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Abstract: [Objectives] Cipangopaludina chinensis is widely distributed in Asia. It has strong adaptability and
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can quickly enter a dormancy state under drought. In this paper, we study the dormancy characteristic of C.
chinensis under drought stress to provide a research clue for revealing the mechanism of extensive adaptive
tolerance, as well as the genetics and breeding of the C. chinensis. [Methods] The samples of C. chinensis
were collected in Yancheng. Select individuals with sound ontogeny and consistent size to temporarily keep in
the laboratory for 2 days. 30 C. chinensis were placed in an anhydrous plastic bucket for drought stress
treatment, and the room temperature was adjusted to 24 °C. 30 C. chinensis were placed in plastic buckets
with water as control, and kept temporarily for 30 days. After 30 days, the liver and kidney tissues of the
control group and the stress group were taken at random for 3 biological replications. High throughput
sequencing technology was used to sequence and analyze the transcriptome of the liver and kidney tissues of
C. chinensis under drought stress. After cleaning the raw sequencing data then we identified different
expressed genes by P < 0.05 and | log,FoldChange | > 2. Finally, GO (gene ontology) annotation and pathway
enrichment analysis of the different expressed genes have been done. [Results] The results showed that under
drought stress, 110 genes were up-regulated and 389 genes were down regulated in the kidney tissue, 84 genes
were up-regulated, and 86 genes were down-regulated in the liver tissue (Fig. 3), gene ontology is mainly
related to the regulation of cell adhesion, extracellular matrix organization, neuron projection regeneration,
carbohydrate metabolic process, dephosphorylation, regulation of epithelial cell proliferation, carboxylic acid,
organic acid transmembrane transport, and tissue remodeling (Fig. 5); the KEGG enrichment analysis showed
that the differently expressed genes were mainly enriched in PI3K-Akt signal pathway, proteoglycan, lactose,
sphingolipid biosynthesis and metabolic pathway 5 that are the main pathways under drought stress (Fig. 6).
[Conclusion] Based on the enrichment analysis results of GO and KEGG, heat shock protein genes Hsp70,
SRCR, SLC2843, FASN, APMAP, MSTN, Poclb, S1P and Na'- K'- ATPase p Subunit 1 have been identified
as important genes related to dormancy of the C. chinensis under drought stress.
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FEALEE 3-3l (PI3K) A b. HEHL
RAIR TR IR (Akt) 55l B LS A% st i Je Bl
1 (PDK1) 7EfE E5 PI (3, 4, 5) P3 H4E&
fiix e B (AR JF (22 PDK X Akt RIBE R
o XFPEERR AL Akt FIMEALIETE, S
JOAE K G B A R RN A0 A S V2 Ho At
AR . Hd TNR 2R 2 PI3K-Akt

o M YOG R, TNR A2 4 Ah 25 5
BB M tenascin FRHI— R, EMERELHE
NIRRT - e el £ N (S
(Pesheva et al. 1993, Zacharias et al. 2006)
/NG (Mus musculus) SESH R TNR HEF
MZ R4 (Zhao etal. 2012) o ABFIH, 12
AN TNR VU AR HERIE PI3K-Akt {5
TSIl TRIL LR, X5 Zhao & (2012) K
P ER BE e Be 5 3 K P AL R (Crassostrea
gigas) HIZH NG PR SCHE Rl ik 45 2R 10L,
W TNR R AT DL S 4 B 1a] (R0 5 BAE SR
TR b B F R T SR IRIRES & B A

B AR A7 AE T ARG, A4
JELF) L2 R o3, B S SRR R B R
RSB RN A 8 (Liu et al. 2021) o TEA
e, BRAENER B S1P (BERRILENAR
Gt EpR) B R BIR, S1P JER AT ARt
M N B BT AUV, AT SR i L 1 2 0%
J&, DA N K 3R (Ng et al. 2001)
Na-K'-ATP fiff p1 WI & —FhfaR, it i
FEA Na F KBRS, AT SRSV 2 AR B 7R
Na'-K'-ATP [if§ B1 T tH 2 4 Rr4i i i53% 17 15
ek K & . Na'-K'-ATP fif p1 WIE/E L4
Y R A R, HAE R B TR K-
RS REE RN £ E IR R,
Na'-K™-ATP i p1 WHAAET oG R% -
W R SIP FEF A Na'-K'-ATP i B1 WA
o ] [ PR S ORBRRES T IR 5 i 208 15 AR
IKAHR o

AR B ) AE 52 3 A B IR B b 3 1 1
T, SREFRTEA (heat shock protein) 1]
RKikgE, MMRwEAR M THEER, B
W E AR RS e 4 B B T, S 5 EA
B S, EifE. Hie. BAMER. Bk
SO AR AR Y T RO AR N Can ] 2
WAL . BAEERR Y HEJm . H HdE.
GG, A BRI AR RE B0 A
BRI PR AN (Piano et al.
2002, Farcy etal. 2009, Lietal. 2011) . GHf
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HIAIE FE N AR T i B B R X M — 53 Hsp70
FERE e iR B EEZA/ER (Lindquist et
al. 1988, Buchanan 2000, Cimino et al. 2002,
Hartl et al. 2002, Hendrick et al. 2003, Robert
2003, Demeke et al. 2016) . FEAHFIT & HE 5
e ThReE s, T 5MhE e Hsp70 HZRiL
BWFERI, XS5EFRESRAE T, 6,
UG R Hsp70 JERIRIEEH A H S
PRI TR —B (Xuetal. 2014) o Ht
FHE DB o B [ R AR T RARHRIRES T, Hsp70 i
B EZ R ER . Wang 55 (2006) K
LB B OB I B X R C Litopenaeus
vannamei) FET@ FEHIANMAE Hsp70 FIFRIE 2
B BT, ARFRAS IS 3
32 HHEEHETEKIREZEEZRERKI)
vl

PRER A AW 1 N #8525 PR S T AL
R — BN SN . BFFURIL, ShFEARIR I
i, HARAE R A, R, 4
LA, D3, ALB R C A Ll
FikwE 2RI R, RIS ORS B PR
PUAALRE D W T RE, AR, Fb i
TRPR R ZRIN RN 2019) o KADRKIRE
o [ R HIEE RS0 T, BaSEREE,
IR IR, WA SR R, S
ML, T RMHadHLA T 86 IR I
T, 84 MNERTNE: B4, A 110 MER
i, 389 ANEERFE T, UEsEIRA G, TR
JHp e T FEBR S (R R v T, b Ahal I fe R AR
R RE T, WAEIE TIX— . il 2 R dk
K GO &R, £+ FIRIRALUN 2 57
TR EEEHMA. Wl . ARSI
WA USRI PR oI AR
RIS AR AL K, BHRER
R Dhae SAUHIERE . BRI 20 RsgE A
WL PSRRI E IR K.

EE AL, SRCR (GEIERZIAE &F
PEEERIR) « MSTN. SLC2843 JE[H & &3 %
Fto THIERZAE &I E R T 20

4l 90 FRMERI, KALIN 100 NEIERE
(Areschoug et al. 2009, Martinez et al. 2011) »
R LR IR R B B, nRIEE R AR E
T E RIS PR, B AR S B AR,
JH, A4 SRCR Hf 6 MM FMEmR, B4
SRCR HA 8 MR . SRCR FRITE A,
WA R Z . €45 M1k, SRCR 45y
WOAEF 2 MR 2R s B ATET K
FR B R S, IR 7 A 2 b 25 o A R B
AFE, A SR RN R TR T
bRy i SRz AR B AR AT AL
(Canton et al. 2013, HHa#i5%E 2020) . SRCR
S R 3BAE A ][] FH T SRR AS T e 3 2
(1) G S AR BRUR AR, o o] ] R SRR
RETFIZERFEE LR, R HIEET 2K
AR AS T B 5 & 8 T 4 B TR AT LA
B () TR B SR E— 58 I e

MSTN (JUNAKIGIZR) B E e
SR E BSR4 B &K B (McPherron et al.
1997) , E¥AEKREF-B (TGF-B) 8Kk
W Z . WER R MSTN Fi 5 & 8 A LA
K, V1B MSTN AT WA A K (Qian et al.
2013) o TEARBFFA, HE EHISEEEANT R
RHR G MSTN F IR R ZIEE L, 3
A P ] (53] FHRAE T S AR S UL A K AT g ol
]

FERFHZF, Poclb FASN. APMAP Fl
TNR 4 NEERI B 72 R XL RL R ) RE
SR, B, FASN & —FpsEAA
SRtDIER, FLFRIA B G R A R ) 2
5, WERISMEEITRAEAREE S (HE
FIGE 2008) , TENRIIER & U REAR KAE, XT
EPRfiERe . A EZEERH . sTAMNILE
(Capra hircus ) 5K 20 o L fE45 B FASN JE A,
IR IR R B P2 3 BOH I = BRI
M98/ BT () B AR (2= 2011) o A [E [ H
WEFEZ BT 28 G FASN MFRIEEEIT
VA, 15 HE R AR 8 R EIR S A 9 AR AR R
ATREIR/D o APMAP 2 i 7 240 PR B AH G 25 11 4
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B3R, HEENPIIRK S, | ZRET
JFs B MRAIME RESHLABRE CGHES
2:2017) o HETAN APMAP 61 57 4655 i i 41
H AR BRARUR DO RE,  7E G 7 40 A ot i F2 gy
WEEMA. Luo & (2022) & UM %
(Oryctolagus cuniculus) 3 I 2 N R
51k, F qPCR FEGI G 77 %A il APMAP
ALK RIEE RS, SRR
EM SR AR, BERBI TR, S4H5
A ) APMAP 3235 & J 5 5 0 10 Td
hne FEASLIG o, o [ 5] ST FARIR /5 FASN
A APMAP ik & %2 T, A E 5 H IR
T RARHRIRAS T W TR 26 B

Poclb 4w ORIE A b LR, F
hr Bl AF B R A R B 2 51 R A B I R AR
(Zhang et al. 2015) . Zhang %5 (2015) i
SRS (Danio rerio) W] Poclb BN, Kk
I Pocb &5 5y £ IR 2 28 3 41 B Y A IE
WAL AT T FEARWTFTA, A [ [ AR
ZETF R SE Poclb B 3Rk & R
N, AT R R A SRR R, BB
W NARAR .

ZR ERR, AREFN T g E E R )T
FARAREFAE, ML S 42 o 5 hiE R
][] R AT 5 S AT s s Al . T 5 hia
AR 30d Ja, MHERTRERAL, X HET GO Th
A& 50T % KEGG B & B0 KILE
[ FHAZ T 5 2H 23 22 e SRR BE R )y e 3= B 5 40
MO ZHB R AU E RS K AT
PSR A KSR o8k
[ AN 4t IR T N R N SN g R e
¥ HHEBEDREA G, 2 7k FE Kd g
F B EHETE PIBK-Akt 5 51HES . AR, A
B WEIE S A R EhE . 2o, 53
Hsp70. SRCR. FASN. APMAP. MSTN- Poclb.
S1P. Na'-K'"-ATP i p1 W3t [ SLC2843 % 9
A5 ERE A ][] FH R SRR A T b 38 22
YEM

Z % X W

Areschoug T, Gordon S. 2009. Scavenger receptors: role in innate
immunity and microbial Pathogenesis. Cellular Microbiology,
11(8): 1160-1169.

Bolger A M, Lohse M, Usadel B. 2014. Trimmomatic: A flexible
trimmer for Illumina sequence data. Bioinformatics, 30(15):
2114-2120.

Buchanan K L. 2000. Stress and the evolution of condition-dependent
signals. Trends in Ecology & Evolution, 15(4): 129-175.

Canton J, Neculai D, Grinstein S. 2013. Scavenger receptors in
homeostasis and immunity. Nature Reviews Immunology, 13(9):
621-634.

Cimino E J, Owens L, Bromage E, et al. 2002. A newly developed
ELISA showing the effect of environmental stress on levels of
hsp86 in Cherax quadricarinatus and Penaeus monodon.
Comparative Biochemistry and Physiology, 132(3): 591-598.

Cooper E L, Wright R K, Klempau A E, et al. 1992. Hibernation
alters the frog’s immune system. Cryobiology, 29(5): 616-631.

Demeke A, Tassew A. 2016. Heat shock protein and their
significance in fish health. Research and Reviews, 2(1): 66-75.

DuZ,XinZ,YiL,etal. 2010. AgriGO: A GO analysis toolkit for the
agricultural community. Nucleic Acids Research, 38(Web
Server issue): 64-70.

Dutton C J, Taylor P. 2003. A comparison between pre- and
posthibernation morphometry, hematology, and blood chemistry
in viperid snakes. Journal of Zoo and Wildlife Medicine, 34(1):
53-58.

Farcy E, Voiseux C, Lebel J, et al. 2009. Transcriptional expression
levels of cell stress marker genes in the Pacific oyster
Crassostrea gigas exposed to acute thermal stress. Cell Stress &
Chaperones, 14(4): 371-380.

Feidantsis K, Anestis A, Vasara E, et al. 2012. Seasonal variations of
cellular stress response in the heart and gastrocnemius muscle of
the water frog (Pelophylax ridibundus). Comparative Biochemistry
& Physiology A: Molecular & Integrative Physiology, 162(4):
331-339.

Hartl F U, Hayer M. 2002. Molecular chaperones in the cytosol: from

nascent chain to folded protein. Science, 295(5561): 1852—1860.



- 948 *

B2 E Chinese Journal of Zoology 58 &

Hendrick J P, Hartl F U. 2003. Molecular chaperone functions of
heat-shock proteins. Annual Review of Biochemistry, 62(1):
349-384.

Kanehisa M, Araki M, Goto S, et al. 2008. KEGG for linking
genomes to life and the environment. Nucleic Acids Research,
36(Database issue): 480-484.

Kim D, Paggi J M, Park C, et al. 2019. Graph-based genome
alignment and genotyping with HISAT2 and HISAT-genotype.
Nature Biotechnology, 37(8): 907-915.

Kiss A J, Muir T J, Lee R E Jr, et al. 2011. Seasonal variation in the
hepatoproteome of the dehydration- and freeze-tolerant Wood
Frog, Rana sylvatica. International Journal of Molecular
Sciences, 12(12): 8406-8414.

Li Q, Han J, Du F, et al. 2011. Novel SNPs in HSP70414 gene and
the association of polymorphisms with thermo tolerance traits
and tissue specific expression in Chinese Holstein cattle.
Molecular Biology Reports, 38(4): 2657-2663.

Liao Y, Smyth G K, Shi W. 2013. The Subread aligner: fast, accurate
and scalable read mapping by seed-and-vote. Nucleic Acids
Research, 41(10): ¢108.

Lindquist S, Craig E A. 1988. The heat-shock proteins. Annual
Reviews of Genetics, 22(1): 631-677.

Liu N J, Hou L P, Bao J J, et al. 2021. Sphingolipid metabolism,
transport and functions in plants: recent progress and future
perspectives. Plant Communications, 2(5): 1-12.

LuHF, DuL N, Li Z Q, et al. 2014. Morphological analysis of the
Chinese Cipangopaludina species (Gastropoda; Caenogastropoda:
Viviparidae). Zoological Research, 35(6): 510-527.

Luo G, MuJ Z, Wang S H, et al. 2022. Association of blood APMAP
content and meat quality trait in Rex rabbits. Animal
Biotechnology, 1-6.

Martinez V' G, Moestrup S K, Holmskov U, et al. 2011. The
conserved scavenger receptor cysteine-rich superfamily in therapy
and diagnosis. Pharmacological Reviews, 63(4): 967-1000.

McPherron A C, Lee S J. 1997. Double muscling in cattle due to
mutations in the myostatin gene. Proceedings of the National
Academy of Sciences of the United States of America, 94(23):
12457-12461.

Ng C K Y, Carr K, McAinsh M R, et al. 2001. Erratum:

Drought-induced guard cell signal transduction involves
sphingosine-1-phosphate. Nature, 410(6828): 596-599.

Page M, Salway K D, Lp Y K, et al. 2010. Upregulation of
intracellular antioxidant enzymes in brain and heart during
estivation in the African lungfish Protopterus dolloi. Journal of
Comparative Physiology B: Biochemical Systems and Environmental
Physiology, 180(3): 361-369.

Pesheva P, Gennarini G, Goridis C, et al. 1993. The F3/11 cell adhesion
molecule mediates the repulsion of neurons by the extracellular
matrix glycoprotein J1-160/180. Neuron, 10(1): 69-82.

Piano A, Asirelli C, Caselli F, et al. 2002. Hsp70 expression in
thermally stressed Ostrea edulis, a commercially important
oyster in Europe. Cell Stress & Chaperones, 7(3): 250-257.

Pratihar S, Kundu J K. 2011. Life in cold lane. Germany: Lap
Lambert Academic Publishing, 1-136.

Qian H, Xiao M, Wang X, et al. 2013. cDNA cloning and expression
analysis of myostatin/GDF11 in shrimp, Litopenaeus vannamei.
Comparative Biochemistry and Physiology, 165(1): 30-39.

Robert J. 2003. Evolution of heat shock protein and immunity.
Developmental & Comparative Immunology, 27(6/7): 449-464.

Sullivan K J, Biggar K K, Storey K B. 2015.Transcript expression of
the freeze responsive gene frl0 in Rana sylvatica during
freezing, anoxia, dehydration, and development. Molecular and
Cellular Biochemistry, 399(1/2): 17-25.

Wang B, Li F H, Dong B, et al. 2006. Discovery of the genes in
response to white spot syndrome virus (WSSV) infection in
Fenneropenaeus chinensis through ¢cDNA microarray. Marine
Biotechnology, 8(5): 491-500.

Wang H, Zhou N Z, Zhang R, et al. 2014. Identification and
localization of gastrointestinal hormones in the skin of the
bullfrog Rana catesbeiana during periods of activity and
hibernation. Acta Histochemica, 116(8): 1418-1426.

Wu Q, Sugimoto K, Moriyama K, et al. 2002. Cloning of
hibernation-related genes of Bullfrog (Rana catesbeiana) by
c¢DNA subtraction. Comparative Biochemistry & Physiology
Part B: Biochemistry & Molecular Biology, 133(1): 85-94.

Wu S B. 1999. Differential gene expression under environmental
stress in the freeze tolerant wood frog, Rana sylvatica. Carleton

University (Canada) doctoral dissertation.



6 34 RS BT RS PR T R SRR T 5 I8 AR AE

* 949 «

Xu Y, Zheng G, Dong S, et al. 2014. Molecular cloning,
characterization and expression analysis of HSP60, HSP70 and
HSP90 in the golden apple snail, Pomacea canaliculata. Fish
and Shellfish Immunology, 41(2): 643—653.

Zacharias U, Rauch U. 2006. Competition and cooperation between
tenascin-R, lecticans and contactin 1 regulate neurite growth and
morphology. Journal of Cell Science, 119(16): 3456-3466.

Zhang C, Zhang Q, Wang F, et al. 2015. Knockdown of poclb causes
abnormal photoreceptor sensory cilium and vision impairment in
zebrafish. Biochemical and Biophysical Research Communications,
465(4): 651-657.

Zhao T, Xiong J, Chen W, et al. 2021. Purification and
Characterization of a Novel Fibrinolytic Enzyme from
Cipangopaludina Cahayensis. Iranian Journal of Biotechnology,
19(1): 121-127.

Zhao X, Yu H, Kong L, et al. 2012. Transcriptomic responses to
salinity stress in the Pacific oyster Crassostrea gigas. PLoS One,
7(9): e46244.

Mrasts, FEETHs, SCATAL, 45, 2019. T PEHEIX 3 PS4 R K
BRI WO, 10(3): 20-22.

NHEE, XUEESC. 1993, v [E AR A TE AR AR I WIER. 8=t 9,
1993(2): 21-22.

HHH, SR, XU, S 2020, I IR 52 AR5 A ORI
. P E R AR E, 30(4): 131-136.

BRTN. 2012, AR AFUEXS BT P8 947 A SR B A B AR A S RERF A
BT TR AL

O, DEAL, TR 2007, AEA0MBAE 5% 2 (1 AR AT R
FHEAZ IR B AR BRAEIR, 37(11): 1548-1547.

. 2011, TEREEREFIENIER &8 (FASN) J:H S shT45# A
THREWFIC. BPR: P ALRMRH R S AR

g 2. 2009. WilANYE. AL @ERH B

BE, BRASIE, WEERR, S5 2022 FHUERIURZ IR I IR
Sy, KPR, 46(11): 2177-2185.

7K NI 2019, Ll 2 e A HR AR AR B AR AL ARFAIE 22 20 T AL 2200
EP Pt R 2 TATS 'S

FK UL 2003, FliZk DUSREIRHR SR, A4 2230 4R, 38(2): 16-18.

JEER, S 2008, JRTER & ARl (FASN)RIBR Uk JE. 22
BURAL R, 36(9): 3559-3578.

JERERT, PRBS, PEiig, S 2021, [ EIEHLAE SR Kl
ABEE 1 EE BT, Kk, 51(6): 106-112.



