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Abstract: [Objectives] Capitulum mitella belongs to the Arthropoda, Pollicipedidae, and Capitulum, which is
similar in size to the Tortoise’s foot. C. mitella is widely distributed in subtropical and tropical coastal high
tide zone, mainly distributed in the sea area south of the Yangtze Estuary. Due to the great environmental
differences in the sea areas where they live, different geographical populations of C. mitella will have different
environmental adaptability under multiple environmental stresses. This study for the first time applied
high-throughput sequencing to C. mitella in the Yangtze River estuary offshore of Zhoushan, Zhejiang
Province, the southeast coast of Ningde, Fujian Province, and Zhuhai, Guangdong Province in the South
China Sea to compare transcriptomic analysis. Differentially expressed genes (DEGs) among three
geographical populations of C. mitella were screened to explore how the different geographic populations
adapted to the environment. [M ethods] The C. mitella samples were collected from intertidal reefs in Ningde,
Fujian Province (120°04'04" E, 26°52'34" N), Zhoushan, Zhejiang Province (122°27'04" E, 30°43'32" N), and
Zhuhai, Guangdong Province (114°02'33" E, 22°05'55” N) from September to November 2021. Morphological
identification and mitochondrial molecular marker cytochrome € oxidase subunit I (COI) amplification
analysis showed that all of them were C. mitella. RNA was extracted for library construction and
transcriptome sequencing. Clean reads were obtained after raw data quality control. Trinity (v2.4.0) was used
to assemble clean reads to obtain Unigenes, and the functional cluster analysis of Unigenes was conducted.
Screening of differentially expressed genes (DEGs) and significant differences in expression of the threshold
for P < 0.05 and | log,FoldChange | over 1 using DESeq2 (1.6.3). To analyze the functional characteristics and
physiological and biochemical metabolic pathways involved in DEGs, GO and KEGG enrichment analysis of
DEGs was conducted using GOseq (1.10.0) and KOBAS (v2.0.12), and the threshold of significant
enrichment in DEGs was q < 0.05. Orthologs were identified to analyze the environmental adaptability of
different geographical C. mitella populations using OrthoMCL (v2.0.3). Then, the K,/K, values of orthologs
genes were calculated by the Branch Site model. If K,/K; > 1, the genes were evolving rapidly; if K,/K; =1,
the genes were under neutral selection; if 0 < K/K; < 1, the gene is selected for purification. GO and KEGG
enrichment for genes under positive selection pressure, and gene function and metabolic pathway were
annotated, the threshold of significant enrichment was P < 0.05. [Results] In this study, a total of 60.9 Gb of
clean reads were obtained from three C. mitella populations, and 61 899 Unigenes were assembled (Table 1).
A total of 651 Unigenes were significantly expressed between Zhuhai and Ningde populations, there were
3 738 DEGs between Zhoushan and Ningde populations, and 3 619 DEGs between Zhoushan and Zhuhai
populations (Fig. 4). Functional annotation analysis showed that DEGs were significantly enriched in
ribosome biogenesis (GO0042254, g = 8.26 x 10" *) and structural constituent of ribosome (GO0003735, g =
9.14 x 107°%) between Zhoushan and Zhuhai populations (Fig. 5). DEGs were further enriched in protein
processing in endoplasmic reticulum (ko04141, g = 2.88 x 10 %), antigen processing and presentation
(ko04612, = 1.16 x 10" **) and ECM-receptor interaction (ko04512, g =4.16 x 10 ) (Fig.6). Among them,
genes such as agrin (q = 1.72 x 10°?) and solute carrier family 8 (g = 3.93 x 10 °) may be involved in

regulating osmolality balance. Compared with Zhoushan and Zhuhai populations, DEGs function involved in
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antigen processing and presentation (ko04612) and protein processing in endoplasmic reticulum (ko04141),
among which cathepsin B (g = 6.36 x 10™%) and high temperature protein G (q = 9.97 x 10" %) were
significantly expressed. Heat shock protein family, including HSP70 (q=1.45 x 10" °) and HSP40 (q=4.58 x 10" ")
were also significantly expressed in the Zhoushan population (Table 2). Analysis of positive selection pressure
among different geographical populations by orthologs screening showed that 7 genes under positive selection
pressure were obtained from 254 orthologs including D-aspartate oxidase (K,/Ks = 2.076), histone deacetylase
(Ky/K = 1.145), baculoviral IAP resting-containing protein (K,/K; = 1.008), GTP-binding nuclear protein Ran
(Ky/Ks = 1.001), mediator of RNA polymerase II transcription subunit (K,/Ks = 2.867), translation initiation
factor 2B (K/K; = 1.001), and pyrroline-5-carboxylate reductase (K,/K; = 1.131) (Table 3). They are all
involved in growth hormone, reproductive, nutritional, nervous, immune system regulation, and neuronal
protection. They also participate in physiological processes such as growth and development, tissue
differentiation, metabolism, and anti-apoptosis. [Conclusion] This study will help to understand the
adaptation mechanism of C. mitella to multiple external environments and provide a basic foundation of
genetic diversity, germplasm resources protection, and the development of different geographical populations
of C. mitella.

Key words: Capitulum mitella; Geographical population; Comparative transcriptome; Environmental adaptability
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1.2 3B AREREXENRE IR
vy
&L RNA FEani &4 5, 48 Oligo (dT)



4 34 BT WETI AL 3 MBI LA SR SR B MR TT 567 +

Wik & 4 1 mRNA, £H NanoPhotometer”
spectrophotometer (IMPLEN, CA, USA) i
ITAAC I FE . BURIE S A% 3 pg mRNA £
i, %H NEBNext” Ultra™ RNA Library Prep
Kit (NEB, USA) #J# X, 54 Illumina Hiseq
2500 I 71 & BEAT X I 7, WY 12 150 bp
JR 46 B 22 )5 1% )5 3743 clean reads . K H Trinity
(v2.4.0) ¥4 (Grabherr et al. 2011) % clean
reads BEAT VR PFH23K43 Unigenes, Jf 4T
Unigenes [ DR 551
13 3R AR N ERREERN RS
TheEHRE
KF RSEM (Li et al. 2011) 1 Bowtie2 4k
P Unigenes Rk /K-, LB H /7 fragments
ok 33— FE R TR K FE Y fragments £
H (expected number of fragments per kilobase of
transcript sequence per millions base pairs
sequenced, FPKM) /K, FPKM fH KT 0.3
ABARAERIBBME. KA DESeq2 (1.6.3)
B (Love et al. 2014) ffiik 2z Rk HE K
(differentially expressed genes, DEGs), 3
ZRFIEBMEAN P < 0.05 H| log,FoldChange |
ERT 1.
NI E R RIEFEE D RERE 2 5 1)
AMAENRIER, R GOseq (1.10.0)
(Young et al. 2010) I KOBAS (v2.0.12) &
f (Mao et al. 2005) *J 2 53 1A HEE (DEGs)
HEATHE R AR (gene ontology, GO) FlH#Hf
HEHHREHAHF R4 (Kyoto encyclopedia of
genes and genomes, KEGG) EHEnHr, HE
LT Py 72 S R DR PR S AE B P v i 23 AR
Ui, £ DEGs 1 RZFFENRE (@ Ak
0.05.
14 3Bk R B R FREREKEEE
Vabigiy
NI 3 AR 2 HO PR I M
KA OrthoMCL (v2.0.3) #fF (Lietal. 2003)
HETE 3 AN [ M A 2 1R 2 A 3 R 1 [ 9
LA % Corthogroups), i3k AG——X M E

F AR FEE N PAML(4.7) %44 (Yang 2007)
WAL R A AT R RIS R () R[] B
R (K FFE LCE R (Ko Z A LE] Ky/K
H, H K/K> 1, MWACHA IEERE R JI7ER
TZFER, BEFIEEPE L R K/K =1,
WIAFLE RS WIER 0 < KK < 1, ZEF N
TR E R . X IE IR R R AT
GO 1 KEGG YjRe & 5, VR R D ae AR it
wE, REEELMRENP<0.05,

2 SR

21 3\ HEB AR R RANR SRS T

X E 3 ANAS R R 1) 2 HEAT AT
TEAS R M 5% o -t HR A 05 T A REAEAR LA,
YIEAH 8 YU e, WS h /NG
Mg, LEEEZTA, KA S, /N
SRR . XA FERER 27347 COL B 143
TY5E, RAWILSFL. fEE TR REkE
fa L BRI COI JE K 5 NCBI ¥ e 1 £ A2
) [E]95 35 R 75371 ( GenBank 3355 : ON495538.1)
AL SS1IA 3 99.71% LA o 3 NAF R
JEREF A AL S raw reads 3t 62.5 Gb(SRA %
i PEE 59 PRINAS56037) . Joi 4% 5 70 W3k
15 19.6 Gb. 19.8 Gb F1121.5 Gb ] clean reads.
FHHHET Q20 fHII KT 97.5%, H GC &
HE 59.10% ~ 60.92% 2 7], JRHH A5,
343 125 458 4 Transcript, KL N 1 390
bp, N50 KA 2 353 bp; ERIUKIEHE
61 899 /™ Unigenes, “F-¥JK 24 1 068 bp H. N50
KN 1821bp (F 1.

W R B I g R L SO PR R B 7 KR
Wi, Horr 27 916 4 Unigenes (45.09%) %/b
RS — R EY, A 3 310 /> Unigenes

(5.34%) {EPTAERE R BPERE (& 1.
GO Thae KKk, 21 311 /> Unigenes 7
GO HHEER) 3 KIIRe /2K (43 AN Thaesk HD
R D25, BT Unigenes 11 LL 5] A
34.42%. TEAYIERER IS, FER 7RIt F2

(12 164 /> Unigenes) FRIFIEFE (10 656 4



+ 568 - e

Chinese Journal of Zoology

58 %

x1

3R B R B SR A SRR AR BR

Tablel Transcriptomelibrary basicinformation of three geographic populations of Capitulum mitella

AR Geographic population

T H Term WHL AL TR T AR

Zhoushan, Ningde, Zhuhai,
Zhejiang Fujian Guangdong

TG 1L 98 SR B2 2L Clean bases (Gb) 19.6 19.8 215

Phred 06K T 20 FBSAE 5 SREE K A 73 b 97.92 9754 97.99

The percentage of bases with Phred values greater than 20 in total bases (Q20) (%) ’ ’ :

TG EHEART G 5 C b AR 4t 6047 59.10 60.92

Percentage of G and C in the four bases in clean reads (%) ’ ’ ’

Transcript % Number of Transcript (bar) 125458

Unigene %7 Number of Unigene (bar) 61 899

Transcript “F-3J4& & Mean length of Transcript (bp) 1390

Unigene “-3J4 £ Mean length of Unigene (bp) 1068

WA B BN Transcript FIHKSE, BIA/NT 24K 50%[) Transcript B L

The length of the Transcript from long to short shall be accumulated to the length of not 2353

less than 50% of the total length of the Transcript (N50 of Transcripts) (bp)

MAFIHL B0 Unigene KRS, FIA/NT 84K 50%IF) Unigene [14FE

The length of the Unigene from long to short shall be accumulated to the length of not 1821

less than 50% of the total length of the Unigene (N50 of Unigenes) (bp)
NR VR AR R B G o 3 R 0 EL 48
Unigenes annotated in NR and its proportion to the total numbers

NT FERE 2R R H R 5 8 2 R B A1)

Unigenes annotated in NT and its proportion to the total numbers

KEGG R B A R 5 H % G b 8 2 R 5 e 4

Unigenes annotated in KEGG and its proportion to the total numbers
SwissProt R i Dy i 5 R 45 H B B o e ik PR B L 431

Unigenes annotated in SwissProt and its proportion to the total numbers
PFAM VERE D A5 PR BCH B G o e 2 DR 0 EL 451

Unigenes annotated in PFAM and its proportion to the total numbers

GO JERE DN B R H R I o 2 2 R B s

Unigenes annotated in GO and its proportion to the total numbers

KOG ERE T B R B H R o i S R LA

Unigenes annotated in KOG and its proportion to the total numbers

TE I s P R B ) 32 PR 00 o S 0 PRI B 1)

Annotated in all Databases and its proportion to the total numbers

ZEDHE — R PR R R A3 DR B o S DR LA

Annotated in at least one Database and its proportion to the total numbers

20 718 (33.47%)

6758 (10.91%)

10 893 (17.59%)

16 540 (26.72%)

21313 (34.43%)

21311 (34.42%)

9539 (15.41%)
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27916 (45.09%)
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4.16 x 1072 KVL 3T B EFISRER 5 R a3
HEURIEN Y DEGs MIRg, BR T 5 AZ5miH <1
FERNFHRGIER IS, BHERTEN 3 KMy
RAZREA (ko03010, q=1.55 x 107", #i
JREEIT (ko04612, q=1.26 x 10°*) FE
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Fig. 4 Volcanoplot of differential expressed gene numbersin three geographic populations of Capitulum mitella
a. THESERGHHA: b fLS TERAE o ALSEREHAE. NLPRNERRTIER ZRTENREA 1.3, HAFRHFRELIMINAE

FRFIBEHRE 1.
a. Ningde and Zhuhai population; b. Zhoushan and Ningde population; c. Zhoushan and Zhuhai population. The dashed line of the ordinate

represents a threshold of 1.3 for differential expression of genes, and the two dashed lines outside the abscissa represent fold change over 1.
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Fig. 5 Enrichment analysis of the gene ontology (GO) terms of differentially expressed
genes of three geographic populations of Capitulum mitella
a. TSR b FHLS TERE o SRl SERERHE. ZORREMEREAE, EOARMERTRE, SEORKSTIIRREH .

a. Ningde and Zhuhai population; b. Zhoushan and Ningde population; c. Zhoushan and Zhuhai population. Red represents biological process term,

blue represents cellular component term and green represents molecular function term.
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Fig.6 KEGG pathway enrichment for DEGs of Zhoushan population vs. Ningde population (a),
and Zhoushan population vs. Zhuhai population (b) of Capitulum mitella
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The g-value is shown in color, and the size of the point represents the number of genes.
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X2 ARMLETERENALEREHEERREER KEGG B EEERMERFIR
Table2 List of significant enriched genesin the KEGG pathway for DEGs of Zhoushan population vs.
Ningde population, and Zhoushan population vs. Zhuhai population of Capitulum mitella

FIL 5 TR BARIIESE7 i3 2N
- Zhoushan population Vvs. Zhoushan population vs.
BN AR £ Ningde population Zhuhai population
Pathway/Gene name Up/Down — —
EREH qfd EREH qfd

log,FoldChange  g-value log>FoldChange  g-value

ECM 32444 HAEF ECM-receptor interaction (ko04512)
RAEEH Agrin Nifl Down -3.092 4 139%x107° -27043 1.72x1073
IR A 5% 8 Solute carrier family 8, SLCSA T Down -2.6772 198x10°*  -3.4702 3.93x10°°
HU 34 e TaiE E A
Voltage-gated Potassium channel protein, KCNN4
B E AR A E ) & 4 Ribosome biogenesis in eukaryotes (ko03008)

R Down - 49817 281x107%  -6.1685 9.50 x 10°*

JRBR . BENERS 3244 Nicotinic acetylcholine receptor, NAChR T iff Down -3.7885 446 x107%  -28478 4.83 %1077

K324 Y1 Neuropeptide Y receptor type 1, NPYIR T Down -3.8403 3.12x107° -3.6315 8.50x 10°°
s 2330 T Antigen processing and presentation (ko04612)

R TEHE [ 70 Heat shock 70kDa protein, HSP70 Ei# Up 21252 737%x10°° 1.8382 3.69 x 1072

HZIE F B Cathepsin B, Cath B L Up 6.1755 2.70 x 1072 6.5202 6.36x10°°

Y4 (I #E L Cathepsin L, Cath L i Up 7.098 0 2.95x 1072 7.5216 243 x10°?
P KR 1 T Protein processing in endoplasmic reticulum (ko04141)

PARTEEE [ 40 Heat shock 40kDa protein, HSP40 iR Up 3.198 6 3.24%x10°° 2.8817 4581077

PARTEE 70 Heat shock 70kDa protein, HSP70 Ei# Up 4.6277 439 x 102 93190 1.45x10°¢

S F B ER A High temperature protein G, HtpG Ei# Up 4.604 3 235%x 102 8.520 0 9.97 x10°°

oy

jlljgraltjjsriﬁtiiI:erliﬁiﬁdﬁcf)gplasmic reticulum ATPase, TERATPase £ Up 6.6593 225%107 70257 292107

AL i Up 6.728 8 1.86% 1073 8.0157 2.06%107°

Thioredoxin domain-containing protein, TXNDC

&3 REERE IMERERLRRIEERENEREIIE

Table3 List of genes subject to positive selection pressure among three geographic populations of

Capitulum mitella in Offshore China

K A K Gene name B RZFVEIERF Orthologs Ko/Ks . Ky/Ki-value
D- KA %K D-aspartate oxidase, DDO 0G03832 2.076
GTP 454 1% (%K GTP-binding nuclear protein, Ran 0G00690 1.001
205 4 % 2B L 3L R Histone deacetylase 4/5, HDAC4 5 0G02099 1.145
FAZHELR R F 2B 3 [H Eukaryotic initiation factor 2B, EIF2B 0G03021 1.001
JH T340 8 A 3L [ Baculoviral IAP repeat-containing protein, BIRC 0G03088 1.008
RNA R &4 11 3£ [F Baculoviral mediator of RNA polymerase I, MED 0G03715 2.867
NH IR -5-FRIRIE JR BF 2 [H] Pyrroline-5-carboxylate reductase, PYCR 0G03557 1.131

3 Bk S0 & W FEAE Y 0 A (Poloczanska et al.
20160, FUHBFTTRIN, AL AR AN G

AR FEMA AT 4Bk, SRR I A MESIIRT I A AR A2 B S AR AR I R
7K AR RG22 KR T 8, IXAEVF 2 5 T (Hiddink et al. 2015). Kumagai 2& (2018) i
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b AT H AR B #er B AL AR X oK &4y
3000 km FR B AIIIATE T, KL
TAMEARREE R, Py kg, 338
KSR IR TR . FIRE, (RIS
B R B 3R 3h R 22 X4k ar (Balanus
amphitrite) FI$5E 17 (Pollicipes polymerus)
WERG R B Ag) A A7 = R R, B ] BE S5
HAR 5 A FFAE (Lewis et al. 1975, Anil et al.
2001 o 2 Fif {1 — TR 55 1 5 30 i 52 A0 6 P 22 HL
fE e R EK R BN 3, R
TARER K B KA A B E iR S R
(Be/NEEE 20100 fEARTIAF, R
SR AR FE M IR 2 A1 651 4™ DEGs,
H 452 ATFIFEKRIE, 199 4 B
15 ARYT I 7 Sl A R 2 o T VAl A A
B4 3 738 1~ DEGs, HH 1397 4N TR,
2341 A BiRZFRIE ; KL M R i R A A B i
R A 3 619 4~ DEGs, 1560 4~ F
PRI, 2059 A ERFIA. KL, RELREE
AN [R) b PR A A AR B S K P EARAE
EWES, H 3 MNAFREEER A S B EAAEN
[ 3L R A, RIS E S i
WSROI 22 S B0/, RN PR A b R 4
ETEZS R A Sl N & 37| P N U
AR FERUN . RN, KU O i
JEFFAAR B B B R e RO ) e s R I AL,
HZ RGBS R 2 A R B 25 . X 3
AN [F) b 3 A 4 £ A2 [R] 975 326 HH 1) DEGs 43l gk
17 KEGG B &0, RIEN1825 Tk
EVIRA BT A AN G S5 A O

H SRS F AR S R R B A AN
HET, BTG S E R T,
TG AT L S s, H R RE TR R B
HAPLEBIE T HE /] (Chen et al. 2015). H 4k,
AMERERIE 5| JEC 1035 T v R K SR B AR A
B H 56 K I3 & 5 DA (Marshall
2005), 1 IBIE KA, X E H AR
AR . ATEAHAR AT (Nurdiani
et al. 2007). KT 3 R e f 2 BE ARt mT g

ZHRZERFINIM ARSI S, SHHLBER
TRES N B, M T PRI IR, 753 ECM-
SLARAHEAE B, Agrin, SLC8A F1 KCNN4
P S N B vy s S W e A
VRSP AT LLIE I T S T S A AN A
AEAL BT RSB - (Velotta et al. 2017),
SLC8A I B T T Shis e s B T H6 I,
T 28 3838 B R H A, R PR B Pl A 2 o P A
SR B R R B NSRS A, AR
) pH {EHFB#EE (Romero et al. 2009). £
ERREAIE T, AL AHE N SBT3k AS
M2 RE T, AT R IR AR R 5 g T
RES-1 AN Na™ Al HCO’ I3k FHsiE, MK s
21 Na ik 3k (Furukawa et al. 2011),
I, Z IR AT LLE it CL i 35 BUR
HCO® 143 (Lam et al. 2014), 4 7 E%5) Na*
BT, KL R A 2 DEGs iR
HAEM SLC8A MIRES 4 Na's KAl Cl
RN . [FIRE, Agrin BRI RIA AT RS
B0 B P Ca iR H T 454 B Tl i
A&7, AT 51 REAPZE TC 1) 2% B PR N (Ramseger
etal. 2009), HLE |48 270G R P 58
TR B T PR L R AR, SR HoAth
JEIE 8 FiEiE, AR EE . SRS
1 (Brown et al. 2011). H4h, 7ENFMEH
AN T IE RS, ATP AN HVAR 5 8 R RIPE K
YL i R B R rp 38 BRIk, e
TERATPase H %55 T 1% E BRI N &5 1
SSE VA PR 5 32 467, 1R ATP /K AR i)
REEE, IR SRS N A Y, SEREA
MBS &8, REBIEE P (Vieira et al.
2015) . FATIE 2 5 B WO 5 1 JLAN 2R [
(R, RIHENAE SE RS T,
12 S A8 B SORIHE H AR A R B R B 1
TR e 3 DR 7E £ 2 T SR ISR B F 1 T O
RS T R A AR

ANER AR S m R KR, W
J& FR R T AN [ AR 3 IR R BT 7 08 B IR B R
77, FRAIGEIE T HCARIR AR Ak A D FE A,
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N SR AE XS AN [ AR 53 3 AR A 1) T 7738 o
SRALBAERI > TR . EHUEIN T 55 S
W, SRR R BF A L, Cath B, Cath L
Al HSP FEPRFE KT LT i 2 A &2
F RIE, FU IR eI R TE SRR B AR L
E/EM . CathB2FZ 5Kk HIREFHHEAK
fESETEAR S S (Shindo et al. 2008), EH
WREE, K5 7 EMRTEE MR T
5, RS ARG AT A AN B R m R
i5 (Zhang et al. 2022), WXIHFH A4 i 52
P EA Y /ER (Chenetal. 2021). [AI, E
B A KR BE R E 2 Cath Lkl DL %%
AR CHR B R (G s RIA, WhL R B, Homid
YD T B U TR AR IE R A I A R AR
(Chiang et al. 2022, Wang et al. 2022b). [N
R A DO g5 A R E R T & A2 IR A A TR
A PRI A T AR, TEAR IR
BAXRET, HSPT0 R (Carnevali
etal. 2003). A 7L HAR 5 H 1 HSPT0 (1)
LIRS AL HEN HY D12% (Limecola balthica) F
A R AR 3 X AN RIS AR
V2 S AN B 1) 3E L E /) (Sokotowski et al.
2018) . HtpG & FAZ AE M #R 7 25 11 HSPOO (1)
JFERE R, BAT ATP BEEYE, ATLRIES T
FEAETE AR BB & R B & . ARARK
HLVD 1] FC T (Salmonella) 7E £ B A4 A R,
HtpG 5 7 Mol b H JE R 3Rk & A i n
(Pasqua et al. 2013). H T X LR R fE KT
TR R B R R R Rk R, AT
AT BRI B B R, R T RETERIT O
R 2R 2 KRR R R, #R
TR A T B E AR R L FE A,
HEA IR BT B e o R R AN S P EL K AE
ERe R, ESREENRE, XHE
A AT Be 3 BUKAE S 0BT R =R
ML 2% (Sun et al. 2019), nAChR ¥4 3
WORECAT S FEEEE, HIIRe KT
LRABIE TR, BRI TR, g
R ¢ BUAHASE (Gergalova et al. 2012). 28

RNy U 7P = O o D W ki | L 113 R
ORI T HAZTE, Hh 25 nAChR AL
FfEHIHFZS T 2MESEF@RERIETHET
ML (Skok 2021). FRATHEMFEKIT F3E R i
Bt R R 2 BB S IR )5, TR
FEA, ATP RESVHAERGIN, AFH NV ()58 28 L K 55
EWEPEE, RNATARI RIS /7. X g
RITE @ F 2 w4, RPGEIEEZIRE
JpIE R, AT RIS A I R A, PR AU B
SN, CAARIE IE 8 T R 2

AR 28 LA I B % T R 2 51 R 40 R
T, Mi#kre. df. 2. RHEEE
TELE RIS 4 (Jin et al. 2017). ZEFRATHIHT
FUH S AN AR T A S L R TXNDC Al
NPY1R. TXNDC X A= i A B AT 2 K (1) G
AT, T HX AR B R AT T E A
(Udayantha et al. 2021).NPYIR & Z 5571
ZAMS RN Z NGS5 T, i Az
AVE S IE B RT RAE R, AR R
25 THUGEE (Sylla paramamosain) %
et FE (Hokfelt et al. 2003, Xu et al. 2022).
EHET R LML mRNA T EEfE K4
i (Crassostreagigas) HIPIEAZET . JHILE
FEAMAMI LR, ALRERT G2 fl i
N7, 3 RE R G2 DR 1 R T AR IR R 1 K95
M A Rt 2 5 4 i Jir A ()37 Bk 4 4 L AR
KA&H (Lietal. 2019). A, HUKTEE AR
Kl HSP40 F1 HSP70 fEAKYL I R i3k fa 2
e FiERIE, 2B HSP JE R A AE 2 4
T AR T, o DUERAHM T (Polier
et al. 2008),

XF 3 NN B A4 f 2 R RR R A p
IR 7 A2 B IEERE R B, X H IR
RN R, WS AERKBER. A5, B,
A% R RAT L RME T RY, 5
H5AEKER. A4Ur k. RBP4
AR . P aHs D-RAARHERF (DDOD,
HIZ A TaH S, 2B —ME
B, AR B, AN WA S IR
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R EEEAEH (Lietal 2018). AWK,
S T R E 2 E (BIRC) RiIAEM
4] LA HepG2 4HAEAIH T (Chuturgoon
etal. 20150 HEMI 02N T 1& M 2 HIAE il
IXME B R 2 B IEIERE R Ty, AR T g fEH R
ATP JEflglfith 7, AR & W AHEAAS R A
F S T A A B T R

RSO R I I ) RV 1 R
IR AN R VRS 3 AN R B R 2
AT 5 AR T RS R AT, R T
A 7] by B A £ J2 2 T (1) S TR g 45 A0 2 R 7E 24
B T 2 R RIK, TRk T 5B FA. W
BAAR U 1 AN G 28 L2 A DR IR R, WD IR AL
A ] b L A J TR 3 I SRS 1) 4 FATL A
NSRRI AL AL 2 REE OB L B E
i, PR E R RS IR I R AN R R
PR .
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