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HUMCEERR O RS, BhARAAENEXAREXRETE. R LI Sox9 3
FEd LA bR B MRk e, kinase X £ FH 2% % PKA) & P EXEEH
W, T Sox9 FEAR W 6k % 2| PKA i B o i 4= . 5L 3038 3T RACE % 7 [& kinase X 3L [H #y
2K cDNA F7|, £ KA xEEPCRINFEBNZLFEA2WBMEHE = AMELE AL T
Atk E, A RNA TR A K T 4483t kinase X 3£ F BT % 3 B Sox9 3 K & 34 1
Yo, R TR, kinase X £ EH A K 1652bp, % 430 NEHEE; HLFEPCREET
T, kinase X R FEHEEMR T RLERS, BN ZRMEE;, RNATHRERE R, &
R TRk kinase X EEHHE — 2 THREE, AP THRE 1O THRERE, £H¥HE
HH T E N 83.1%, HEMF O 81.9%, [ HFitE | FTIJE Sox9 X HE KA EAMME P
THT 90.3%, HEd THET 56.6%, #HMNXHNLETES G edf, REHY
= A WL T R R e ke e o LR PR R AR IS A

KEIE: = AWLEE; kinase X LW ; Sox9 2 ; X B w; FK#E 494 ; RNAI

FEIDES: Q785; S 966.22'1
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538 KopE OE R 46 45

o, (HAE—Se S ptssd, PKA A LE
M) B9 B 240 Pt 2t B, HENAE DL ] B L AEAE
AEARL B4 BIL 1) Sfe 52 o) o4 1l e 5 M) 43 Ak i A o
[ A AT F 5T B, Sox9 J& [KIAE AT FLIE DL (Chlamys
farreri) FILIENE (H. schlegeli) i MEHE: iR 14 26
ik, IR — AR R — R IR, 7E cAMP
ZfE SR, PKA BT Sox9 FEH (1) I
e, ATHEZREM Sox9 KL H A FEM AHE T HAlL
DIRETESES:, RNA TR HA e 5 MR = 44
,ré[ZO-Zl]O

AW E R L T = AW kinase X FE K 11
cDNA 2, XHFEAT )58 LR A B i ;
il FH SR 52 B PCR AR N 2 % = L 4% 21 2L
FE N RN TR, IF X kinase X AT
dsRNA T4, il kinase X FEP K Sox9 FEIH 2
SrS <1 I S 9710 RER S i G R G = R T
PRSI

1 MRS

1.1 SEIe#fRt

ARSI ISR A = AL A v i R
KPR BRAS ], EH 1~3 W& W I = £ e
MISCYR E B IR 2~5 d e, HTFIMKEER 8T T .
BEF . JFFC AR LA R ) ) 55 T E O R R R 45
MY, IGHEAR . 68, MFSENL. BE . ANERK,
JFAESE 6 P 2Y, FRAPIREAR 7R, B T-80°C
PRAFR . A REA TS 1—8 AW ny4hid, 7Esz
K B 5 1~2 d J5 Aot oEAT BURE , BUA I
PERRAL T AP, R T-80°C & H.

A5, FNEE . FERARAK LB B 38 30 K |
MR . JOOK SEEXI A AR T AR TRE L Ay

A PR A Al . RNaseFree /K . IPTG, 2xTaq PCR
Mastermix, X-gal. Loading Buffer. DNA Marker.
DH5o BZ 4010 . Ampicillin 1 [ KA A4 LB
ARl o Trizol i 14 [ Thermo Fisher 23 A .
SMARTer TMRACE ¢DNA Amplication Kit il TB
SYBR Green Master Mix 4 [ TaKaRa 2\ & . %%t
21 96 AL K B (Bio-rad) . B, BT
877] . Rnase-free f63% . PCR & . —IkKME 1 mL iF
S HFoeae S B SRR R A F

1.2 SLHE

kinase X F~ B & &K & % HFIH Trizol ¥
PRI 1~3 1% i 2 T = 7 L P R 1) A RNA,
2 U e S T O R — A WAL 1 25 ZH A S 1~8 R
) &)y S P it B 5. RNA L cDNA 19 & 4% 8 Prime
Script™ first-strand ¢cDNA synthesis Kit (TaKaRa, K
) UL A5k 1T, B2 cDNA K JE N 5 ng/uL,
NS5 % O AT 1 5 s 4l R i Y kinase X FEDHT,
JH Primer Primer 5.0 #5519 (£ 1), AT
A TR LR ARA RGN, ST 5
PCR JZ W /& & . 12.5 uL 2xTag PCR Mastermix .
9.5 pL ddH,O. 1 pL Forward Primer. 1 pL Reverser
Primer. 1 pL cDNA, R AKZR K 25 L, W
M 94 °C Wi S min, 94 °C 4P 30s, 55°C
Bk 30s, 72°C ZEf{ 1 min, 72 °C &ZEMH 10 min,
4°C A7, Hast: | Bk, i fEEE 354
¥ . ARIEIESS By st 3780 5' 514, FIH
RACE ¥l kinase X 3L Y 30 5384, 153
FHFH 4K . 3'RACE Fil S'/RACE K outer DA %
inner 54, MRPEULH LT PCR KW A5 2 5L K Y
568 ORF X J¥ 41 o [l PCR ™ ¥ I 6 H 5 A
DH5a KWAAT A, 0 26 W8 1 305 R Bk 2k

®1 LEERESIHFS

Tab.1 Primer sequences used in the study on H. cumingii

GBIk FF31(5'-3") Lige
primers sequence (5'-3") application
EFla-F (internal) GGAACTTCCCAGGCAGACTGTGC qRT-PCR
EFIa-R (internal) TCAAAACGGGCCGCAGAGAAT qRT-PCR

kinase X-F GGTGATGACCAAGCGTCTGA fragment application
kinase X-R TGCCAATTTGAACCCTGTGC fragment application
K-3'RACE outer primer AGCATGCAAGGATTTGCGTT 3'RACE

K-3'RACE inner primer GGGAACTTTTGAGGGGATGC 3'RACE

K-5'RACE outer primer GCGGTTCAGCAGTGGCGTCGGTT 5'RACE

K-g-F CAAGCATGCAAGGATTTGCG qRT-PCR

K-q-R CCTGTGCTTAGTCTGGGTCA qRT-PCR
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TAY) TR g e A BR A w4 T

kinase X F B &4 5 3| 55 H1 EHATE T H K
AR BB 91384759387, #E NCBI _EXF kinase
XFEHAPETT ORF X Fiill (https://www.ncbi.nlm.nih.
gov/orffinder/) A% 1 B2 A2 JE B )7 51 A AL M 43 B
(https://blast.ncbi.nlm.nih.gov/Blast.cgi); 1# F} DNA-
MAN 6.04% ' AT Z LR P 91 40 B 5 TR0 B ik
1 5T 45 #4 (https://swissmodel.expasy.org/) 5 43 1
(http://www.expasy.org/); TMHMM (http://www.cbs.
dtu.dk/services/ TMHMMY/) FH >k F0 £ H it 19 5
ZERBR G A MEGA 7.0 50, SR HI4R
Hevk (NJ) M kinase X SEPH (1 R G ALm) 5 fili
BioEdit #F#E47 2 )5 51 e xf, i ] SPSS # itk
(FRTE 30 g i

kinase X A B 6940 4R k& VAR ZHELHY
cDNAZH qRT-PCR BYHEMR , 250 1 1 51 ) R 4
kinase X 3& [ ) ORF X ¥ it (% 1), F|H BIO-
RAD CFX Connect™ % 2 s ALK kinase X FE A
16 2 W = FAMLEEA R H 2 AR XS Rk i, A=
FAWLIEE I N 2514 EF1o-F, EFlo-R W2, 52
I h [ WA £ S 10 L SYBR Green Mix (TaKaRa),
0.8 uL g-F. 0.8 puL g-R. 1.6 pL cDNA #il 6.8 uL
ddH,0. I FEJF 4 95 °C HilAs 14 305, 95 °C 7%
PE5s, 60°CiRk 35s, 72°C 4t 10s, Hag
PR Bk SER R E S 39 MEM, ] 270
TR AR KA, A 3 P17, iR
KA o A R] 22 Sl W M O A R AR
P<0.05 NZEREE, P<0.01 HERWEE.

kinase X #~ 7 #9 dsRNA F 44 2% Wang
FP A L dsSRNA THiEE, TR-1F T80 °C 4%
Mo 118 =ML e e s kL, B Hfd ]
1 mL — U T & 1 5 100 uL 9T H0sE, RIS
YIBEEh 20 pg BT H0EE, TESHRAA L,
B 105, LATEST GFP (# 1 # = A WLEE/E S B vk
xR, 7 dJEHURE, Trizol ¥ $2 U RNA, Jf-fili FH
“kinase X FEF 41K v T iR 7775 A B cDNA,
PRI E R kinase X K& L J2 Sox9 B AR ik
o AP 3 T IREE R TR, JfE A
E7 R 7 RS DT SRR

2 4R

2.1 =B kinase X ZEE B FEF S
ARS8 38 3k RACE 78 B 15 3 kinase X R 1Y

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

4 ¢cDNA 1652 bp, HH1 3" UTR K4 314 bp,
5" UTR Kb 45 bp, FFLEHE (ORF [X) 24 1293
bp, TN FEMR 430 4>, %KL R IEIR )T 547
TE—> STKYc 4544, i T 381~1 179 bp; #R4f
TMHMM K ProtParam TN 45 2R . kinase X KN4+
TE— MBS IELE L, & H A 7> T B (MW)
49.00 ku, HIESEHL S (ph) ok 8.22, HiH Leu(l)
SE o R, 7 9.8%. MRS T 1Y Ak
M2y 40, #IH] Bioedit H - 5 5F 6 B DL (Par-
inopecten yessoensis, XP_021341741.1). FifL ks N
(ASE04571.1), A1 #% 2 ¥k W (Pteria penguin,
AYE21114.1), W 8 (Oncorhynchus mykiss, NP_
001117742.1). K (Canis lupus familiaris, sp|Q7YRJ
7.1). KBl (Mus musculus, NP_035578.3) Lk J 3&
M W82 (Alligator mississippiensis, KY030924.1)
S5 T AR TS AL (B 1), Hoh = AAimleE S
BRF R DL ML DA DU R AR LR B vy s T
kinase X He R & 3R 175 5 K 41 W5 (Crassostrea
gigas, XP_011419205.1), JEWM 45 (C. virginica,
XP_022326862.1), HFF L, BE i (Danio rerio,
XP_005171320.1), ¥ BUBFIR (Biomphalaria glab-
rata, XP_013062016.1), fg J W (Drosophila
melanogaster, NP_724426.3). Z K. (M. musculus,
XP_006528548.1) Lk 2 & N (Homo sapiens, NP_
001274274.1) 5 8 YA NI A M 0 R G ik
OB (5 2), S5 ER, =AML R 5 K 55 D
PG RS OC AR BT, 5 I FL B B HE B L .
kinase X FER (8 1 BT = R EE R N, o-BRTE
I B-Hr S [l I A7 AE HLA5 M 5 2%, RINZIE Y T
B Z .

22 28 =FNEE kinase X EEE R ALFH
EPOE Sy

FIFH q-PCR 4 77 B A 2 1 = £ LA 45 20 21
W kinase X FER AT KA 5, SPSS A 434
M2 S, HP kinase X 5& 78 B PR I 3638
o T E PR P i rh SR B I, MR 6 5K 2 S
B (P<0.01)( 3),

TE 1~3 W M = A LEEME AR L 2L, kinase
XL DR R P R v B 2R 5 1R R T M T AR
WERE 25 S i 5, Hoh 2 IR R RS T
1IEA 3 4% (1 4),

2.3 dsRNA Fit
Xt dsRNA L5 B =R 214 cDNA
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—fﬁ'\lﬂm‘- Hyriopsis cumingii By FEKNENEHA LK NEEESS LI TSEINVGMTRS V FI P 464
K Canis lupus familiaris SHAAGRIQESSILYSHFYMNPAQRPMY TP IADTSIGV PSHIPQ T HEEN
KB Mus musculus sHAAGBQ@sELY sYFY MNPRQRPMY TP IADTEGY PSHiPQT HED
YT Oncorhynchus mykm SHA G[EQEsBL Y S[FES Y MSPSIQRPMY TP IAD TGV PSMPQ T HjEZ]
KBS Alligator mississippiensis (5N - (- A TE UMY RO ANA IR (VA [XNAE 479

B 1 kinase X EESHAM 7 MR EEERLL R

B AR BB E RS — BN, — B B, R

Fig. 1 Amino acid comparison of kinase X gene with 7 other species

Different colors in the picture indicate the level of coincidence, the higher the coincidence, the darker the color

i q-PCR ) 5 A6 kinase X KN Sox9 J& [H
AR ki (K 5), 453 R, 3 45 dsRNA 1,
THLBE 1 kinase X FEIAEMEME H T4 %K 2 83.1%,
TEREVET O 81.9%; THE4E 2 7EMEdE b i THE %
H76.0%, FEMEMET N 25.7%; THekE 3 fEMErE R
LN 24.0%, FEHEMT R 67.7%. RIZEA K
3 AP, THuEE 1 P IRCR IR, i
T PLEE 1 05 B = MAILEEPERR T, Sox9 SEA
ek e MEME T R I T 90.3%, TEHEYE TR E
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T 56.6%(& 6). VEBILE = MWL, kinase X %&
R EIE S Sox9 FR MY Fik, —FH e F
YER, M = Fa IRl He e 505 - fhad 72
3 ik

AW HFH RACE SERER AR RS T = MWL
kinase X F: K 4K cDNA J¥ 4, FF%FH 2 R
AN HEAT T 0087 o kinase X A E 19 STKYc
R, STKY ¢ 28 32 A P U ) DR~ 25 A
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100y KW C. gigas
42 I‘%W‘Mﬁiﬁ C. virginica
33 = HWE  H. cumingii
37 WRSREE D P yessoensis
PE D, rerio

BRI  D. melanogaster
52 & M. musculus
100l BN H sapiens

L T XUBHIR B, glabrata

0.50
2 BT kinase X EEM RS 4 B/
Fig. 2 Phylogenetic tree based on kinase X gene

16 000

sk mm it female

IH == /ff male
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] 14 000

FHXFRIE
relative expression

H
tissue
3  kinase X E£F 7T 6 NMALAPRIRIEER
K P<0.01, FRE; L oPEMR, 2.6, 3. 5L, 4. %2, 54+
B, 6. IFIE

Fig.3 Expression pattern of kinase X gene in 6 tissues

** represents P<0.01, the same below; 1. gonads, 2. gill, 3. adductor

muscle, 4. foot, 5. mantle, 6. liver

A H RN O I R S A, AR
Il i) 5L DY 2 5 2 AR AR, TR
/ey A Pen L i N ESP R <L (S 1B 2

6000 r
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g % 5000 .
X E -
Hﬁ s
D’< o ok
Lo -
E I
O N - N
1 2 3
GRIC
year

B 4 kinase X B ETE 1~3 4 BRB LA PRI RIEER
Fig. 4 Expression pattern of kinase X gene in

gonad of 1-3 years

[ 7K 72 5 22 3275 sponsored by China Society of Fisheries

35 ¢
mm fff  female ok
30 | == male 1

25 ¢ I

20
15
10

i M1

1 2 3 GFP
H 5
groups
B 5 kinase X EFETHMERIEER

FHPEWIN 7d, UL GFP NS LT 1, 2. P8 2, 3.4k
B3, 4.8 xR

A IA
relative expression

Fig.5 Expression pattern of kinase X gene
after interference

Interference period is 7 d, with GFP as reference; 1. interference 1,

2. interference 2, 3. interference 3, 4. GFP

350 {55 1 interference 1 R
300 | == GFP

250
200 ¢ by
150 ¢
100 +

50 | I
0 . _}

HHXS A B
relative expression

1 2
PESI
gender
Bl 6 kinase X ZEE TG Sox9 RIELER
Lt 2.
Fig. 6 Sox9 expression pattern after kinase X
gene interference

1. male, 2. female

SERI R AT B S A A AR, A R
(T RE =R RE ], A A RN G R 2 B
TR AN AR 8 A2 5 & B S R B JE 15 38 1T Ay 483 4%
cAMP i i AU AE TR PR B CEHEZEMEM,
Fs il 200 B o A RN LA B R N A T RE iR ]
DAV A K B2 A B SRR B A B A s g . AT
5], cAMP-PKA 45 (115 4538 % 171 8 2 57
RN ARG R, T AR S R S A U R4
JiL R, X A1 B 22 B cAMIP il % 1T BE S 5
PRGN A B, [FRY, PKA BT REA 4
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42 ko

46 &

S AR BB, B/b PKA WIS AURS - JCIE R RE
XEW], cAMP-PKA 45 1915 538 3 X0 i 1~ 44
AR FE S B A 2R OGS B A 2 5 17 e /D B b B
I 21 i A Y SCBETE T 41 Y cAMP 7K F- il PKA
WbE, 7EIN R B R AN cAMP KA FF+
. PKAJEAIE 1L, X EEERULEH T kinase X FE A
ReS SR 5B et #E, WAESR
WIS Al B ES R T AR, [RIET Sox9 BE
YER SN L, R 2 RS 5
TR PeE SR id ., BT kinase X FEH
u? Sox9 FEPAIY b, HED AT GESL [R5 cAMP-
KA AT 045 55 8 B 52 ) 24 50 434k R0 48 0l g e
J‘iﬁ'zo
RNA THSEE R, G BM =5 TS
X} kinase X F& A 1*) & 3k & 1) 3 il /F FH BT Ped% 1

AT IR By, [RGB Sox9 Jik K Y ik
AP TR, ULBITE =AML, Sox9 BN AL T

kinase X H K (%) 5 Ui HLXT kinase X %5 A B 4100 i) 25
fili Sox9 BEPFI ARk TR, —H ZIEMXKR;
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Preliminary study on cloning and the functions of kinase X gene in
Hyriopsis cumingii

CUI Xiaoyu ', DONG Saisai', DUAN Shenghua', WANG Guiling "**"", LI Jiale "**
(1. Key Laboratory of Genetic Resources for Freshwater Aquaculture and Fisheries,
Shanghai Ocean University, Shanghai 201306, China;
2. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Hyriopsis cumingii is a unique freshwater pearl mussel in our country. It occupies an important position
in the aquaculture industry. In the actual breeding process, male individuals have a more obvious advantage in
pearl production than female individuals. Therefore, research on the sex determination of H. cumingii is crucial.
Previous studies have found that Sox9 gene plays a role in male sex determination in many species, kinase X gene
is an important gene in the synthesis of protein kinase (PKA), and PKA plays a vital role in many physiological
and biochemical processes, especially in the process of spermatogenesis. In this process, PKA has a very obvious
effect on sperm capacitation. The kinase X gene and Sox9 gene are both located in cAMP-PKA pathway. And the
relationship of the kinase X gene and Sox9 gene is upstream and downstream. It is speculated that the Sox9 gene
may be regulated by PKA. The results showed that the kinase X gene was 1 652 bp in length, the 3' UTR was 314
bp, while the length of the 5" UTR was 45 bp, encoding 430 amino acids, and there was an STKYc¢ structure
domain which was located at 381-1179 bp, kinase X gene has a transmembrane domain and the Molecular weight
(Mw) of the kinase X protein was 49.00 ku and the theoretical Isoelectric point (pl) was 8.22, among which Leu(L)
was the most abundant amino acid, accounting for 9.8%; the homology analysis showed that H. cumingii had a
high similarity with other shellfishes such as Mizuhopecten yessoensis, Chlamys farreri. The phylogenetic tree
showed that H. cumingii had a close relationship with Crassocras gigas and Crassostrea virginica, but had a long
genetic distance with mammals. The fluorescence quantitative PCR results showed that the kinase X gene was
expressed in 6 tissues including gonads, gill, adductor muscle, foot, mantle, liver of the 2-year-old H. cumingii ,
and the kinase X gene was expressed the highest in the male gonads while expressed the lowest in the female liver.
And in 1-3 years of H. cumingii, the expression of kinase X gene in male was all higher than that in female, and the
difference between male and female was extremely significant. Among them, the expression of kinase X gene in 2-
year-old H. cumingii was highest among 1-3 years. Due to the high expression of the kinase X gene of the 2-year-
old H. cumingii near the sexual maturity stage, the sperm occurrence rate was high; after 7 days of interference, the
expression of kinase X gene decreased. RNA interference results show that the synthesized 3 interference chains
had a certain interference efficiency on the kinase X gene, and the interference rate of the interference chain 1 was
the highest. The interference rate was 83.1% in females and 81.9% in males, while interference chain 2 had an
interference rate of 76.0% in females and 25.7% in males; interference chain 3 had an interference rate of 24.0% in
females and 67.7% in males. At the same time, the Sox9 gene expression decreased by 90.3% in females and
56.6% in males after the interference of interfere chain 1. This improved the synthesis of kinase X gene was posit-
ively correlated with the synthesis of Sox9 gene. It was speculated that the two may work together to participate in
the sex determination process through the cAMP-PKA-mediated signaling pathway. In this experiment, through
preliminary functional exploration of the kinase X gene, it was found that there was the upstream and downstream
relationship between kinase X gene and Sox9 gene and the two were positively correlated, and it effectively
interfered with the kinase X gene, which is important in cAPM-PKA of H. cumingii. This study provides a theoret-
ical basis for the study of sex determination and male parthenogenesis of H. cumingii.

Key words: Hyriopsis cumingii; kinase X gene; Sox9 gene; gene cloning; expression analysis; RNAi
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