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5mm) W E N 4%, 54 = (28.37%) 48 K 24.37%; K54
BEHAAME O EEMEN; 2AZDTCBAEARKSAEALEREN
MR E Bl 3 B 80% F1 30%, AH b4 E P £ (52.64% Ao
26.64%) 4+ B T M 27.36% F1 3.36%; #4211 T CB 4 22 41 fn 1% % 4L 22
4 7 He DU B O A AR 2R A B 3 3] 10% Fr 4%, M EL 4 B £ (60.45%
F125.51%) 45 T & 50.45% 71 21.51%.

[ 4518 ] £/ 1 (3nQ@+2nd) T A CB #HAT W k% 3 £ 4 #] K 4 47
K2 BRI R LR
R K Y, B2 5B

7

WA K5; MK B (CB)

K4t Wi (Crsssostrea gigas) J&FR E AT F25H 09 F 2405 5 Ay, HA
ARKPGE . RFTERSE . EIREE SR BT EEE T HEk, BE
() AR AT W AR T . R R R, MELRL BTN AR ARG AN

E—EE: B, INF N
5%, E-mail: 320332133@qq.com

I

BIEIEE: R, WFNGsREE
A FE, E-mail: xcx@ouc.edu.cn

FEE: L RE R R A LEH
(2022LZGCQYO010); [ 5K =k
A4k R LT (CARS-49)

UFS HHER: 2024-01-14
EE BEA: 2024-05-26

XERS:
1000-0615(2025)06-069613-11
FESES: S968.3
WHARERE: A

Y& 75 B AR SCTO ) a1 R
© GKF=54R M’ (CC BY-NC-ND 4.0)

Copyright © Editorial Office of Journal of
Fisheries of China (CC BY-NC-ND 4.0)

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


mailto:320332133@qq.com
mailto:xcx@ouc.edu.cn
https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

FE B,

s

4

IKFE 23], 2025, 49(6): 069613

AR KR, Ptk ERFEEIT
Al AAE E TSR AR A A2 OGN WA
B TAEREZER Y, R, bl
8] AR A A s B AR TR B ) — A A A W 4y
MBET A AEATRED Y, HAT, @ik A
A 05 T DA A 05 2% 22 T 4R AR 100% — A% A
FEAGE, PRI U R AR A G 1 8 B A AR
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FE e e [ AA i 260 H 0 45 3 8 R T 25
PREH U S 2= ot , Bl G & T 25 °C b g i K
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Fz1 KHEFEOEK2 S ZEH. ZEFRRAFSEREREYFHIE
Tab.1 Biological characteristics of diploid, triploid and tetraploid broodstock in C. gigas “Haida No.2”

PN 7% fh/mm Fel/mm 75 9% /mm /g
brookstock shell height shell length shell width wet weight
A diploid 79.71 +5.02 49.45 +4.47 25.84+3.78 55.36 % 6.62
A&k triploid 87.40 £ 5.39 49.66 +5.03 28.97 +4.51 66.06 £ 11.65
PUfi Ak tetraploid 60.45 £ 6.03 41.14+3.82 23.43+£5.90 30.92 + 5.64
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1.00 mg/L) B2 4 A2 FE (6. 8. 10 Fl 12) 43 Hil ¢
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S EVEKE N 0.05, AR SL6 2 2 6] (1) 22 5
AR FRER R [/l —HE T AR KR 3R
E )7 %5 HF ( One-Way ANOVA), P4 5
Xof B ZH AR TG R 2 S 3 O M ST REAR ¢ G 56 AT
53T o

N~

2 4iR

1
[}

A%\

2.1 =R RIFSHEFEHRE

2T (2nP+2nd) FF w4z AR R IN
HWGME R 2 5 N TG, S5 —ARRI
PR, KA 0.5 mg/L CB #4240 B 20~25 min J5 ,
PUfE AN 23.53%~28.37%, M1 H CBiES:
VR 2 S PR RS R A A (2, E 1-d).
gl T, K34 ICEEE S 15 8] U A5k
3, H 1-e).

A2 1 (3nQ+2n8) #F F WA AR 2 R B
S — M MK N B, SR 0.50 mg/L CB
(0.75~1.00 mg/L CB AbFRiF SRR, HFfL
R D4R R E TR, P<0.05) #5240 3 20
min J5, PURTIRR N 52.64%, LA R CB ik
FMGR 2 SR R RS A E R 2, Bl 1-
), 45— RN BN, SRTEREE 8~10 (it
IKFFEEAL B 15~25 min Ji&, DURHARR A 23.72%~

26.64%, Wb SEAF HARB A HE T WK 2 451
R A FAE (3, K 1-9).

AN 2nR+4nd) #F W 2Rz R B
55— AR B 30% B, SRA] 0.75 mg/L CB FF£:
AL PR 20 min J5, PUAEIRFECH 60.45%, AR
N CB %S K 2 S UG R i i AR i S A&
(F 4, E 1-h)o 2B —HfR B 30%~40% B, K
FHERFE 8 1y K FFLL AL P 15~25 min J5, POf%
KRN 20.67%~25.51%, MM HIRBLIEES
VR 2 SRR RS S AL A (R 4, B 1-),

22 HHFERSHEDEM

Wk R e 2nd) HE
I, 25 b B4 2 HUFE TG 5 KT CGoyy
Xf B ZH (P<0.05), H B35 7 B fal3shn, 4% b3
ZH FNT BRZH A7 35 2208 87 T R, 20 H i CB &b
PR 4 HAETEE R 14.67%, 175 NI 85.33%;
ik 3 4b B2 20 H & A7 36 R 4 2033%, T %
79.67%; X I B 8] g5 %) B8 20 A7 15 3R 37.33%,
TF% 62.67%, Sk, XFIRA G b A7 1% R AT
AbBRAL, HARIS AL A 4 BTG AL T CB A4b
2l (K] 2-a)

A2 1 3nQ+2nd) 5 DU AR, AbFEZH
L BTG R B KT 2N X ZH (P<0.05), {H &

&2 BR | @ne+2nd) MR I GnQ+2nd) BFIKHIFEX 2 S HBEFHMR (FF%M: CB)
Tab.2 Tetraploid induction efficiency between the pathway 1 (2n9+2nJ) and the pathway II (3n2+2nd) of
C. gigas "Haida No.2" (induction condition: CB)

S YRZLER /%  cleavage rate D#)%/% D larvae rate VU542 /%  tetraploid rate

condition 2n9+2nd 3nQ+2nd 2nQ+2nd 3nQ+2nd 2nQ+2nd 3nQ+2nd
CB/(mg/L)
0.25 73.3942.99° 63.45+4.83¢ 75.3445.19 60.46+4.16™ 16.31+1.98° 25.5545.35"
0.50 65.52+8.00° 60.64+10.48° 71.20+3.99’ 55.44+1.77" 28.58+3.27" 50.3542.25"
0.75 54.73+5.48° 53.3842.13¢ 52.26+8.97 54.2743.88" 26.5043.17" 44.4644 34"
1.00 43.76+3.54° 40.30£0.91" 44.18+1.04* 42.39+7.18" 22.35+4.94" 48.3+3.22"
¥ FRFE2A [H)/min
induction duration
10 69.3248.63¢ 60.36+15.08¢ 66.38+4.02" 56.26+6.01° 0 20.59+1.99°
15 66.58+6.48° 51.36+9.85" 63.24+1.09' 50.23+1.01° 20.36+1.58" 43.47+0.78"
20 62.74+12.41° 45.27+4.03% 65.37+8.06" 42.5246.06™ 28.3745.85' 52.6442.12"
25 56.98+7.61° 42.28+3.91' 58.2643.11' 38.2543.29° 23.53+3.21" 45.62+2.88"
HfHiZH  control group 85.20+4.03 83.16:4.67 88.34+3.67 80.25+4.07 0 0

VE: XA AR, DfERER0. 5 —F A A [F =R ER R 4L ) 2 7 R 3 (P<0.05), .

Notes: The control group is diploid group, tetraploid rate of the diploid group is 0. Different letters in each column indicate significant difference

(P<0.05), the same below.
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(8) (h) (i)
4N
60 —_—
<: = 40
&3
M2 20

0 1020304050060 70
AHXT DNA 5 &
relative DNA content
0)
E1 EHRuER
(a) MR IRAL;  (b) 2.5N XHIRAL; (o) =AM ERAL; (d) 812 [ 2nP+2nd) CB AR () i8%F 1T (2nQ+2nd) (KB HA; () iR&F 1
(3nQ+2nd) CB A H4L; () B Z I (3n+2nd) KIS FEAL;  (h) BRI 2nQ+4nd) CB AAH 4 ; (i) BZIT 2nQ+4nd) KB A FEA; () I
FEAAHEDL,

Fig. 1 Ploidy test results

(a) diploid group; (b) control group of 2.5N; (c) triploid group; (d) ploidy result treated by CB treatment under the pathway 1 (2n9+2nd); (e) ploidy
result treated by hypotonic treatment under the pathway 1 (2nQ+2nd); () ploidy result treated by CB treatment under the pathway I (3n2+2nd); (g)
ploidy result treated by hypotonic treatment under the pathway II (3nQ+2nd); (h) ploidy result treated by CB treatment under the pathway III
(2nQ+4n3); (i) ploidy result treated by hypotonic treatment under the pathway 111 (2nQ+4n3); (j) tetraploid spat.

FET 25N XFIEY] (P<0.05), 2.5N XIEZHZh Al FRBAABY (K 2-b).

R R AR, 2 HIRET4h BAFETE R TR 75.33%. WA (2nQ+4nd) 175 5 PUAHIARRS, CB AbHE
20 H A CB ALFRL | KB AL . 2N XFIRZH 4 B AER IR TR B AL P LA Zh e, 20 H i itF
2 2.5N XSRS NI 87.00% . 90.67% . 62.67% W& 4351 R 94.67% 1 84.00%. ik 15 4k BH 41 %))
1 98.67%. Wk L, CBALFRAI L HAFIG R AT RILT CBAHA, [HILT 2N X 4
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3 ERF | @ne+2nd) MER I 3nQ+2nd) FHEKHFSFK 2 S HAFAMNER (FS&H: KELE)
Tab.3 Tetraploid induction efficiency between the pathway 1 (2n9+2nJ) and the pathway Il (3n9+2nd) of

C. gigas ""Haida No.2" (induction condition: hypotonic treatment)

20 YRZLE /%  cleavage rate D#1%/% D larvae rate PUf54K 2 /%  tetraploid rate

condition 2nQ+2nd 3nQ+2nd 2nQ+2nd 3nQ+2nd 2nQ+2nd 3nQ+2nd
B salinity
6 40.67+5.95° 42.67+3.3% 48.50+4.13' 45.51+3.69" 0 20.43+0.82°
8 48.27+5.73" 44.49+0.83¢ 55.39+4.86" 48.61+4.13™ 0 25.62+1.76°
10 52.69+2.96™ 50.51+2.18" 57.4745.13' 52.42+6.47™ 0 23.48+2.76™
12 60.46+5.38" 58.67+2.94° 61.49+4.29' 59.45+3.81' 0 20.77+£2.02°
V5 S HRREEM [E]/min
induction duration
10 56.66+3.94" 52.76+4.20" 47.61£6.04* 45.31+4.83" 0 20.66+2.92"
15 53.16+1.26* 52.67+1.16" 45.53+1.67" 46.35+1.28" 0 23.72+1.76"
20 54.17+5.02¢ 54.79+1.09" 46.36+0.71 42.6942.08" 0 26.64+2.881
25 50.90-+0.92° 48.67+4.85" 40.61+6.09" 39.3745.82" 0 23.7443.77"
FHHEZ  control group 88.05+2.15 85.65+5.08 86.47+2.13 83.50+2.21 0 0

=4

BN 2nQ+4nd) FHFKEWOEX 2 S HUBENER (FF5M4: CB MRIELIE)

Tab.4 Tetraploid induction efficiency of the pathway Il 2n2+4n3) of C. gigas "Haida No.2"

(induction condition: CB and hypotonic treatment)

e I AZ P20 AR,
MR, BiEE 1 (ne+2nd) LB A4

2t YIZLZE/%  cleavage rate D#%#/% D larvae rate PUFEARZE/%  tetraploid rate
condition CB HT CB HT CB HT

CB/(mg/L)
0.25 71.60+3.88" — 70.29+5.14° — 23.3242.16°
0.50 62.30+5.92° — 67.38+2.97° — 45.57+3.37*
0.75 50.35+4.03° — 55.22+1.23° — 56.36+4.18"
1.00 42.30+1.13¢ — 46.07+6.01° — 55.61+5.22%
B salinity
6 — 41.39+3.99" — 49.25+4.21" — 20.42+0.97°
8 — 50.44+4.01° — 60.21+7.95" — 25.33+1.96"
10 — 58.06+3.73" — 65.31+£5.28" — 21.45+0.69'
12 — 61.55+4.99 — 68.48+0.82" — 18.41+1.06'
PR A Hl/min
induction time
30% PB1 63.32+6.15° 58.21+0.98' 66.28+9.15" 53.22+6.04" 56.42+2.04° 24.59+2.01*
40% PB1 55.39+5.07° 54.54+2.28' 60.25+6.96" 50.24+9.77* 55.49+0.83° 24.54+0.71*
50% PB1 52.3120.78" 47.93+5.11" 43.24+2.27° 42.29+12.46 40.67+3.92° 20.39+5.35*
P FREEIN [E]/min
induction duration
10 67.42+3.79¢ 52.68+1.05" 63.44+2.89 51.43+1.86” 32.41+3.93¢ (s
15 65.50+4.32¢ 54.23+8.54" 64.29+4.21" 51.53£3.27" 44.34+2.11° 20.67+5.84'
20 60.48+6.08%" 49.65+4.07" 62.34+6.10" 50.37+6.15° 60.45+3.19° 25.51+3.93'
25 56.27+2.21" 45.47+4.30" 53.2+8.24" 44.68+10.817 50.71£7.09° 21.63+2.94'
XTHEZH  control group 83.48+2.90 83.93+3.90 84.48+2.98 82.23+6.22 0 0

I CHTRRAEBH; —Rn8dE: FHE.

Notes: "HT" means hypotonic treatment; "—" means that no data are available; the same below.
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Fig.2 Changes in the survival rate of tetraploid larvae of

C. gigas ""Haida No. 2" induced by three pathways under
the optimal induction conditions

(a) pathway 1 (2nQ+2nd), (b) pathway 1I (3nQ+ 2nd), (c) pathway 111

(2nQ+4n3).

[ 2n@+2nd) F i3 CB Ab 34 545 #E U1 i pu 4%
RNy 4%, 54 R (28.37%) A8 L U A% 1R 3
RN, it 4 T (GnQ+2nd) ¥ S pufs
KBS, CB Ab B4 AR b P A 7E HE DL B B

f5 1A R 43 1) 3K 2 80% F1 30%, A He 4 s B BE
(52.64%. 26.64%) ¥ 2 H LI EHE, mikRE
M (2nQ+4nd) 175 5 DU A5 44 26 FE DL B B A3k A5 2D
HEPURRA, CB AbHA AL IS Ab BEZH DU A5 AR5
B 10% 1 4%, (41 3By B DO A% 44 5 4 51l ok
60.45% 1 25.51%) VUfG IR F 2 R RS, ik
SERER O HE DL R A A =A%, 4 Ak
F] 86% A1 90% (£ 5),

23 ZMRBRAMIEF AR

SR =g A% T W A 6 TR I UK 4
MR 2G5FRNMGME, SRER, BRER
I 2nQ+2nd") i 1 1K 2 A0 38 6 v AR A5 DU A% 14
HEDL AL, HoAthT7 X RE 7S AR WU AR (55 5).
=R T, (1] CB AL FEHA5 4 4 o pu
R RN HE DU DU R 3 & AR A B, |
CB 5 A7 7 — 5 Wit , CB IR LA & 5,
HAT—Edpt, HXPRSEAT5YL, Mg T (Gne+
2nd) FiE 4 M (2nQ+4nd) i H] CB 755 PO A% {4
FE 4 U B Y RE S RAFRCR, (B2
(2nQ+4nd) FRAT 1 4J H VU A5 A S AR HE DL Y BE R
TR RRAG, A& A KA <3 K 2 S P iR iy
KB, Wik, @it 1 (GnQ+2nd) ff
FH CB 75 5 DU A% A 2 A 7= K 4 i <1 K 2 51
R A SR

3 e

3.1 MEFFESHFmESR

A I AT ARN DU A5 A 4 s e A5 S A 1 1Y
e RERIE, Pofb 50k £ A FE 5 T 50 F
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RS ZHERFESKEHIEX 2 S HEHHED (60 BiE) FEER
Tab.S5 Ploidy results of three pathways on tetraploid induction of C. gigas '""Haida No.2" (60 d)
i#5 5 4%F  induction condition
;jlf(l_)lrdéy CB {75 hypotonic treatment
2nQ+2nd 3nQ+2nd 2nQ+4nd 2nQ+2nd 3nQ+2nd 2nQ+4nd
2n 13(26%) 4(8%) 2(4%) 17(34%) 25(50%) 3(6%)
3n 35(70%) 6(12%) 43(86%) 33(66%) 10(20%) 45(90%)
4n 2(4%) 40(80%) 5(10%) 0 15(30%) 2(4%)

E: AESIMIB T RN E BN AR, 55 N BT oA R A R B A D O B

Notes: Numbers outside brackets indicate the number of individuals of each ploidy detected, and numbers inside brackets indicate the proportion of

individuals of that ploidy to the total number detected.

Y AZAF IR AR AT R R E AR, TR
M) 1 320G P AE & AR B S A G 5 SR HLANS
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i BB T A S ] 4 25 T SR I ] 5 —
PR R 23 58 AR, & SRR AR 1Y
AT iR S e B A 8 I [ 5 e
SE LU B i AE R R HE L, S B0A S R
BRUL BRI R 25, O & & WD Pt 2 xf
A A AR A AR I ™, R, s
i F R LR N T8 F H A D2 200 K 4 s it
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FEBR U0 F 3245 AR . WA HEBR B 0] 250 5 5 4>
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AN [ R ) ) B RS SR R AR — 25 5%
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AT IR, ELAE 8 H I 22 Fi kb B4 4 th 77 3%
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Comparison of three tetraploid induction pathways in
the Pacific oyster (Crassostrea gigas) '"Haida No.2"

CHENG Geng ', ZHANG Haining', LIANG Yuanxin', XU Chengxun'’, 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 Marine Science and Technology Center, Qingdao 266237, China

Abstract: Tetraploid of Crassostrea gigas "Haida No.2" was induced by cytochalasin B (CB) and hypotonic treatment under
pathway I (2n@+2nd), pathway II (3nQ+2nd) and pathway III (2nQ+4nd), and this study compared the three pathways in
the aspects of cleavage rate, D larvae rate, tetraploid rate of larvae and spat. The effects of three factors including reagent treat-
ment intensity, induced occasion and induced duration were also discussed. The results showed that under pathway |

(2nQ+2nd), the highest tetraploid rate of 28.37% was obtained in larval stage treated with 0.5 mg/L CB, and 20 min for dura-
tion time of induction when the first polar body of fertilized eggs appeared. Under this pathway, tetraploid larvae could not be
detected using hypotonic treatment. Under pathway I (3n9+2nd), the highest larval tetraploid rate of 52.64% was obtained in
larval stage treated with 0.5 mg/L CB, and 20 min for duration time of induction when the first polar body of fertilized eggs
appeared. Under this pathway. Under this pathway, when the first polar body of fertilized eggs appeared, the highest larval tet-
raploid rate of 26.64% was obtained after 20 min of treatment using seawater with a salinity of 8. Under pathway Il
(2nQ+4n), the highest larval tetraploid rate of 60.45% was obtained in larval stage after 20 min of duration time with 0.75
mg/L CB when 30% PBI1 appeared. Under this pathway, the highest larval tetraploid rate of 25.51% was obtained after 20 min
of treatment using seawater with a salinity of 8 when 30% PB1 appeared. Under the optimal induction conditions, the ploidy of
the spats (60 days) was analyzed by flow cytometry to determine their composite ploidy under optimal induction conditions.
The tetraploid rate of the spats in the CB-treated group under pathway I (2n9+2n) was 4%, which was a decrease of 24.37%
compared with that of the larval stage (28.37%); no tetraploid juvenile shells were detected in the hypotonic treatment group.
The tetraploid rate of the spats in the CB-treated group and the hypotonic treatment group reached 80% and 30% under path-
way Il (3nQ+2nd), which decreased by 27.36% and 3.36%, respectively, compared to the larval stage (52.64% and 26.64%,
respectively).The tetraploid rate of the spats of CB-treated and hypotonic treatment groups under pathway III (2nQ@+4nd)

reached 10% and 4%, which was a decrease of 50.45% and 21.51%, respectively, compared with that of the larval stage
(60.45% and 25.51%, respectively). Comparing the three pathways and two induction methods, the best choice for the produc-
tion of tetraploid of C. gigas "Haida No.2" is to use CB to induce tetraploid through pathway II (3nQ+2n¢).

Key words: Crassostrea gigas; "Haida No.2"; tetraploid; hypotonic treatment; cytochalasin B (CB)
Corresponding author: XU Chengxun. E-mail: xcx@ouc.edu.cn
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