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100049; 3. P EBF 2Bl FE R B A0S, INR 5 8 266071)
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peptide, INSL), H:1 INS A1 IGF J& T insulin/IGF i,
FESHAERKKE HAERRSRYIETY, X EEH
ZN R E RS2 K. RLN Rl INSL J& T2t &
K, FESHATEMMZ NIRRT, 2180 G
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ISR cglILP Wk y B, %SRRGS 5 2R BE N AE
BRI . WL SR . A2
1), FERBERIIHTRI cgMIP123 TERTBRARANA ER
LT RIK; cgMIP4 FEAEH R FITIFRIK, TERUA
I RIKBARMK; cgILP TENFIRAR = FERRIA . 2002 4F
Hamano 25438 A9 K 4115 oIRP Bl cgMIP123, HIE
DAL 1) 2 1 2 3 6 1 5 4 AP AR A K TR - &
BHAXG3—5 H), HS5EFEHREA0—11 A)

Wik H 39 2021-03-04; &[0l H: 2021-05-14

HEWH: ERARBIAIESE(41776152); H ERF2E B RKBL A5
UL EAERE T H (COMS2019Q1); B iRt SHAR R E R S
ZE I 4 (QNLM20160RP0408)

[Foundation: National Natural Science Foundation of China, No. 41776152;
Key Deployment Project of Centre for Ocean Mega-Research of Science,
Chinese Academy of Science, No. COMS2019Q11; Grant from the Pilot
National Laboratory for Marine Science and Technology (Qingdao), No.
QNLM20160RP0408]

PEH A WARH1996—), %, BRPuiEmE A, BiLarseE, FEMNEN
Kt e B MG, E-mail: xiaojing_miao@163.com; i € (1982—), #fF
Y&, EZNF R FFFSY, E-mail: xufei@qdio.ac.cn

Marine Sciences / Vol. 46, No. 10/ 2022 1



it

AREZUM ] IR A —L8 SNP 7 5 5 K5 A R
PR 4 B e, HRse T
cgMIP4 . cgMILP7 Hl cgILP AYIH ST i IR BBk

AHFFEXS [ AR XA K K A W AT R A, 4R
FRIMOBE . BRSO SRR ER . R R A X
Fbm MR T (REE . B, B MR oy
)R . R logistic [MIH 434 . 2otk InliH
AT AR Z oG i T ARG HAH G, LU il B K
RS IR I 21 5 IX T e ROk L ) ot AR R e R AL
PR Sy

U AR Ak

1.1 ERFHY

JIT 52 55 3 W) R o A TRl — A FRBERER (9 — i 4
W5, AbFE Ry ARG SR TILARE EF SRR L
L FRAMEIX . 2020 4E 5 H & 2020 4F 10 A4 H B
HLELIE 100 7247, SR I K (R | $hEE | R
JEL pH D), [RIE ISR SR E M 38K R T4 R
a FEINAE o SEBRORFERT R WL 1.

FT1 2020 FXRHEEEFE

) H@ART/CLE

1.2 #HRiE

KA WRTE K G = B 55— Jm, BOEEAT 20 2URF i
KA o BEHLPRIE 30 T B SRR 100 A £ B A 0
T AR O R SR AR X R A . Ry
FEVK L AT AR . AT WG TFFE J5,  FH: S 4 R
MLk EL (hemolymph, Hem), &0 5 H g A7, H
TILBE & 2 BUR HiE(labial Palps, L) PYIERT (58
— W iz BT E R T 2 BB A pyloric process, P) . i
A [415¢ Wl (transparent adductor muscle, T)5Y 75 fifi 17
TR W, TR S I s U 2
(visceral ganglion, VG). AR 414 (hepatopancreas,
Hep)!")F Trizol H1-20 CHfE, 1T JFLHE AN %
IRERIE, B3 DMRIRE I — DR R R
Pk 20 MR A WE, ISR GRS, KK
PRERICA 55 CHEFRMET 72 h, FREH T

M2 25 a FEAS R FH 20 pm 075 28 35 8 1 7K bR
FRBPFI Y, B 0.5 L/KE 5 um JEALIHIE,
ARIOE B W T 22 437K 43 I 6| A7 TR vk A4S 1Y
FemmAh, iz Rl = % 280 CUKAH -
1.3 EBRF&
1.3.1 LRt ER PCR

Tab.1 Sampling time in 2020 WA 02841 1% i Trizol B4R RNA. Tl
HUREFF 5 SRR ] . pra T ERELTURE ST e R e 2
N SH 200 VR JRE R B e R VKR N T £ J R A T 25 BR R K 4] DNA
5 61 12 H (R s CCRH AG11711). SERTE%E i PCR 2R
3 6 H 30 H FH i ME B (Q711-02) 1k 7] £ £ QuantStudio 6 Flex
4 7H 27 H Real-Time PCR System(ThermoFisher, USA) I #17 .
5 8H 17 H LL cgEF HINZFEM, LL 5 A 20 HAESE T EL,
6 9H 14 H A HEH AR Fs A K S MR .
7 10720 H BT SR B 2.
&2 51955
Tab.2 Primer sequences
ElE/E2 S H:A ID k7]l
cgMIP123-qF LOC105319754 5'-GCTTAGACTTGTTTGCCGTAAAT-3'
cgMIP123-qR 5'-CGCACGTTTCAACACATCATAG-3’
cgMIP4-qF LOC105319755 5'-TTGCCGAAATTGGTGCAATAG-3'
cgMIP4-qR 5'-CTGACTGCACAGAGGTGAAA-3’
cgMILP7-qF LOC105333726 5'-AACGGCAGCTATCCATTACC-3'
cgMILP7-qR 5'-GTCGACGTGTTGATCGAGTT-3'
cglLP-qF LOC105347687 5-GATCGATGCTCCAATGGTTAATG-3'
cglLP-qR 5-TTCTGAGCCACTGCAAACT-3'
cgPdx-qF LOC105327390 5'-CACAGGCAATTAAGTGAAGATGG-3’
cgPdx-qR 5'-CCAGGTACAGAGGCAGTTATG-3'
cgEF-qF LOC105338957 5'-TCCACTGGCCATCTCATTTAC-3'
cgEF-qR 5'-TGAAAGAACCCTTTCCCATCTC-3'
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132 IAE. WEEFE. FMEEEEHERE « 58
R0 5

MBE OB B S A I E 4 i R B SIGMA
(GAGO20) 71 Hg 5 2 il i 7] £ (F006) -4 IR 150 W 45 3k
TT#RE . 25458 (condition index, C;)i& D FEHAKHES
A RCRIRE W BE M AR AR, A 2R RO, AW
LA TR OR " AR o R 90% M
P2 L, SR FH 43 06 B 0 5 o
1.3.3 HIEHir

g it i H R 155 (4.0.2).
1.3.3.1  F &S

KHAESEOT 22508 . Wilcoxon Fk AN 56 (FH
Benjamini & Hochberg J7 75X} P B4 755 15 )X 8% 75
L OB SRR A EEARXT RIAE & H
ORI 22 ST oA, IOBE . WL . SRURE R R
AR R A R A e FE AR 30, 30, 20,
10,
1.3.3.2  logistic [A1 )34

BRI HE: RS 2 7 A UL A4 P Bobk
A (gonad condition, G, n=94) #1734, LIA/RIEZR
ARPERRARZRC “07 ARHER, 17 k), ARHRK
MK ne=32, HERAEK =62,

XXX WHESIE: Ge 5IMHG). AR

(Gp). WHERN(Gr) KB (GBE IR & . 5l ()R
FRIBAT:
logit(Ge)~G+Gr+GptGrtg, (1)

Hr, logit(Go)FR R X Ge it AT logit 224, Rl In[P/(1-P)],

P URBLT EHEOX — S F R AR, PI(1-P)E X
BT HEBO DL . BT XA R B A 1) 7 0
e EAG 0 2 TTEk ey A AR A AR A, 25 KR
o] 9 45 80 ] A Ak o 0SS AR HE AT Bl N R g IR
Hosmer-Lemeshow test FlI A% 1 & il £& [ (calibration
curve plot) KR (4L AL RE, RN 2 S5 Tl 45
R —3rE; H C-index (EEUERALRY X432, RIF0
B DI PIFPZE R AR ), TE8% | C-index (H 5 4%
HARVERRIE I ROC) T ZE T M AU AUC i) FHEE,
1.3.3.3  ZIAERIA 51

Bl ntyat: OHAEXEEERS 5 H 20 H
B TR PR REOE B time; @2 %% 6 E R PCR 1Y
TRFETT 2, B AR AR A A BEAR AR O 31E, A TiTE
BUAE FRAE AR BRI R BB 1 — — X E R @ T
FRAFHEE(C) S FRTIFE AR IR T A RIAMA, PHIR
A AR R4 Ay 0 E T T 08T

'h@AWME

FRA MR AR (7). A3 R AR XS Rk A
HHABEX Ci. G, Gr. GpHl Gy 43 ST [ A7,
DIFREER F (4R FR o &5 . pHAE . (S IRE(D)]
N HAZEX SR LILE . G G, Gr. Gp M
Gy ST A AY SRR AR (] YA DG . R Z
A WA E . AIC {H(the Akaike information crite-
rion, 7R A ) e /N B ASE A, R HHEAT IEAS
PR MR PR TN ZEILLMARE, it
S as R A AR R AR ACE T AR [ AR

R FKRAXWT:
Ci/G/G1/Gpl G ~t+t+A+B+C+D+E (2)
E/Ci/G/G1/GplGi~F+H+S+T. 3)

Horp, 4: cgMIP123 FEHAMIX Rk i, B: cgMIP4 FEH
FHXTRIE R, C: cgMIPT SEAAXI R IK i, D: cgPdx
FERAXT F 355 E: cgILP R AHXT Rk & F: Chla
S H:pH {H; S: 808, ¢ WAl 70 3RE .

2 ZRE

21 HHFEAHERXRITEEFHEML

FREHEIXAE 2020 4F 5 1 20 HZ 10 J 20 H#E]
ERBE(31.19~29.11)F1 pH(7.98~8.38)Z8 4k Ak, ThHLE &
TR, 8 H 17 H ik # &= 28.14 C (& 1a),
T 8 A Wi, WX ER M pH H B/ NEE AL
T XA AL 2R (5~20 pm)M 4R K a T EEAE 6 AR 7 H
AT K (B 1b). T8 i A R PR RS, e
HERO I8 F 6 A 12 H A4
22 mESFHEN

Xof WS &5 S E AT IR &S 43 A FlT 25 57 M 3, P {E
BI/NF 0.05, F W I0BE & AU ART 6 7 250 BT
2R, BIHTAESEOT 22001, S5 RERM, S5
TR EA W 2 25 57 (P<0.01) . Wilcoxon k& FlK:
I EE AN 2 foR, R4 i p S B TE 2020 45 5 H
20 HE 7 H 27 HIEZETFREESE,7H27HEIA
14 HIE S TS, 10 A 20 HEFHEBERRCR R,
H5 8 A 17 B 9 A 14 H B MBS 8 R15> H
—2H;7 H 27 HIWASAF- 34 s & &k, 5 A 20 H
T A5 10 - 257 XA 5 ke e
23 RUALERLSENHNTA

S LB & BRI B T 22 WK,
VA TAES B0 25001 5 R, KTl 45 2 S8 A
ErE A 525 F(P<0.01), Hrh P LB 5 &
TR T RN IE AT o ASTR]A 0 B b 7 et LA A
WFHZEFP<0.01), 765 H 20 HE 7 A 27 HilESk
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Fig. 1 Variation of environmental parameters around the sampling sea region
003; ¢ Kruskal-Wallis, P=3.6x10 25 HAREAATI
o~ JEZH0)7 2257 B A1 Wilcoxon BE AN 56245 32 1,
= b s N s e
E 002 WG R R ILH & A R RS RAREER P
ﬁ b b ab ¥I/NF 0.05, cgMIP123 £ 5 H 20 H A ik &t i
;; ool a0 2.6 A 30 HIRAE; caMIP4 Fl cgMILP7 A%E 32354
= JCH W ZE=T A, cgILP 1E 2020 4E 8 A 17 HAYAHH
xR IK R R, HOAX SRR R R AR 5 A 20 H @i
OWQ&%¢aW@K¢a%¢xw@%¢@ 4.5 4%, EMATRES 8 A UM AR g . R
5 © © 5 ® 9 N F cgPdx RIFIXTRIAEFE 6 A 12 HixE, MEZS

I i)

2 2% O A5 B 2 A2 £l
Fig. 2 Seasonal variations of hemolymph glucose content in
Crassostrea gigas

TE: A5 R 22 5 HAT 351 (P<0.05)

AR S R S TR, H - F Y2 T8
#o 8 H 17 HZJG, JBIREAI P A 4R 2 4 B SR,
HZF A . TSR & B i 34 5 R e
WHEATA S, 767 H 27 HIREESH & i m(E 3).
2.4 FHREHRL

KRG S5 R 18 BB AT A 25 7 BT K,
VLA TAE S RO 22000 S5 R, SRR AR 1k
G EEEAMAEIM, £S5 H20 HE 7 H 27 HY
[ PREE TR, 2RI maEEEK. 6 H 12 H s
SYAREE R AT, AR T AR R T U O A A i
HEBOIR A AR —F0E 1

TR 2SRRIkt AR 2 B, R AN
KRR FEHARRKESR
2.6 logistic ) Va5 #7

it T HERHE 2R A9 logistic [T AL

63.3970.3 1Gp—-32.14G+1.97 gy

P= 1+ e3'39_0'3IGP—32.14G+1_97gM . (4)
A 12 AT AR T 5
In(P/1-P)=3.39-0.31Gp—32.14G + 1.97gy, (5)

o, PACRELFHER R, Gp X3 PNk AR R &
i, G IRER I & &, gu RV Y . Rk
B SRy P I A B D BRI — A B, B HE R
AL L (PI1-P)TELL 0.73(e 703! =0.73), HiZiHE&
AR I — AN, RO P B (P 1-P) T L
L1 =11y, B oMM, BT HERL 0 3 e (P
1-P)3 LA 7.16(e"7 =7.16), 1%Lk 144 [l )y 764 ]
WAL 6 Firzs, & SCh: BAVERIIRAE(G, Gp, gv)
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Fig. 3 Seasonal variations in glycogen content in different tissues
TE: AN 5 B3R ) 41 0] 22 S B A 254 (P<0.05)
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b
006} _i
iﬁ 004} .
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Kruskal-Wallis, P=1.2x107"

498
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Fig. 4 Seasonal variations of the condition index

AT LATE points | RIS BZAS & 1548, A4S i
543 F1RI K total points, it total points 5 4 %]
Probability of gamete release %l [, B 0J 45 Hi X} W A9
e HE A2 po

S AR R AT P B AIE : C-index fE A 0.904(95%
EAF XA 0.83~0.977, & 7a), FBIBIRLIX I3 A%
U, RE 6% VB A S PR BROIRAS ol A o B ol £k ]

(B 7o) AT LLE 1 S AL R A 0.65~0.9 Z [A] 45
AUE il 7 R SR, 7R 0.45~0.65 FIK T 0.9
AR LA A T BE T R i M R, {EL A R R K
BUKSE B FLATE 45°26 [} T, Hosmer-Lemeshow )
SRR 2 H R 9.06, P=0.34>0.05, W]
WME S LR E TG #2257 &8 0, B
LRI
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i Elg ab
X H’é 1.5 ab ab ab
i =10 a
= =z
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I 1] I fia]
(a) 5 1 cgMIP123AA 22k ARk, (b) BT hregMIP4HIN Rk AL
Kruskal-Wallis, P=0.036 Kruskal-Wallis, P=0.031
b
0 1. ab iy
%) 5 ab ab i 40
# 10 ab "
= a a &' ab ab ab ab
E 0.5 E 2.0 a ab
S K
B0 N 0.0
 5J120H 6J112H 6J130H 7J127H 8J117H 9J114H 10J120H " 5120H 6J112H 6J130H 7J127H 8J117H 9/114H 10/120H
I i) I i)
(¢) &y cgMIP7HIN FRik A5 4k (d) & J B cgl LPAIX Feik A8k
a b Kruskal-Wallis, P=1.9x107°
I
=
K
=
=
K
e
5H20H 6 12H 6 430H 7H27H 8 H17H 9 14H10/20H
I ]
(e) % A hrcgPdixf ik ik
Bl 5 2 AUy cglLPs Al cgPdx R A X ik 8484k
Fig.5 Seasonal variations of the relative expression level of cg/LPs and cgPdx
qgﬁ L 1 1 1 1 1 1 1 1 1 ]
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TE e
F M
Pl = L | | | | | | | | |
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G/ mL™" | ! 1 |
(mgml. ) 0.09 0.06 0.03 0
,é‘ﬁ L 1 1 1 1 1 1 1 1 1 1 1 1 1 J
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
T BRHE % L | I I I I L L I ]
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Kl 6  MFHEBER logistic BEAIZ 2 4]
Fig. 6 Nomogram of the logistic model of gamete release
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Fig. 7 ROC curve for the prediction model and the calibration curve

2.7 3 ALKMEFHR

KA S H 20 HZE 10 A 20 H &%), 5 H
20 HZE 7 A 27 HIrMABIEFR FREBERHED .7 A
27 HZE 10 A 20 H (¥ A #ES x-S0 B
6] I A5 2 R B0(C)) . AH(G) . A LH LU IR
W (Gr. Gp. GBIE S BURERTIRN(£) . 45 FE PR A XS ik
TS R [T AR R L 28 A (] T B 0 1 ALC
(B fre /NS AL, 5 1) AR G A E T AR AL 1 4% 1 AR
SRR (4 T kR

2020 4FE 5 A 20 HZE 10 A 20 H#mE, K464
TR 8(C) S cgMIP123 T cgMIP4 KXt kit vy
([l 9B R* 36%) 0.91, H P /T 0.01, BAS T
R N3, HP A% ®E G5 cgMIPI23IEME, 5

cgMIP4 A, BT ALE cgMIP123 H cgMIP4 WA
(# 4); WIEAALIERS RS E o SR
KMH 0.55, SR o HFRERENMEC, cgMIP4 5
cglLP 545 M35 R 1 HA 5 A 56k, R 151 0.88
F10.98, 254 HFrh pH AR EE I AL S A i (3 4)

7H 27 HZE 10 A 20 H#AE, Go 1 G, 53 Fik
KT TR ASE Y R AR X MG, 43591k 0.64 F10.51, P
BN 9.66 x 1077 Fil 7.68 x 107, # HA Gt
S(F3), ATLIE 15 Gp 1 G R IEAHR, HiX—Hf
W R R B R RV G cgMILP7 SHE R & i
B, B SAEEAR; cgMIP4 il cgILP 5 Gy
M Gy WEIEME, cgPdx 5 G, Rfatx, Hr

cgMIP4 75 Gp M G BIAE AR 2 b e 5 ACE B o

£3 SHEEABRELR
Tab.3 Regression model expression
I 1] B ZAT:N R P
1. C;=0.042+0.0394-0.030B 0.91 0.007 6
2. Gp=0.74-0.055F 0.55 0.055
5A20H% 10420 H r
3. B=90.78-0.13F-36.455-53.28H 0.88 0.070
4. E=-193.35+0.22F+66.425+121.52H+6.40T 0.98 0.032
5. Gp=—0.31+0.0054¢+0.338-0.25C 0.64 9.66 x 1077
7H27HEI 10 H20H r y
6. G;=0.047+0.00167+0.168-0.062C+0.026 E-0.14D 0.51 7.68 x 10

: A: cgMIP123 FERAIXT ik i B: cgMIP4 FE AT 2358 C: cgMIP7 FERARRT 2358 D: cgPdx FER AT 2358 E: cgILP R MXT £

A F: Chla &5 H: pHAH; S: R0, o BFE]; 70 iR
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Tab.4 Parameters of the regression model

NS Y, X, BE/% 5 Y WA
| ¢ B 55.01 il
A 44.99 1E
2 Gp F 100.00 il
F 27.84 il
3 B S 42.36 il
H 29.80 il
F 8.38 s
A p s 25.94 1E
H 42.36 1t
T 23.32 iE
t 53.74 1E
5 Gr B 28.37 ik
C 17.90 il
B 37.69 ik
E 28.38 s
6 G, t 21.67 ik
C 6.59 it
D 5.66 il

: A cgMIP123 FEPRAEXS R IB i B: cgMIP4 B AN ik &
C: cgMIP7 FER A XT F ki D: cgPdx FLPMIN ik E: cglLP 3
XA F: Chla & i; H: pH {H; S: 3hFE; ¢ BffE]; 72 VG

3

A W W 8 e R PPN I G R B A —
AHEESRbR, WA B WE BT — T
5 AR B A AT AE IR 5 4 2 204 I (vesicular con-
nective tissue cell, VCT)H, FE/7 TIEM . /MERK
PERR XU, 2 508 55 WA 43 A 048 IR 4 i (glyco-
gen synthase, GS) 5Bk (glycogen phosphorylase,
GPYW AR APENR th 3k, P Rk K P e
(g st 043 31 %ok 1o A DB R RN i T DR
(R A7 R 20 5% 2 A 0 R A A B 2 2 RS 43, T
HuiRe AR TR B T A A EEEM . FEAR
BRI AP IKF: 1) B T 20 i K i A7 5 8 R
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ter and the correlation analysis with relative expression of
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Abstract: In the present study, glycogen content variations during the reproduction period of Crassostrea gigas (Pa-
cific oyster) and their correlations with the expression patterns of insulin-like genes (cgMIP123, cgMIP4, cgMILP?7,
cgILP) and the related transcription factor (cgPdx) were investigated. The blood glucose and glycogen content, condi-
tion index, and relative gene expression level were assayed on oysters cultured on a farm in Jiaonan, Shandong. Fur-
thermore, marine environmental factors such as acidity, temperature, and salinity were collected from May to October
2020. Multivariate logistic regression analysis indicated a high correlation between the spawning and variations of
blood glucose and glycogen content around the pyloric process. A regression model was constructed to estimate the
gonad discharging status by the two parameters. The concordance index was at 0.903, while the y* value was at 9.06
(P > 0.05) for the Hosmer—Lemeshow test, indicating a good fit. Application of the model to verification samples also
showed high reliability. The multiple linear regression analysis exhibited correlations of growth or physiological val-
ues with the expression pattern of some genes: the condition index was correlated with cgMIP123 and cgMIP4 (R*:
0.91, P: 0.0076); the glycogen content around the pyloric process and labial palps showed correlation with ¢g/LPs and
cgPdx; the relative expression of cgMILP7 was negatively correlated with the glycogen content of all the assayed tis-
sues; cgPdx was negatively correlated with the glycogen content of labial palps; cgMIP4 and cgILP were positively

correlated with glycogen content.
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