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WE  h T HERIKEA M T & 4 B | # (Cipangopaludina cathayensis) AT [ 21 28 2t [ 19 2 5 % 3K,
RARBLHEENFRA, o4+ 4 " H K E M 4(2.5 mg/L)M & £ 4(6.9 mg/L)F £ 3 [ 1
Zkik, FaEREEIATENGE & F oM, #—F KA ZH KL E & PCR (RT-qPCR) M X # =
FREEE#ATRIE, £R L1, W FEH%S 232379 &3 F(unigenes), 5B ALK, KEAME
M 176 NERERH, €8 64 MEEEERM 12 ATHEER, GO it EBRAOMET, £7E
HEEEEEAYFIEFTNNLT AIRBLEEMEEAXTTHENESRALE, @A o+ 0 RE
ZRERD, A TFHEFNNLT RELSRAEITENE S, KEGGREEEMER, 27
HEFEEFTHREALAE, Rt AAE, RMFMENRAX 4 A XEE, 6 MRz FHERF
# RT-qPCR £ R &=, HKEE & 70B2 fui ik & & p-6 LE KA E LI, LT HBEEE 4. a-1
REEAXIV), o4 REEGXIV), S-BEEOLRELLETH, IEETHIANFERNT
Fl, AFRLN, REMEHETFEEAHBENGENEEES, FREFTREAMETH4E
HEAFEA L PRI ERNRAGEE, FENTR TR EE N KA RS RET
Hoah B AR AR IR

KA PR EAE; KEME; #F4; 2REERE; WKEEE

FESZES S917  XEFRIEEE A XEHS  2095-9869(2023)04-0167-12

rh &[5 [ 12, (Cipangopal udina cathayensis) 2 % [

55, 2014; EBEEAF, 2016; FRVIAE, 2016). fIREHHA

FA A (R IR 2E, 2009), & BAE KAE S SR
JEFERT . AT . RARIERHE = & i S K K 38 p
(B, 2007). A8 FR5E TR Se e BUK IR E &

KSR B HAK IR S GA 3] 5 me/L A E ARSI (B =,
2020), EMEESEKEA P RERNRTFZ—, X
KPS AE R KT R B E SRS
A S B A B 5400 (Small et al, 2014), /K iR
KT 2 mg/L i, KR FARSA S B AR A (E B A

KA AR K E NS, BUikhe T DL B A GE
TR, UEN S FEOKASIWIE T (RS, 2016),
RN FESF (201 2) TEWT 5T 1 ik S RS B0 TG 1A EAE SR
ISR A, G5 #f G 1A (A, woodiana elliptica)
HIE 1Y f Jo k5 (A, woodia pacifica)#E & R KEK
s aN (AT 2 (1

RNA-seq HARJE H A E AL S HOIR Y SC 3
HEDRUR B 5 L TR 3Rk AL A A RO B (Li et al,
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2014) . H M 45 (2021) XF IK & B T A R A IR
(Palaemon carincauda) i % sk 40 70 B, HEMIAR A=
PR 7 T LA 38 TG S A O Bl 4 1 — 2R 80 A B o, MR
AR RS2 AR, I ELRE 8 o 0 i Lok AL 4
A BTG AL SRR [ ke BRAR L b AR A FE . XI5 55
(2023) T #4540 /0 T 75 H H #(Cyprinus carpio var.
qgingtianensis) % 75 H 2 M 75 480228 fb 19 7K 0 55 09 3
M, Rtk — 2058 I fa AE 2R i A AR LA R Y
A BT ML R AL T SRR .

ULAER, ST AR 8] IR AT 5% 5 A R e BT
TP ESE, 2016) . SN Z(REENFA S, 2019).
EEF BT (B REE, 2022) R4 4 20 (F 224655,
2017)4 71T, 1 & T AR 5] R AR % 5K 7 b kAT
4 AP AR 45 T T 5 R DL RGE . AR RS T
RNA-seq AR XL U8 T A2 (5] FH I8 T I0E 21 2 3
FTH S AL A3 HT , BRFEARSAUIA00 % v A2 8] T 3R ) 5%
PET A TR A 5 FH S X6k EG 48 JBih 30 04 3 P L
B IR, oA R IR A R TR S %

1 #FREFE
1.1 SCIgHH

ST AR FHAREAT I A ) PG AR 1 2R 5E
et , HATEKIR](26.5+0.5) °C, I 5EH(6.9+£0.2) mg/L,
A <05 mg/L, R AKREH SRR, B
BLIE A B H AR 52 TCAIUAAD 43 ) HE MR R A 7 52 56, R
HIRAY7E 98 . scm MR E LR 1,

®1 PR HBEEMIER

Tab.1 Basic traits of C. cathayensis
FHEREFEFR Basic traits ¥4 Data
5¢% Shell width /mm 30.57+£7.51
5¢# Shell height /mm 44.62+11.33
5¢ 0% Shell mouth width /mm 24.58+6.51
Fe07%5  Shell mouth height /mm 18.14+£3.95
1A Body weight /g 22.33+10.38

1.2 {KR|BELE

rhAR[R 82 B E A T 40 L BRI E R 1
Ji, REEHERFTE 26 C, HHEEYERFTE(6.940.1) mg/L.
WA (5] FH A2 BEAIL 1 A AR AU 38 20 R S0 R A,
HHIANELE, B10EKE 30 5, KA B2 .
WIEAE 1h Z M 6.9 mg/L TS 2.5 mg/L &4,
¥y 24 ho TEARESEFRIIN], ASEMERE, [lEEF] A
HQ30D AMEHER I E AL 1 h W E — KA i 4

B, N IR AR FRIA AN (6.920.1) mg/L, 24 h 5 51
A FRIBURE, 2 A48 15 K IR EA 1741 BEHL
s HmR), WA, BUF R4 207 RS Tl R
R, RIS 7E-80 CUKA HHIRAE 4 .

1.3 = RNA BJ32E

3 53] BRAVR S 4 Rk e 2 T 88 ) i O 2 2 (A
ATHFEALE 5 H 20 IR ZUTE 5, I Trizol
PARIBCE RNA T8 1% B 58 e i, DR 0 HC o 6
FIFHEEAN O R RN LSl B K e B . 5L RNA 1k
J¥>250 ng/uL, ODagg nm/OD2sgo nm I T 1.8~2.2 Z 1],
OD260 nn/OD230 i =2.0, fiff RNA JoR#ff . Toi5 4.

1.4 mRNA X EHEKXNF

FI ) £ (Qubit RNAVKE i £ : RNA, HiE R
## mRNA CEMA & MR & (Hieff NGS™)iit
M43, H Tris Buffer B2 8:fiER X HEHU A B RNA #5417
B mRNA & EMgifl, R E N ESCE, F
A Tllumina Hiseq™-F- & #4700 7, {4 FastQC “F &
XSRS EAT AT AL SR A, AR R S Rk R

15 HRAFINAERTE

W I A E5 s 4 A Trimmomatic 25 B IG5 5 B 22
TN PN reads H23k)P 5, IR 05 F
Trinity P43 clean data 15 2| BN AR PR K P
YI4E A unigene, BIZ % J#51(Grabherr et al, 2011),
4 unigene 4375 Blast+, NCBI, NR, GO. KEGG.
KOG %4 FE HEA T HE X3 o
16 ERRESW

% DESeq 43 Hr 2 5 3 ik 5 A (differentially
expressed genes, DEGs), #fiBEE{E4 Fold change>2
J Q-value<0.05, Q-value /[N, WIEH K EZEF
i I 3 (Anders et al, 2010), #EH DEGs #17 GO YJfig
FEB M KEGG &£/

1.7 EHWEHE= PCR 9T

YEHL 6 4~ DEGs #F 17 5C B 2¢O % 1 PCR
(RT-qPCR)EUIE, LAILIEH RNA-seq £ AR 4 g 25 5 3¢
R AT 4. R Primer 5.0 BB S MBI
(% 2), IAe A T A TR (R B A7 FR A 7)) 5E 15
WA s UG S50 £ (TaKaRa)y B A: 41 RNA(FE
AR H M ARBOT R L3RR cDNA, ZJ5L
cDNA Mk . B-actin NS FT RT-qPCR Kl
BAFER 3 WE A, R 274 D A A R A A
Xk,
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®2 PERBBEERRIAER RT-gPCR 447514
Tab.2 Primers used for the RT-qPCR analysis of differentially expressed genes in the C. cathayensis
Pri
Unigene ID FEH Gene 519 Primer

1F 7] Forward (5'~3")

S [n] Reverse (5'~3")

DN72529 ¢3 gl

TDN76189 c0 g5
TDN59468 c0 g4
TDN70295 c1 g2
TDN75616 c0 gl

TDN57666_c0_gl
TDN74463 ¢c0 gl

Beta-actin

Heat shock protein 70 B,
Heat shock protein beta-6
Chitinase-like protein 4

Collagen alpha-1(XIV) chain

Collagen alpha-4(VI) chain

CTGGAAGGTGGACAGAGAGG
ATTCGATACACCTCCCGCAC
GTCGCGAAGTACACTGACCA
TCCAGTGACCAGAACATGGC
CCAAGCAGTCTTGCGAATGG
ACGTAGACGTTCCCAAGCAG

Phospholipid phosphatase-related TATGAAGTGCCTGTGCGTGT

protein type 5

AAATCATCGCTCCACCAGAG
AGAAACTGAGCAGCAGCGAT
AATTAACGGTTCACGCCAGC
GTGCAGTCACAACCATACGC
AGGCTCTCAGTGTTGAAGGC

TTCGGATGATCTCGCTCGTG
ACTGTCACTGCGAGGTTCTG

2 HRE5HH

21

I Fr 25 R R B R A B

{#i ] Trimmomatic Zb¥ Illumina Hiseq™il| 515
B 1 UG B0HE (raw reads), BRI ES &N
reads 7, FIH Trinity 24X ris g dm b1 %e, 15
F] 500 584 45 55 7K (transcript) fl 232 379 4% unigenes,
7K 5 unigenes Y N50 2051 4 1 674 bp F11 127 bp.
AEBIES T W 3, unigenes KM WE 1, i
PRz Es LI s B P R s, T T

LLIIRELE BRI DEGs 43T
22 BEEEEERE

# unigenes 15 B 437 7E Swiss-Prot, GO, KOG,
Nr #l KEGG B PEFEAT P 91 U Je D Re T RE . A
232379 % unigenes 15E|VERE, 2EHE R

unigenes #§ i & o LR 4

Number
N

0

5 Nr BHAEIEE AT RIEYE SR, 26 636
2% unigenes 5 B FIFE A [R)YR , 5 rp A8 (5] R AH OC A
BAG BB (B 2) RGBS ik = i % (Aplysia

california, 6 470), FifiJ5 MK 2 % /L IR (Lottia
gigantea, 3 121). Yt MUKt 42 (Biomphalaria glabrate,

®3 HAERLERGT

Tab.3  Statistics of assembly results

Frol K LEBN LR S) S

Length range Transcript Unigene
=500 bp 222 895 79 176
=1 000 bp 128 141 37 541
BT Count 500 584 232 379
KA Max length /bp 36 115 36 115
H/MEE Min length /bp 201 201
K JE Mean length /bp 891.24 686.65
N50 1674 1127
N90 323 270
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% 4 Unigenes &4t
Tab.4 Statistics of unigenes annotated

TEREHE L iSp 396 [ER e
Annotated Number of Percentage
database unigenes 1%
Nr 26 636 11.46
GO 22 907 9.86
Swiss-Prot 20 061 8.63
KOG 13 290 5.72
KEGG 4179 1.8
411 Total 232379 100

3110). K74 15 (Crassostrea gigas, 2 976). F 1 Il
(Lingula anatine, 994) . X J§ i % (Octopus
bimaculoides, 967) . % {& Bk i I (Srongylocentrotus
purpuratus, 428). f%%(Exaiptasia pallida, 370). %%
M (Saccoglossus kowalevskii, 300) f1 XX B fi
(Branchiostoma floridae, 276) .
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ESEEEEESEEEZSEE, E
5555555555¢85585
s oEEsO R . 0)
§ S55EE EEESEss
P FEESESEsf isE
g CEE-555FF FE;
< 55 .-§§:gsﬁ s 85
SS8555 £ §5%
OCPags8 2 Gg¢
S3 V)SE
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m Aplysia californica (6407)
m Lottia gigantea (3121)
™ Biomphalaria glabrata (3110)
M Crassostrea gigas (2976)
™ Lingula anatina (994)

Octopus bimaculoides (967)
W Strongylocentrotus purpuratus (428)
W FExaiptasia pallida (370)
B Saccoglossus kowalevskii (300)
" Branchiostoma floridae (276)
= Other (7640)

K2 Nr[REY TR

Fig.2 Homologous species distribution of Nr

2.3 Unigenes By GO 4#f

$Fr A unigenes #£17 GO FEit#r, L4 22 907
2% unigenes 3 3|7F B¢, unigenes 7F/f¥)2#(biological
process) . 4 fifi2H 43 (cellular component) 143 F T fig
(molecular function) A 434, 43 3T R 1Y 5 R AL
HAr5I10 6737, 8759, 7411 4~(H 3).

422907
]
12291 g
o0
[
o
4229 5
g
423 24
KES nogg.‘w_g 55*'“05:15 _2
I
N U
SEEwSE§ O§b§3 S
5555 8% §55 ©
E§§§ Er 35
qfF £ 85
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Molecular function
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¥l 3 Unigenes i GO LjfE52K
Fig.3 Unigenes GO functional classification

2.4 Unigenes B KOG ThEES #7

XFFT A unigenes #£47 KOG TIREERE, A 13 290
%% unigenes 1H37ERE, H, 555 FHLH(signal
transduction mechanisms, 2 543)/& 8 KAYZEHE, 5
19.13%, HR &% 5k (transcription, 1 593) 12 FH i &4
VR EM . I8 (posttranslational modification,
protein turnover, chaperones, 1 270)45¢ ) unigenes
%2, %515 11.99%F1 9.56%, 1Mi 5 41 12 5l (cell motility,
2OMISCIIRESEA 5 AR, 8T 1% (151 4),

2.5 Unigenes B KEGG pathway 47

Y5 KEGG #dli e, ik — 20 A2 5] FH R T
unigenes #EATVERE, He45 4 179 2% unigenes 75 2|7 ¢,
O3 A T AR T (metabolism) . A HL & 4 (organismal
systems) . &5 BAL B (genetic information processing) .,
45 {5 B4k B (environmental information processing)
FNH A 5 F (cellular processes)ix 5 KIS (K 5).

26 ERRAEEAFIE
ilid DEseq #7227 8K M, WHE 2 5 fold
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FTn $eh A5 AR AR IE T Hh A 15 FE R U 2 S AL 2 20 A

A: RNA processing and modification
2500 B: Chromatin structure and dynamics

C: Energy production and conversion

D: Cell cycle control, cell division, chromosome partitioning

E: Amino acid transport and metabolism

F: Nucleotide transport and metabolism

G: Carbohydrate transport and metabolism
H: Coenzyme transport and metabolism
I: Lipid transport and metabolism
J: Translation, ribosomal structure and biogenesis

%43

2000
1500 - K: Transcription o .
L: Replication, recombination and repair
M: Cell wall/membrane/envelope biogenesis
N: Cell motility
O: Posttranslational modification, protein turnover, chaperones
P: Inorganic ion transport and metabolism
Q: Secondary metabolites biosynthesis, transport and catabolism
R: General function prediction only
S: Function unknown
T: Signal transduction mechanisms
U: Intracellular trafficking, secretion, and vesicular transport

1000
500
V: Defense mechanisms
W: Extracellular structures
Y: Nuclear structure
. Z: Cytoskeleton
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Fig.4 Column chart of KOG classification
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processes :
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change DL} Q-value=0.05 NifiikAnife, 256 3 YWCOFAT
BmRE R, 155 176 4> DEGs, flfh 64 4 LiEZREH I 1) %8 8 0 B2 A AR T 2 (glucosamine-containing
compound metabolic process, GO: 190107 1)F1Z FEAHE
i3 % %2 (amino sugar metabolic process, GO:
0006040)55 ; 74 i 2 1 I F2 B4 op T Ji It = B Ak
(collagen trimer, GO: 0005581)%%; 7E4rFIIhE I £

112 A FIREHE (A 6).
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« Up-regulated genes (64)
- Down-regulated genes (112)
15 Not differentially expressed genes
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—lg(Q-Value)

1 - 1 1
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log,(Fold change)

K6 A B 2ERRIKIEHG T K LLE
Fig.6  Volcano plot of DEGs in A and B groups
A REMHEY; B: XFHE4
A: Hypoxia group; B: Control group

i1 4 ¥ 45 & (carbohydrate derivative binding, GO:
0097367) . 4 Jifd F 3k [ 45 44 £ 43 (extracellular matrix
structural constituent, GO: 0005201) Fl A fi7 4= #) 25 &
(carbohydrate derivative binding, GO: 0097367)% (I 7).

GO:1901564: organonitrogen compound metabolic process -

2.8 DEGsH] KEGG pathway E &4

XPHAE R R DEGs #£17 KEGG pathway & 47
Br, HERBRERFEE T THERFE LM
(environmental information processing, 3). & f& {5 B4k
Fi(genetic information processing, 4). ftifif(metabolism, 6)
F1H:¥) 2 55 (organismal systems, 7)iX 4 K25 # (& 8).

TEIX BLE B P, {55 7 5 (signal transduction, 3) .
P& 7 5 B2 (folding sorting and degradation, 3)#/l
N3 2 45 (endocrine system, 4)f%) DEGs fix%, H.IK
B 5 A5 A8 (transport and catabolism, 1), 3%
(transcription, 1), 2 3EHR L1 (amino acid metabolism,
1), #AKALE YR (carbohydrate metabolism, 2), f§
AR (lipid metabolism, 1), #H B2 1L (nucleotide
metabolism, 1), ¥ #(aging, 1)HI4J%E & 4 (immune
system, 2), £ KEGG pathway 4 7 1~ DEGs ik &
L9, 134> DEGs ikt FH (R 5).

29 RT-qPCR Wif

R IR SR AR, EH 6 1~ DEGs #17
RT-qPCR %, #RIEHE 1 70B2 SHIRE T p-6
FEHRFEAKF R JLTEGEH 4 (chitinase-like

GO enrichment

GO:1901135: carbohydrate derivative metabolic process |- ®

GO:1901072: glucosamine-containing compound catabolic process
GO0:1901071: glucosamine-containing compound metabolic process - °

GO0:0097367: carbohydrate derivative binding |- ® Signi num
GO:0090171: chondrocyte morphogenesis e 10
GO:0060351: cartilage development involved in endochondral bone morphogenesis - e 20
GO0:0046348: amino sugar catabolic process - o 30
G0:0044421: extracellular region part |- ®
GO:0017144: drug metabolic process - e 40
GO:0016715 : oxidoreductase activity, acting on paired donors, with incorporation or reduction - .
GO:0008144: drug binding |- ® 0 value
GO:0008061: chitin binding - ° 1.00
GO:0006040: amino sugar metabolic process |- ° !
GO0:0006032: chitin catabolic process - 0.75
GO:0006030: chitin metabolic process |- ° £ 050
GO0:0006022: aminoglycan metabolic process °
GO0:0005615: extracellular space - ® 0.25
GO:0005581: collagen trimer )

GO0:0005576: extracellular region - ®

GO:0005507: copper ion binding -

GO0:0005201: extracellular matrix structural constituent

GO:0004568: chitinase activity |-

G0:0003433: chondrocyte development involved in endochondral bone morphogenesis |-
GO:0003429: growth plate cartilage chondrocyte morphogenesis -

GO0:0003422: growth plate cartilage morphogenesis |-

G0:0003418: growth plate cartilage chondrocyte differentiation

GO0:0003417: growth plate cartilage development |-

G0:0003414: chondrocyte morphogenesis involved in endochondral bone morphogenesis
G0:0003413: chondrocyte differentiation involved in endochondral bone morphogenesis |-

0 0.1 0.2
Rich factor

7 ARAECZH rp A B MR v 22 S RA R R 1Y GO ZhRE & £& 141
Fig.7 GO functional enrichment map of DEGs in liver of C. cathayensis under hypoxia group
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Fig.8 KEGG classification map of differentially expressed genes

REMAFR A SN A ERNT O, R OMERRR 25 RIBEE N M TERT 0L

The dark column represents the annotation of unigenes, and the light column represents the annotation of DEGs.

R5 ERFEEEM KEGG EELER
Tab.5 Enrichment results of KEGG of DEGs
1 A4 B 25 RIBHE KL T A4 PR 2 5 RIBHE KL
KEGG pathway Number of DEGs KEGG pathway Number of DEGs
{55 %5 Signal transduction 2 HfE A S Immune system 1
, SEHF A 1
Transport and catabolism
{55 %S Signal transduction 1
1

PrE A Mg
1

Folding sorting and degradation
HHEMCH Amino acid metabolism
2

T BoKAES PR
Down Carbohydrate metabolism
A Bifti Lipid metabolism
ZHEBRACH Nucleotide metabolism

A PrEHET R

Up Folding sorting and degradation
¥ Aging 1
;5% Transcription

W4 A& 4 Endocrine system

—_ W =

W4 A4 Endocrine system
% R4 Immune system

TARBIGERE AL AT AE R A T AEE(E 9).

protein 4). a-1 )78 FH(XIV)[collagen alpha-1 chain
(XIV)]. -4 JJFEH(XIV) ., 5-0 8 8 E A
(phosphatase-related protein type 5)FEFEFRXKFET

W G5 ER, HIR RT-gPCR &l RNA-seq ik
FEfERA T LI 2E , PR3 —3, hItiEi]

3 it
1 30 I PR T P A R R A | 4 R
SHIRNE L AT AR IR ML 45 o B SR A S 1
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Fig.9 Validation of DEGs in liver tissue of
C. cathayensis by RT-qPCR

F Y R AL R SRR F AT Re (s B, &3
[R5 5 L RVERAE AU 32 (Zheng et al, 2011), Z2E 45
SE(2022) 58 KB, AE H Wk LR D (Pinctada fucata
martensii) A [ & B W Be i skl h 28 T 12 M4 &
H HI ERH, BHAEA HI 2508 S RERE
HERKEER . B (2020)2k A Hllumina HiSeq-2500 43
FIXF 5 A A A I AL B 4H A K 22 6T (Scophthal mus
maximus) ' IE 4 2T SR ALY, 93] 68 525 4%
unigenes, #JAHENT T KSR GE AN LB I FE S5 2H B
o BB (Q011)7ER T RNA P A 1) 5 [RERFF
VLS Bk 4 1 S ] BB 7 B R R i o i R B, Bl
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Transcriptome Analysis of Liver Tissue of
Cipangopaludina cathayensis Under Hypoxic Stress

YIN Likun', HUANG Kai'”, YU Kai', SU Zhijian>, GUO Ruijie', YANG Xuhong', WU Yaoting'

(1. College of Animal Science and Technology, Guangxi University, Nanning 530004, China;
2. Decheng Market Supervision Administration, Dezhou 253011, China)

Abstract Cipangopaludina cathayensis is a snail species unique to China. Domestic research on
C. cathayensis has mainly focused on aquaculture technology, especially the paddy field breeding
method, where water quality plays a critical role in the cultivation of C. cathayensis. Dissolved
oxygen is one of the most important factors in the aquatic environment because it impacts a series of
biological activities such as the growth and development, metabolism, reproduction, and breeding of
aquatic animals. When the dissolution of oxygen in water is less than 2 mg/L, the water is in a low
oxygen or anoxic state. Hypoxia can slow the growth and development of aquatic animals, reduce
their disease resistance and reproductive ability, and, in serious cases, can lead to their death. In
recent years, research on C. cathayensis has mainly focused on the anti-tumor mechanism, immune
response, nutritional value evaluation, and antibiotic resistance. However, there is currently no report
on the regulation of response to hypoxia in C. cathayensis either domestically or internationally. The
purpose of this study was to explore the differential expression of genes in the liver of C. cathayensis
under hypoxic stress.

In this study, healthy C. cathayensis without mechanical damage were cultured in a hypoxia
stress group (2.5 mg/L) and a normoxia (control) group (6.9 mg/L), with 90 C. cathayensis in each
group and 3 replicates. For the low oxygen stress treatment, dissolved oxygen was decreased from
6.9 mg/L to 2.5 mg/L within 1 h and maintained for 24 h. The liver tissue was taken as the
experimental material in both the hypoxia stress group and normoxic group. The total RNA was
extracted and an mRNA library was constructed. The liver tissue samples of C. cathayensis from both
groups were sequenced and analyzed using an Illumina HiSeq-2500 technology platform, and
unigenes were compared and annotated in GO, KOG, Nr, and KEGG databases. The differentially
expressed genes were analyzed using DESeq. Bioinformatics analysis was performed on the function
of GO and KEGG of differentially expressed genes, and the key differentially expressed genes were
further validated by qPCR.

Transcriptome analysis results showed that 500 584 transcripts were assembled from the original
data and 23 379 unigenes were obtained by sequencing, with an average length of 686.65 bp and N50
of 1127 bp. Among the unigenes, 26 636 were found to be homologous to genes in the Nr protein
database. Additionally, 22 907 unigenes were annotated in the GO database, 13 290 in the KOG
database, and at least 4179 in the KEGG database. Compared with the control group, 176
differentially expressed genes were screened in the hypoxia stress group, among which 64 and 112
were up- and down-regulated, respectively. Further, GO functional enrichment analysis found that the
differential genes were mainly enriched in chitin metabolic and glucosamine-containing compound
metabolic processes in the biological process. Differential genes were also enriched in collagen trimer
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in the cellular component and chitin binding in the molecular function. The enrichment analysis
results of the KEGG pathway mainly focused on four pathway categories, namely environmental
information processing, genetic information processing, metabolism, and organismal systems. Finally,
the qPCR results of six key differentially expressed genes were obtained by RT-qPCR. Among the
up-regulated genes under hypoxic stress were the heat shock proteins 70B2 and beta-6, and the
down-regulated genes were chitinase-like protein 4, collagen alpha-1 chain (XIV), collagen alpha-4
chain (XIV), and phosphatase-related protein type 5, which confirmed the reliability of the
transcriptome sequencing results.

Studies have shown that, through transcriptome sequencing, the expression information of relevant
functional genes in C. cathayensis liver tissues under hypoxic stress can be obtained. Among them, the
expression of heat shock protein genes were up-regulated, indicating that hypoxic stress activated the
physiological activities of C. cathayensis to adapt to hypoxia and protected the body from hypoxic
damage. In addition, the down-regulated expression of related genes in the metabolic pathway indicates
that the growth of C. cathayensisis affected under hypoxic environments. In conclusion, the results of this
study provide basic data and a theoretical basis for the in-depth study of the regulatory mechanism of
C. cathayensis in response to hypoxic stress.

Key words Cipangopaludina cathayensis, Hypoxia; Transcriptome; Differentially expressed genes;
Heat shock protein



