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TR KA 28 R 6 72 MEPE AR N e Ay < Lt
PERE N TR T, AR, g ILEr S
R AKAR IR B TE — BB LR AR A, H R A
HAWREEAEY, Wik, “5)L% 55058
WA —EMNER. BT, XTIRKELRY K
AP 57 B B 58 3 B TP R A A 4 UEF AR
AR RE BB, RN g o
W SR M (H. schlegeii) - 1R B BUIS — & F
JE, REREWICEMES YN EERENEZ
—U O RAERETRHLERRET 5SEY¥%E
FEERBR R, AT DA AR AT A K
KEBFE, mHACHZYFNTE AR
HEHS S RE, HAT, & T K W7 2 BaE L
KB Y= F A SRR R R © T et
{HZ X T = ARG & & R B AP %
JEE T RO ) B 5E 1 R DL

A S0 AF 5 AR Al = A LR 2 3% R T T
LB INERTEW, eI Wb X i AR 15 0 =
FA LB B A BE - A7 N T AR A1 32 K5 F1 A2 K DR A4
HMRESR, S SMEes L b IR kB A,
W) B A (7] B R i & & RRAE RN R BRI, 1A
=AW IR R B A R B B AR W) o A
BB, DAIRN 78 = MR S0 AR 2 R,
S M = WL o 528G 1 A A1 855 5% OR 258 B iR
itk o

1 M5 TR

1.1 SEIEHRY

SEUS = A WL R R AR S W
AR AR FHARAFAAGENRMER
B, ERIREER 374 (BT T 3 M4, Tk
4 (135.32+7.97) mm, A5 0 (255.73+43.36) g.
W I S0 S, o M o R B R SR, Bk
R A N A 350 3k AR A5 = A LI A P 7

S50 C ] 1S B ER VA W (BSS) B RIS E AR
P T, BI4ETH BSS IS 0.503 gNaCl,
0.051 g KCI. 0.235 gNa,SO4. 0.350 gCaCl,. 0.090 g
MgSO,-7H,0. 0.750 g NaHCO;. 0.014 g NaH,PO,
% 0.030 g 5 2 4 o
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1.2 AL ZAE RPERG RIS TF

RN e A, SRS Pkt H ALY 5O (B E
40 M 5 & A AR F, ik BSS KR R
TR 101, 2260 B (FLA2Z4 300 wm) B 75 25 90 5
TR T RAKE Tl &, B AR ) b A
WERE 16 71, ViR RS 1S 75 0 e, O OKS
+, JFH BSS #: WA 10 £, H 200 H (L&
24 75 wm) (1) 07 45 0 s A AL SR AR . K IC T
PR 1 2 1 I HLBNR A 2R B A EAE R 6 cm
(BRI, A HER IR LA A 100 4032 45 B .
HRURE B 3 3 57 17K IR R 25 °C, PR, B SR
B KB, B R SR LN KR R (25+1) °C.
BT ARG 0.5 h, BRMIE AR 20, KEA
KON A W 1 FR LS T 5 N, WERTE A
T IR TG & & 40 R AR AR, I AHAL
IR, IFC AN R B, S E 5 NEE

1.3 SMEFIILEAMRB A EEENE

TE = A WL SETE ], K B A ) RO =
FMLEEECE , BT 1~2h )5, BT KR e il
R A Al RS, R SRR ERELL D 1 1 /Y
LU B T A b % T A6 o O AR SZ RS RN, 4
B 24 h FH T 58 d W GlcAT T B 7, e 2 o o
SN HOE SNSRI RI L, BT Y
OB T LSRRG A TR, R LT
IR E A g B, IR A ALIA B SRR G & H
VIR SRR, = A WL IE R & 7 25 I Rk
Z MR A XK 2R IR 2 5 7 SR F 0

14 MRREAEEEFTEMEYRRITE
TEE SIS F LB NI IG & B 1 B 1Y [
BF, 1 3 o8 B T G VR O 22 4 A &)y B A T B
[B), [R)E g H R 2 o st i SRk TR, BOE 3 (E
VE Y H WD AK IR . 5256 43 IR 3 DK IR AR Y
i a: SH6—15H.b: 6 H2—10H ., ¢c: 7 A
5—12 H) #H47, Rk 3 HIEM AE
iz H K=(T-C) x5, t W EE i itE(d),
TR K (°C), CRHAEW¥FE (°C), KN
ARBUR (°Cxd), BB L FIAERY, SRR
KB WNEYFZERARBR, HEA
C_ZV§ﬂ>ZVZW
o=
A VT- VST
A= (o’
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S, V=l 0 JOBCRAUE R AT
SOBURIE AR O=T—Kit SR I T IR
I P Hh B 2 2 R R R K 2 A I
AT ROBUR
15 BEHH

iz i Excel 2016 J% SPSS 19.0 #F i 17 % 45
SrHE, J5 220 MR One-Way ANOVA 5, £
ORI B 3 2280 (LSD ).

2 gEH

21 ANIL{RINZRE REERRIRIMEF R

KR (25+1) °C 2R, K fi i IR A5 10 =40
WAL deE A B0 28 0 BSS ¥ W R Frad U e, dEAT AR Ab
NT 42K, JAE BSS B M dE A7 IR M8 37, 4%
R, EBSSEFEMIET, MEERKAHER

-~

50 pm 19

HI, AT RS R . Al
ULV O IANE i 81 N mae i U8 | B S e i)
S H5 I (] 3 50 R (1.840.3). (2.8+0.3), (5.6+0.2).
(10.5£0.5), (13.9+0.4) 1 (17.3+0.4) h, LAZE1E K
FREFRWAR IR T, RIWZAEIRE .
22 MR ABRSYHFIEESNE
SMMEEIRIG & B R 2RI . B
WL BRI B RPN B A 4 U R R A
Ay 4l RO 3 = R WL A2 R IR AR AR 8 R
XoF 32 0KG 1 OF 21 & B R SRR AR E 4T 5 40 S0
Mg, R ER, WTZHE, ZHIPELE
TRBGE A, BPRAERE SR I B T80 AR
165 B4R ML 2 8] P A [ B, R/N22h 200~300 pm;
KB ZE 1.8h, ZHK O P —A/MYE,
RS AR (EIRR-1); BEJS, RS DURH o B 28
[0 N U 02 IANE1 B I A

Bl =A0EER %8 &R ST
LOZHEE, 2 NN, 3 MANHL, 4 \GIHL, S bONAIHN, 6 R TCM. 7 MENEM. S RN, 9. P A 4
10. RBH A Gk AMLHIFENL, EE. B, HG. BC&#, 1B WAIILL, MS. BUR%H, OB. b4l 22, PBy. 55 =ik, PS. o

JE B3

Plate Morphological characteristics of H. cumingii at different embryonic developmental stages
1. fertilized eggs, 2. 2-cell stage, 3. 4-cell stage, 4. 8-cell stage, 5. 16-cell stage, 6. morula stage, 7. blastocyst stage, 8. gastrulation stage, 9. glochidium
stage, 10. mature mlochidium stage; AM. adductor muscle, EE. egg envelope, HG. hinge, IB. inner byssus, MS. membrane structure, OB. outer byssus,

PB,. the second polar body, PS. perivitelline space
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i 30 F0 SR 3] (I -2~6), = 5 WL e 32 05 B 44 A1
RRELEBEREWFHENRASEF L NET
IF ] A — 2, ME AN TR 3R &1 F Bl IR
FIERE . ABIHLF LI NG & & 1t
BT AR — B, R A R RN AR
FATE (FERR-7), 5 3 BA 5 IX OB (o A8 v, I8
B FE L P&l B 22 S5 2540 (R -8) s IR PN 44
A B 5T B W (ERR-9), R A 4
DTS2 AL e i E LA TG E T B A IR o
i, HH BSOS 22254 (I RR-10).

23 BRABEVMEZTERLZEESHEA
YRRITE
=AM IG K& B A R N ST

B, =MNEEFILE WIREE 2R
gy 3 A A F 50 10, 9 F18d, Xt
JF F8) - 22 UL 7K 3 0l SR (26.54+0.53) . (28.08+
0.14) F1 (29.5140.16) °C (= 1), R W 2 4k I 4 7t
IRk, ARATFE ALK, C=1481°C; K=
118.15 °Cxd.

T1 ZANEEBRAXENENFTEN
BHRERBE RS T
Tab.1 Statistical data of biological zero point and
effective accumulated temperature in
embryonic development of H. cumingii

Ml BHE/A S CSFREECC KB IEF/(1/d)

group t T Vv v
a 10 26.54+0.53 0.100 2.650 0.010
b 9 28.08+0.14 0.111 3.122 0.012
c 8 29.5140.16 0.125 3.650 0.016
> 84.13 0.336 9.422  0.037

£ G4 AR K=118.15 °Cxd % 5256
SRR, TR TR Y CAES R (14.73+
0.53) . (14.96+0.14) il (14.74+0.16) °C, H/A=it
HAFHM C HZEF AR (P>0.05), Hik, Al
N A Y =R CHE N 14.81 °C J2iE B 1Y
(#2).

A HOBRR 2 KT B = A e IR G &
BESHBMARBR. —ANERKELEE
UTTECS: N 9178 Y 70 I S KBl g G R
AR A 4 R A OB R 43 00 R (12.95+1.80)
(25.99+3.33) ., (42.27+4.88). (69.21+3.49) Fl(118.14+
1.15) °Cxd (¥ 3).
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R2 ZANEREKRLEERBANTHHED
EYFTERS
Tab.2 Test for biological zero point and effective
accumulative temperature from embryonic development to

mature larvae of H. cumingii

TiH
. a b c
items
fFiEl/d ¢ 10 9 8
R PC 14.73+0.53*  14.96+0.14°  14.74+0.16°

biological zero point

e [J AT IR 7 B RS Z 57 A 35 (P >0.05)
Notes: the same letters in the same line represent no significant
differences (P>0.05)

®3 —ANHEKELESHAEERE
Tab.3 Effective accumulated temperature for

each stage embryos of H. cumingii

JR G A B b 4 B RRLR/(°Cxd)
developmental effective accumulated
stage temperature
YIZHH  cleavage stage 12.95+1.80
M blastocyst stage 25.99+3.33
JRimH  gastrulation stage 42.27+4.88
RPN 4 H glochidium stage 69.2143.49
A4 U mature mlochidium stage 118.14+1.15

3 iR

3.1 =fisE N THINZRE R BERR I B R s 5

K2 80 K W 5E FE M IR IG K& B #2 AE R Sb
PEAT, IR K D2 H A A R AT R G KR Y
B YRR Y, KRBT RA — 2 A
PV, SFECLRANE A — B X . BT,
S TR IE 2 N T AR S 32 45 IR AR 14 5 1A 855 9%
07 T AR H A L, At 1Y
A s YOGS b A e LA P AR A B SR IR i 2t
117 —E W AR AN RE 3%, ) ik 45 P N I 2%
o 45 U A ) 6 = A WL RN RS 0 e i (Cristaria
plicata) 1) K A 4l UEAT T RAMEE 3R, #RERL
BT —E MR . RIS TS = A S
B 0 W W AT N TR AN 32K KO i A A1
Wit AR AT B REW, 35 % i ie iR
PEAT R A5 3245 2 A 245 AL, U R
BE T, A WL R iR AR S T A R R
Wy 5 A LT AT LA RE B E T 4 AL 1 R i
EHER. WikBEFENEELELEE, 1
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AR TR A B ARSZ 0B, 5 2 AE
RO BE RIS 0, 2R O P9 AR B B0 B B TS 2 L)
SCHERIG )R 82 5 o IR K I 218 i P 8 A
2 A VFZ LA, BEAGE 5 LB XTI R
IR, MR AL TERE T R TR, BHR
h B R VR iR A IR B A% R R, Al IR
Mt — 2k w . WL, 78520 5 SR 17 i
LI, L IE 5SS 0 SR W BOR SRR AR R K R
BB R R . AN, T SLH P R AR IR iR K
B WA Z IR B AR B, X2
T IR K AR A R A E A R
TRNGFTAD, A5 IR i Aok 46 A ) 4 kY,
MTsZm R 27 o B, FertEmiid Rd
JeAE J 22 HEAT IR IR AR S0 15 3% vh AN ] b i) — 8
gy, HARRRIE R A fp it — DTS

32 BRENZ=AMEERLE M0

U B8 2 E E AR D 1, xR T 3l ) e
VUSSR 2, il B AN O i A R g
X A B R E A o G AR N T i
FL, FE—RE VI, IR R R G A ]
A, a0 VY it 7 (Coelomactra antiquate) ¥F 21 |
24, 27 °CHEHIREE MY, ZAEIW AT ZED M
4y BT ) 4 0 A 32, 22 7 BT ARV A D
(Argopecten irradias) 1t 22~25 °C 444 F 20 h J5 B]I
KB WD B, [HEFE 13 °C 4 T 65h A
HEA D BLZ U A S8 AR B KR O 26.5
28.1 F129.2 °C T =M WLEEIR NG & B 2 i A
4 IR 30k 10, 9, 8d, JE T EREPTE
KA 20~23 °C I Ry &5 2R, Ul B BE A IR B2 Y T

R, = AR WL SZ RS O A 2 B A 4l ER R I [R] 4
Ko A B B i RE I8 B AR e R DL B

ZHHMAES, Wik, FRIEMRE LT EY
S T R4S K T B B AT RO R SR DL N
TREFEARREZILAM . A58 i B2 A
Loy BT A = A LR B IIR G A F E R Ar
gl M A2 g 14.81 °C, 5 HEREN R
= AWLEE S A 2 UK TR AR o A ROR
AR LA, AR B BEZE B, LN AT RES
=S WRE B A W e R A O, AR LRI iR
TES<F LR R E, M A 2 H R
RL, A BEMETRRFENRES. 7
Hh, TR R B XML SRR Z B B,
FORB SR o 2O M K B A Al PR 85 D R 1Y
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Continuous observation of early embryonic development of Hyriopsis cumingii
under in vitro culture condition and analysis of biological zero
point and effective accumulated temperature

HU Honghui ', BAI Zhiyi ", GUO Sipeng ', FENG Shangle', SUN Tianyang', CHEN Weimin’
(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Collaborative Innovation Center for Cultivating Elite Breeds and Green-culture of Aquaculture Animals,
Shanghai Ocean University, Shanghai 201306, China;
3. Zhejiang Wuyi Weimin Aquaculture Co. Ltd., Jinhua 321200, China)

Abstract: Hyriopsis cumingii is a unique freshwater breeding pearl mussel in our country. It has the reproductive
biology characteristics that the fertilized eggs develop to the larvae in gills. The unique reproductive biology char-
acteristics make the offspring produced by the mussels random in the process of artificial breeding and restrict the
application of modern biological breeding techniques to mussels such as triploid induction, gynogenesis and gene
editing. In this study, in order to do research on development of H. cumingii embryos and explore the in vitro cul-
ture of its early embryos, male and female gametes obtained by anatomy were used as materials for in vitro fertiliz-
ation and in vitro culture with isoosmotic balance salt solution (BSS) suitable for freshwater mussels. And the mor-
phological characteristics of each stage of embryo were observed with the required time for development recorded.
Meanwhile, the embryos in its nurturing pouch of outer gill were continuously observed and the water temperat-
ures were recorded day and night at the same time, then we calculated the embryonic developmental biological
zero point and examined the reliability of the biological zero point. After that, effective accumulated temperature
of each embryonic development stage was calculated according to the biological zero point confirmed. Results
show that when the water temperature is (25 £ 1) °C, the anatomy of the sperms and eggs were mixed after dilut-
ing by BSS saline and fertilized eggs could develop to morula stage. The fertilized eggs developed to polar body
emissions at 1.8 h, developed to 2-cell stage at 2.8 h, developed to 4-cell stage at 5.6 h, developed to 8-cell stage at
10.5 h, developed to 16-cell stage at 13.9 h, and developed to morula stage at 17.3 h after observing under optical
microscope. And then embryos did not change, and some of embryos were deformed. The morphological charac-
teristics of embryos at each stage under in vitro culture condition were similar to those in the gills. Meanwhile,
when the average water temperature in the pond was 26.54 °C, 28.08 °C and 29.51 °C, it took respectively 10 d, 9
d and 8 d for embryos to develop into mature glochidium. And the biological zero point for embryonic develop-
ment of H. cumingii was 14.81 °C which was confirmed reliable after examining. The effective accumulated tem-
perature were 12.95 °Cxd for embryos developing to cleavage stage, 25.99 °Cxd for embryos developing to
blastocyst stage, 42.27 °Cxd for embryos developing to gastrulation stage, 69.21 °Cxd for embryos developing to
glochidium stage and 118.14 °Cxd for embryos developing to cleavage stage mature mlochidium stage, respect-
ively, according to the biological zero point calculated previously. The study tried to cultivate H. cumingii embryos
under in vitro condition, which confirmed the feasibility to cultivate H. cumingii embryos under in vitro condition,
and then we analyzed and calculated the biological zero point and effective accumulated temperature of early
embryonic development. The results of this study can provide reference for the researches on artificial breeding
and development of modern biological genetic breeding technology of H. cumingii.

Key words: Hyriopsis cumingii; embryonic development; in vitro culture; biological zero point; effective accumu-
lated temperature
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