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Tab.1 Primers for real-time PCR

HE[H T HE T 57)

p-actinF CTCCCTTGAGAAGAGCTACGA
p-actinR TAATGACAAGTGGTTTACGGG
TYROF ACCCAGATGAGCGTGGTAGAGG
TYR6R TTAGTGTTTGGATACGGTGTTG
TYRIOF ACAGACCAATCACGCAGTTTC
TYRIOR TAGTCTTGCCAAAGCGTCATA
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®2 KHRAEE PCR REKHR
Tab. 2 Quantitative real-time PCR detecting system
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P.maxima 278 WAPAELN®:

P.imbrica 279 WAPAEQRE

C.virginica 279

TYRIO 328 DPVEYLH I‘I\I)%WIIII-'R

C.gigas 186 PVEYIHHARVDWERFRD

M.yessoensis 231 | PEFLHHARED Y BWEME R

A farreri 202 [eELTNHOE (o) RGO ATv I8 PR — NHHP
H.cumingii CYCOR IO 1A DPRFELHHARVDYUWERF B\VVG——— pHp
TYRG6 295 FDSNDPRFRPEHNPDF
S.officinalis 272 / 4 MTSNHQILN--GTAFD
consensus 361 ms  tAafDPvFylhHafvDylwevFr Q k gidpt dyPr a

Bl 1 TYR BHFRZ T X

Fig. 1 Multiple alignment of 7YR amino acid sequences.
o K ERBE DL (AHZ34287.1) . Jil 8 b BR £ D (AGS47960.1) . 35 Ui 41 W5 (XP_022344539.1) . K 4 W5 (EKC18551.1) . ¥F 3 F§ W (XP_
021374237.1). Hifl b DL(ASR73340.1). = ILIHE(APCI2582.1). 4 B (CAC82191.1), L€ XIARRM B T 45 G0, £75 R MA

ST A RR R A
100 Tyrosinase A3 Pinctada maxima
100 F Tyrosinase-like protein tyr-1 Pinctada imbricata
64 Tyrosinase-like protein 1 Crassostrea virginica

39

Tyrosinase 10 Ruditapes philippinarum
Tyrosinase A2 Pinctada maxima

53 100- Tyrosinase-like protein tyr-2 Pinctada imbricata
— Tyrosinase Sepia officinalis
5 100 |_| Tyrosinase precursor 2 lllex argentinus
100! Tyrosinase precursor 1 Illex argentinus
57, Tyrosinase 1 Azumapecten farreri
Tyrosinase Hyriopsis cumingii
10 Tyrosinase Pinctada fucata
37 Tyrosinase-like protein 1 Mizuhopecten yessoensis
791 33 Tyrosinase-like protein 2 Mizuhopecten yessoensis
Tyrosinase6 Ruditapes philippinarum
71 Tyrosinase-like protein tyr-3 Crassostrea gigas

Tyrosinase protein-1 Hyriopsis cumingii
Tyrosinase Caenorhabditis elegans
67 Tyrosinase-3 Caenorhabditis briggsae

100 Tyr-1 Ascaris suum
99 Tyrosinase 4 Loa loa
48 Tyrosinase-2 Caenorhabditis elegans

Tyrosinase Halocynthia roretzi

100— Tyrosinase isoform 1 precursor Mus musculus
Tyrosinase Homo sapiens

Tyrosinase Bufo bufo

Tyrosinase Pelophylax nigromaculatus
Tyrosinase Oncorhynchus mykiss
Tyrosinase Oryzias latipes

Tyrosinase Danio rerio

98— Tyrosinase Cyprinus carpio

100

0.1

K2 TYR SR G oA
Fig. 2 Phylogenetic tree of TYR genes
Homo sapiens: N; Mus musculus: /NR; Crassostrea gigas: ¥4tWi; Pinctada maxima: KE¥FEDL; Pinctada imbricata: N ELEREEDL;
Crassostrea virginica: 345, Azumapecten farreri: #ifLW Ul; Hyriopsis cumingii: = fWLEE; Sepia officinalis: 4: % W; Mizuhopecten
vessoensis: ¥FFE VL Loa loa: % W22 H8; Ruditapes philippmarum: JEHEEIGAT; llex argentinus: BIMIEW ZE f1; Pinctada fucata: T ER
BEDL; Caenorhabditis elegans: 75 WEBAFTLR M Ascaris suum: $WI M, Halocynthia roretzi: FUFH; Bufo bufo: W%, Pelophylax nigro-
maculatus: BIEWE; Oncorhynchus mykiss: WLE81; Oryzias latipes: 5 8%; Danio rerio: BEEyfti; Cyprinus carpio: il
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[ 21.88 f5(P<0.05), Ffifi#ika 8. TYR6 FEHTE
A EIZHZ 3 h, 6h, 12 h FikE B M, 459
JEXTRRZH Y 3.22 % .5.16 £5 1 3.51 1%(P<0.05), H7E
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(K 3); 7EMFBEARH 3 h Rak i i 3 DRk BE(E, &
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Fig. 3 Expression patterns of 7YR6 gene in the gill of Rudi-
tapes philippinarum after LPS injection at different
time points
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Fig. 4 Expression patterns of 7YR6 gene in the hepatopan-

creas of Ruditapes philippinarum after LPS injection
at different time points

7.1 F5F0 2.72 £%5(P<0.05), HF 3 hikF|WEAE, 6 h %
KR TV AR 3 h 3Rk 8 B L E A3
WA, RXTARLLAY 8.12 f5(P<0.05), BfiJ5 F4A T
48 h & TR K-
4T LPS J5, TYRI0ZEH7EFRAARHASELA1 21 3 h,

6 h kg RE B, srnlex AR 6.35 f5H1 14.74
f5(P<0.05), 7£ 6h FikwikF|WAE, Ffijs ke
FPRKF(RLS); FENFBER D, 6 h ki B3 ik
SN RN BRLH Y 7.55 £55(P<0.05)(E 6). TYRI0 FEA
TEFSAEEHZIR 3 h ki i RIRA A = X IR
Y 4.23 £5(P<0.05), RfJG T IR ERIRAKT; 7R PR
3 h B BRI IR RIEE, EXTIRA 2.63 1%
(P<0.05). TYRI0 FEHTEABE ARSI LI 3h Fik

3 RIRR R, JEXTIRAL 5.88 £5(P<0.05)(A
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B3 h, 6h, 12 h RIBEIA BE L, 500Ex
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Fig. 5 Expression patterns of TYRI0 gene in the gill of

Ruditapes philippinarum after LPS injection at dif-
ferent time points
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Fig. 6 Expression patterns of 7YRI(0 gene in the hepato-
pancreas of Ruditapes philippinarum after LPS in-
jection at different time points
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Abstract: Manila clam (Ruditapes philippinarum) is the most commercially utilized mollusk worldwide. It is char-
acterized by a robust immune system. In mollusks, TYR genes play important roles in shell pigmentation, melanin
synthesis, and immune system. The present study investigated the relationship between 7TYR gene and immunity of
Manila clam. Five populations of Manila clam (white clam, white zebra clam, zebra clam, cultured, and wild popu-
lation clam) were exposed to lipopolysaccharide (LPS) stress, and TYR expression in gills and hepatopancreas was
studied using quantitative fluorescence polymerase chain reaction at different time points (Oh, 3h, 12h, 24h, and
48h). Post LPS injection, TYR6 expression in gills of wild clams and white zebra clams significantly increased at 3h,
6h and 12h, for wild clams at 3h, zebra clams at 3h and 6h, and cultured clams at 6h and 12h (P<0.05). Maximum
TYR6 expression was observed at 3h in wild clams and cultured white clams and at 6h in white zebra clams (P<
0.05). For hepatopancreas, the expression of TYR6 significantly increased in white zebra clams and cultured clams
at 6h, white clams at 6h and 24h, wild clams at 24h, and zebra clams at 3h post LPS exposure. This expression
peaked at 3h in wild and zebra clams, and at 6h in cultured clams, white clams, and white zebra clams (P<0.05).
TYRI0 expression in gills of white clams, white zebra clams, and wild clams significantly increased after LPS in-
jection at 3h, in cultured clams at 3h and 6h, and zebra clams at 3h and 12h (P<0.05). For hepatopancreas, the ex-
pression of TYRI0 significantly increased in white clam at 3h, wild population at 3h, 6h, 12h, zebra clams and cul-
tured clams at 6h after LPS injection (P<0.05). The gills and hepatopancreas of clams are known to participate in
immune response. Further, secondary structure analysis and phylogenetic tree analysis of the amino acid sequence
of TYR gene revealed two copper ion binding sites and six histidine residues. 7YR6 and TYR10 genes showed high-
est homology of 39.43%, and 51.04%, respectively, with Crassostrea oyster. Thus, induction of stress in Manila
clams was accompanied by the expression of both 7YR6 and TYRI0 genes suggesting a possible role of TYR genes
in the immune response of clams, which should be further explored to understand the underlying mechanism. To our

knowledge, this is the first report on TYR gene expression analysis in clams under LPS stress.
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