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Fig. 1 Sperm structure and electron microscopy measurement
scheme of Crassostrea gigas
HW: Head width; AW: Acrosome width; AH: Acrosome height;
HL: Head length; MH: Mitochondrial height.
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Fig. 2 Tissue sections of the adductor muscle (striated muscle) of different ploidy Crassostrea gigas
Figures a, ¢, and e are the cross-sections of the diploid, triploid, and tetraploid adductor muscle (striated muscle) under
a 100x light microscope; Figures b, d, and f are the cross-sections of the diploid, triploid, and tetraploid

adductor muscle (striated muscle) under a 400x light microscope; S: Sarcolemma;
P: Perimysium; EM: Endomysium.

Xof AN ) A5 P A 5 P 5 LA SO LT 4 B
7. LR 4 AT g . Hoh, iR
W WLET 4 A2 (8.8620.77) um, = A4 JILLT 4
BN (21.15£0.73) pm, PUAE R UL 4k A2 N
(15.15+0.87) pm, —3% 225 3% (P<0.05); A%k
WLET 2 %5 3 4 (14120+1107.35)H/mm?, =51
LT 4L b (7260+457.52) M /mm?,  DUASAA LT 4k
B 5 4(9520+4505.08) M /mm?®, = HAEAE B EH Tk
5(P<0.05) o —Af A A4t P41 7 WU S WUATLET 24 L
B ERT AR AR, WLLE 4% K
F AR O A4
212 HARMEBHMEHNNEHBERENE s
TR, AN RIS R A 0 B SO UL ZT 2 25 #9 A AL,
LSRN . aiilez . WUBE . Sokifk . %9

AN AIEAZ LA LI R (8] 3), KL 22 B RDE B8
L I A NI R T G L S A = R - NI G
50~150 nm AEE; FLILZLJE B ARS8 50 A & L 22,
AN [R5 A 0 R I 22 55 R L 22 [) 1) B2 HE B AN
], HH = R R g KL AL 24 () 1) Bk B 8
INT ZABAR R DUAE A (P<0.05, &l 3a, 3b, 3¢). 1E
FHABILEF 4 Z MIAEAE G LRSS . 283 /N L LK
D) S /bt B B S 2 A, 2 3 R R BROE /NS AT T
WLEFHE 9\, EATTZ IR0 b i, e [R]4 pL
MWW, Hoh, = AR ILLE 2 22 1] ) 4 v AN B
Wi, AR DU AR ILER 2 ] 4 R 55
(Kl 3g, 3h, 3i); PUAKAWLEF 2 2 0] LRSS B BH
W BEERK, M= 4R M IE R 2 5
W . NEFS, JEER/NAE 3a, 3b, 3¢). A



55 4 3]

HREE A A AR A5 P 58 WLARUAS 1) 25 027 I ol 2 4 WL ¢

P 3 ANl A ] e Loz S5 v 5%
Kl a, d, g A A RQn)ASENLE S BLIEL B b, e, h B A5 ARG A2 ILE ST BEEL 18 ¢, £, i D PUA{A (4n)
MFENLE ST L BER; 20, 3n, 4n (9 3 AEEZ N —DMACKRFEIRBALE . S: WUB; M: ZoRifk;
Ve B T NE; N I TN: g2, TC: MNLZ; SR: LK M.
Fig. 3 Transmission electron microscopy of the adductor muscle of different ploidy Crassostrea gigas
Figures a, d, and g are transmission electron micrographs of diploid (2n) adductor; Figures b, e, and h are the transmission
electron micrographs of triploid (3n) adductor muscle; Figures c, f, and i are the transmission electron micrographs of
tetraploid (4n) adductor muscle; the three sets of repeats of 2n, 3n, and 4n were repeated at different parts of the same body.

S: Sarcolemma; M: Mitochondrion; V: Vesicles; T: Tubules; N: Nucleus; TN: Thin myofilament;
TC: Thick myofilament; SR: Sarcoplasmic reticulum.
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Tab.1 Comparison of morphology and size of diploid, triploid, and tetraploid adductor muscle of Crassostrea gigas

n=10

2% parameter %K diploid = AEK triploid PUFEA tetraploid
2R A B 12/um mitochondria diameter 0.67+0.08" 0.96+0.13" 0.40+0.05¢
WLEF 4k B 4% /um muscle fiber diameter 8.86+0.77° 21.15+0.73° 15.15+0.87¢
WLET 4 % B /(#8 /mm?) muscle fiber density 14120+1107.35* 7260+457.52° 9520+505.08°
HLIL22 % BE /(M /um?) thick myofilament density 116+12.85" 240+17.78° 169+16.12°

Hn FoRGIHEH, FATER S bR AR 7R3 R 22 5 10 35 (P<0.05), AH RS RS 0T 1 3RR 22 7 A8 ik 3 (P>0.05).

Note: n indicates the calculated number, different letters of the shoulder band of peer data indicated significant differences (P<0.05), and the

same letters indicated that the difference was not significant (P>0.05).

22 ZfEEk. =FEEF. NEEKEREFEHS
M ERILE

221 RBFRABBENE AREESLE, AW
AR A WS T M TR Ak . gt . B
MR, F0R 3 #ar: kB, HBEAEE
(K 4a, 4b, 4c). KARFEMAE IR HEIE, FivwmA
— W15 W EE R N TUAR . SKET I KA Wik
TR B, RS AE FL 1 K HE S i 2ok AR BT
P FE LIRSS GE AR S = A5 R B K
Trh Bt i 4 DR (E de, 4a, 4b, 40) I LEH L
B2 SRR, MAEAMR P ERERE 5 MK
KRB AN T-(K 4g, 4b), (5L 1%(&H 200
DTAEEKE ). AT RIE R RS, WL
A LIHIE SR HIL (K 4e), LR STIE (K 4hh

H Sk AR), BT B RIR 2 40 + 27

SN IS (R 4h TP EETL TR PUAS A
MRS T bR R H R TR], BLE R 44
54 6 MERARIKE T, LAl 46%, 52%,
2% ([ 4c, 4f, 4i; [l 6d, 6¢, 60), [AIF, PUfiidst
WikE T LR R HES B2 2 B4, HZ R K
INEA Z 5 (E 4f, 6d), KT RIMHEEANK, ik
TR I A, B IAAY, IR e WA AR A
222 FEFLHMREPEMNESFEENE KRG
PR WG Sk AR A AL FE TOUAR | I 00 s 0 448 g
¥io Hirr, Tifk(acrosome, AC)JE R /R FEAR B AT A=
Yy, B RS, — M R EAR, TR
i PR B o TOUUAR BB A RS 340 S MU BB, T4 )2 FEEHE 37

B, B R EEACAT] WL (& 5a, 5b, 5c¢), HrA
V2 R R I ) R B, 5 I T AR, FR R T
PRI . TOUAR SIS pR /N oURr 2 SEHE S #1305
H 55 240 M 0T fi o /D S TRUAAR T O 7 7 /N 28 36 (1]
5¢). WP T A 2 (sub-acrosomal cavity, SC)-5 Tii{A& %
WA, AL T IS, AN, A A
WORL(J& 5a, 5b, 5¢), HliFf(axial rod, AR)EMAZN
I P18 J5 50 o) T S e 1) TR0 4 T oy PN 2 T PR o 22 2544,
FH e HE 25 B A T 22 A (D 5, 5¢). A A%
(nucleus, N)JA kA0 3= B4 )R, Yo 0 )5 i
TWARBER, MRS TIUA, & 3i 0 4a K
SRR BT A —BORE AR R MG, 5
ToUpAR B A 4%, PR A% H1T 65 (anterior nuclear fossa,
ANF); ¥JaimA —iOE %, %55 (Posterior
nuclear fossa, PNF), 7ER 18 GH 5 HAT Y5
RHLF, FRAELZ](notch, NH), AL JCY 4 5716
( 5a, 5b, 5¢)

SRS A WiAs i B, 2R A SEE
DR SRR R, o, ok s
A2 H 0 1 3 ELHE S A9 38 B oA AR i O R
(B 5b), 3T % H K (proximal centriole, PC)
R [ o3, BRI YL BT (B 6a, 6b), ZEGHHL
i (distal centriole, DC) 9\l 4341, I #iEIf
H ) J5 SEAf i T2z, 5 s O R A B EE (A
6d, 6e)o HCRLIY Pl S IR GAE, 2 —AN R
e rhas g5y, S E SR — AU AR,
BB, 5T R FEHES LB,



55 4 3]

HREE A A AR A5 P 58 WLARUAS 1) 25 027 I ol 2 4 WL ¢ 439

Bl 4 AEEERHU5R TR e

Kl a, d, g B ZARRC)ME FHMBEEL B b, e, h A =FECE TSR, B o, £ i R @) T b g
H A F Sk TR bR, BEFTLFRLmF.ORAE; 20, 3n, 4n () 3 HEE WARNMEHASEHWELR.
Fig. 4 Different ploidy of sperm scanning electron microscope of Crassostrea gigas
Figures a, d, and g are scanning electron micrographs of diploid (2n) sperm; Figures b, e, and h are scanning electron micrographs
of triploid (3n) sperm; Figures c, f, and i are the scanning electron micrographs of tetraploid (4n) sperm. The white arrow
indicates the mitochondria, and the yellow arrow indicates the location of the distal centriole; the three sets of
replicates of 2n, 3n, and 4n were replicates of different individual tissue samples.
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Fig. 5 Transmission electron microscopy of the sperm head and middle section of different ploidy Crassostrea gigas
Figures a, b, and ¢ show the transmission electron microscopy transverse views of the head and
middle section of diploid, triploid, and tetraploid sperm.
ANF: Anterior nuclear fossa; PNF: posterior nuclear fossa; AC: Acrosome; AV: Acrosomal vesicle; AR: Axial rod;
SC: Sub-acrosomal Cavity; PC: Proximal centriole; DC: Distal centriole; V: Vesicles; N: Nucleus;

M: Mitochondrion; NH: Notch; G: Glycogen granules.

K6 ARSI WR T b BOE S i B
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Fig. 6 Transmission electron microscope of the middle segment of different ploidy Crassostrea gigassperm
Figures a and b are transmission electron micrographs of the middle segment of diploid sperm; Figure c is the
transmission electron microscopic image of the middle section of triploid sperm; Figures d, e, and f are the
transmission electron micrographs of the middle segment of tetraploid sperm.
M: Mitochondrion; PC: Proximal centriole; DC: Distal centriole; CP: Cytoplasmic processes.
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Tab.2 Comparison of sperm morphology sizein diploid, triploid, and tetraploid Crassostrea gigas
n=20

Z¥0 parameter

A% diploid

=&k triploid

PYfEA tetraploid

A5 F 3k K /um sperm head length 2.33+0.17°
A F3k 96 /um sperm head width 2.13+0.18°
THAA 5 /um acrosome height 0.55+0.06"
Ti{A % /um acrosome width 1.02+0.09*
WA 55 /5% /um acrosome height/width 0.54+0.07°
2 RIK 5 42/um mitochondrial diameter 0.72+0.07°

2.42+0.12° 3.24+0.19°
2.23+0.12° 2.88+0.19°
0.58+0.07° 0.67+0.05¢
1.13£0.13° 1.2840.14¢
0.52+0.11° 0.52+0.13°
0.74+0.08* 0.87+0.10°

T n FoR G, AT B R b A [ 5 B3R R 25 57 .35 (P<0.05), A R] 5 RE s 0 783878 28 57 A8 .35 (P>0.05).
Note: n indicates the calculated number, different letters of the shoulder band of peer data indicated significant differences (P<0.05) , and the

same letters indicated that the difference was not significant (P>0.05) .
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Fig. 7 Transmission electron microscope of the different ploidy Crassostrea gigas sperm tails
Figures a and b are the transversal transmission electron micrographs of the whole diploid sperm; Figures c, d, and
f are the longitudinal transmission electron micrographs of diploid, triploid, and tetraploid sperm tails;
Figure e is a longitudinal transmission electron microscopic image of the tail of triploid deformed sperm.
VS: Vesicular Sheath; FS: Fiber Sheath; PM: Plasma Membrane; AX: Axoneme; DU: Duplex; CM: Central Microtubule;
PC: Proximal Centriole; DC: Distal Centriole; FL: Flagellum; PS: Protoplast Sheath.

fr, BT RAEMERNFEREREZ —. =
R RN PO A5 U B3 W (a) M IR & B 7 Kt it M)
Se L AR SR A i L & AR o AR Rl O i
PR & E s 2 n R, P IGYE H T o
WUER, 1 =M T EHETARETRE 2,
W Zfe i TSIV A, AR R,
FECATRIIA R R P e LR B . AR
KEIWLE4E

ARV PR 4 W P e LB T B Al ) 25 5%,
BIRIMAER N 225 B . B . WU RN
LRI NI WU R | Hir, =%k
L2215 B e K, B Bim e 2, WLIE 3 [
)T, RRREARRK . BURRZ, X553k E)
KT A A A5 fa 2 LA 4 8 T4 40 1 L S it o &4
), Hanson Z515¢ T4 %5 44145 (C. angulata)

P SE WUILET 2 M S M mE e 2 B, B SOLsK ) 1Y)
7 A S AL L 22 AN AN WL 22 8 JS0 R 2T 2 1 S I 4 R 52
A Ko AR AT R L 22 %5 B2 0 385 R T A A
DOfE A, ok 150 = AR A SE L b EA T 2 A R -
WLz 21 e 3 shlle s R 48, A=A 2 a5k )y, X
BVF AT DU E 7R AR SE LR & T 2 PO A
(1 H 41K & R B R Z5FHLET . EndoP HA L
WA E oA 5 nE5 2L ATP B, BA AL
S Ca¥ MR RIMEF, ABFSEAE = A5 K AT P
FENUILEF A g b v, W3] T 3\ ALK
P AIEI, XL AT B TR m LR R Ca®
e s, M BB PREAT LA WA 46 [ o Chinnery Zipl]
fi i LORL A S AL 25 T A i i 2 32 2 A B 40
v, MUARRE AR S, bR EE L — ik
KAt R AT FEZ, HE2aeE M THxiL



55 4 3]

FEIRE A AN PR R 005 P 52 LIRS - 1) 25 2~ I ol 25 4 WL ¢ 443

Ak, PFENL R R B, R = AR K
5 A e L rp 2R A B i B R/ IV i A L DA
NI TE S
32 AEFMEKEIGETFEMENES

AR R U 5 AR A R T R I R S
fERFRRL, ¥R TR Ak . 40 . SRR A
HEBAIK, X5 Bozzo P TF B A5 K
T RHIE RIS R — 3 (RAERS T ISR/
MERAREH b, ANFGEER FRIA LR, K
H, DOREPRORS 73k SRR g 2 e R B KT
SAERR AR, A RORE S BN TUA A e
ReFRBFERT A5, %5 Dong ZU'HI Komaru
BN —3, Valenti®EB S 25K B B
3} ft.(Oreochromis  niloticus)tE 14 BIF 53 4 i i 3¢
B, DNA & &£/ 0 alaES g 1k H K/,
B 20 A T i, R Rl i k.
T PUAE R R 710 DNA &5 24 0 A5 IR 2
0, =R H W T M AR A R, HDNA %
LAy I N O B AN P | A = N
R R WA 1 2 v R 22 0 35 R T A5k
Allen®MF 58 &I, £ A5 KHP 15 (Mya arenaria)
Hh T bk RS 14 K nT B8 55 86 PR 3910 o 4380 AT O,
B 2 ) 8 e (o R 2B G T, SE R R,
ik shag, Rik=WH L, fERW LRI G
TAMR SRR, 7 =5 DU IR K LA T
B R R (R £, LR R R N,
1 TO0 R R A P 5 R R G e fA - ) JL A JE R Rk ]
RETIGER, L FRRF=YE L, W8 Ui
PR T 1) Sk SR AN TR i e b RUH 35 1 T A

AN SR A WA T BR 45 A i 2 e RO oA
ZE5AN, SRR NI A T AN . A ST
I, ZERFL B UL (Chlamys nobilis)P 1 2 [G 2k £
Il (Pinctada fucata) " Sy L5k, K T4k
PRI R/ INFN A LA PE K- TG 6, XAl figsz HE | &
DNA i PY, X 5AHF 5T o = 5008 Ty £k
iR KNG A PR A R 2R —8. (E5
TR, DORT IR A WA 1 GR35 K
F AR = AR KA, 8 H FTA & S B8R
PRS- ZeRn A RUST 18 K0 43 7 MILEE 1 A BH A

Eckelbarger Z5M7E S5 U4 W5(C. virginica)ks 1
TUEE PRI v Ot AR AR RS - B
JEH 4 DERURFESE R SRR R, TAEA
W R AR 5 ANORIRE A5 7, 5
1%, =AM Lok st 2ok 4 4>, Ak
K F P 2R AR B A BT A, 435100 4 405 A
61, X 5 Komaru ZBYH Dong 25 iy B 5% 45 5
— 8, A TR R R DU A K R G DL (M.
galloprovincialis)f 7 il 25+ i AT 52 % BH, 7E Y
AR EE R 5~7 AGRk, i A5 R HA S
AR, Komaru ZE AN 7E PUREA TG DURS -,
SORLARECE R, o] AHRTE B FoRE 7Sk 3R/
HENT R RS s e, DT U AR R S AR
oK T HAMINIZ SR Ty, B B 50%LA F 1
FERA AT Wik F SRR B 3 n, AT ARTS 5 A%
VRN THIRIAY 2 B ), RS2BR_EAE Suquet 251
WEFEHIERE , DUAF AR GRS T3 R32 Shae ) I
W PE MR LA T AR, VR A DU A 5 A
T/ ATP Y& BE 7K 712 sh 25 R SR AR R AR i K
-, HIE MR REA SR ATP JHFES LR, AT
B TAE IR 0 208028 Ak DT 5 35 pu 3% 1AOKS
R Y[

XFF = AR R AR TR U, K2 H0K 40
MIZE R TEH, (AR A S o 78 AR T
FHXT DNA B i o AR B A A 2 — P ik i 0 42,
X 42 7 = 3% AR T 2 (Oncorhynchus  mykiss) Fi
WAHMRIE®, Perruzzi S5 HA N =514 K PG 75
(Gadus morhua) 45 1T 248 F 5 MM R 85 1 . 0%
ARSI 1 S8 %)) BRI e 55 20 B e G IR B S
Ko R AR AR T L, 7 AR T
t, ISR ERE, BAE R L, HH
AU LR A, X iR FEBOR FiE e I T
FER IR . eAh, FEARMFGE ik ke B =R 1R K+
LR R TP AE—E LI I 28 1, Healy 25110
RSk R NG b B 40 B T 58 R S LA R )
W SEAS T AR SC, TR EA KA B DIRE, 2
ELARANE AL 5 A B

S Hk:

[1] Walton W C, Rikard F S, Chaplin G I, et al. Effects of ploidy



444

Hh K R

%30 &

(2]

(3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

(11]

[12]

and gear on the performance of cultured oysters, Crassostrea
virginica: Survival, growth, shape, condition index and
Vibrio abundances[J]. Aquaculture, 2013, 414-415: 260-266.
Dégremont L, Garcia C, Frank-Lawale A, et al. Triploid
oysters in the Chesapeake Bay: comparison of diploid and
triploid Crassostrea virginica[J]. Journal of Shellfish Research,
2012, 31(1): 21-31.

Yu R H, Li H K, Li C H, et al. Production method and
biological characteristics of tetraploid oyster[J]. Scientific
Fish Farming, 2021(12): 61-62. [T-HiifE, ZEMGR, 25548,
8. DORS R A 7= 5 s SRR R ). B A,
2021(12): 61-62.]

Achouri A, Melizi M, Belbedj H, et al. Comparative study of
histological and histo-chemical image processing in muscle
fiber sections of broiler chicken[J]. Journal of Applied
Poultry Research, 2021, 30(3): 100173.

Wang R C, WANG Z P, ZHANG J Z, et al. Aquaculture of
Marine Shellfish[M]. Qingdao: Qingdao Ocean University
Press, 1993: 186. [L4NA, FHRM, skatiha, Mgk ik
FRIAAM]. T 8 TR R AL, 1993: 186.]
Poulet S A, Lennon J F, Plouvenez F, et al. A nondestructive
tool for the measurement of muscle strength in juvenile
oysters Crassostrea gigas[J]. Aquaculture, 2003, 217(1-4):
49-60.

Fujiwara T, Aoki H, Ishikawa T, et al. Simple selection of
pearl oysters Pinctada fucata martensii with strong shell-
closing strength using near-infrared spectroscopy[J]. Aqua-
culture Science, 2010, 58(2): 253-259.

Millman B M. Mechanisms of contraction in molluscan
muscle[J]. Integrative and Comparative Biology, 1967, 7(3):
583-591.

Zhang L, Liu J R, Tian Y Y, et al. Characteristics of histology
and protein in adductor of Manila clam Ruditapes philip-
pinarum[J]. Journal of Dalian Ocean University, 2017, 32(3):
356-362. [3kJe, XURZR, HICH, 5. Gt el
L R FURFED)]. RGBT R 2A274R, 2017, 323):
356-362.]

Hanson J, Lowy J. The structure of the muscle fibres in the
translucent part of the adductor of the oyster Crassostrea
angulata[J]. Proceedings of the Royal Society of London
Series B, Biological Sciences, 1961, 154(955): 173-196.
Walton W C, Rikard F S, Chaplin G I, et al. Effects of ploidy
and gear on the performance of cultured oysters, Crassostrea
virginica: Survival, growth, shape, condition index and
Vibrio abundances[J]. Aquaculture, 2013, 414-415: 260-266.
Hoyle G, McAlear J H, Selverston A. Mechanism of super-

contraction in a striated muscle[J]. The Journal of Cell

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Biology, 1965, 26(2): 621-640.

Elliott G F. Electron microscope studies of the structure of
the filaments in the opaque adductor muscle of the oyster
Crassostrea angulata[J]. Journal of Molecular Biology, 1964,
10(1): 89-IN27.

Psenicka M, Alavi S M, Rodina M, et al. Morphology and
ultrastructure of Siberian sturgeon (Acipenser baerii) sper-
matozoa using scanning and transmission electron micros-
copy[J]. Biology of the Cell, 2007, 99(2): 103-115.

Komaru A, Scarpa J, Wada K T. Ultrastructure of sperma-
tozoa in induced tetraploid mussel Mytilus galloprovincialis
(Lmk.)[J]. Journal of shellfish research, 1995, 14: 405-410.
Jiang B. Breeding of hybrid triploid Pacific oyster and its
genome stability[D]. Qingdao: Ocean University of China,
2004. [F. FAE =R TR B 7 B R
FaEMERIIEID]. 55 T EIFERSE, 2004.]

Dong Q X, Huang C J, Tiersch T R. Spermatozoal ultras-
tructure of diploid and tetraploid Pacific oysters[J]. Aqua-
culture, 2005, 249(1-4): 487-496.

Komaru A, Konishi K, Wada K T. Ultrastructure of sper-
matozoa from induced triploid Pacific oyster, Crassostrea
gigas]J]. Aquaculture, 1994, 123(3-4): 217-222.

Achouri A, Melizi M, Belbedj H, et al. Comparative study of
histological and histo-chemical image processing in muscle
fiber sections of broiler chicken[J]. Journal of Applied
Poultry Research, 2021, 30(3): 100173.

LiH J, Yu H, Li Q. Histological studies on the muscle fibers
of Crassostrea gigas adductor[J]. Journal of Fisheries of
China, 2017, 41(9): 1392-1399. [Z=4:48, F41, 28, K4t
Wi ZEUILET 4R R L AVZRRPELT]. K241, 2017, 41(9):
1392-1399.]

Tan L Q, Ou C H, Li R Q, et al. Study on muscle fiber
characteristics of Tengchong snowcock at 60 and 90 days[J].
Journal of Yunnan Agricultural University, 2000, 515(04):
345-348. [RINE), WORHE, 2R, 60~90 HERE T
RS MEFAERFERTIEN]. R R EA4, 2000, 15(04):
345-348.]

Wang X W, Xie Y J, Xue S Q, et al. Comparison of
microstructure and nutrient in muscles between diploid and
triploid rainbow trout Oncorhynchus mykiss[J]. Fisheries
Science, 2017, 36(5): 569-576. [EH#%, HEE, BEEE,
ST SAGMAT BRI H RS BB TR I 1 L],
IKFERIE, 2017, 36(5): 569-576.]

Liang X Y. Comparative study on muscle fibers of skeletal
muscle of fish with different ploidy[D]. Changsha: Hunan
Normal University, 2011. [#2 ] fH. AS[Ef5PE GBI
HERY LLEEREFE[D]. Kb IR, 2011.]



55 4 3]

FEIRE A AN PR R 005 P 2 WILAIRS 1 1) 25 2~ I (o2 1 ¢

445

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

Nam Y K, Choi G C, Park D J, et al. Survival and growth of
induced tetraploid mud loach[J]. Aquaculture International,
2001, 9(1): 61-71.

Stickland N C, Widdowson E M, Goldspink G. Effects of
severe energy and protein deficiencies on the fibres and
nuclei in skeletal muscle of pigs[J]. The British Journal of
Nutrition, 1975, 34(3): 421-428.

Wadsworth P, Wilson A E, Walton W C. A meta-analysis of
growth rate in diploid and triploid oysters[J]. Aquaculture,
2019, 499: 9-16.

Li Y G, Li Q. The growth, survival and ploidy of diploid,
triploid and tetraploid of the Pacific oyster (Crassostrea gigas)
in larval and juvenile stages[J]. Aquaculture, 2022, 553: 738083.
Li Q, Liu W G, Shirasu K, et al. Reproductive cycle and
biochemical composition of the Zhe oyster Crassostrea
plicatula Gmelin in an eastern coastal bay of China[J].
Aquaculture, 2006, 261(2): 752-759.

Hanson J, Lowy J. The structure of the muscle fibers in the
translucent part of the adductor of the oyster Crassostrea
angulate[J]. Proceedings of the Royal Society of London.
Series B. Biological Sciences, 1961, 154(955): 173-196.

Endo M. Calcium release from the sarcoplasmic reticulum[J].

Physiological Reviews, 1977, 57(1): 71-108.

Chinnery P F. Mitochondria[J]. Journal of Neurology,
Neurosurgery & Psychiatry, 2003, 74(9): 1188-1199.

Kong L F. Histological and biochemical studies on polyploid

Pacific oyster[D]. Qingdao: Ocean University of China, 2004.

[FLA 5. AR 21 5405 [D]. & 5

TrEERS, 2004.]

Gracia Bozzo M, Ribes E, Sagrista E, et al. Fine structure of
the spermatozoa of Crassostrea gigas (Mollusca, Bivalvia)
[J]. Molecular Reproduction and Development, 1993, 34(2):
206-211.

Komaru A, Konishi K, Wada K T. Ultrastructure of spermatozoa
from induced triploid Pacific oyster, Crassostrea gigas[J].
Aquaculture, 1994, 123(3-4): 217-222.

Valenti R J. Induced polyploidy in Tilapia aurea (Seinda-

[36]

[37]

[38]

[39]

[40]

(41]

[42]

[43]

[44]

[45]

chner) by means of temperature shock treatment[J]. Journal
of Fish Biology, 1975, 7(4): 519-528.

Eudeline B, Allen S K, Guo X M. Optimization of tetraploid
induction in Pacific oysters, Crassostrea gigas, using first
polar body as a natural indicator[J]. Aquaculture, 2000,
187(1-2): 73-84.

Allen Jr S K. Gametogenesis in three species of triploid
shellfish: Mya arenaria, Crassostrea gigas, and Crassostrea
virginica[C]. Proc. World Symp on Selection, Hybridization
and Genetic Engineering in Aquaculture, Bordeaux, May
27-30, 1986, Berlin, 1987. 1986, 2: 207-217.

Allen S K, Gagnon P S, Hidu H. Induced triploidy in the
soft-shell clam: Cytogenetic and allozymic confirmation[J].
Journal of Heredity, 1982, 73(6): 421-428.

Komaru A, Wada K T. Gametogenesis and growth of
induced triploid scallops Chlamys nobilig[J]. Nippon Suisan
Gakkaishi, 1989, 55(3): 447-452.

Komaru A. Gametogenesis of triploid Japanese pearl oyster,
Pinctada fucata martensii[J]. Adovances in Invertebrate
Reproduction, 1990, 5: 469-474.

Eckelbarger K J, Davis C V. Ultrastructure of the gonad and
gametogenesis in the eastern oyster, Crassostrea virginica. 1.
ovary and oogenesis[J]. Marine Biology, 1996, 127(1): 79-87.
Suquet M, Donval C, Labbé C, et al. Sperm quality in
diploid and tetraploid Pacific oysters Crassostrea gigas/C].
Aquaculture Europe 09. 2009.

Christen R, Gatti J L, Billard R. Trout sperm motility. The
transient movement of trout sperm is related to changes in
the concentration of ATP following the activation of the
flagellar movement[J]. European Journal of Biochemistry,
1987, 166(3): 667-671.

Peruzzi S, Rudolfsen G, Primicerio R, et al. Milt charac-
teristics of diploid and triploid Atlantic cod (Gadus morhuaL.)
[J]. Aquaculture Research, 2009, 40(10): 1160-1169.
Yurchenko O V. Comparative ultrastructural study of sperma-
tozoa in some oyster species from the Asian-Pacific Coast[J].
Micron, 2012, 43(2-3): 365-373.



446 [ K R 2 %30 5

Histological and ultrastructural observation of adductor and sperm of
Crassostrea gigas with different ploidy
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Abstract: The histological and ultrastructural characteristics of the adductor muscles and sperm of diploid, triploid,
and tetraploid Crassostrea gigas were compared through paraffin section, transmission electron microscope, and
scanning electron microscope analyses. The experimental results showed that the muscle fibers of diploid, triploid,
and tetraploid adductors were all composed of thick filaments, thin filaments, sarcolemma, perimysium,
endomysium, mitochondria, vesicle, tubule, nucleus, sarcoplasmic reticulum, and so on. However, the morphology
and ultrastructure of the C. gigas of three ploidies were different from each other: the mitochondrial diameter,
muscle fiber diameter, and thick filament density of the triploid adductor muscle were significantly higher than
those of diploid and tetraploid adductor muscles, and the muscle fiber density was significantly lower than that of
diploids and tetraploids. The results of scanning electron microscopy and transmission electron microscopy of the
different ploidy sperm showed that the sperm of diploid, triploid, and tetraploid C. gigas were similar in
composition and structure, comprising head, middle, and tail parts. Nevertheless, the size and the number of
mitochondria differed among the different ploidy sperm. Measurement and analysis of the head length, width,
acrosome height and width, and mitochondrial length of C. gigas sperm showed that the head, acrosome, and
mitochondria of tetraploid sperm were significantly larger than those of diploid and triploid sperm. The head and
acrosome of triploid sperm were significantly larger than those of diploid sperm, but there was no significant
difference in mitochondrial size between triploid and diploid sperm. Additionally, both diploid and triploid sperm
contained four mitochondria; however, diploid sperm contained 5 (1%) mitochondria. The number of mitochondria
in tetraploid C. gigas sperm varied, with 4 (46%), 5 (52%), and 6 (2%) mitochondria. This study elucidates the
histological characteristics and ultrastructure of the adductor muscles and sperm of C. gigas of different ploidies,
which provide important basic data for further study of the biological characteristics of C. gigas muscle fiber and
sperm breeding biology, and provide a theoretical basis for improving the meat quality and polyploid artificial
breeding of C. gigas.
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