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FEEE: G BT (B0 1) S0P Rl A% SR Y b 1 0 4 KA, T V7 1CAZ W RE T o ASBIEGE LIS T3 TR1 4 19988 35 A1
fiZf(Onchidium reevesii)>h %t 42, F 5% G o B H T 97 SR I B 77 A5 i (1G4 75 8 oFe 039 LA T O 5 0 9% =05 A A D 08 79 43
THLH . it RACE-PCR £ R TEkH] CaM-like ZE A i cDNA 531, JEHEAT4- W15 B 2440 BT fl qRT-PCR S2HG . 4%
REIR, B A CaM-like 2 ) cDNA 41 2321 bp, 45 S ESS X (UTR)366 bp, 3'dE4mASIX(UTR)1337 bp,
618 bp MFF I EEAE JR D 206 2 FEHR; TIMIZIE R gm i 19 22 B BE 1Y R F 3R 2 3165, A F R4 23029.64 kD,
PSS 5 4.64, T2 CroisH 544N2740320800 N {55 KA 29 MR IEIRA AL . EILTR)ITF 5 L4 8 R S b4k
B, 45 B BRI A CaM-like 3 [H 5 # /K HE S22 (Lymnaea stagnalis). G I XU 12 (Biomphalaria glabrata) i
CaM-like H M 1R 4 X R IR, X 5EGIE 253 AW & 76 5250 % NRTRLE IR0 o RSO 75 A 8, 7
JH qRT-PCR 5l CaM-like 3£ K 7EA R ZH 4L 40 A I, 4559 7R CaM-like mRNA 7RI T A1 il A [F] 44U #ak,
ERR 2T R (1 22k B 3 o TR e . A . . IFRAR . RS RER (IR S AL ZU(P<0.05), HEMIILTTBES 5 4
LRGP ERLE R R CaM-like. CaMKII F:F 4378 25 Hz Fl 50 Hz AE45 4 i T il 12.4 h &
IR, WAL RN L RR BT 25~50 Hz A . 1 AT RE -5 06 8T (R0 5 o (140988 15 A0 K B0 12.4 h 2 H i
BRI, RS ACIZ A 56 AW Nt — B R AT IR 3 A0 BB 9 T B 2 T AL BE e kA, R
GG Sh W) ph 1 ) i bt A o R R X R ISE )3 IO L B AR A o

K JEE AR WA, WS R R qQRT-PCR; 212
FESES: S917 XRRARASRS: A XEHS: 1005-8737-(2020)02—-0166—11

A B — AT 2, I ) AR X, D A
s BRI IR S A Y, SRR TR s 1]
(Mollusca) . £ #}(Onchidiidae)!"!, 1 [E H /i &
B 4 Fpa e, 8 A% (Onchidium reevesii)
P2 AT TE IR BN AR AR 0 B W I X
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SE R IR, Kaifu ZE WSS T A [R5 7 3
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BRI G URLE 50~150 Hz JEREIN, SMER T
FEK RIS 3 o 75 S RIS, B A e AR K
o T R 4 ) AR A5 470 - Busscaino 25U 5E
FASFIE 25 HZH B RN 3 AR (Palinurus
elephas) 7t JI 7E A Tofli & & = A 55 S ES
RAAGH, b2z oG KR, fEA &t
Je AR & R E R RS, BRI R IR R A AR S T
5, XFES TR S MAZ RIS A K. Cao
2 BIRE 5% T 28 e 35 X 45 1% (Sinonovacula con-
stricta) F ¥4 M R LB, 48 /R HnT R R 201k
BN 72 B BN MR TS g, DT SR A AL
iz g, fE NI NI AR . R T A A
%) TG A 2 ok R85 AR AR AR i BURR, A I )
RRFRE 32 209 B e, Hovh i 822 )
B MR BCFEAT N S TR A B VIR
WY (A RE i 2B AR TR AEARAS o, W% oA B
SRR ARAR 745 55 3B 43 (5~100 Hz)™' o ) A 1)
FEIR T A B 7 B 5 R SO Y G RS kB,
TE7—9 H, JEEAAE R /N K&~
BN, 7RG Z 1025 A 00, Gk B T A
FEOR S A O o TR T A R 2 M 9 1
B, XA 5 9 Rl B A B AR
FEE A R, B A I K R 7 A A AR
O, TR T X R IR

555 Z (calmodulin, CaM)ZE 442 1 148~152
N EER A W)/ F 2 RN R, )z
STt A, S5 2R L P RE
P 5 M 2 45 8 % [ (calmodulin-like, CaM-
like) 545 & —FF, J&T EF-hand #Z%E AL
RZ—, BAZ/MAEYED6E, M2 5% FRIC
TR O T ) A AR 3V - LA L FZ-p v
e (1 15 AL T R 3 (R 2 k1Y el IR S A
FH CaM-like 3L K 2 15 55 85 1 (1) B RIS fi LA K
AH AR TS Ca® AN P {5 B AL R AR
fdi, CaM J& Ca” ) R Z /K, CaM 1 Ca* (5 51&
Srh B AEE EEOMEAY, ARIRE, CaM
AN TE A BTG, YPURZ BT .
AR FHLAI 5 25 AL D R B, Ca® Iy
M5 CaM 454 Ca*/CaM & & W5 v,
AT 0% T UL CaMKIL, B 5E AR Y (9 4= 34T

AR R 202 CaMKIT 2 Ser/Thr S84 5 5 % 5 2
—, TEAEMERNTIZ AR, X 2R E A Ry
T BE (W R AL AT B S A 22 AR A B T A5 R 2R
AR 1 2 1 11(Ca® T -CaM-CaMKII) 4 1 45 2
g iz SAL b, CaMKIl K455 FEI/EH,
CaMKII HyHRK 25255 MG E, 2502
FICAIZAE J12 4, 1 CaMKII BTG 25 LTP Y
A, XA CaMKIT &% ]2 2] Mg A2 fE J1 Y
Ak,

ARSI A IR TS A i A 20 T S 4 () SR )
RACE $i R & R 7i e CaM-like £ [F ) cDNA 4>
K, A YE B A B e i R 5 R
qRT-PCR 4% AR K CaM-like 3 PR 75 984 15 A7 it 15 3%
Bk, B M. . R DEsmEN
BR B3 A G O, 384 262 i PCR Al CaM-like
B DR AR A [ 75 Y2 013 ) 38T AN [] s [ 55 7 2 3 o
F CaMKII JE R FEAS [R] 75 0 0 3 22 0% 12.4 h
i R is ARk, HE—2P I CaM-like P Al
CaMKII & [RIFE T 75 A B 28750 Ao rh Jsk i ABE 41
TV P TR I DI RE o A 0K A A IR R 5T T
TG B HE sh i 6 BRI 9 1 0 TR 5T 4R 4t
(i

1 #MEEFE

1.1 SRIEH

JoE T A B CR AR T B T S B ) (121.40°E,
31.62°N)2f H I I, B 5% T 5050 % N i 85 57
R, R BT ROk, BRI R
M, EWEBRIET AR HZE M, SCRE IR
JEFEHITE(2540.5) C, K 12 h GHRAN 12 h AR 1,
#3515 d J5, LRAARATEG.5840.11) g Ak
(7.60+ 0.12) cm.,
1.2 XWHE
1.2.1 5 RNA BYIREXAN cDNA EfE  SEEUAK
FIVAR AT 0 B (R 75 A B 5 H 43l 55
P22 AL, R Trizol (TaKaRa, K% )iz 7
FEHUEL RNA, BB R 4FHY RNA R, kA
PrimerScript™ RT iR & (TaKaRa, Ki%)#E 5%
A cDNA, T-20 CH-AF.
1.2.2 CaM-likeE X cDNA £KHIEE NASE
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%27

95 25 JIT 0 ) o 2 Sy A B8R T v i s o — A5 SR
S5 T A L5 TS, #17 NCBI-BLAST
LeoxF, 455 W oR 5 H AL I HESh Y i 2855 8 R R
P 3 PR EL A 5 v O AT, i 44 HL AR 1 A i
B E 2 5 1 5L K (Or. CaM-like gene)., #1] ] Premier
5.0 BAFEIE14 CaM-like-F1, CaM- like-R1 (F
DXFIZF 4 A BEEATH0AIE . PCR SV AR ZR A 50 pL:
2xTaq Master Mix 25 uL (TaKaRa, [-i), CaM-
KIV-F1 1.5 pL, CaMKIV-R1 1.5 pL, ddH,0 20 pL,
¢cDNA 2 pL, PCR W FE/F: 94 C TAS M 3 min;
94 °C 305,602 C 30s,72 'C 60s, 38 PMEH;
72 CHEff 10 min, ¥ 3G/ W28 1% I AEHEE SR
VKA, >R ] DNA i [ & (TIANGEN,
db s Ek H B9 &7, %3 pGEM-T vector

(Promega, 3E[E), F 16 Cil®&i#EH 14 h, Hitfe
IR HFTF T (DHS o, KAR), Pk HPH 1 5 4 5 7% 15
7%, W PCR 549 M13 (£ 1), il & PCR J&
A T Y TR () A BRA AT .

Or. CaM-like gene cDNA 41 5"vii Fl 33y 1Y) 7e.
% K RACE (rapid-amplification of cDNA ends)
iR, ## SMARTER"RACES'/3'Kit User Man-
ual (TaKaRa, Japan)i#t17, Fafsid e B RS9
e 1 s o SR HIRE M & Ml B g &,
%3] pGEM-T vector, i LB A ih P B 1k
PR sERE, PRI RER 7, 200 W PCR SO K
W5, PRECH B RERGE R TAY TR (L) AR
8 FVI R W0 P 12 B 50 R BioEdit 44T
BHE, $)43 CaM-like 2 Y cDNA 4K,

®1 LHFARSIFS

Tab. 1

The sequences of primers used in this study

5| Y FR primer

519551 (5'-3") sequence (5'-3")

S % usage

CaM-like-F
CaM-like-R
CaM-like-5" RACE outer
CaM-like-5" RACE inner
CaM-like-3’ RACE outer
CaM-like-3’ RACE inner

CGGGTAGTGGGAGGATTCGT
GAGGGTCCAGAGGGAGGTTT
TTCTGGTCAGCGGTCCTGTAGTAGCC
CTTCCACATACTCGGGCACGAAATCA
TAGTGTAAACCTCCCTCTGGACCCTC
ATTGATTTCGTGCCCGAGTATGTGGA

F Bty 1 fragment amplification

5'RACE 514y
5'RACE CaM-like
3'RACE 514y
3’ RACE CaM-like

CaM-like-RT-F CTGGTGGCAGCCATGCTGGT CaM-like %G 55| 9

CaM-like-RT-R CAGGGCACACCGCCAGTAGC RT-PCR of CaM-like

CaMKII-RT-F ACGGTGACACCAGAGGCCAA CaMKIl Z&tE #54# RT-PCR of CaMKI|
CaMKII-RT-R ACCACGGATGCAACACGTTCCC WSt B 519 RT-PCR of control
18S-RT-F TGTCTCCTGCCCTACCTGTT

18S-RT-R ATTCCATGCGCAATTATTCA WS K ZOEE =59

MI3-F GTTGTAAAACGACGGCCAG W PCR Kk

MI13-R CAGGAAACAGCTATGAC bacterial fluid PCR verification

123 FIEESH A Home-ORFinder-NCBI
(https://www.ncbi.nlm.nih.gov/orffinder/)#x $% F ji
[ 2 HE (ORF); il FHAE 4k W 3k (http://web.expasy.
org/protparam/) I g % 2 1 A FAL P BT, A
Signal 4.1 (http://www.cbs.dtu.dk/services/SignalP/)
M E S K, {d ) SWISS-MODEL (http://swissmo-

dodel.expasy.org/)7E £k 43 M £ 11 it 1 = e 2544
M NCBI 5 A R BOR Al B Ff i) CaM-like 2514
i IR T4, f#H Clustal X 8k T4 3t
R )75 Z & X, A MEGA 6.0 B4Rk AR

1 (Neighbor-Joining) 14 # & 4t i#f L 4%, 1000 K
bootstraps, HAthZ Il FHERINE .

1.24 EHRRHXEE PCR PEEFESLK = N %
FRi 9 FAER AR AR fa B JRE 75 A B, 4l
BT HREz k. IR . My . FFBEIR . Ry,
FEAMAEI 7 AL K 3 DA R — AR AR,
L3S RE T4, SR Trizol i F 2 BLUE. RNA,
IR H S i cDNA, 20 ‘CH#77 . MR35 CaM-like
LAY ORF AE PN Y 8 R 3 51 1 #E 26 9 (https://

www.genscript.com/tools/real-time-pcr-tagman-primer-
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tool) i3 1 qRT-PCR 5|4}y CaM-like-RT-F il CaM-
like-RT-R (3% 1), LI ZHEIH 18S rRNA JN S K
[, {#if] SYBR premix Ex Tag™™ I1i&7 £ (Vazyme
Biotech, F§50)7E ABI Q6 {X#% I-i#£47 qRT-PCR.,
KWK Z M 20 pL: Premix Ex Taq ™(2x) 10 pL.
51%)(10 mol/L)#% 0.8 pL. ddH,O 6.4 pL. cDNA
AR 2 pLo SR AR A B A P S IR g A
Fika,
125 ARMEMFERHET CaM-like BEEE
WETWHEXNRIZE LI 210 MERREWN . (KE
AR AR & AR 7 6 SR, T
B T BB FRFE (150 cmx80 ¢cmx60 cm),
A SR BRSO PR T, RN — 2
10 em JEE A 0 ) R 1) 308, OB TESE B = N,
P H I, 5 R B AE (25+0.5) °C, Dt JE ]
12 hGHR:12 h SR, A AWAL651 AIES
KA, EF] SA-JZ F558 F1 L sh 2R AR (O
B FOR A BR A T, TR & I 5% A e, 44
fi R 7~14 Upk, DA M43 5024 0 Hz .5 Hz,
25Hz. 50 Hz., 75 Hz. 100 Hz 3 2L 513508 75 47 fif
8 d, HIIE)E IS A AR M EOKH, FESS 8 KAt
TEA RIS P I 22 0BT O hy 6.2 h, 12.4 h,
24 h R, o 0 h X BRZE A N IR A,
WA IR 25 VA . BB T] S 9 AN,
SYHURH 2T 5L R AE T WA T, SRHAT Trizol {5
SR RNA, 4 H L cDNA, 20 CfR
ffo SERFZEE H PCR Kl CaM-like & YEAR
ERNEIES I SN G PSS S
A IR 1.2.4,
1.2.6 ARFKEMRRBT 12.4 h CaMKIl EE#E
MATHHRNRIEIE BOPHE 1.2.5 HORFREH
TSI 12.4 h B PRI A B P 2815902 1) mRNA,
PEATSERSOE E | PCR, Kl CaMKI I 3 R 7 AN [iH]
PR R i Fas Y AR AR 4
FESk4H CaMKII L[ () ORF HE N (3£ R 751,
TE 28 ¥ vl (https://www.genscript.com/tools/real-time-
pcr-tagman-primer-tool)ix 71 qRT-PCR 5|4 CaMKI |-
RT-F fil CaMKII-RT-R(% 1), S5 5[ 1.2.4,
1.3 HEBEL/ESHH

AEXT Rk B FH V- IR 1 22 (XSD) s o X

1.2.4.1.2.5 F1 1.2.6 F58E A FH SPSS 19.0 #4751
)7 2253 M1 (One-way ANOVA), % LSD. SNK
F1 Duncan 35517 2 55 .35 PE 4T, P<0.05 KR B
AW ErE 2R b 1.2.5 2 AE R — R T XA
R ) AT LR T PN ) 2 LR AT

2 HRESH

2.1 CaM-like cDNA HJ£ K75

ilid RACE PCR whgE iy A% CaM-like
L) cDNA, 42Kk 2321 bp (GenBank % 55
MK986829), fuffi 5'94EZwfth X (UTR)366 bp, 3'3E
i3 X (UTR) 1337 bp, 618 bp AYFF R EEHE . 3"UTR
X &A ZRZTRIINEIE ST 5] AATAAA F1
Poly(A)R (Bl 1), &l &AM/l CaM-like %&
PRI gmit 206 2 FEIR, 22 kS 5r+4E 23029.64 kD,
PSSR A5 4.64, 4313 CloisHi544N2740320S00
N st 5 MK 29 DRI RR AL K, 2 %8R s It
P\ LR . E R T 9 2 X451
7R, A CaM-like JE [N i & KR 7 41 5 HoAh
TCHAE ¥ CaM-like 5[5 1) 2 2L 1R 17 51 B ¢
AR PE (B 2) o 4 3R ek AR o0 B e 8 A it
CaM- like &ILMRITHIMIELKR (K 3), 2R E
7988 5 A7 Bl 5 T K HE S22 (Lymnaea stagnalis) 5
G RH—3, H-50H UG (Biomphalaria glabrata)
REN—3, XWHEGELEFRNITEMEYE,
VIR ARSh I R A DS, IREE T JCHHEsh
TEHEL IS B CaM-like 3 PR AT (1571
2.2 CaM-like mRNA ZEAEHAR BT RIE

DL %M 18S rRNA FNZ) qRT-PCR

Kl CaM-like JEPR 7E AN [ 22 rp 19 045 (] 4).
45 R CaM-like mRNA 7EA [ 4 4UE A 20 A0,
HEFEA AL Rk s AR H . CaM-like mRNA
TER S A 2 A Rk E e w, BEET
H A Z1(P<0.05), HURAETTHRE Bk | 2 Al 2%
GHAPIA R Em P RBE, BEHMEK. BE
O ERH L PRk 22 5 A 135 (P>0.05).
23 ARFREFERRBET CaM-like EEEMHEZ
THHREE

S R 7 R ) I AR RO [ A 9 7 A
FERATT I (5~100 Hz) DA 18S rRNA A HE
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61
121
181
241
301
361

421

541

601

781

841

901

961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

C Gt CACG. C
AAGTAGT! AGACAGA! TAGTTGATTATTAGCAAGAAAGAACTAGACT Al TA

ALAGLA £} JCAGL 1AL AALLL ANL A JUALAGLLIGL
AAAGCCGCCTACCAAACGTATTACAGTTCAGTCAAAGGGATACTCATAACTCTGTCATGT
ACCTGTCGT! ACTCAATTGAACTGATTGAGTGA! TATA! TG T
ATCATTGTGA! TTAATGAAGTAACAACAATCTCAGCTT! AACAATCCATTCAAGA!
CCAGTCATGACTCCATTCTCAACATTGTGTCTGTCGCTGGTGGCAGCCATGCTGGTAGTG
MTPPFSTLCL SLVAAMLYVYVY

GGAGGATTCGGTGCCAAGTTGAGTGAACCTTCGCCCATGGAAGGCTTTCATAGTGCAAAC
GGFGAKLSEPSPMEGTFHSAN
TCCCTCTGGACCCTCTCTTCACAGCACACAGT AAACTAGAAGTGCTACT T

LPLDPLFTAHSRQTRSATG GG
T TGTGTGTCAGTGTACTTTTTGAACGAGTTGAAGGA TTTATTCGCTGGAT
VPCVSVYFLNELEKERTFIRWM
GACCATAACAACGACGGACGGTCCACCTTTGACGAGGTCAGAAACTACCTGAGGAGATTC
DHNNDGRSTFDEVRNYLRREF
AAACCCAACGTCCCCAACGAGACGGTCACGGCTTTCATCGGCAGGAGGGACAGCAACGGA
KPNVPNETVTAFIGRRDSNG
AACGGTGACATTGATTTCGT AGTATGTGGAAGACTTGT ACTACT

NGDIDFVPEYVEDLSAPDYS
CTAGCAGGCGCAACTGAATGGTTCAATCTTCAGGACACCAACGACGATGGTTTTGTTACC
LAGATEWTFNLOQDTNDDGFVT
GAGCAAGAGCTGATGCAAGTGGCCACTGCCATTGGCATGTCGCCTCAAGAGGCGCTCAAC
EQELMOQVATAIGMSPQEALN

ACAGT! TACTACATGA! TGACCAGAAT ATTCCAAGTTGTCCTTCGAT
TVRGYYMTADAO QNGDSZKTLSTFD
GAGTTCAAAACACTGTATCACCAGTAAGAGAGGGAGGGAGCGAAGCGGCCTTCAGTCACT

EF KTLYHAQ *

TGTTACAA CAALCAAA CLGA Al ACACAA ALAGLAALA 1 IaVs
CAGCACTACCGACCATGACCACATCATATACCTACAGAAACTGGTGACAGGCATGCACAG

C C C
A’ T TTAATT!
AAATAACTTCTAAATCT! TCCAATATTGTACATGTATATCACTCTAAAAACACAA

TATATAACAGTTTGGACGTCTATTTCACATATTGCCCTACAGAGTTCGAGATAAAATCTA
ATTTTGTTTCAAATGGTGCATTAGAAAT! T AACATATCAATTTCTTGTCTTCT

Fl 1 9875 £ CaM-like F:[FIAY cDNA 4K T iY & 1R 7 51

ORF HE X I XU QIR 7 ; UTR KIATBIRA IR, T QIR EFh ZIER T IFH; PR 5 K751,

Fig. 1 The full-length cDNA sequence and predicted amino acid sequence of Ohchidium reevesii CaM-like gene
The ORF region is indicated by double underline; the UTR region is represented by wavy line; the single underline
indicates a conserved sequence of the EFh family; the bold portion indicates the signal peptide sequence;

RS S 5 5] AATAAA Fl Poly(A)JE AL (0 F 1k FKR.

the tailing signal sequences AATAAA and Poly (A) tails are indicated in red font.
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TN 4R Aplysia californica XP_012946600.1
EWHLYG Crassostrea virginic a XP_022288635.1
H/KHESZI Lymnaea stagnalis ABB85288.1

KALWG Crassostrea gigas XP_011450224.1
WRFE R DU Mizuhopecten yessoensis XP_021376756.1
AEHH Pomacea canaliculata XP_025078730.1

TN IBERY Octopus bimaculoides XP_014786728.1
JEHE I AZ Biomphalaria glabrata XP_013067477.1

ST AT Onchidium reevesii MK986829
consensus

T ¥4k Aplysia californica XP_012946600.1
EWALYF Crassostrea virginica XP_022288635.1
HKHESCIZ Lymnaea stagnali sSABB85288.1

KA Crassostrea gigas XP_011450224.1

MR D1 Mizuhopecten yessoensis XP_021376756.1
& #. Pomacea canaliculata XP_025078730.1

S BERERY Octopus bimaculoides XP_014786728.1
Y6 XUBF I Biomphalaria glabrata XP_013067477.1

JTF AT Onchidium reevesii MK986829
consensus

fnIN 4R Aplysia californica XP_012946600.1
EWAYG Crassostrea virginic a XP_022288635.1
Bk HESZIZ Lymnaea stagnalis ABB85288.1

KALWG Crassostrea gigas XP_011450224.1

WFE I D1 Mizuhopecten yessoensis XP_021376756.1
75 Pomacea canaliculata XP_025078730.1

SN IBERY Octopus bimaculoides XP_014786728.1
S UB IR Biomphalaria glabrata XP_013067477.1
S T Onchidium reevesii MK986829

consensus

TNk Aplysia californica XP_012946600.1
FWHEYG Crassostrea virginic a XP_022288635.1
HKHESCI Lymnaea stagnalis ABB85288.1

KA1 Crassostrea gigas XP_011450224.1
WRF UL Mizuhopecten yessoensis XP_021376756.1
&7 Pomacea canaliculata XP_025078730.1

SN IBERS Octopus bimaculoides XP_014786728.1
YeHE XL 48 Biomphalaria glabrata XP_013067477.1

AT AT Onchidium reevesii MK986829
consensus

SN ¥4k Aplysia californica XP_012946600.1
XWNELYT Crassostrea virginic a XP_022288635.1
H/KHESZIR Lymnaea stagnalis ABB85288.1

K4tWi Crassostrea gigas XP_011450224.1

URFE I Mizuhopecten yessoensis XP_021376756.1
1BAU Pomacea canaliculata XP_025078730.1

TN SUBERS Octopus bimaculoides XP_014786728.1
6 UG AR Biomphalaria glabrata XP_013067477.1

SR AT Onchidium reevesii MK986829
consensus

TNk Aplysia californica XP_012946600.1
EWNHLYG Crassostrea virginic a XP_022288635.1
WiKHESCHR Lymnaea stagnalis ABB85288.1

K4tWF Crassostrea gigas XP_011450224.1

WFEEH D1 Mizuhopecten yessoensis XP_021376756.1
HE AU Pomacea canaliculata XP_025078730.1

SN IBERY Octopus bimaculoides XP_014786728.1
He¥E PR Biomphalaria glabrata XP_013067477.1
S AR Onchidium reevesii MK986829

consensus

JnN 4k Aplysia californica XP_012946600.1
FEWNLYG Crassostrea virginica XP_022288635.1
HKHESZ] Lymnaea stagnalis ABB85288.1

KA4tWF Crassostrea gigas XP_011450224.1

WFH D1 Mizuhopecten yessoensis XP_021376756.1
HEHH Pomacea canaliculata XP_025078730.1

SN IBERY Octopus bimaculoides XP_014786728.1
Y UBF R Biomphalaria glabrata XP_013067477.1
AR Onchidium reevesii MK986829

consensus

T AESR Aplysia californica XP_012946600.1
EWMALYG Crassostrea virginic a XP_022288635.1
oK HESIR Lymnaea stagnalis ABB85288.1

KALWG Crassostrea gigas XP_011450224.1

WRFRH DU Mizuhopecten yessoensis XP_021376756.1
5 Pomacea canaliculata XP_025078730.1

TN SUBERS Octopus bimaculoides XP_014786728.1
He¥E B Biomphalaria glabrata XP_013067477.1
ST AR Onchidium reevesii MK986829

consensus

T AR CaM-like ZAERR T 5 HABTC A HESH Y CaM-like Z LR 7 51| i) 2 LX)
1o BE DR ST I B R P 81 PR R, ML R IR 7 51 TR 2L (0.
Fig. 2 Multiple alignments of the amino acid sequences of Ohchidium reevesii CaM-like with other shellfish species
The high conserved cysteine residues were indicated in black and similar residues were shown in pink.
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Fig. 3 The phylogenetic tree based on the amino acid sequence homology of CaM-like in Ohchidium reevesii and other species
The value of bootstrap was set 1000 replications by MEGA 6.0, and the other parameters were set default values.
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Expression of CaM-like and CaMKII genes in Onchidium reevesii un-
der low frequency sound wave stimulation

LIANG Wei, WU Rongyu, YAN Cairui, YANG Tiezhu, GU Bingning, SHEN Heding

Key Laboratory of Exploration and Utilization of Aquatic Germplasm Resources of Shanghai Ocean University, Minis-
try of Education; National Experimental Teaching Demonstration Center of Fisheries Science; Marine Animal System
Classification and Evolution Shanghai University Key Laboratory, Shanghai 201306, China

Abstract: Animals that inhabit intertidal areas long-term can sense the local tidal rhythm, forming a tidal memory.
However, to date, no studies have investigated the mechanism of tidal rhythm sensing in Onchidium reevesii. In
this experiment, we stimulated O. reevesii in the laboratory using low-frequency tide sounds. The cDNA sequence
of the CaM-like gene was cloned by RACE-PCR, after which bioinformatics analysis and qRT-PCR experiments
were performed. The results showed that the full-length cDNA of the CaM-like gene was 2321 bp (366 bp 5’
non-coding region (UTR), 1337 bp 3’ non-coding region (UTR), and 618 bp open reading frame (ORF), which
encoded a total 206 amino acids. The gene that encodes polypeptide chains was predicted with an atomic number
of 3165, a molecular weight of approximately 23029.64 kD, a theoretical isoelectric point of 4.64, a molecular
formula of Cg13H544N2740320S9, and an N-terminal signal peptide composed of 29 amino acids. The phylogenetic
tree was constructed via amino acid sequence alignment. The results suggest that the CaM-like gene of O. reevesii
is closely related to the CaM-like gene of Lymnaea stagnalis and Biomphalaria glabrata, which is consistent with
traditional morphological classification. The distribution of CaM-like genes in different tissues was detected using
gRT-PCR. The results indicated that CaM-like mRNA was distributed in different tissues of O. reevesii, but the
expression of ganglion was significantly higher than dorsal skin, pleopod, intestines, liver, mouthparts, and albu-
men gland (P<0.05). We speculated that it may be involved in the plasticity regulation of the ganglion system. The
quantitative fluorescence results indicated that the CaM-like and CaMKII genes were highly expressed, underlying
the stimulation of low frequency sound waves at 25 Hz and 50 Hz for 12.4 h, respectively, for which it was pre-
sumed that O. reevesii could sense the 25-50 Hz sound frequency. This may be related to the tidal memory formed
by the long-term immersion in the 12.4 h half-day tidal cycle rhythm in the intertidal zone. This study will lay the
foundation for further understanding of the molecular mechanisms of O. reevesii sensing tidal rhythm, and provide
a basis for exploring the environmental adaptation mechanism of marine animals from ocean to land evolution.
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