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By s sk 0, b T WRIG kA S AL T
R F ik 1 S B AR DL S B AR - A T AR o i rh
(4TI HLH] o F 22 A% RNA-Seq 3R,
W5 T 8E(Cyprinus carpio) P AHT 6 THrBH
IncRNA FI mRNA FIKFHIE, B T ENTERIG
KE R e KRR . APl s j
TALEN S (X 4 5 57 R WF 5% 1 2 ¥ 7 65 (Cynog-
lossus semilaevis), KX IR dmrt] J2& FLHEME ] R E
M OCEEIE N, FRHE R Tk AR & & Aol
ST B EAE . FE IS T R
VAR AEBE D i (Danio rerio)d T3R5 (ZGA)
HRFRER, i DNA H AL | 425 FHB A Al
B/ MAESERL LR, IR T HX IR & ' M4
RETETE WA o 3 S 5 B SR oy P £ 25 R 10
=i 0B 5] W | I S35 -8 S B o L 2 N W e
PR T R AR AR (X RIS R A X
T s AR ) R A mOE S, RS SR A
BRAe/KG . KIR . W if A 55 22 0 T AR 5 T IR A7 78
W ES, MKA ST & T w4
1), 123077 O PRI s 2 A R 28 L)
GALARAEAEE N AL, PR fa s Y A R
B A A 22 R AR R AR T .

BRI B NSRRItk —, fEh
FE LA 5 258 0 E M WIME B L A 2600 ZAENY,
A 904 BY Py SR AR 1300 4E 224, H B AR
T H H f.(Cyprinus carpio var. gingtianensis)ix—
MVRE T R, LR AR DL R Sk R Sk A
FE R, 2R e M, R
AL 2 s D AL BB AN A 25 (il YO kol
e SRS YR A T A ok =21, o s
TR A5 25 98/ A FH 4Rl e A0 S B RIS 25 DA e
REmEMEEFEZITHE T EZENEM,
BN Ry 2 [ R R A Ml AT KRR 2L R e 1 i AR
XZ—.

IEARSE, 7 H A RIS 3 R R AR T H AR
HH PR T Al AL . BIFSE R B, M0 2R A = iR
51 e 3 o PR T 2 11 R PN B I 1 T
A A S 7, DA TR 1 AR A
AN ESAMT, W o R pe = A b A4l
BLR Z f L B R 3, et R K &FP, H

AXRHFIE BB AR R REH MR, X
FE— e AR 1 BRI T X0 AR 2 R i B oy AL il
RS, OB S F R AL E
LA D ELS TS T, I, REEE I E |
M £ L & 8 B B o T4 AL A E A 2
WHSERE X,

AT R G AP HROR, X HE 6 4
R T CHN B JF (TS .6 LT I(TS2).
IR (5 R W (TS3) . WIWE(TS4)., EALJS 12 h (TS5).
WEALSE 24 h (TS6)FEAT T 41 /BT o il 33 X AR By
B3 PR R A o R v e AR )~ A AR T, BT
T H AR R F W T IRELR, Sh et
A 238 WP IR B e A SR A U R
R FPBE B 45 B Fh AR 7 R A L AR R 2= ARl

1 MRS

1.1 XBRFERZHIINRE

WA T B J7 10 S AR Sk AR5 e
TFRER L, LR h#WiLmKT S H e S
IHESAOBHE A BRA R, SR AN T A1)
T A ARAF TN, Al AR PE AR R A
YI(HCG) 5 12 R BB 2 2 (LRH-A2) R
G AR, R 8 MEf 1000 TU/Kg
HCG+5 pg/kg LRH-A2, Hfifa 5 & k22, g
UREE oG, K 2 AE I B AR AR R AL . TER
77 B 28 32K ORI AL A [a) 4 A H7 A3 AxioCam £
HL(Zeiss, Jena, 75 E)FBEAE B BX51 B (H
AREHE)PEAT AL, 5 0.5 h W | WZAEIWET
oL, EREE (TS, 6 N7 A(TS2), IREER
HI(TS3). PIE(TS4). W#fL)5 12 h (TSS). MHfk)E
24 h (TS6) 6 M F WA K Kk F B Beb e Al 4 .
R T 18 MFEAS, Hi 9 MEARTEMNE &
BB, 9 MEAREY R T EB, AR E B
i 3AEE M HBERR EL 22 v K (PBS) Mk T fy
FESL, SRIGSLEDRE T RNAlater 37 (Ambion,
Thermo Fisher Scientific, Waltham, MA, 3E[E)Hr,
IFTE-80 CTRR, HBITEI S % P2 RNA,
1.2 RNA 2EUF0 cDNA X EMZEIDNF

PLUHHE Trizol 3 #2HUE RNA, F A Nanodrop
2000 Xf 4 RNA [k B2 Faf B gE1 A I, Behe
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BRRE IS L VKR RNA 528 M, Agilent 2100 5
RIN {8 o #4200 5 SCE AU F /& 5 6 ) RNA BEAR
(0D260/280=1.9, 0OD260/230=1.5, RIN=8.0),
SR PENE, RNA 3560 cDNA, 1E Illumina
Novaseq6000 V-5 5, A U5 (Y SC 7 2
FIN Y el v 26 S A R A PR Bl 5E .
1.3 FEREELESF 3T

1E Illumina Novaseq6000 - £5 % Hi 751 A4 1]
G155, 4 CASAV A BlFEIH G 4 Ry SUAKL
P, DL FASTQ #& X Gk A i b £ di (raw  reads).
i FH SeqPrep #1 Sickle /4 M raw reads H =Bk 7
GV it (3% V(PR 0T o (BT = (/N T 20) A Bk A
NEHRIEL) ) reads, &5+ adapter M i E (& 5T
JE K E/NT 30 bp W5, 3845 clean reads, s
Ja1T5 clean reads FU45 %% . Q20. Q30 il GC &
o LLTEO I BT 6 o B B4R S Y DR ah £, BD
clean data (reads), f# F} HISAT v.2.1.0 5 2014 4F
N AT Y PR 2 5 B2 (Cyprinus  carpio, GCF_
000951615.1 https://www.ncbi.nlm.nih.gov/ assembly/
GCF_0009516 15.1/) # 17 Lt X% 38 15 Lo X 5 %71
(mapped reads), AT IIREIEES T L&
Z NCBI ¥ % .
14 BRAALSIR

IR 2% F P, i Stringtie
v.2.1.2 FAHG A5 1Y mapped reads AT PFEE, I
L 25 G AR (Unigene) 3R 15 1 5% S AN P 91 5
NR. GO, Swiss-Prot, Pfam, COG Fl1 KEGG %{
6 ROAIEAG PE AT L X, {f ] BLAST+
v.2.9.0 X B 24 B AY L SR AT RS
1.5 ERERAREMELESN

A RESM v.1.3.3 ¥4+ 9 TPM (Transcripts

Per Million Reads) & & nifE (B H Bk AT
B S AR B L BB T e S AR 3R 3K 7K F- . DEseq2
v.1.10.1 A] LL3d 3 — I 4 oo R - #1475 — 1k, H
TR =20 ORI R TR 25 R RIA M GEITHTHA
A, @t BH — 2R IEEX PEHBITRIE, 13
FMEEMWN P H. RIFEEH P<0.05 H
lloga(foldchange)| =2 125 55 ik % Sk A (DETs).
S 5f#E FH Goatools v.0.6.5 Fll KOBAS v.2.1.1 X
DETs #E74MEKF- 1) GO & fl KEGG &
£ 8T, P<0.05 2 B35 1 GO TIRE A KEGG i i .
1.6 BFEERSWH

fifi F MaSigPro 4317 5 1% 75 FH H £ 6 1~ L 44
KRB WA AT P 22 5 00 B, B AR AR5 1 R] Y
DETs AR #E helust B LR,
1.7 qPCR &3#f

FATM TS, TS2. TS3 1 TS4 4 EEHL S
T 7 DEGs #17 RT-qPCR $ilF, DIPEALHE 420
W25 R ERPE . R4 AEY mRNA P31, fiiH
Primer Premier v.6.0 %11 DEGs 5|¥) . N T % — A~
[f]4H DEGs FH: 235K, #5817 p-actin 1E N
WS, MRE SR 28 % it PCR Y (ABI 7300,
FEHM LB R, ffiH 20 pL # W [16.4 uL
ChamQ SYBR Colour qPCR Master Mix(2x%) .
0.8 uL 51#)(5 pmol/L)A1 2 L #i#(cDNA)], PCR
RN AR : 95 °C 5 min, SRJG AT 40 MG
95°C 5s. 55 C 30 sf172 C 30 s, iR
Ct(2 ™) {5 S i 3 7 41 ) f) AR X 2 15 &
RT-qPCR L5547 T 3 WA ERE M 3 WHARE
%, J| GraphPad Prism 8.0 Z3#F RT-qPCR Fil
RNA-seq HEK 2 R RIXMEER, IEHEIE BR
S 51PN 1 iR,

x1 EIMEHXEE PCRETASIMFT

Tab 1 Primers used for real-time polymerase chain reactions (RT-PCR)

51945 % Em ST H(5'-3") K51 YT 51(5'-3")
primer name forword primer sequences(5'—3") reverse primer sequences(5'—3")
Rho TTCAGTACATCCAGCGAGT AACAAAGCCAGTATAAGGAGT
IGF1 CGTGGATGAATGCTGCTT GGACTGTCTGTGTGCCGTT
Tpm2 TCTCACAGCACACTAAGCTC TTAATGTACTGCTGGCTTCG
sox17 CCATAACCACCAAGAGCACCA ATTAAACTGTGTATTGCCGGAA
Pax6 GAAGAGCAAAATGGAGGAGG AGGATACTGGCGTTGTGGG
Wnt8a CCTATATTATGGCTTTCTCGTTC TGATCTAATGTCGATAACGGAA
nanog CTCCACAAACGCCCTTCT GCATTGCTGCCATCACG
P-actin CTCTGTCTGGATCGGAGGTT GACGATGGATGGTCCAGACT
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2 HRE5HH

2.1 HRANFHENREITEM.

f  Illumina Novaseq6000 il ¢ 5 X} M
Hfar 6 NFINE T B (AR 3 ~EE)H
#T 18 4~ cDNA SCEESEATHIE )T 5 LR 153
866716564 > raw reads (130.87 Gb), iU J5 k1S
824820314 1~ clean reads (122.00 Gb), X} 18 ~#¢
i O A3 AT S, BT AR AR T IO 1) I e T 3
FER RN 0.0255%~0.0269%, GC & & X ] Ky
47.01%~49.84%, HAEMIRET R Q20 HH{HY
AT 97.22%, BHEETTRE Q30 EHA/NT
92.64% (3% 2).

B4 S5 1) clean reads 5 #1524 i 47 17 51
FEXT, 18 ANFEA YT 51 S L X % (total mapped) Ay
79.38%~80.41%. f#iF] Stringtie v.2.1.2 FK{K5 3K
731 mapping reads Z1%¢ % 143836 AR PFHERE kA
(unigenes), HHKEE KT 1800 bp AYELH K 52973

(2915 36.83%), KEFE 1001~1800 bp RIELH K
39207 5(29 15 27.26%), KEEFE 201~1000 bp Y%L
H K 49314 %(2115 34.28%), KE/NT 200 bp 1Y
BOH N 2342 (25 1.63%) (K 1),
22 ERREERESH

FEABEFE H, X AH &R B 3 R 17 R 22 57 e A
(TS2vsTS1. TS3vsTS2. TS4vsTS3. TS5vsTS4.
TS6vsTSS)( FMEE K T 2, P <0.05 Hllog,
(foldchange)|=2), —3L & 31153 =R Kikkk
SEAN(DETs), HiAfE TS2vsTS1 AL 10472 4
DETs, 5458 /> DETs ik [, 5014 > DETs ik
TE; TS3vsTS2 ZH &P 6845 4~ DETs, 4689 />
DETs #* ik F i, 2156 4~ DETs ik F i ;
TS4vsTS3 41 % B 11767 4~ DETs, 7968 > DETs &
ik L, 3799 > DETs #ik T 1; TS5vsTS4 41 % 3
1000 /> DETs, 473 31k DETs i, 527 4~ DETs
KK T H; TS6vsTSS5 2H & 3 1069 > DETs, 481 >
DETs k4, 588 4~ DETs FiH(E 2. K 3).

* 2 TS HHS RNA-seq XERBFIMRERINNSEIT

Tab. 2 Statistics of raw and clean sequence from the RNA-seq library of

Qingtian field paddy fish, Cyprinus carpio var. qingtianensis

FRdh 4155 Sl 35 LRcigd Error rate/% Q20/% Q30/% GC /%

sample raw reads clean reads

TS6_3 45046814 42642062 0.0261 97.48 93.22 48.68
TS6_2 54403106 51614148 0.0261 97.51 93.19 49.56
TS6_1 57161962 55194182 0.0259 97.62 93.47 49.30
TS5 3 52347706 50096192 0.0265 97.38 92.92 49.84
TS5 2 42303700 40771700 0.026 97.55 93.3 48.83
TS5_1 47511352 45406268 0.0259 97.59 93.41 49.72
TS4_ 3 47278750 45028486 0.0264 97.4 92.98 49.91
TS4_ 2 54208490 51791518 0.0268 97.26 92.65 49.74
TS4_ 1 51790544 49685090 0.0263 97.46 93.09 49.26
TS3_3 42326574 40489944 0.0261 97.52 93.2 49.29
TS3_ 2 46485862 44469406 0.0263 97.46 93.09 49.25
TS3_ 1 48126842 46051180 0.0265 97.36 92.84 49.40
TS2 3 45595368 42401548 0.0266 97.33 92.86 47.93
TS2 2 42700158 40654000 0.0269 97.2 92.51 49.11
TS2_ 1 46969232 44623044 0.0255 917.75 93.74 48.60
TS1_3 45723410 42898938 0.0261 97.5 93.29 48.00
TS1_2 49592546 47055640 0.0264 97.4 92.99 47.85
TS1_1 47144148 43946968 0.0268 97.22 92.64 47.01
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Fig. 2 Statistical data histogram of differentially
expressed transcripts comparison groups

23 GO EBENH

TEABISE R, % DETs #EfT GO MIfE® 4
Wro 458 &M, TS2vsTS1 20 T4 DETs 43514
714 4>, 460 DM E RN AEY IR, B
FEANMEEEE KA . bR - 3324
WEPERLZEE, THNEZH DNA PRI
P . IREIE AL . DRATE B %, TS3vsTS2 41+
R DETs 43504 687 4. 637 M & B 4N
e R, BIEHE EEAE PR R . R
B AR R L AL S AR S, TR
T 2 A IR b R A0 T/ I
(ST . M54, TS4vsTS3 40 T4 DETs
A 858 A4 812 MR i E W AR M A YR,

P E RN AR, DR R A
HZ5G X ERI I RN BT AR et 4, T
el ) 3 A N RS VR | IR IS R AT A
JO Tty 0 M A 2R ) R TS6wsTSS b i Al R
DETs 4354 62 1. 126 MR & & E WY
R, B EBEAXOCRE A RN OGRS T
PR AN RESER, T FEA R
IRIEE AL G . X EEAR RN . XTI S, 3
o 2 BRAE AR ) B BRI R R R
WRIR, fE—EBE L T FHEAaRDLE
(K 4. Bl 5),

24 KEGG B&£4#

ALY DETs 78 TS2vsTS1 Al TS4vsTS3 H1ik
B, TS2 Al TS4 J2 & B if B rh ik s 1 A2 f iy
SREETT AN, TS2 W MR AL Al Sr, TS4 3 K
MM 2B, BRSO . TS5vsTS4 Ml
TS6vsTSS BB LR E R /N, #17 KEGG
Pathway & 08T, 458 BR, TS2vsTS1 H [
) DETs A 45 M4 o 2% s 4L 0 fChaE %, 24
ECM-2Z {41 5 AF FH (ECM-receptor interaction) . 2
5 7 B FI U (protein digestion and absorption)
#hi % B (focal adhesion). HUARARE R (5 5 W



%5 6 3]

B fgE: 5 AR R TR R A

771

GO AiE GO term
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Fig. 3 Volcano Plot showing statistical data of differentially expressed transcripts in each comparison group
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(f¥2% to be continued)
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(il 4 Fig. 4 continued)

TS6 vs TS5up
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Fig.4 Top 20 of GO enrichment analysis of up-regulated differentially expressed transcripts in each comparison group

TS2 vs TS1down TS3 vs TS2down
regulation of DNA methylation . pattern specification process [ .
formation of primary germ layer ° regionalization Padjust
egg coat formation Padiust 1 structure 1 - ® 8.00e—22
binding of sperm to zona pellucida J multicellular organismal process - @ 6.00e-22
endoderm formation ° developmental process - @ ;‘%egg
respiratory electron transport chain ) 3.07e4 RNA-DNA hybrid ribonuclease activity -~ 0'00;0
cell-cell recognition ] hindbrain development - )
E sperm-egg recognition ® epithelium development - . number
lation of lational initiati ° endorit lease activity, p 5'-phosph - . . %%5
8 maturation of SSU-rRNA fromtricistronic rRNA transcript (SSU-IR... ° number embryonic organ development o : 269
o mRNA cis splicin‘gf&(lia spliceosome LI %8 g blisk or mai of monopolar cell polarity |- @3% °
% of RNA local (4 ®29 Q establishment of apical/basal cell polarity .
8 RNA transport | @ e» |2 blishment of epithelial cell apical/basal polarity |- .
nucleic acid transport () = establishment of monopolar cell polarity |- .
anterior/posterior axis specification ° EN polarized epithelial cell differentiation .
Ul12-type spliceosomal complex e 8 ical h is - @
respiratory chain complex ° regulation of embryonic development |- °
precatalytic spliceosome ° animal organ morphogenesis |- ]
catalytic step 2 spliceosome [ ] DNA-binding transcription factor activity - @
spliceosomal snRNP complex . @ endonuclease activity, active with cither | | o
ribo- or deoxyribonucleic aci...
0.08 0.12 0.16 0.20 0.24 0.28 0.32 0 01 02 03 04 05
BHPF rich factor B4R T rich factor
TS4 vs TS3down TS5 vs TS4down
DNA metabolic process ® metalloendopeptidase activity .
endonuclease activity . Padjust metallopeptidase activity - .
1 structure devel ) 4.00e-14 endopeptidase activity - o Padjust
mitotic cell cycle process O 3.00e-14 catalytic activity, acting on a protein - o 3.00e-1
DNA replication . 2.00e-14 cell migration involved in gastrulation - . 2.50e-1
endoribonuclease activity ° 1.00e-14 zinc fon binding e 2.00e-1
£ RNA-DNA hybrid ribonuclease activity . 000e+0 | g binding - ® 1501
° carboxylic acid binding ° 3 peptidase activity, acting on L-amino acid peptides - o 5.00e-2
number y L .
<] nucleus () .17 8 peptidase activity |- o %eOrOHO
#z  endonuclease activity, active with either tibo- or deoxyribonucleic aci... . ® 204 e ameboidal-type cell migration . numl
% cell cycle process . @ 392 Z transition metal ion binding |- e ()
o) organic acid binding . @ 585 5 molecular_function - @ o108
© 'de novo' IMP biosynthetic process . <] heterocyclic compound binding - @ ° g;i
multicellular organismal process ) protein serine/threonine kinase activity - o
tissue development ° organic cyclic compound binding - @
cellular response to DNA damage stimulus . protein kinase activity - ©
DNA replication initiation . alpha-(1->6)-fucosyltransferase activity .
endorit lease activity, p ing 5'-phospk . glycoprotein 6-alpha-L- i activity .
epithelium development . lysozyme activity | .
somite devel | L ) | | | lation of synaptic vesicle cycle |- L. L
0 01 02 03 04 05 06 —0.02 0.04 0.10 0.16
BHBEF rich factor 56 vs TS5down B ALK T rich factor
protein folding [ D
heat shock protein binding - .
unfolded protein binding |- .
chaperone-mediated protein folding |- °
Hsp90 protein binding - .
hap factor-dependent protein refolding |- . Padjust
'de novo' posttranslational protein folding |- . 2.00e-7
E ‘de novo' protein folding . 1.50e-7
DNA photolyase activity |- . 1.00e~7
8 cellular response to unfolded protein |- . 3%;%
i protein folding chaperone |- . -
%® protein refolding |- . number
8 response to unfolded protein |- o *5
A 31
o i el ° @ 331
cellular response to topologically incorrect protein |- .
chaperone binding - .
misfolded protein binding |- .
response to abiotic stimulus |- o
P to topologically i protein |- L ® 1 1 1
0.1 0.1 0.3 0.5 0.7 0.9
B4 HT Rich factor

K 5

2 LU T I 22 5 3R IB e AR ) GO TIRER 4220 # Top 20

Fig. 5 Top 20 of GO enrichment analysis of down-regulated differentially expressed transcripts in each comparison group
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Fig. 6 The top 20 metabolic pathways in KEGG enrichment analysis of up-regulated differential
expression transcripts in TS2vsTS1 group
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Fig. 8 The top 20 metabolic pathways in KEGG enrichment analysis of up-regulated
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Fig. 9 The top 20 metabolic pathways in KEGG enrichment analysis of down-regulated

differential expression transcripts in TS3vsTS2 group
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Fig. 10 The top 20 metabolic pathways in KEGG enrichment analysis of up-regulated
differential expression transcripts in TS4vsTS3 group
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Fig. 12 The top 20 metabolic pathways in KEGG enrichment analysis of up-regulated
differential expression transcripts in TS5vsTS4 group
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Abstract: Cyprinus carpio var. gingtianensis, commonly known as the Qingtian paddy field carp, is a key species
in the Qingtian rice-fish co-culture system. However, the early developmental process has not been sufficiently
studied, limiting a comprehensive understanding of its biological mechanisms. In this study, transcriptome
sequencing was used to analyze the gene expression dynamics at six key developmental stages: gastrula (TS1),
6-somite (TS2), eye pigmentation (TS3), hatching (TS4), 12 h post-hatching (TS5), and 24 h post-hatching (TS6).
In total, 31153 differentially expressed transcripts (DETs) were identified. GO and KEGG enrichment analyses
revealed that differentially expressed genes (DEGs) in the TS2vsTS1 stage were mainly enriched in nucleic acid
metabolism and cell cycle-related pathways, indicating active cell proliferation during the transition from the
blastula stage to somite formation. In TS3vsTS2, upregulated genes were significantly involved in skeletal muscle
development and aerobic metabolic processes, suggesting the establishment of muscular and energy metabolism
systems. In TS4vsTS3, pathways related to cardiac muscle contraction, neural development, and sensory functions
were prominently activated, reflecting functional maturation from organ formation to the pre-hatching stage. The
number of DEGs in TS5vsTS4 and TS6vsTSS was relatively low, mainly involving stress responses and immune
functions, indicating a shift toward environmental adaptation after hatching. These results indicated that C. carpio
var. gingtianensis follows a "framework first, acceleration later" developmental strategy, in which maternal factors
continue to regulate embryonic development even after zygotic genome activation (ZGA). In terms of energy
metabolism, Qingtian paddy field carp adapted to the hypoxic rice field environment by downregulating oxidative
phosphorylation (OXPHOS) and activating the HIF-1 signaling pathway. Additionally, 16 transcripts related to
hatching enzyme (HCE) expression were identified in cluster 6, with all but one annotated as hcel and hce2,
suggesting that hatching in the Qingtian paddy field carp is primarily mediated by HCE activity. This study
provides new molecular insights into the early developmental regulation of C. carpio var. gingtianensis revealed
its unique adaptations to the rice-fish ecosystem and lays a foundation for further investigation into its regulatory
mechanisms.
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