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FEAIRFFRIRGERY BB . ASHIT 5 1 e A 0L AR
VAR AL PR, 0TS R AT S MR AR e (6
h) JE YR SRS (6 h) SER AL B, 7 H I £ 0
R FH P S PR 19 385 0 1 4 (3 BB A0, o HiAth
A AE SR AL A e v A A TR Y B B
ME%,

1 Me5I5k

1.1 XWHAea5SEFEE

Sy I B LA HE B A SR
A RN F A — R EF 7 B gh ), B
JIUF AR TCHI , K (16.93 £ 1.61) em, {£
it Ay (80.67 £4.67) g W #fainik & b
KD S R = AT 2 FE 5, ERLR
HI 1 JAREALZEERL 27 FEFHA 3 454 150 L
(SEE7KAA SN 100 L) B2 34
1.2 LIgit

FE 25 CAMF T EAT W00, W a2 75 H H
416 (50 ~ 70 g) R4 32 S50 7SR B AR
0.31 mg/L IR B4 %A 0. 26 mg/L, &
AR 0.17 mg/L, Y8 UL 45 -4
B SEBR M B (4 A5 A SRR O, e T A
0.5 mg/LAEAARAEUIE BE , IR AEUME 5 AUk
I ER 6 h,

S0 HAB TP, B RS EAEAE 3 A
SEERAR AT . E SRR E SEERHT , 58 BUH A
AU , B B 488 (7. 07 £0.39) mg/L, /K
A (25.37 £0.76) °C , 45 il CB. BlfS
AKHEA N, FEK I T RS 0.5 mg/L I,
P R AR A SR A R EOR B K T i A
FHIRENNE 6 h BFIFA TR AAIA 6 h 20 SE30HE &b
R, e A ) 7K Hh i %5 48R (0. 57 £0.16) mg/
L, 7KiA (25.65 £0.76) C, #4514 HB,
FRAR AN SIS U 45 3, 45 1L R AR A TR
RAESFEARE, FKPERATEFAE T mg/L
BF, A SR A YRR P A L R R
AR 6 h 5 HEATRE S EURE K A2 1 1) K )
A (7.21 £0.53) mg/L, KK (25.78 +
0.58)°C, K45 ic  RB, &4 SI I [R], &
10 min Wi 1 YK A S R K
1.3 HEF%

BRI 3 el fa, 1L 9 B, #H
BT y 300 mg/T 1) MS-222 % R
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BRI , 2 J5 B %) f0 40 B A vkl b 04T i ), B
T ARG I P U AR T S T IS A R
BT 2 mL 9 RNA-free 8 17, 28050 W R LR 5 i
EAE 80 COkKFIRAF AR IS SE2 308
1.4 2 RNA RER CEMEMERANF

M\ —80 CokAR FRIBUH B i , 7R 32 FiT BUA A AT
RN AT JSOR) R, 8 T Trizol 125 42 AL
RNA . iz JH B Bl 58 i i 9k (1% Bl g Bl ) A
NanoDrop 2000 XJ #2H 1) £ RNA #E17 58 44 ik
FEE NI E A6 J T 1 R AR T . AR LIU 2610
LW IEATIR G BT R T BRI AR TR) 22 57, A
SEHKE A AH 3 R B A iR 2 2URE S AT SF R
A, BT 1 pg RNA JIT cDNA SCEH
# K Mlumina P77 o A YRI5 H (14 SCHE 4 4
lumina U F7 ¥ 11 53¢ 75 A P FHECA R 7 58 A,
# ik F) N Truseq™ RNA sample prep Kit
(Mlumina, CA, USA); M F & 4t & llumina
Novaseq 6000, M FFAEH 2 x 150 bp,
1.5 HEERREERMEES T

ffi i RSEMI1. 3. 1 #% {4, % H TPM
(Transcripts Per Million) & EARrifE, Joi £ H K E
PEAT g — AL FERS I e R 2 — Ak, S8 — AN [ A
BB TR 18 $515 read counts 3 #iT FE A4S 22 8] fy 3k
225K IR OL, ] DEGseq 2 v. 1.24.0 %k
{11 4T read counts AR HE AL AL HHIF 7 1 22 5
FeiRF A ( Differentially expressed genes, DEGs ),
LI P<0.05 51 log,(FoldChange) | =1 /2R
FEWEE. Al GO(Gene ontology) B KEGG
(Kyoto encyclopedia of genes and genomes ) ' %
Bl R 25 S R GR BRI EAT DO RETE R,
Goatools v. 0. 6.5 H {7 F1 KOBAS v. 2.1 %%
fF " 2 ] Fisher K505 5%} DEGs 347 GO 2y
AT KEGG Pathway 1R 38 B AT 5 4553
Bro 24 P<0.05,I\ 0 2 R IKILHTE GO JifE
M KEGG Pathway {CHHl #4715 0.5 5

2 AR50

2.1 HRANFER

R 9 AN A J5T 4 7 5] 1) s 56 43 A R
JFihE, GC Sl 45.57% ~46.47% , 020 (I ek
1% 99% ) > 98.48% ~98. 63% , Q30 (Il J¥ v fff
% 99.9%) H 95. 34% ~ 95.70% , & Tt % Ky
0.023% ~0.024% , 0] LLitEA7 5 8200 AT S5 00F5% o
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FEXFZE RGN R 1 Frs . A S0 5% S 4l )
b B g | {4 & NCBI ( National

center for

biotechnology information) , {3 /15> SRP251334

*1 SHHEHEMAZR RNA-seq SLEFRIAF FIFEREF I Mgt
Tab.1 Statistical of the raw and clean sequencing of the RNA-seq library of

brain samples in Cyprinus carpio var. gingtianensis

BESAT BURRSD BRI REMOEE R 0205 0% GC it
Sample Raw reads Clean reads Clean bases Error rate/ % GC counts/%
CBI 57 597 620 57 159 916 8.56 0.024 98.54 95.47 46.11
CB2 56 316 102 55 891 100 8.37 0.024 98.56 95.50 46.13
CB3 50 752 324 50 335 104 7.54 0.024 98.51 95.37 45.99
HBI 53 682 682 53 266 598 7.99 0.024 98.48 95.34 45.99
HB2 54 650 272 54 271 296 8.13 0.024 98.60 95.62 46.27
HB3 53 655 478 53 285 136 7.99 0.024 98.56 95.50 46.44
RBI1 54 489 364 54 108 584 8.12 0.023 98.63 95.70 46.46
RB2 49 173 198 48 798 592 7.32 0.024 98.60 95.62 45.57
RB3 50 176 892 49 763 096 7.48 0.024 98.55 95.48 46.47

{E: CB1-CB3 S A 4110 3 A-FA7 e s it i, HB1-HB3 Sy {4t

SEATIRIR AR b

6 b ALY 3 A-FFT5 R ALFE S, RBI-RB3 5 5B 6 b ALY 3 1~

Notes : CB1-CB3 are the three parallel experimental group samples of the control group, HBI1-HB3 are the three parallel experimental groups of the
hypoxic 6 h group, and RB1-RB3 are the three parallel experimental group samples of the reoxygenation 6 h group.

2.2 HAREEERIEKFEXIHF

XTREA B AT A3 o3 #r , 2 BB AL AR
PCL & MR IRAL PEASHHRA, CB 4R AE—
i, HB 4R —f, RB 4R, WA
Wl Al 5E  FEAS SR A B, Al AT IR S A (]
1),

100 : CB
; HB

80 I A ¢ RB

60 - R

40

PC2(16. 10%)
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-50 -40 -30
PC1(32. 63%)
B1 EM7aH

Fig.1 Principal component analysis of RNA-seq
of 9 samples DEGs

2.3 ERFRIEEESH

%} HB vs CB 21 .RB vs HB 41/l RB vs CB 3
MR 1T DEGs 1, HB vs CB 2 i £
1094 4~ DEGs, Hirpr, FifZeik 730 4>, FiH R
ik 364 4~;RB vs HB 41 i vkt 2 288 4~ DEGs, }

o, FRIER Ik 803 A4S, FiZEik 1 485 4~;RB vs
CB i i} 201 4> DEGs, Hrpr, EiZRIA 80 4, T
FFIK 121 4K 2) .
2.4 DEGs i GO 1588 % KEGG Pathway E &
T

S e FHH fA N 2 U O N S RV AR
A it 7 v 22 S 3k 3k PR BT o0 B i) A A 45 )
DEGs #47 GO IhfeiE B4, K 3 DEGs 73 4ii T
Ay (BP) (U2 53 (CC) FI43 F-IIRE(MF) ,
H g £ 3 AW # I RER) DEGs $tH £, 18
HB vs CB 41 3= % DB % fi# 1 72 ( Glycolytic
process, GO : 0006096 ) . ATP F-4: ( ATP generation
from ADP, GO. 0006757 ). & 1k & & T &
( Oxidation-reduction process, GO ;0055114 ) | H 5%
742 (Immune system process, GO :0002376) F1
52 v ( Response to stimulus, GO ;0050896 ) 4% 1))
RERE; 7E RB vs HB 20 i 32 %2 L) e 2 B 3o P
(Immune system process, GO :0002376) . ADP {15}
1472 ( ADP metabolic process, GO:0046031) | A= 3
842 ( Circadian regulation of gene expression, GO :
0032922) 4 H it #24k ( Protein hydroxylation, GO ;
0018126 ) Flfifk /K At ¥ & )i ik #2 ( Carbohydrate
biosynthetic process, GO ;0016051 ) Z£ 3 el £ 7F
RB vs CB 2 o &£ % D) 4 J 97 f#t ( Circadian
rhythm, GO 0007623 ) | # 4 ifif i 72 ( Circadian
regulation of gene expression, GO :0005996 ) 1 DNA
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Fig.2 Statistics figure of DEGs among each comparison group

N T R R S R e T 2
FAR B LE W) # g, X DEGs #47 KEGG
pathway & #7347, & B HB vs CB 41 H1/f) DEGs
FH AR R S PR A5 S A B A, o
HIF-1 {5 5 @ # ( HIF-1 signaling pathway,
ko04066 ,44 ™) &4 DEGs 30185 £ , Bl i/ i
5 4 ( Glycolysis / Gluconeogenesis, ko00010, 21
AS), ROBE A 87 A & 72 (Fructose and
mannose metabolism,ko00051,16 -f~) ,NOD-like 5%
1R{Z 538 1% ( NOD-like receptor signaling pathway,
ko04621,22 A~) K 3 Ifil 41 Jitg 1 4% ( Hematopoietic
cell lineage , ko04640,11 ) 250 Bt A AR FEE
B AE RB vs HB 415, DEGs 3 % 4 78 5 Bk
FRBPFILIR & 58, 045 mTOR {5 5 i % (mTOR
signaling pathway, ko04150 ), VEGF g 5 1@ %
( VEGF signaling pathway, ko04370) , 58 fii H &%
AL ) & %2 ( Fructose and mannose metabolism ,
ko00051 ) Kz 7 M J5i 14 A& W Wi i@ % ( Protein
digestion and absorption, ko04974 ) %% ; 7 RB vs CB
o, s E T S A E B, HA A B AR
( Circadian rhythm, ko04710) 22 SV g 2, Ho4v il
P A D DEGs B4R (HIC B2 (& 4) .
2.5 A% EE PCR(RT-gPCR)IEiE RNA-
seq £5R

B UE RNA-seq A HER 1, FEALIEEL T hif-
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la(hypoxia inducible factor-1, {548 % R KR T) hk
o B ¥ B§ ). pdk3 ( pyruvate
dehydrogenase kinase isozyme 3, TN i 1% Jlid & FF 954
fift 5] T.fif 3) . pfka ( 6-phosphofructokinase , 6 # [ig
SRS ) | Idh (lactate dehydrogenase, 3 i Il &
[ ) Al vegf-a ( vascular endothelial growth factor A,
L N B2 A I ) 45 6 4> DEGs (HB vs CB 416
A~ 9 RB vs HB 41 :6 4~ T #) #47 RT-qPCR &
B, 459 2R, 76 HB vs CB 41 |34 DEGs
1 RB vs HB 240+ i DEGs [ RT-qPCR & & f
RNA-seq ik BARFAER L & ERYAR, HH E
TR, UEH] T RNA-seq 1Y 45 SR UER
AEE AT LA TSR SR 8 4B (1 5)

3 ihe

3.1 RNA-seq fllfF FrEiTfh

TE75 M A (BT ) 5% s A BIFTE A - R
eSS R A [F) e 3 2 B2 T e L YR f
FREE FHE , 5 2R A 3 T 1 911 B X0 ol S et 3
77 601 NEESRA, BT MKk PR IL 69 406 4~ £
AACHE P X 4 Tl AR [ A L IR B 4 BRI o
KM R R Je e g, JEARAT 173 570 4546 5%
Ao AR BCR 22 B A I Ak PR | FRAT Y A
Ja Py ) 5 £ 5 R A R AT P 51 T 20 B 1Y) A B
Xty 82.92% ~83.5% , X T HI AR

( hexokinase,
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PEEHREE Glycolytic process
ATPIRJFRADP ATP generation from ADP P
% —BERBEERIL. Nucleoside diphosphate phosphorylation
FEEFEEAL Protein hydroxylation -5X10°®
HERBHLRE Glucose metabolic process - 4X108
ADPAR SR ADP metabolic process
B4 Gluconeogenesis -3X10°®
CHECHEFE Hexose metabolic process L2X108

B — R UHE AR Ribonucleoside diphosphate metabolic process

TE % — BRI E Purine nucleoside diphosphate metabolic process

TS — BRI Purine ribonucleoside diphosphate metabolic process
MBI Nucleotide phosphorylation

BRI R Monosaccharide metabolic process ¥& Number

TR S RIEFE Hexose biosynthetic process ° 9
BEA YA RIZFE Monosaccharide biosynthetic process ® 22
R ERR{RAHE AR Nucleoside diphosphate metabolic process
ATPAE R ATP metabolic process ® 3
FMEFIEFE Oxidation—reduction process
BOKH AW EBGLRE Carbohydrate biosynthetic process o

BOKLEYMREIRE Carbohydrate catabolic process
-0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45
E#EE Rich factotr
(a) HB vs CBAFERRIARFCOEENT GO function enrichment analysis of DEGs in HB vs CB groups

HEBRAIERIE Circadian regulation of gene expression r

BACHHE Circadian rhythn | P
Fifidf2 Rhythmic process [ -0. 000 04
DNA%S &3 75 DNA-binding transcription factor activity | 10. 000 03
#E5AYiiEM: Transcription regulator activity |
#FHFE A Transcription factor complex | -0. 000 02
HMIEHS Biological regulation | 10. 000 01
HAWpAFiE 2 Regulation of biological process |
YHAIETIEFE Regulation of cellular process 0

155%% Signal transduction |
CX-CHaL A T52443% M C-X-C chemokine receptor activity |
JtfE#A Photoperiodism |

EAREEN Protein hydroxylation | ¥ & Number
F2s Neurofilament | e 8
R, DNABIRIL Regulation of transcription, DNA-templated |
RNAZEM)E RGEFE 4% Regulation of RNA biosynthetic process | ® 167
AR AL T35 Regulation of nucleic acid-templated transcription [ ® 32
LRI Response to abiotic stimulus
A Taxis ® 490

I RL Response to stimulus f
-0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

E4#EHE Rich factotr
(b) RB vs BBHHZERFAREFCOEENT GO function enrichment analysis of DEGs in RB vs HB groups

FFBER AR Circadian regulation of gene expression [ P
JtEH Photoperiodism | - 0. 00045
WENS55EH Hormonemediated signaling pathway | - 0.00040
N . - 0. 00035
ERT4E Circadian rhythm [ 0. 00030
%2 4k¥EM: Nuclear receptor activity | 3 0: 00025
FeAAeE %R A TiEM: Ligand-activated transcription factor activity | - 0. 00020

$ESHRML Response to radiation |

JEA YRR B Response to abiotic stimulus |
KEMBENS155EH Steroid hormone mediated signaling pathway |
KA-FARUEHSFEER Regulation of macromolecule metabolic process |-
#FEFH A4 Transcription factor complex |

DNAKE 545 A Sequence—specific DNA binding
KEBEEFEZAIEME Steroid hormone receptor activity |

DNA%BESR B Fi#5M: DNA-binding transcription factor activity [ H & Number
BEFAFITERE Transcription regulator activity | e 5
ATV E BOSFERH% Regulation of cellular macramolecule biosynthetic process | ® 13
KOTEYEBOIFEIE Regulation of macromolecule biosynthetic process | o 2
RNAAR AT I2F2 Regulation of RNA metabolic process |
YK FAEYIRIEIEFE Regulation of cellular biosynthetic process | . 30

JEHRI¥R M Response to light stimulus |
-1.00 -0.05 0 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40
EHEEE Rich factotr
(c) RB vs CBAHFZRRIEEFGOEENH GO function enrichment analysis of DEGs in RB vs CB groups

[l e AR —A~ GO — & H , B3R P A, B BT AR 3 = AR T 5 [ Pl B AR SR S R F 2
Ordinate represents the name of the GO term, the color of the circle represents P-adjust. The deeper the red color, the more reliable the

significant enrichment, and the larger the circle, the greater the number of enriched genes.

3 BUBRABEFREER GO BERAM(ERHARER20)

Fig.3 GO function enrichment analysis of DEGs in each comparison group ( top 20)
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SFIEP -1gP CI4FIEP -1gP
0 2 4 6 8 10 12 14 16 18 HEHE Nubor of gones
HIF-1{5 5@ HIF-1 signaling pathway —m |
E4HBU%E Renal cell carcinoma = |
BARHE/BERA Glycolysis/Gluconeogenesis [ ¢ ]

FELHAE 0B Central carbon metabolism in cancer
S H SRR Fructose and mannose metabolism
FERR I RAEACE-RAGESS 5B AGE-RAGE signaling pathway in diabetic complications
FER IR R {5588 Glucagon signaling pathway :l
ABAE@EE Pathways in cancer [ |
BRYIPIEER Graft-versus-host disease

WS HHAGT Insulin resistance [ |
BEERIRFEIRE Pentose phosphate pathway

F4+8%% Leishmaniasis :l
FRIBHHiS Rheumatoid arthritis [
TeAfIE 53 M4 Intestinal immne network for IgA production
HH%M Prion diseases
[ BB Type 1 diabetes mellitus
Chemokinefs 58 Chemokine signaling pathway :I
RNARF## RNA degradation I
FURIMTMEE Antigen processing and presentation
NOD#: 524445 538 NOD-like receptor signaling pathway ]
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

HEHE Number of genes
(a) HB vs CBHhERFIAEKEKECG pathway BT KBGG pathway enrichment analysis of DEGs in HB vs CB

BHIEP -1gP DUFIEP -1gP
0 1 2 3 4 5 6 7 8 9 WEFYE Number of genes
BBV Circadian thythm ] |
BRHH-R Circadian rhythmfly u_ |
'SFYHALRE Renal cell carcinoma = ]
HIF-1{5 5388 HIF-1 signaling pathway P ] |
FEAEMrP BRI Central carbon metabolism in cancer [ ]
JESEHEHT Insulin resistance -— |
JEAENERE Pathways in cancer >—-
B ILPE /5 588K Glucagon signaling pathway |
SBEAIH BRI Fructose and mennose metabolism = |
AGE-RAGEfSS8EB% AGE-RAGE signaling pathway in diabetic complications - ]
W.2(5 518 Chemokine signaling pathway m |

TNF{5 5i@# TNF signaling pathway

NODBESS 415 SiB% NOD-like receptor signaling pathway

nlORf% S5EH nlOR signaling pathway

SR T— AR RS AAEMER Cytokine-cytokine receptor interaction ||
BB Herpes simplex infection

FIH8% Leishmaniasis

BWHH Circadian entraimment | |

RV Influenza A :l

MEGEMATEL Anyotrophic lateral sclerosis(ALS)

0 10 20 30 40 50 60 70 80 90 100 110 120
HFEHE Number of genes
(b) RB vs HBH 2 R RIEHKKECG pathway EEENT KEGG pathway enrichment analysis of DEGs in RB vs HB

BRIEP -lgP O $FIEP -1gP
0 5 10 15 20 25 30 35  # EFE¥E Number of genes
BECHH# Ciroadian rhythm | /*
BACTiHR-RIR Circadian rhythmfly
BESHETEUSYL Herpes simplex virus 1 infection D
BRI Circadian entraimment :
FEAUEE TR Transcriptional misregulation in cancer ]
0 2 4 10 12 14 16 18 20 22 24 26

Elﬂﬁﬁ Number of genes
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Transcriptome analysis of brain tissue of juvenile Qingtian Paddy Field Carp
( Cyprinus carpio var. qingtianensis ) during acute changes in dissolved oxygen

LIU Tao"*?, QI Ming"*, GAO Yang'*”, LIU Qigen"*”

(1. National Experimental Teaching Demonstration Center of Fisheries Science, Shanghai Ocean University, Shanghai 201306,
China; 2. Research Center for Fish Nutrition and Environmental Ecology, Minisiry of Agriculture and Rural Affairs, Shanghai
Ocean University, Shanghai 201306, China; 3. Shanghai Aquaculture Engineering Technology Research Center, Shanghai
Ocean University, Shanghat 201306, China)

Abstract: In order to explore the adaptability of Cyprinus carpio var. gingtianensis ( Paddy Field Carp) to
acute dissolved oxygen changes in paddy fields, Our treatment conditions simulated the acute hypoxia and
reoxygenation environment according to the tolerance parameters of Cyprinus carpio var. qingtianensis and the
daily situation in the local paddy field water environment, and transcriptome analysis was conducted in brain
tissue samples from normal oxygen control group (CB groups), hypoxia stress 6 h group ( HB groups) and
reoxygenation group ( RB groups) by RNA-seq technology. The results showed that there were 1 094
differential genes in the library of the HB groups and the CB groups, of which 730 were up-regulated and 364
were down-regulated ; the comparison of the RB groups and the HB groups library revealed 2 288 differential
genes, of which 803 were up-regulated and 1 485 were down-regulated; the RB groups library revealed 201
differential genes, of which 80 were up-regulated and 121 were down-regulated compared with CB groups.
Further, GO and KEGG analysis indicated that acute oxygen changes were involved in multiple biological
pathways, mainly glycolysis/gluconeogenesis, HIF-1 signaling pathway, mTOR signaling pathway, VEGF
signaling pathway and insulin signaling pathway. Finally, 6 differential genes were verified in the glycolysis/
gluconeogenesis and related pathways by RT-qPCR experiments, which confirmed the reliability of the
transcriptome sequencing results. These results provided basic molecular biology information for studying the
physiological regulation mechanism of Cyprinus carpio var gingtianensis in the environment of acute changes in
dissolved oxygen.

Key words: Cyprinus carpio var. gqingtianensis; hypoxia; reoxygenation; transcriptome
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