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( Crassostrea ) "' HEFEHM T &K, T
X, fefmad, R XA e, WA RKER
LR IR B A IR bbb A i 5, 8
FEE, W2 RKHENEZ, BANSNER
Ml Hgeit, 2023 4EF A4 WRAE ™ i m ik 190
10*t, BN IR e R A B B2 S AR SR,
TEHE WA FR A AR P 2 Y dE A e . ( Polydora )
FEW I Z BT AR S — R 05 37 58l
ok ELR PR AR

A R TE R BRIE EIN T Z AT, 7R84 b
X fEF oA E T A MR e D 7 i A
B, ST Y RS R, R RR PR
7 B B, R E R E T LAY 5E
FNE, FEE NS Bl D 7815 R e ss , 78
H SR i B i oy e 5L, Y A0 2
DI5E . ARABIRTRES, 23 B3 AR H 2 i
T WHRE AR B ISR N, JRERIE A
UMb 5t 9, (R I I 237 A — R RRER ) SRR,
Som T ARIER S BT, RBORHCER, 1994 A Ll
IR N “Boei”, BRI S BIREAFREX S cm
LA b B DURG DUBE T35 B 30%~50% 5 7E 2~
3 ARG L FCEREE DLRE DR 3~4 i BR DL rpr, JERge
AL g, BEVFET-HREE 71%, FERIIET-FH
JEikF] 89%, H™HE MBI FEE", A4l
X+ ILFLEE ( Haliotis diversicolor supertexta ) T4 {h,
fifl ( Haliotis diversicolor) [IFfEHFE K, REMEEL
U . LR RE, BORGL Ry DI5T S e, DL
PRI, EREE SEET: Y, fER KA,
89 3b A2 ARG RS £ 555 A7 2
PR HRE

HAG, XA R E 2D s 7 —
ENR, MEIESNE. #TRERE . WE
P AR ORI K AR R S
2RO AT R IR AL H B 2 M A s A 5 R 5 f DL
( Patinopecten yessoensis ) ZMMIRERACHES . HE N
% WiE i i e AR BRI A BT X —
), 3 SRAE T AR A BRI T AT A i H AR IR A
7 AR A, is HEIR AL ( Photoshop,
PS) FARKEHGE T A 2 R T 3500 75 s s R
ST E, KA AR S AR BB 2] | o B Je%
Judd R BRI . BESS 45 ST OO e
PCR A, Xt FEAS [l JER G A S A ot 55 44 7 A
BRI I 22 R KT8 . AR BURAUA B T
7R A WA X A2 HURGL N FEAL S, B RES

AR BN A A O 14 By P AR (4 e S P BRI
Xt T PR B A IR FE Y 1) TR e R HA H B B

T%E:XO
| HRET®

1.1 HURFEREE

AR BRI T A7 6 S A 5 3R 5 X S ARk — T
BA BB R, BYLFN 90% DL 1, 2024
AE10 A 28 H, 1EIZIE XA Wi 77563 (21°53'0"N
113°9'16"E ) BEHLR AR B us4Ls 49 4>, 7 [ S5 5
FJE PR IEAREE, WA N K SRR A
Pro KRR, AR 7 A A O TR A5 %
YAl Gt A dURYL R, SR IEHUH A 51
E RPN E TR ARG T-80 C IR1F; X4t
Wit e A T T e R AL s FEF R
B /NG HH e TP A Bk, A Ll
HIEAF TR, ISR 5 —ER o A Hu i
T 10% fR/R SMsw, —&aA L mIR_-ET
ToK . HEZK =R B R K BT BT
SCE SRR A S A SHES Y L, g
34 nhdf2025-13,
1.2 FAxZxHYHEESHA
12,1 ALHIEREE

BRI RA L Pk 5 B T2 IR K A 2
R, A 5% AAREE (MgCly ) VA RURRRESE B,
RIGAER R F BT (Leica, M-125) X H IR
MR BRI A AR TS . X
FHR RN SR Es A, T R, B
RRAEY/RTA G D=3
1.2.2 DNA $£HS50

VI S BEORAE B A 2 FE i 30~50 mg B T8
BOE T, ik ol T SRR aL
DNA fli#& i & (EEAY, TN BB
FHEATHE S DNA $EEC, (A 2 H J 2ok AR 4t
tZ C % fkEF 1 (Col) 5¥%F X1-FF2 (5-CCTW-
GTDATACCTRTCWTAATT-3') /X1-R6 (5'-CCTG-
TAAATARAGGGAATCA-3") F1X1-F2 (5-CCWG-
ATATRGCATTCCC-3') /X1-R2 (5'-GCKARYCAD-
CTAAATACTTTAA-3) A L WP, HirfF
HIHKJE R 982 bp/685 bp ', PCR M H4{AZR (25 uL ):
FEH DNA 2 uL, PCR Mix ( Z58%, J7M ) 12.5 uL,
R4 1 ul (10 pmol-L™) . K ddH,O
8.5uL, P I FEF: 94 °C 5 min; 94 °C 1 min,
55 °C 1 min, 72 °C 1 min, 30 MEFF; 72 °C 10 min,
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FERIAE . BRoKA 2 i B AR ERGAR B T v e M5 ) 1 B S A S R R (KR 3

PRI 1% (w) BB EE RS R IKAS I, K5
— 457 1Y PCR FESHIEATI0)F o
123 AL HURERRES T

5T T A B B B4 W R R S A PS, R
BE PG R PE T EL kB i T HA0 A5 32k N DL
5o, Wi B —EHET e X R R R
B, BN A; IR S IER NS EE, JHERE
BT R 2, franikh Baeis, HHERT RS
HEARIX, BRI X, PRl 0 —H
JrE7 e BRI R R R, W B, s AR
O TE R & = BrAX100%7, MR SE(E E B
BRLADLFEAR R M A, Rl 75 BB S8 m AR A DL
FEMAH I A . % Laura %20 BObRiE, Kk
PER s h T . FREBAAAE, BEW, T
U R M5 F 24 UBEEIFDF 10% 1
SEREPRY; M. it 2 4> U B E S 10%~
25% PIRTHIRYY; V. LML 25% #iiz5e.

1.3 RNA REUE EEPEEEE PCR ( qRT-PCR)

BEXSA 2 ARG A T ANV G4
W5, MWEASEGOPREHLIEE 3 MRS, AN
LT I I Y RN RNA il 42 6 Fl Trizol it 5
(Vazyme, ) Jf4& AR H#4E, Nano-
Drop 2000 ( NanoDrop, [E ) JllE RNA ¥ il
ZERE 1% B G 5 R VR T L RNAL B o 4
fifi R i 0 & (Vazyme ) I3 BRI £ 8 B
PEAE, ¥ 1 pg B RNA 5558 cDNA, 80 C
TRAFRE o W G SR B RE b LA 5 B-actin A1
gapdh HHZ IR, # 8 SYBR Premix Ex Taq™
X F & ( Vazyme ) #:1E, 7£ ABI 7500 real-time
PCR X 17 qRT-PCR, MEFHCIEH IFRL, &
B qRT-PCR FEJ¥: 95 °C 10 min; 95 °C 155s; 60 C
1 min, 40 MEFR, R 2725 FHE K IR AIXT Feak
o ST N R — R A R A BR A R A AL,
1975 BAHRAF B 1,

®1 KBETASIME

Tab. 1 The primer sequences used in this study
GlE/EZS P (5°-37) ElE/ B S 73 (5°-3)
Primer Sequence (5°-3”) Primer Sequence (5°-3”)
X1-FF2 CCTWGTDATACCTRTCWTAATT HK-P53-F AAGAGTCAACGCCAACCACC
X1-R6 CCTGTAAATARAGGGAATCA HK-P53-R CCAGACACATGAACTGAAAGAGG
X1-F2 CCWGATATRGCATTCCC HK-Bax-F GTGACCAAGTAAACCCAAGTGC
X1-R2 GCKARYCADCTAAATACTTTAA HK-Bax-R CTGTTAATCCTAGGCCGACGA
HK-Casp3-F CGGCAGTGAGGATGAGGTTG HK-SABL-F TTACTTTTAATCTCCCTGCTTTGTT
HK-Casp3-R GATACTTCCGTCAGTCGTGGC HK-SABL-R AATACTCGTTTTCCATTTTTGACC
HK-Casp2-F GCTGTAGCTTACGTTTTTGCC HK-galectin-F CTTGACGGAGGGAGCAGAGT
HK-Casp2-R TTTGCTGTCTTTCGCCCTT HK-galectin-R GGTTAGCATTACGGACGACCAC
HK-Casp8-F TCACGGCAACAGTCTCCAAC HK-lysozyme-F TGGAACAAGTTTTAAGGCGTG
HK-Casp8-R GCATTCCGGCATACCTCAAC HK-lysozyme-R CCCAGTATCTGAGAGTGGATGG
HK-Casp7-F GAGATGGTCAGAATAGCAAGAAGTC HK-C3-F TACAACTATCGAAACACCACACTACC
HK-Casp7-R TGATTGGATCATTGGGTAAATAAAA HK-C3-R TTGCGGACCCAATCACCTAC
HK-FasL-F TGCAAATAAAGCAAAGTGGGAA HK-gapdh-F GGATTGGCGTGGTGGTAGAG
HK-FasL-R TTGGTTAGATTGATCGAGGAAGTC HK-gapdh-R GTATGATGCCCCTTTGTTGAGTC
HK-IAP-F GAAAAACCTAAGCACCCAAAGTAT HK-f-actin-F CTGTGCTACGTTGCCCTGGACTT
HK-IAP-R TCCACCACCACAGAAAAAGC HK-p-actin-R TGGGCACCTGAATCGCTCGTT
1.4 HIBESHITSHH 2 H#R

P AR E A LA AR EZE (Mean+SD )
FoR o BUER ) Graph Pad Prism 5.0 02K, LU
One-way ANOVA J Tukey 7 ( Tukey honestly sig-
nificant difference K75 ) #4175 F 7 22500 S b
FERE, 45 0.01<P<0.05, £RLEFBE (*);
#r P<0.01, FREFWEE (**),

2.1 FALHEMEEERBERESIT

WRIEA L R RINBIE A 685 TR
AR IR AR 25K | b TIEA . ORISR
fiE, S5 TR TR A L A RA TR~ A 2
RS AT S B KA A L BRI 10 4
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RS, B TR AR CcOl AP A, 5
Genbank ¥4fs P2 b A Ze TSI XS, S50 B 5k
KAt COT L MUMEE 1 100%, H#E— Bk
RPN B KA Lo, X e RS AR LL A T
Geititorde, BSEYON THRA 04, M9
A 34, MERA 254, VA 214 (K1),
22 BRIKA Zo B R X & A W S B PR #0 BT BR
PR 40 B ) T O 22 i

qRT-PCR 4551 s (& 2), fEAMER Y, 5
T GURGATWAR L, TGRS RE & b i 9 T2 AR
KILH ( Caspase-7, Caspase-8, FasL) ¥JH P
% B (P<0.05); IVEURGLAWiAE S by 58 T-AH
FeFL ( Caspase-2, Caspase-3, Caspase-7, Cas-
pase-8, FasL, IAP, P53, BAX) ¥ 8 ¥ i
(P<0.05), TEAFEEMR Y, 5 T 9URGL AU L,
T UG P AP T ARG (FasL 1 BAX)
FEXJH B LR (P<0.05); IVEUTuGRE S iy
FT-AHIEH ( Caspase-2, Caspase-3, Caspase-8,
FasL, IAP, BAX) YB3 FiF (P<0.05),
2.3 BRIK A Zc R R X B A W SN B BE 0 BT AR
BRI T REHI 2T

qRT-PCR 45 R s (& 3), fEAbERSY, 5
T GG WGAH L, T DRGSR e A
KHEH (lysozyme ) HIEE T (P<0.05); VK
JE YL W B Al R Y S BEAR G IR ( SABL,  defen-
sion, lysozyme, C3) YJHILEE T (P<0.05),
TENFRAR 5 TGURGAT WA e, T 90t

HhE R
(af); Mantle
o °f = [[Y
5 | ]]Ié)% i =
H‘ g ** * I\/g}i
27 6 L * —
2 8 Lo
ds Ao
= © 4t '*_' sk
= < LI
£z
=2
Z 5ot
E .2 ‘
= I
2 o LD AN R0d Ed maN aad ikl s
& W &e’% Q&\%V NIRRT
O@Q O,SQ C°$Q O@Q
JATAHIDEHE

Apoptosis-related genes

W RE S ) S REAH OGS ( SABL, Iysozyme, C3)
KR E T (P<0.05); IV Ztmike &b iy
G A R FE P (SABL, defension, lysozyme, C3)
P R (P<0.05).
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Statistics and classification of the black shell area

Fig. 1
ratio within the right shells of C. hongkongensis
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Note: The black dots represent C. hongkongensis.
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Fig. 2 Differential expression of apoptosis-related genes in the mantle (A) and hepatopancreas (B) of C. hongkongensis

with three infestation grades of P. lingshuiensis (Grade I, Grade Il and Grade V)

fE: *0.01<P<0.05, FREFLE; ** P<0.01, FRERMEE. K 3 Fit.

Notes: * 0.01<P<0.05 indicates a significant difference; ** P<0.01 indicates an extremely significant difference. It’s the same as

figure 3.
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Fig. 3 Differential expression of immune-related genes in the mantle (A) and hepatopancreas (B) of C. hongkongensis
with three infestation grades of P. lingshuiensis (Grade II, Grade Il and Grade 1V)

24 BERZEEZTHXESH
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PfH
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Fig. 4 Spearman correlation analysis between the black shell area ratio of P. lingshuiensis and the expression
parameters of different genes in the mantle (A) and hepatopancreas (B)
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WIREERZS | AR R e b e, A
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SUHT AL A T T QR 2w 2 1, %
R e K A L BUB AR BN, ARG T2 AR A
SMEBETH E WIS . A TR R D Rk 4
FRE, EVGRGURET , SMEBAFBR T i)
20 M U T A S AL B B O )iz HoSR B o 25

GAMERE S IFRAR A L0 25 ok, FasL fE AL
T-ZRELR, fES AN 1) Fas Z k455,
Caspase-2 il Caspase-8 43 HIENFET - Z iR A
WHWEARD, HEEEE®REXRE TR &
HUBGL I RS B, X AT BRI WS T N XA 2
UG i) —Fh { IO LA, 3RS 3 At A T
KIEBRZ Y M, AEFFHLARMEFE . Caspase-3 Fil
Caspase-7 VE AN T HAA TR B0 S S 2 1l 2
HERE BT Refe g Tk A, S mA R
FRBEA L UG sl i A i A, AR 1k it — 20
P, PR PUA L BURGL B B R o R i
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HEAA, AR SFER R B A I (A 3R ¢ S PR TN
T, MM F i Caspase B S 2, HAEIVYKL
YAt WM ) 2 B, D HESh T A
PAT-HERR . P53 FEAE N EH S I R R, 7R
AN BOFN DNA #5555 50 T Bs , & mT LLIE
TEAE T — R AR 1 18 K175 T 40 A A T A
Jif U BELE 207, o U A TV SR i SRS R Y
i, RUIHMIATRERG 2 T P53 AR TR AR
I I

M —MAER, SRR TS A
SRR AR AR BT RE P AR AR R, AN TR AN
IEF NG S . MR LU RS, AUl
AR FIRPERE ) TR, et WA e S AT, JL
Hr, TAP B F BA MR ARE T TRe R, (HHAE
IV e G PN E R b i 28 B, X AT R ALK
TP 2ok BE PR T —F S SR AL . SR T R
W, ERPE oA RO, SR R ) ik
K, FEOME AR i 240 B TR DAL
Rz B S RG
32 BARAZHBERBRENEEHIFEEHEX
EERIERF N

TEAEWE A SN RELH 2 b, A T T SR g 4
Wi, PEREREA (lysozme ) 7E M4 M5AE S
B TR, lysozme 8 7E e B 18 i i 7K
fifk 2 T 4T L B A SO SRR RS B R AR A Y, HiAE
MR GA WA ME R A FGR T, R
T 3 V5 DA B A T 1 S B I ARV R 0 PT REAG PITess o 1
1 VG IRE i, SRBEAHSCEE N (SABL, defen-
sion, lysozme, C3) YJHI LR ZE T, AR5
ZAk (PRRs) %) SABL ( Scavenger receptor
class B-like protein ) FEFEFRIA T, XEWKEH W
X JEUAAR DG/ F BRI BE T TR, 5 T ZURgems
AHLG, HE e KAk e )N R 1 2 2. bt
FIK (AMP) F1# defension &K FE5 T, defen-
sion VE N HEAGHLRRL 2, 6K R v i 2 1
55 5 X A 2 L R Ak e A TR R G i FR BT RE T o TR
BF, A ARMAEE A T A O AT R, C3 KA
FIR T IRHRIARMA RGOS 2 261, A58
FMA R GE VAT G B R E )t B 2 B A1

TENFIERR A2, AT 1T et , Sy
MR (SABL, lysozme, C3) 14t Wike
s R R IR WITEI AR, ATk
Petn, A AR 5188 S (SABL ). i
b 1 AR R Y RE ) DA RAMA R S e 1 %2

FAPH  WAE VAW S b, SRR O RN
( SABL, defension, Ilysozme, C3) YJHE B ET
¥ (P<0.05), XHE— LIRS 1 Rl B R
1, IR Y B e A DG R PR Rk A gk A7 B
S A T PR PN ) 52 7 A K ™ 1 535

4 Bt

AT S 18 U BRI A £ 5 A WR L T SR e A
LHONBKA e, JFRG AL T HIRY AL
ST A AT PP s RS, H S SNSRI
R Caspase-3 Fll Bax FIFRIAEIEAAR, 5 SABL
HFRIRZE AR, HP5 Caspase-3 FIFRIRIEAHR
JEAEREL, R TSRS s T
P PERAOCEE A A FR A8 . 2 R AN Wil 7 s
W2 A L RURGUIRBLER it T OCHE 7y FH6h5, 18K
TRAGIHT B A 20T IR M 24 A T 3R
W, AR IR AR B R, X
B T DX s A 0 R S R T 28 5% 7 45
Sk e A AR A
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The effects of Polydora lingshuiensis natural infection on the apoptotic and
immune functions of Hong Kong oyster (Crassostrea hongkongensis)

FU Shengli'?, JIANG Haoyi', WANG Yuxiang', LU Jie"?, YAO Tuo'?, YE Lingtong"*

(1. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences/Key Laboratory of Aquatic Product Processing,
Ministry of Agriculture and Rural Affairs/Key Laboratory of South China Sea Fishery Resources Exploitation & Utilization, Ministry
of Agriculture and Rural Affairs, Guangzhou 510300, China;

2. Sanya Tropical Fisheries Research Institute, Sanya 572426, China)

Abstract: [Background] As an important economic mollusc along the coastal areas of South China, the Hong
Kong oyster (Crassostrea hongkongensis) holds a crucial position in aquaculture and significantly contributes to
the local fishery economy. Polydora spp. is a kind of common shell-boring parasites of the C. hongkongensis.
Severe infestation of Polydora spp. can cause the “black shell disease”; the parasites even bore through the shell
and invade the soft parts, triggering an immune response, which affecting the quality and economic value of the
C. hongkongensis. [Objective] To explore the effects of different Polydora spp. infestation degrees on the ap-
optosis and immune-related genes of the C. hongkongensis. [Methods] In this study, a total of 49 C. hongkon-
gensis samples were collected from Hebao Island, Zhuhai City, Guangdong Province. Firstly, the worms were
identified by the morphological observations and molecular approach. Then, the image processing technology of
Photoshop (PS) was used to count the proportion of the black shell area of the C. hongkongensis caused by the
infection of Polydora spp. and classify the infection degrees. Combined with the real-time quantitative PCR
technology, comparison of the apoptosis and immune-related gene expression difference were made in the
mantle and hepatopancreas tissues of the C. hongkongensis with different Polydora spp. infestation grades.
[Results] The results showed that the worms were identified as Polydora lingshuiensis based on morphologic-
al and molecular charateristics. The proportion of the black shell area within the right shell of the C. hongkon-
gensis caused by Polydora lingshuiensis infestation ranged from 4.07% to 53.59%. Among them, there were
0 samples with the infestation level of Grade I, 3 samples with Grade II, 25 samples with Grade III, and
21 samples with Grade IV. Compared with the oyster’s infestation at Grade II, it was up-regulated in the apop-
tosis-related genes (Caspase-2, Caspase-3, Caspase-8, FasL, IAP, BAX) in the mantle and hepatopancreas of the
oysters infested with Grade IV, and down-regulated in the immune-related genes (SABL, defension, lysozme,
C3) were. The Spearman correlation analysis showed that the proportion of the black shell area was positively
correlated with the expressions of Caspase-3 and Bax in the mantle and hepatopancreas, and negatively correl-
ated with the expression of SABL, especially the positive correlation with the expression of Caspase-3 was par-
ticularly strong. [Conclusion] The proportion of the black shell area can be used to assess the status of the
C. hongkongensis, and it is related to the expression of apoptosis and immune genes. This study provides a the-
oretical basis and exploration direction for the prevention and treatment of the “black shell disease” and the pro-
tection of the development of the C. hongkongensis aquaculture industry.

Key words: Crassostrea hongkongensis; Polydora lingshuiensis; mantle; hepatopancreas; apoptosis; immune res-

ponse
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