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Abstract

To investigate the differences between mantle repair tissue and normal mantle tissue of Panopea ja-
ponica following shell damage, this study employed RNA-Seq and bioinformatics analysis to compare
the transcriptomes of mantle repair tissue (A4Y1), external mantle tissue (A4Wal), and internal man-
tle tissue (A4Wb1). A total of 1864 differentially expressed genes (DEGs) were identified across the
three types of mantle tissues (selection criteria: p.adj < 0.05 and |logzFoldChange| = 1). Among these,
807 upregulated and 598 downregulated genes were found in A4Wal vs. A4Y1, 678 upregulated and
563 downregulated genes in A4Wb1 vs. A4Y1, and 44 upregulated and 142 downregulated genes in
A4Wal vs. A4Wb1. GO and KEGG enrichment analyses revealed significant enrichment of these DEGs
in pathways associated with biomineralization and immunity, with higher expression levels in repair
tissues. These findings indicate that the three mantle tissue types exhibit significant differences in
biomineralization and immune functions, which are likely linked to the shell repair mechanisms of P.
japonica. This study provides data support for further exploration of mantle functions in P. japonica
and serves as a reference for research on mantles in other mollusks.
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1. BY

ik

H A ¥ tidf (Panopea japonica), J&#ksh#1 ] (Mollusca). X5t 4M(Bivalvia). ##5 H (Myoidae). 444
AL (Hiatellidae) . #4946 J& (Panopea), 1AFK “ Rikid” , ZK L) 8~15 JHK, HZ 5009 KR I, 4
TETER] R A7 10~50 KAKIRIVEVDIR, AR DI, SRR A 10~50 JEK[1]. H AW wG /A 1 rp [E
FOGACER . FASE B A DA IE SRR 2] . HAME MG I P BT EESE, UK B, AT S T3 E o
SRV PE IR 1Y) e T # s (Panopea  generosa) AAH T o 4551 H AR Al 1) - e 8 1 B 38 8
100 g /KETFES AR & 8o 2.97 9, 207 FEA 528547 (Ruditapes philippinarum). S5 (Meretrix
meretrix). K4t 4i(Crassostrea gigas)Z V12811 5~9 £%[3], Rt ZH & T, T hE K. R, i
T E ) E A A O FE R, SRR LA, 3 BB 4], MEOAHEERAL DLSE, AR el
PR, AR IR R . — FUB R AR AR IE A, MR SRR A =RV (1]
H A bs e & sy, B g | HEA TR & R AR R R . REXGE KR Z ZFERE,
HEATR G EEVE L IS E MR SR T BB &, B AR AR [5]

BARS YN E RS — PRSI N I IE /- b e 38 B . BRI MR RN Zh 4 2H 23 DL S D B
UK. DRI ERERIEARBEM AR T A 22 5 [6]. XGEN N ERLE AL T AA M A, 2
e A M R — i, & S AR M B AL AME, R m k. SMERLE
TFEH R O @ A 2, LT RE N, (HAERIE, BAW. s =987, A, FET
WEE I, HAWAIG AN ER G VA —FE . BT HARBMIS RS 2IRE, BERAAERAIK
EHRBLENES, FULEAMEEESRHE, HAMERERa R ENIER, NHAF N2,
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RS AR ) 3= BT e 2 — 2 8 2K o 5 40 W RN 4 g S5 AL 7 22 5 52 [T . Freer £5[8]
WEFCUESC W UL (Mytilus edulis) )M el i, ARAEVEAEYIT Y A iRk . Marie ZE[9]9F 7L K I
SBTRBEDUNUREREBE DI, 2558 tH 80 MhDLFe e pida e, Horb 66 e & ri & . BB —F
IR RS SRR G B, PRI B S 52 S T S AT 05 - Yue Xin S8 [ 10181 78 &K ISR LE 4T
b A R A R 41 55 2SRRI TP B A . Jingliang Huang 25 [11)8F 70l it & (R 422 0 b, A0
BREE DA ERR R g, $5E T2 2 5MPAARR RIS . 1Ak, XN I ERE B A
fi i S IR E . Jiachen Yu &E[12]%F R 35 ks U1 (Patinopecten yessoensis) ] SOX 3 [K 5 % (SRY -related
HMG-box) 4T 1 4= Jk K 20 %5 5g MR K8 40 41 o A 5T R, 7 A SOX E:F 4 5 >, f4% SOXB1. SOXB2.
SOXC. SOXD Al SOXE, fEANMEMEAEE b i) FRILFH . WHFLEHEN, X T Re 5 e DA IR AN b A7 AE
1) 22 i 22 ot 45 K B DA 5K

FERIE S 5 )5 12 i H A pag i, WS R L DSe e e, AbE I A il — Rl IR 2 5= 4
2. ZRKHDIRAZ R B SRR IEE, DLURHEREE FRE 5IEF AN ERHA S E R,
B AR . NIk, AHEFEKH RNA-Seq BR, % H A filg S B 5 1) 7K RS B H 2L S T4t i Ah &
JELFR) F SR 2 23 A0 P A R ) B s AT 1 LU o A BT 2 S AR B R A AT, WP AR TT T KRB =
HEUR AT 2 H AU RO ST AR A5 1) — ML, IR — D HENZAL ] AT Be P8 A 2 R 4 2

2. 5 HZE
2.1. HmALTE

NPT R T ORI R AR S5 R 25 1 2

H A s R S 01 L T PRI 7, 8 S R s AT AU A ST L T KIDIR 2 2
HEURAERTAT EAT o BT T N — R TREE, FETERFERT 24 /N5 1R Ay . ISR RERR B2, AR
Ja MEE AN RKDRA L (AAY L) LB, HMEIE R SMNZHZ(A4Wal) 5 S IR N B 2H 21 (A4Wh1)
HXTRA, HOEHAE T AR PR A R, —80CLRAF .

2.2. XPEEHIESHREMF

K H TRIzol {55 (Invitrogen, California, CA, USA) WEE/MEE i 2L RNA. il 83 6 EE T (IM-
PLEN, California, CA, USA)K&:illl RNA 4/, J-4di ] Agilent 2100 4493 B {X (Agilent Technologies, Santa
Clara, CA, USAEfEIN RNA 884, RNA FEMEIINERS S, FAE Oligo(dT) bk s S 54
mRNA. [ff5IIA fragmentation buffer K mRNA T B, EL mRNA St H7SBEEREHL 514
(random hexamers) % il —%E cDNA, R85 IAZZM . dNTPs Al DNA polymerase | #l RNase H & & — 4
cDNA, BJ5FIH AMPure XP beads 2ifk %5 cDNA. AL [FIXNEE cDNA Jeil T Ruifs =, I A BIFE
F P45k, 1M AMPure XP beads 31T 7 BoK/Nk#% . i Jm#E4T PCR 474, JF A AMPure XP beads #1i
& PCR 7=, 15 B A RN TSR . AR SCEEAE Nlumina “F & F A PEL50 ATV A AT .

2.3. BRBWRLE

K H FastQC % JE 4 %4 347 542, Trimomatic v0.38 i F T3 S 2 51 #0453k . ploy-N R i ik
BB (reads), AT 3RS T4 (1152 BE (clean reads), ATAT i 47 #0525 T 12 i 5 1) clean reads #EATH) .
[, M= P A FE R4, SR 518 Hisat2 v2.1.0 43875 1) clean reads Ebxt 225 3ENA I, il
it SAMtools V1.7 JiA7HEFF 2, £ HTSeq v0.11.2 it Hexd IR JE DA B read counts. #it5 K/ R
5 1 edgeR v3.20 Hf{T % R RILIEE M, ¥ read counts # A cmp i, FLA padj < 0.05 &
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[log-foldchange| > 1 1E ik 22 573 3 1A JE (K (Differentially expressed genes, DEGs)R{H . it R iG55
pheatmap v1.0.12 il 7= 5 3 R JE R AL

2.4. DEGs hEE X B R EETHT

W BT ) DEGs, @i python JiIAS A H A ukf 3 DR 4L (H A oot 226 DR 4L 2 RO 57
K RMEE TREBART IO MT 5 )R SO 3815 T DEGs 7 51 KA RVER(E B . 2R )51 H
Blastpv2.2.26 ¥4 DEGs J7#1| bt 22 22 JL 0 2 (1 NR. Swiss-Prot F1 eggNOG 5445 FE), SREUIE K]
FIThREVERAS B HJ5 14 R & 3510 ClusterProfiler v3.18.1 #4T K 444 18 (Gene ontology, GO) 1 5t # %
[R5 3 R 4H 1 R 4= 5 (Kyoto encyclopedia of genes and genomes, KEGG) & & /37

3. RS54
3.1 HREMFREEER

AVRSERGFERIEE 3 > cDNA CFE, F48H Nluminat NovaSeq 6000 i i SCEEHEAT I o I 45 50 5
N(# 1), 3L3RAS 141,878,738 2% reads. *f raw reads AT W UE L BRI B R 5, LIRS 136,922,166
5k clean reads f/1 20.45 Gb clean bases. #EMFEAH 1) Q20 1 Q30 ¥l id 7 97%4H1 92%, GC & 1E 35%
£ 40%. {4 FH Trimmomatic ¥4 clean reads #EAT 1 — 2D A0 2R, L BRAK T & 1 reads, AR LRI 5080 10 5 =,
WL ZEGl i, KidiEJE 1) clean reads 5 H AN (1) L I ALHEAT LU X . F5T SAMtool v1.7 % Bk 4 itk
TFHEFEEERT N 2, EEEEFHT 16.39M reads fLFE: 44T, 1XLE4E G152 W IRAT M 5 45 5
iR, EETFRE— A

Table 1. Quality statistics of sequencing data
=1 NFHERERIT

Sample Raw Reads Clean Reads Clean Base (G) Q20 (%) Q30 (%) GC (%)
A4Y1 48,189,758 46,285,362 6.94 97.27 92.62 39.49
AdWal 46,848,442 45,518,576 6.83 97.27 92.62 37.74
A4Wb1 46,840,538 45,118,228 6.77 97.21 92.46 37.21

Table 2. Sequencing alignment statistics
= 2. MEFHIRELE T Rt

Samples clean_reads Total_map Unique_map Multi_map
A4Y1 22,505,930 17,257,547 (76.68%) 16,030,934 (71.23%) 597,007 (2.65%)
A4Wal 22,129,861 21,815,617 (98.58%) 20,227,329 (91.40%) 794,627 (3.59%)

A4Wb1 21,930,135 21,471,795 (97.51%) 19,608,829 (89.41%) 986,225 (4.50%)

32. ERTEERDH

FRATFIF HTSeq v0.11.2 4t 7 & FEAH] read counts, F£{# ] R i 5 0 edgeR v3.20 %f Fe[r ik (2
AT AT, L A4Wal 1 AAWb1. A4Wal fil A4Y1. A4Wb1 Fl A4Y1 NELEAA(FFiErRHE: p.adj <
0.05 H.|logzFoldChange|>1), 3Lifit1S 3| 1864 > 7 7 RiLFE K (DEGS). WK 1 Frzx, AdWal 5 A4Y1 1)
Eec, bRk EE A 807 4>, T MRIAHLK 598 1~ AAWb1 5 A4YL [ttt LRIk R 678 4,
NAFRIA SR 563 1~ AdWal 5 AAWbL (L H, RIFRIAFER 44 A, TIERIEIEE 142 14,
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Figure 1. Differential gene volcano map between different samples. (a) The differential gene volcanic map of the outer tissue
of the mantle (A4Wal) and the damage repair tissue of the mantle (A4Y1); (b) The differential gene volcanic map of the inner
tissue of the mantle (A4Whb1) and the damage repair tissue of the mantle (A4Y1); (c) Gene volcano map of the difference
between the outer tissue of the mantle (A4Wal) and the inner tissue of the mantle (A4Whb1). Blue dots represent down regu-
lated genes, red dots represent up-regulated genes, and black dots represent genes with no significant differential expression
B 1. TE#AZENEFEEXNLUE. () IMEERIMNIELR(AIWA)SINERERESHERAYYHERER AL
i (b) INEEMINEREL(AMWDL) SEINERHIES AL (MYLHNERERNULE; (c) INEERIIMNERLEL(AdWal)
SNEFEMAERELR (AW EREENLE. B SRR TANERE, 46 aRERLANER, EaaKREHH
RERTIENMER

N T EIRANIRZR DEGs IR AMRA, FATX HTSeq v0.11.2 #ir i JR 46 read counts #E47 73 —4kAb
L, JEEE 3T A4 5 1 counts HdE . I AN [F 20 2 (B B Venn BT (] 2(a)), KIAE 314
= SRR FTA A2 . 5 Adwal F1 AdWb1 2 [a] 1) 2 R AL, Adwal FI A4Y1. A4Wbl Fl Ad4Y1
2 ERERNEELEET L, KWUBEHHA (ALY EHHS(A4Wal F1 AAWbL) I Z= 3 N 2% .
T DEGs [k 5#E, FAMEA R £ pheatmap v1.0.12 Xf = FIE K HEAT T R2K 08 . il 2(0) iR, %
SRRERAE G, daRoRFiE LREGER, EERREE T EKER. HEEHHER T AREAR
(A 1) 22 S AR B PRI, — 2D IE B AR S0 o R 580 ] S SR AR 1R 1 6 B A

3.3. GO TIREEENHT

i 3 FE 4 Fios, FATX AdWalvs A4Y1. A4Wb1vsA4Y1 Al AdWal vs AAWb1 H ik H () DEGs
HATT GO EHEMT. &REMH: =AEMARH RS LR 7 LT H45 4 (Chitin binding), Hu4MX
(Extracellular region), % ¥#4% & (Polysaccharide binding), RS 75)i% 14 (Peptidase inhibitor activity) 4% H
b REZHEMERERAEEEVIMNKR, KUK HERIERE/IEBRALS Y ERE. L)L
THREEE4H FEEHESF T LT HEE-1 (CHITL)S Pif . MATN2 &£ It & .
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Figure 2. Venn diagram and clustering heatmap of differentially expressed genes (DEGS). (a) The Venn diagram shows the
distribution of DEGs among different comparison groups; (b) The clustering heatmap illustrates the expression patterns of
DEGs. AdWal represents the outer tissue of the mantle, A4Whb1 represents the inner tissue of the mantle, and A4Y1 represents
the injury-repair tissue of the mantle

2. ERFTIAEE(DEGs)HI Venn EIFNEEEME . (a) Venn BIRRAEILLBEAEA DEGs 57 ; (b) BEKREIRR
DEGs KIFIARR . AdWal RRINEERISMNIBLAL, AWl RRINEBRINIREALR, A4YL RRINEERNIEEHA
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Figure 3. GO enrichment analysis of differentially expressed genes (DEGS). (a) GO enrichment analysis for the A4Wal vs
A4Y1 comparison group; (b) GO enrichment analysis for the A4Whb1 vs A4Y 1 comparison group. A4Wal represents the outer
tissue of the mantle, A4Wb1 represents the inner tissue of the mantle, and A4Y1 represents the injury-repair tissue of the
mantle. The bar plots display the significantly enriched GO terms and their associated gene counts, with colors indicating the
level of statistical significance (p.adj)

E 3. ZRFAEFE(DEGs)H GO ZENLER. (a) A4Walvs A4Y1 LEEAR) GO EE I T; (b) A4Wblvs AdY1 Lt
B4R GO BEN . AdWal RRINEFEMIIMBAL, AdWhl RRINEERIAIFALR, AAYL RRIMEENEEA
L. BFERTEZEEN GO FARANENERKE, HERREEMHKE(p.ad))
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Figure 4. GO enrichment analysis of differentially expressed genes (DEGs) between the outer mantle tissue and inner mantle
tissue (A4Wal vs A4Wb1). The bar plot displays the significantly enriched GO terms and their associated gene counts, with
colors indicating the level of statistical significance (p.adj)
4. HNERRMINBLALN SINEREA AL (AdWal vs AMdWh)E R EFE GO IR EEE. BHERTEZE5EM GO
FEREMNHERGE, AERTEZMKFE(p.ad)

3.4. KEGG BREESH

¥ AdWal vs A4Y1 5 A4Wb1 vsA4Y1 UL Jx AdWal vs A4Wb1 Hiiiiik Hi ) DEGs vE# ] KEGG L,
LA R G040 WX 22 DEGS ¥ GBI . W&l 5 TR, KEGG & 4245 KR W« WA L4 43 31 i ik H 1) 1405
AL 1240 A1 186 4~ DEGs, 707l & 55 T 248 %k 246 41 104 %5 5 i@ I, L Adwal vs A4Y1
HA 48 415 50K 2% 54 (p.adj < 0.05), A4Wb1 vsA4Y1 & 20 %15 5Bk 2% &% (p.adj < 0.05),
A4Wal vs AdWb1 F 36 %15 5% i3 & % (p.adj < 0.05)

WA p.adj {8 ARSI AT 20 2445 @B 3T 2 A6, AdWal vs AAY L [ME5 R IR, i 5
A5 S IR 515 5 1 S8 4% (Calcium signaling pathway). 47 543 (Circadian entrainment). Rapl %5 i
% (Rap1 signaling pathway) . GnRH 15 =il #(GnRH signaling pathway) Fl{# = % {55 53l % (Oxytocin signaling
pathway) & DEGs .3 & & MAT 5 2[5 5%, nliERR 17 40, 19, 30. 19 1 26 M. A4wbl
VvsAAY1 INE IR IR, 1 5 2515 T IH B2 7 ME IR A= 0Bl ¥ £ ) & i (1soquinoline alkaloid biosynthesis). i
R (Tyrosine metabolism). <75 & 21X 14 (Phenylalanine metabolism). AH 714374 (Bile secretion) A1 A
JF I A i (Protein digestion and absorption), ZrliFEREE] T 13, 164 9. 12 fil 22 NEEH . gbAk, BIANEL
B 2 A B3 R A 10 ANMHE, R BRI ACH . BT, S S e, "ERYE
ZERRARE . BT BEREAS YRR, BERE G RS W B NR A G R - BRIRAN R ER
RAEFIFNE S . HEIE, 75 AdWal vs AAWbL [1)'s 4525 5L A (A RE AT S v bk A= 0k 1) A= 400 6 Pl e %
B 2w (5 6).
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Figure 5. KEGG enrichment analysis of differentially expressed genes (DEGs). (a) KEGG enrichment analysis for the A4Wal vs
A4Y1 comparison; (b) KEGG enrichment analysis for the A4Whb1 vs A4Y1 comparison. A4Wal represents the outer mantle tissue,
A4WDb1 represents the inner mantle tissue, and A4Y1 represents the injury-repair tissue of the mantle. The figure shows the signif-
icantly enriched KEGG pathways and the corresponding number of genes, with colors indicating the level of significance (p.adj)

E 5. ZERFIAEFE(DEGs)H KEGG BEMLER. (a) AdWal vs A4Y1 LEER4AR KEGG E&E7#7; (b) A4Wbl vs
A4Y1 EEER4AR) KEGG BE M. AdWal RRIMEFERIIMBEL, AdWbl RRIVEERINIRELR, A4YL RRINE
PEREE N, BHhERT RESTEN KEGG BEREMNMERRE, HERREZMKTF(p.ad)
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Figure 6. KEGG enrichment analysis of differentially expressed genes (DEGs) between the outer mantle tissue and inner
mantle tissue (AdWal vs A4Wb1). The figure presents significantly enriched KEGG pathways and the corresponding number
of genes, with colors indicating the level of significance (p.adjust)
6. SNEMFEMIMIALR SINERA AL (A4Wal vs AWbL)ERRIAEE KEGG IREEE. BHERTEEE
&1 KEGG BREEENENERLKE, MERREEHKF(p.adjust)

DOI: 10.12677/ams.2025.121006 57

HEPEREARTHY


https://doi.org/10.12677/ams.2025.121006

M &

4. VWHig

SN R BREN I I AL, AUE VST R RAE S AE ], 155 50 RN . FREEE R LA K
S S 2 Pl A ThAE . SRR AT B B S S LA AL B4 . A 03T RNA-Seq HAR 4 &
SIS BT, MOV EBIOAR RS GNBAL. WEHS RIS T A BT T 2R RIEEN % E . X
B SR 2 DR B ST (I GO Al KEGG)JE, EEIHJE TP RN . 1551k 5 R A B f i s S AT 20
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Figure 7. Percentage comparison of relative expression levels of six genes across different tissues. This figure shows the
relative expression percentages of CHIT1 (Chitotriosidase-1), PIF (Protein PIF), Matn2 (Matrilin-2), Aoc3 (Amine oxidase
3), tyr-3 (Putative tyrosinase-like protein tyr-3), and APA (Aplysianin-A) in different tissues. Different colors indicate tissue
types: blue represents A4Y1 (damage-repair tissue of the mantle), red represents A4Whb1 (inner tissue of the mantle), and black
represents A4Wal (outer tissue of the mantle)
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