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CK1 '
1 1 1 1 1,2,3 4
(1. 266003; 2.
266237; 3. 572000; 4.
266003)
1 (CKI) , DNA
CK1
CK1 , , CK1
, CKla, CKlalike, CKI0,
CK1y3, CKle, CKlyl, CKly2 , CK1
, / / CK1
, CK1
DNA ,
CK1 )
, PyCKla, PyCKlalike ~ PyCKIo 3h ,
12h , PyCKly3 , CK1
CK1 ,
; CK1 ; ;
Q38 doi: 10.11693/hyhz20221200336
1 (Casein kinase 1, CK1) et al, 2020) CK1
/ , , CK1
, Ser/Thr-X-X-(X)-Ser/Thr (Flotow et al, 1990;
, 7 CKlI (o alike Meggio et al, 1992) N C
vyl v2 y3 3 ¢ a o & 3 s N B-
(Gross et al, 1998; Knippschild et al, 2005; Fulcher ,C o-
et al, 2020) (Danio rerio) 6 (a0 , CK1
vyl y2a y2b & ¢) (Albornoz et al, 2007), ,
(Caenorhabditis elegans) DNA
52 CKlI , (Cheong et al, 2011)
, (Manning et al, 2002a, 2002b; Hirst CK1
* , 2022YFD2400301 , 2021ZLGX03 s , E-mail:

sfz17864730219@163.com
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(Knippschild et al, 1997, CK1 (D,
Xu et al, 2019) s CK1 CK1I
Hsp70 Hsp90 (e<1x107) (Altschul et al, 1990)
(Muller et al, 2013) , CKla CK1 , HMM
(Zelenak et al, 2012); (http://www.ebi.ac.uk/Tools/hmmer/search/phmmer)
(Leishmania donovani) , CK1 Hsp23 s CK1
(Krober-Boncardo et al, 2020);
(Trypanosoma brucei) , CKI RNA 1.2
ZC3H11 CK1
(Minia et al, 2016) ORF Finder (https://www.ncbi.nlm.nih.gov/orffinder/)
, CK15 (HIF-1a) , ORF ( ), ORF
HIF-1 (Kalousi et al, 2010) SMART (Letunic et al, 2021)
, , (http://smart.embl-heidelberg.de/)
CK1 p53 CKl1 Sequence Manipulation

DNA (Huart et al, 2009),
(Winter et al, 2004;

MacLaine ef al, 2008)

(Said et al, 2022)

E

CK1 )
, (Patinopecten yessoensis)
(Chlamys farreri) (Crassostrea gigas)
(Mulinia lateralis) 4
CK1
CK1
CK1
) CK1
1
1.1 CK1
CK1 , NCBI

(https://www.ncbi.nlm.nih.gov/) Uniprot (https://www.
ENSEMBL (http://ensemblgenomes.org/)

(Homo sapiens)

uniprot.org/)

(Mus musculus) (Xenopus laevis)

(D. rerio) (C. elegans)

Suite (http://www.bioinformatics.org/sms2/color

align_cons.html) , ProtParam(Wilkins

et al, 1999) (https://web.expasy.org/ protparam/)
(PD) MV) (Instability
index) (Gravy) IBS1.0.3(Liu et al, 2015)
CKl1
SWISS-MODEL (https://swissmodel.expasy.
org) CK1
1.3
NCBI Uniprot Ensembl

(H. sapiens)
(X. laevis) fof

(M. musculus)

(Oryzias latipes) (D.

rerio) (Ciona intestinalis) (Branchiostoma
floridae) (Biomphalaria glabrata)
(Tribolium castaneum) (C. elegans)
(Stylophora pistillata) 11 CK1
¢ D, 4
CKl1 )
MEGA7(Kumar et al, 2016) ClustalW(Larkin
et al, 2007) , NJ
CK1 , Bootstrap ,
1 000 iTOL
14 CK1
) (Wang
etal,2017) (Lietal,2017) (Zhang et
al, 2012) ( )

CK1
TPM (Transcript per Million)
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x1 SWFREAFIEMS
Tab.l The accession numbers of proteins used for analysis

CKla P48729 CKla Q8JGTO
H. sapiens CKlalike Q8N752 D. rerio CK1o Q7T2E3
CKl1o P48730 CKle Q6P109
CKle P49674 CKlIyl Q5PRD4
CKlIyl Q9HCPO CKlIy2 B0S605
CKl1y2 P78368 CKla BADS54833.1
CKIy3 Q9Y6M4 C. intestinalis CKlalike CDW38362.1
CKla Q8BK63 CKla XP_035672526.1
M. musculus CK1o Q9DC28 B. floridae CKl1o XP_035696210.1
CKle Q9JMK2 CKle XP_035696211.1
CKl1yl Q8BTHS CK1y3 XP_035666971.1
CKlyz QEBVES CKla XP_013070859.1
CKl1y3 Q8C4X2 B. glabrata
Ko pe7963 CKlalike KYB25276.1
X. laevis CK1o AAX22003.1 T. castaneum
CKle AAF01032.1 CKle Q20471
CKlIyl QO6NRTO C. elegans CKlIyl AAW21314.1
CK1y2 NP_001086018.1 CKly3 AOA2BARIK?
CK1y3 NP_001090597.1 S. pistillata
fift CKla H2N284
O. latipes CK19 H2MS42
CKle H2MHKO
CKlIyl H2L7T9
CK1y2 AO0A3B3HI60
CK1y3 XP_023810057.1
1.6
D 40 2
; 5
, 7d,
CKI , , 10 °C, 12,
N ) 5x10* ind./mL .
10 °C
13 23 °C ( ) 0
R WGCNA (Langfelder et al,
3 6 12 24nh 3
2008) :
5 >
20418 , 80 °C RNA
22179 23573 22941 17 RNA PCR (qPCR)
> 300 RNA (Hu et al,
: 2006), RNA,
> DNasel Nanovue Plus
, CK1 RNA , RNA
KEGG (MMLV)
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20 uL cDNA, PCR : 2 uL cDNA
RNA 2 ug ,05mg  Oligo(dT)s , 10 uL SYBR Green I Real-time PCR
65 °C 5 min, Master Mix, (2 pmol/L) 4 uL,
dNTPs , 20 uL : 95 °C 10 min; 95 °C
cDNA: 42 °C 90 min, 72 °C 155,53 °C60s,40 ;95°C 15,1
10 min ~ ¢cDNA 10 ng/pL, —20 °C, , QA
gPCR EFiA4 CK1 ,
(Santerre et al, 2013; Li et al, 2016), SPSS , t
Primer 5.0 , BLASTN (1x107'%) , CK1
, 2 LightCycler 480 2
PCR (Roche) 2.1 CK1
*2 REN CKI EARANSERSIYFT ,
Tab.2 Sequences of primers for CK/ gene and internal
reference gene of P. yessoensis
(5'~3") 4 CKI s CKla, CKlalike, CKI9,
PyCKla-F TTGCGTATCGGGCAGTTC CK1y3, CKle, CKIyl, CK1y2
PyCKla-R CCTGACAATTTCTTAATGGG CKl1 ( 3),CKl16 CKlvy3
PyCKlalike-F CCTTGTTGCAGTGACGACC (>400 aa) CKla CKlalike
PyCKlalike-R GCAGATCAGATGATAAACAGG (300~4OO aa) CK1
PyCK10-F GCAAGGAGGAGTGGGAAT , S
PyCK1J-R GCTTATCAACTGATCTGCCAG CgCKl d - ,
PyCKIy3-F GCCAAGTTCAAATCAAAGGG , a- , B-
PyCKIy3-R GGAACTGACCACCTGAACTGA B- CK1
EFI14-R GTTCACGTTCAGCCTTCAGT CK1
EF14-F GCGGTGGTATTGACAAGAGA T-G-T ( 1)
£33 WENZE CKI BEEREHERLE
Tab.3 Summary in characteristics of CK/ gene family in four bivalves
/aa /kDa o- B- B-
PyCKla 327 37.57 9.83 39.88 —-0.407 17 12 14 25
PyCKlaolike 347 39.83 9.74 49.36 -0.301 21 13 16 27
PyCKI16 419 47.79 10.25 39.48 -0.639 18 13 16 33
PyCK1y3 461 52.73 8.59 38.07 -0.790 21 16 18 32
CfCKla 329 37.67 9.77 42.51 —0.388 14 12 13 23
CfCKlalike 332 38.25 9.96 44.70 —-0.407 20 13 14 27
CfCK1o 419 47.67 10.25 38.63 —-0.656 17 12 15 31
CfCK1y3 460 52.87 9.26 44.80 -0.563 20 15 12 30
CgCKla 323 37.28 9.88 45.20 -0.423 20 11 16 22
CgCKlalike 386 44.75 10.06 38.72 -0.244 22 16 17 26
CgCK1o 483 54.28 10.44 37.55 -0.710 21 17 18 17
CgCKlIy3 467 53.21 8.95 46.20 —-0.791 19 16 15 32
MICKIa 323 37.16 9.80 42.00 -0.411 15 12 15 24
MICKIalike 351 40.45 9.71 47.36 -0.500 18 14 14 24
MICK1 467 52.52 10.12 38.66 —0.637 20 16 17 31
MICK1y3 425 49.14 9.46 41.97 —-0.800 20 16 14 28
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PyCK1a NLTGTARYMS INMHL "EQSRRDD;* SL.PWQGLKARTINKOKYEKIS KG 254
PyCK1alike Ao rcraryls L "EQSRRDD!* SLPWQGLKAET SKOKYEKIHS KG 256
PyCK15 A rcrarys TNEAL GUEQSRRDD) SI.PWQGLKARTINROKYERT!S KG 243
PyCK1y3 B TCTARYES TNRHLG SEQSRRDD ST.PWQGLKANTIRKERY QK T €Djk EN 278
CfCK1a NLTGTARYMS INBHLGHEQSRRDD) SI.PWQGLKARTINKOKYEKT!S KG 255
CfCK1alike Jrrcrarys L "EQSRRDDI* BIST.PWQGLKANTINKOKYEKTS KG 256
CfCK13 4 LTGTARYQSI HLGUEQSRRDD) SI.PWQGLKARTINROKYERTS KG 243
CfCK1y3 BILTGTARYMS INWHLG 1EQSRRDDa EN 278
CgCK1a LTGTARYMST ‘HL‘EQSRRDDI* KG 253
CgCK1alike LTGTARYRSINRHL‘EQSR ) D!* KN 252
CgCK15 LTGTARYQSI HLGUEQSRRDD! KG 243
CgCK1y3 L TGTARYMS INWHLG 1EQSRRDDa EN 276
MICK1a LTGTARYRST ‘HL‘EQSRRDDI* KG 251
MICK1a like L TGTARYES TN, GUEQSRRDD) KG 252
MICK18 LTGTARY ‘SI WHL.GUEQSRRDD) KG 280
MICK1y3 S L.TGTARYIS INWHLGEQSRRDDIE EN 289
1 CK1
Fig.1 CKI1 protein sequences alignment in four bivalve species
: CK1
4 CK1 CKl1y3 28.2~29.97 kDa,
N p- , C ( 2 CK1
o- N- s
0.95~5.80 kDa, C- 4.57~22.77 kDa ( 3)
28.20~31.16 kDa, 2.2 CK1
CKla 30.87~30.92 kDa, CK1
CKlalike 30.87~30.99 kDa, 15 CK1 ( 4
CK138 29.99~31.16 kDa, , CKI 7
PyCKla | I 30.88 kDa [ |
PyCK1alike | 1 30.99 kDa [ |
PyCK15 [ 31.16 kDa | ]
PyCK1y3 [ I 28.6 kDa [ ] | ]
CfcKla | | 30.92 kDa [ ]
CfCK1alike | | 31.05 kDa [ ]
CfCK15 ] 30.63 kDa | |
CfCK1y3 | | 28.6 kDa [ | [ ]
CgCKla | | 30.92 kDa I |
CgCK1alike [ 27.69 kDa | 1
Cgck1s [T 30.6 kDa [ ]
CgCK1y3 | I 28.2 kDa [ | [ ]
MICKla [ 30.87 kDa I I
MICK1a like [ 31.02 kDa I |
MICK15 | l 29.99 kDa [ ]
MICK1y3 | ] 29.07 kDa [ l I ]
Pkinase_Tyr CK1gamma_C
2 CK1

Fig.2 Structure of CK1 proteins in four bivalve species
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Fig.3 Tertiary structure prediction of CK1 proteins in four

bivalve species
, CKla, CKlalike, CK16, CKle, CK1yl, CK1y2,
CKly3,

CKl1 CK1

23 CK1

( Sa), CK1

PyCKlalike
PyCK16 PyCKly3 CfCKlo CfCKIy3 CgCKlo
CgCKly3 MICKlo MICK16 MICKIy3

B

; CgCKlo MICKlalike

, CgCKla
, MICKalike
> ; PyCKla
CfCKla
; CfCKlalike CgCKlalike

>

CK1
( 5b),

, PyCKlalike PyCK16 PyCKly3
CfCKlalike CfCKI1o CgCKlo CgCKly3 MICKIalike
MICK16 MICKIy3

PyCKlo CfCKla
MICK o ,

CfCK1y3
CgCKla

CgCKlalike
2.4

( 6a),
12 14 9 10 , 10%
PyCKlolike
turquoise (PyM1),

, PyCKla  yellow
(PyM2); CfCKlo.  CfCKlalike
(CtM1), CfCK16  CfCKIy3
yellow (CfM2)  pink (CfM3) , ;

CgCKla  CgCKlalike blue
,CgCKl6 CgCKly3 yellow
MICKlo  MICKI1S
(MIM1), MICK]Ialike
(MIM2) CK1
CftM2 CfM3 CgMl
, PyCK16

PyCK16
PyCK16

PyCKl1y3

brown

(CgM1)
(CeM2)

MICK1y3 yellow

turquoise

(PyM1

MIM2) KEGG
CfCKI1o CgCKlo  CgCKlalike
DNA RNA ,
DNA CfCK1y3
, MICKlalike
MAPK Wnt
2.5 CK1
qPCR ,
0 3 6 12 24h CK1
(GEOR +SE (n=6)
, PyCKlo. PyCKlalike  PyCKIo
, 3h (
0Oh 1.08 1.50 239 , P<0.05), PyCKla
6 h )

24 h 0 h (P<0.05) PyCKlalike
PyCK15 3h , 12 h
24 h 0h, 24 h

(PyCKlalike P<0.05, PyCK16 P<0.01)
PyCK1y3 ,
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Fig.4 The phylogenetic tree of CKI gene family
CK1 Hs: ; Mm: ; X1 ;01 fff ;Dr: ; Ci: ; Bf: ; Py:
; Cf: ; Cg: ; MI: ; Bg: ; Te: ;. Ce: ; Sp:
a b
CgCK1d 2 CgCK1a 2
PyCK1aIike| = C?CK1 3
MICK1 }
a 1 ] PyCK1a
“Cﬂflgm %3 | CfCK1a
MICK1y3 0 (P:y(éﬂ?
CgCK1y3 1 —— PyCKidlike O
g L —
Yy ~ \ gCK1y -1
CfCK1d PyCK1d
| - %/Isl:j%}%(gike — | 8f%§(11aalike I—2
[ | CfCK1alike [ MICK1a
] CgCK1alike [ MICK1alike
= | PyCK1a I MICK13
] CfCK1a \ MICK1y3
NZT®EOIJOmMELT TUE T ® = =z = n
e v g§stgLsd B 5 = 5 & g g
T T T
5 CK1
Fig.5 Spatio-temporal expression profiles of CK/ family genes in four bivalve species
a. CK1 ; b, CK1 Zyg: ; Mut: ; Bls:
; Gas ; Tro: ; Dst: D ; E-umb: ; M-umb: ; L-umb: ; Ped:
; Juv: Hep: ;o Gill: ; Man: ; Mus: ; M-gd: ; F-gd:
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P. yessoensis C. farreri
O .
-5+
@ ~10F
R -15F
[Tul}
o] 720 -
-25+
_30 L
PYM2 PYM1 CFM1 CFM3 CFM2
C. gigas M. lateralis
0F y ‘
,5 L
-10+F
w _q51
% -20r . :
o\
,25 L
—30F : : :
_35 L
CGM1 CGM2 MLM1 MLM2
b
Wnt signaling pathway -
Protein export -
MAPK signaling pathway -
-lg (P)
Calcium signaling pathway - 20
Spliceosome - [ l 15
Ribosome - o 10
5
RNA transport - -
RNA degradation - ERH
. . . ® 25
Nucleotide excision repair - ® 50
Mismatch repair - @75
@ 100
DNA replication - ) ®
Cell cycle - )
Base excision repair -
CfM2 CfM3 CgM1 MIM2 PyM1
6 KEGG
Fig.6 Gene co-expression network and KEGG enrichment in individual development
s a. ;b. CK1 KEGG
,3h 6h
12h 24 h 0 h, 12 h CKl1
24 h (P<0.05) , PyCKlalike PyCKI1o PyCKly3 CfCKId
3 CfCK1y3 CgCKI1d CgCKly3 MICKla MICKIS
MICKIy3 ,
4 mRNA,

CKl1 , ; PyCKlo CfCKla CfCKlalike CgCKla
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(Fu et al,
2018) CKI
] , CKI ,
|
s ,
E
2
(Nogueira et al, 2013)
CKI
0h 3h 6h 12h 24h PyCKla CfCKla CfCKlIy3
- PyCK1a - PyCK1a like - PyCK1d - PyCK1y3 CgCKIOC MICK]Io
7 CK1 , CK1
Fig.7 Gene expression profiling of CK/ genes in the gill after (Sakuno et al, 2015)
heat stress treatment
+SE(n=6); * (P<0.05); **
(P<0.01) , 4
CK1 ,
CgCKlalike MICKlalike 4
’ Albornoz CgCK lalike ,
(2007) CK1
: CKle, . CeCKlalike
CK1 ’ (Oh et al, 2021)
Nielsen  (2021) (Mytilus
PyCKI1é CfCKI6 CgCKla CgCKlalike edulis)
DNA ; . Muller  (2013)
DNA , CKI CKI Hsp70  Hsp90
PyCKla
CKla
DNA ; DNA  (Cheng et al, 2018), PyCKla PyCKlalike
CKI15  DNA PyCK1§ DNA
(Knippschild et al, 2014), Greer (2017) , CKIy3 ,
CK1o DNA (Lee et al, 2019), PyCK1y3
, CKlo ,
Whnt Dvl Wnt ,
, PyCK1
, (Cruciat, 2014; CK1
Banerjee et al, 2019; Lau et al, 2019) MICK1alike ,
Wnt
, PyCKlalike PyCKIl6 PyCKly3 4
CfCKlalike CfCK16 CgCK1o CgCKly3
MICKlalike MICK16  MICKIy3
4 CK1 ,

(Goémez-Mendikute et al,

2005) , CK1 I1 dynein

CKloa CKlalike CKIo CK1y3,
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Abstract The casein kinase 1 (CK) gene family is an important family of protein kinases with complex and diverse
regulatory roles in important biological processes such as DNA damage response and repair, cell proliferation and
apoptosis, and embryonic development and homeostasis. To understand the characteristics, evolution, and biological
function of the CKI gene family in bivalve species, we conducted the genome-wide identification and functional and
evolutionary analysis of the CK/ gene family in bivalve. We also investigated the expression profiling of the CK/ gene
family under heat stress. The genome-wide characterization revealed that CK/a, CKlalike, CK19, and CK1y3 were present
and CKle, CKlIyl, and CKIy2 were found lost in P. yessoensis, C. farreri, C. gigas, and M. lateralis. Spatiotemporal
expression analysis revealed that all CK/ genes in bivalve were expressed in mainly the early embryonic development and
showed a maternal/zygotic specific expression pattern at the multicellular/blastula stage; and the co-expression module of
CK1 as a key gene was significantly enriched in mismatch repair, nucleotide excision repair, and other related pathways,
suggesting that CK/ genes are potentially involved in regulating DNA damage repair during bivalve embryonic
development, thus to maintain the genomic integrity during embryonic development. The CK/ genes in bivalve showed
different expression patterns in adult tissues, mainly in gill and male gonad with relatively high expression. After heat
stress on P. yessoensis, PyCKlo, PyCKlalike, and PyCK16 were significantly up-regulated in the first 3 h and then tended
to be down-regulated after 12 h, while PyCK1y3 showed a different downward trend at different time points of heat stress.
These results indicate that bivalve CKI genes are involved in the response to heat stress. This study contributes to the
understanding of the function and evolution of bivalve CKI genes and lays a foundation for further investigating the
mechanisms of homeostasis maintenance during embryonic development and stress regulation in bivalve species.
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