.3 BUESD

BE G820 A K SPSS 21.0 #k - Ab 3,
LR 2 7 2243 HT (One-Way ANOVA) X 8 % & 43
B EzRHfTREEER, ZELRRXA
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Dunnett [ 73 ¥:56, &M KR P<0.05,
2 4R

2.1 MRBRBLAETIBERSNE

WA R B AT IR, 4 A, S5k
] F A Gno Kk 0 R 2 A gl g b, Bl
EE 0 s b P £ O RE A0 M, K B ki s h

RVEIWIN T DO B R AR = W i = S ) O
FE MR (K. =5 EAF R 3np) K
SR R, BRI R/INBH BN T 3na B E
W, LU EE I i rp o R O R A0 A R 2D
i) RS2 I RO A RN o o p |
M A RS RN, 5—7 A, 3na PR AR
SERE, BRSO 1m0 3np AP R
JULFEA B B A L, — R R B RS

SH
May

7H
July

B AREMH=EEKHFOERLEER
1. 27 5. 6+ 9. 104 13, 14. =54k & R K495 Gna)s 3+ 4. 7. 8 11, 12, 15, 16. =5 R & B K 4L 85 (3np)
Plate Gonadal development of different fertility of triploid C. gigas
1,2,5,6,9, 10, 13, 14. fertile triploid C. gigas (3nw); 3,4, 7, 8, 11, 12, 15, 16. sterile triploid C. gigas (3np)

22 BEREEETK

TARRA W5 3 A Pl R AR 4—7
ARBETREESE, HIR—NBEA . Hse LM
ANVEREREIR SR 7 A4 a0 FRET 82.41%,
60.45% F1 85.21%; 3no FIH 107 3 Fj 21 20 4
THAE AT AT TREER, HR—NE
Al Pse UM AN REE R &5 7 H 4 H 500
T 28.39%. 52.67% F1 47.99%, T F&1E B ¥4I
F o5 5—7 A, [F A 6 3 R a2 i a R
TR ST AR 3np AR ARG, MER—
WHERT . PSe LRSS RS & i 7 H L 4 H 4%
BREET 0.55%., 40.29% Fil 52.68%(F& 1),

23 REBHESETHK
3 i AR W P o — P AT %) B RS T
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¥rw T A se DR AN E B SR 05 & & . AR
K A P B — PN O AT A BB T B e S A BT
G R & P (P<0.05), 7THFBERS AWK
76.46%; 3no B 4 W5 P R — P A1 8 688 I
HAE 6 H kB 5w 5 I IR B TR (P <0.05),
T IR FE Ry 22.74%; 3nB TR A w5 1 i — P A
B el & s—e A EHE, 4 M7 A%
BRE2ER (K 2), ARG 7 L RS
5 & R AE 4—6 A ¥ B3 (P <0.05) /@ T =514k,
THEBEMEAN K 3 F ALK 4105 ] 52 L B
HE Wi & B TR, AR TR R Z
TR T 39.34%; 3na A1 3np Y405 40 ) F R T
14.83% 1 20.71%. A5 A4 4 W5 S22 B 1) B 7 7
- H R TR, 3na Fl 3np 24 15 425 15 g
AR A B A S5 o TEVERR & B WIE], 3np Y405
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E1 TRBEM=FHS ZEAFKHY 3 AR
RRSE (TREEAM TH
() PEMR—WHERT, () HIZENL, (o) ShERE, T BEAS A 2o 4 )
ZEREH (P<0.05), FH
Fig. 1 Variation in the glycogen content (dry mass
basis) of three kinds of tissues from
triploid and diploid C. gigas
(a) gonad-visceral mass, (b) adductor muscle, (c) mantel. Different let-

ters denote significant difference between different groups (P < 0.05),

the same below

AINE A B D 5 e — T T 3noc BRI A5 A
24 EAREBETK

P M — PN P B R R A AR
4 H, =5 AR E RS, 5S—7 A, —
R B EARERR4ARE A, HRES

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

3no M 3nf M 2n

18 a
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2 AEIBM=EFS ZEEIKCHY 3 #ER
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Fig.2 Variation in the total fat content (dry mass basis)
of three kinds of tissues from

triploid and diploid C. gigas

T 3no I 3np B =451k, 6 HikB i E, k4
H EFHT 49.54%; 3no RUARL#EH S AL,
BEE BT &8 BE OIS B LT, 6 HikE
e, 4 ATHE T 13.73%; 3np Ay RE N
FEEN4AETA, BRI AR K, 3 Fl
KRR AW BB AR R/E4—T Y
SRR, Horh AR AP S LR R
— L TR = A5 A 3 R 2R A K AL W A
i B BB TS R TR 4—T7 H AR BRI R,
B BRI - TR LA (F 3).
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Fig. 3 Variation in the total protein content (dry mass
basis) of three Kkinds of tissues from

triploid and diploid C. gigas
3 Wig
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LG L F 2 AR R =00 ol X = A AR A 0 1Y
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R A TIOR G o e N 01 < ) = e
PR WG 1 PR R B 2 B — o B R, 4
Ko 1 = A5 A K L5 R A AT E R (3np), 414
WAL R, fE4—T7 7, HIREALRNEE,
FARMERR P B R, H—EF7 A, Il
i R A S ORE B, X U B 3npB AR A 0
7 =

32 FTEEM=FAFMZGEHKEYE3ME
ZRHATEFRINES

SR BT, T DL 2E IR 0 Bl A R I
BmAEWRNZEN, EEDRENZMET,
DU SR I8 R A A 0 W D L B 1 JB R I A
BRI IR & E R & AR AR AR R
RPN FERRERA, BRTFREMNE
TRE ORI, X FE LA (Scapharca broughtonii)
MU 85 W (Mactra veneriformis). 4 41 W5 (C.
plicatula). %A 55 (Saxidomus purpurata). VLB
(Atrina pectinata) %5 2 Fh D1 25 AR B #ig 18 P02,
AN, BRI R] DL AL S B D5 A0 H ol =g, Huh
=R 2 BN RE 41 B b B G R LS )
Gabbott™ A Sy X5 D1 2858 1k i w2 16 A g 17 ik
— 3o R A O B A S Y BE R B oK
AP R BN, A ARG 3 A A A (M
PR—NIEAT . P 5E LRSS 1B %08 i 2 1 4R il
HRFAB MR TR, #F—PuEs 72
HRWERGF R B W EZERE R IR . 3np B =5 IR 4
With THEMRA KT, ARESAL™ A i) £
T, WSENL. AN B RN B — PN AT e
TRAE4I—6IFBARE TR, mr]F ™
(3na ) = A5 A G WG () 1 R RE 6% 77 A R L F
PISEIL . A0 R B — P I AT A it = 7
4—6 H W E TR, HREAE T RIEH 0 — A5 4
PR S, XA EYS 3na AU ) E T8 D T
(] B 4] A AR P B i A G . AN, BRSR A
R R o8 R AR W A 2 AR AR W
PERR— N BE A AN SRR IR S /A R E & T
P 7E L, I 7 P i — P U 1A R b 5 5 RT g 2 i
PRI B8 g T, 5B X AR K
W B R BT 4 R — B

Jig 10 %k sy A PE R & B R S, R4k
R A & W RE IR BT, 2 O R4 i v iy
BIRLr, BRI AE 5 R R DL 26 00 A 1
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P i — P I AT Y i 7 R X T R S UL RN Ak
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H T T DL AR AR 7 (CH il =R ) R 1 AR A
B T AEK S 3na B B ) X AP P4,
o, B3 R A 5 it — PN AT b 0 0 5 s 2K R R
AR, AMRET G UL E MY
Ji il . Barber 50 XAV B DA SR W H
THT =R A P A0 A Y 6 T Y, S Ah, 3 A
LUV i — P U A B R 7 i, BT DT
MHC & B Al e A 4 E AR .

BB R R R AR )6 RN G B R S
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TAER, AR PR AT DL 2 0 L T8 8 0l 24
Ry R AR, B P O Y
BUAE, RAEEYE R R F R RE R R IR, 7EDL
WME W= R, EA R4 KK
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3noc YA 5 4 A — P U AT o Y 2R T AR
5—7 HAR B BT, 10 B B — oA I AT v
IR S Wi Ny N o a2 o S -2 = I X i e g
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Comparison of nutritional components of different fertility triploid Pacific
oyster (Crassostrea gigas) during gonadal development

WANG Shuo', XUE Mingyuan', YANG Qiong', YU Hong"*, LIQi"
(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,

Qingdao National Laboratory for Marine Science and Technology, Qingdao 2662377, China)

Abstract: Oysters represent a significant molluscan taxon that is widely distributed in world oceans and is the
leading molluscan species by quantity produced. By now, oysters have been cultured on all continents, excluding
Antarctica. Among all oysters, Crassostrea gigas, also known as the Pacific oyster, is the most economically
important in aquaculture around the world. It is native to China, Japan and Korea, but has been introduced to many
countries of the world, because of its potential for rapid growth and tolerance of a wide range of environment con-
ditions. The global aquaculture production of C. gigas continues to expand year by year. In China, C. gigas is also
one of the dominant species of marine culture. Like many other oysters, diploid C. gigas have an inferior taste and
low meat quality during the reproductive seasons (spring and summer) each year, which can be attributed to the
sharp decrease of glycogen content during gametogenesis. At the same time, it will also be accompanied by
decreased stress resistance and slower growth rate during spawning. Therefore, reproductive control has been an
important research field in genetic breeding of oysters. At present, artificial induction of triploid oysters is the main
way to control the fecundity of C. gigas. There are two primary methods to produce triploid C. gigas: by inhibit-
ing polar body formation after fertilization through chemical induction and crossing tetraploid oysters with diploid
ones. Chemical induction is not reliable in producing a hundred percent triploids, while crossing tetraploids with
diploids can reach very close to pure triploids. Furthermore, to avoid chemical toxicity, triploid C. gigas have been
mostly produced by crossing tetraploid males and diploid females in recent years. Triploid oysters have advantage
in terms of fast growth, delicious meat, and high survival rate during reproductive seasons, due to the poorly
developed gonad, which has improved marketability relative to diploid in the reproductive seasons. Triploid C.
gigas has entered into commercial farming in many countries, including China and America. Although triploid C.
gigas has generally been considered to be sterile, some triploid C. gigas exhibit the same fecundity as diploids.
Two types of gametogenic pattern have been reported in triploid C. gigas: fertile and sterile types. Most triploid
oysters cannot produce or produce a very small number of gametes, which are referred to as being sterile (3nf) and
as genetically confined. Nevertheless, about 25% of triploid oysters can produce a significant number of mature
gametes, referred to as non-sterile or fertile triploids (3na). It has been reported that gametes of triploid oysters can
reach functional maturity and can produce some viable progeny. The existence of triploid oysters with different
fertility provides important materials for researchers to carry out studies on the gonadal development of polyploid
molluscs. The development of gonad in molluscs is closely related to the changes in the biochemical composition
of the edible part. Under the condition of sufficient food, molluscs can regulate the stored glycogen, protein and fat
to provide energy for gametogenesis. The gametogenesis of oysters requires stored glycogen to provide energy.
Though the contents of biochemical components of triploid C. gigas have been reported in the previous studies, the
authors did not specifically distinguish between fertile and infertile triploid oysters. Whether there are differences
in the content of biochemical components during gonadal development of triploid oysters with different fertility

has not been reported yet. In addition, glycogen content is an important indicator of the high quality of triploid
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oysters and the main molecular contributor to flavor quality in oysters, and whether it changes with fertility is also
an important issue for researchers. Therefore, in the present study, in order to clarify the relationship between gon-
adal development and the changes of nutritional components in different fertility triploid C. gigas, we analyzed the
main nutritional components (glycogen, total protein and total fat content) in the gonadal development of sterile
and fertile triploid C. gigas, and compared them with diploid C. gigas. According to the near-infrared reflectance
spectroscopy (NIR) analysis model, Fourier transform NIR spectrometer was used to analyze the optical density of
the transmitted or reflected light of the sample. The content of different substances has a linear relationship with
the absorption peaks of multiple different wavelength points in the near-infrared region. According to this theory,
the glycogen content, total protein content and total fat content of each sample was tested. The results showed that
the content of glycogen in gonad-visceral mass, adductor muscle and mantle of triploid C. gigas was significantly
higher than that of diploid C. gigas in the same period, and the content of total protein in gonad-visceral mass and
adductor muscle of triploid C. gigas was significantly lower than that of diploid C. gigas in the same period. Dur-
ing gonadal development, the glycogen content in gonad-visceral mass of fertile triploid C. gigas decreased by
31.88%, that of diploids decreased by 82.41%, and that of sterile triploid C. gigas decreased by 0.55%, which was
closely related to the energy supply of glycogen for gametogenesis. In addition, the content of glycogen, total pro-
tein and total fat in gonad-visceral mass of sterile triploid C. gigas did not fluctuate significantly in the reproduct-
ive seasons, while the trend of nutrient content of fertile triploid C. gigas was similar to that of diploid because of
the development of gonad to a certain extent. The results showed that there were significant differences in nutri-
tional components between sterile and fertile triploid C. gigas during the reproductive seasons, and the glycogen
quality of sterile triploids was better than that of fertile triploids. It will be interesting to address the questions why
there are two different types of gametogenic pattern in triploid C. gigas and what controls the changes of biochem-
ical components in future. To our knowledge, this is the first demonstration of nutritional components in two dif-
ferent types of triploid C. gigas. The findings in the present study not only are important for promoting the applica-
tion of triploid C. gigas in the industry, but also provide important information for reproductive control in the
breeding of C. gigas.
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