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Abstract

In order to explore the differences between the Takifugu obscurus and Takifugu rubripes, we
compared the results of the transcription level in the two fish swim bladders (TOSB vs TRSB) via
transcriptome sequencing technology (RNA-Seq) and bioinformatics analysis. In the present study,
p-adj < 0.05 & [log2foldchange| = 1 were set as the threshold for screening differentially expressed
genes (DEGs). Results showed that a total of 4062 genes were identified as DEGs in the two Orien-
tal pufferfish, including 2282 up-regulated DEGs and 1780 down-regulated DEGs. In addition, GO
and KEGG enrichment analysis revealed that the terms or pathways related to signaling and hear-
ing were significantly enriched. Studies have shown that the two puffer fish were significantly dif-
ferent in signal transduction and hearing function, which may be related to differences in their
living environments. In conclusion, our study offered data supporting for the follow-up research of
T. obscurus and T. rubripes, as well as providing a reference for the study of swim bladder tissues
in other fish species.
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1. 518

AR AR — T, AT REA, EEENT, 2 FERESM A REL
PRI B B8, 30 42 B TG 5 R R 2 3 1) 558 48 40 Dy P 2K (physoclistous) ATHE %% (physostomes)
[1]. 7EZ5M b, SERBm P EEA R, SMEONIEIEIIRE E AR R E, N A4 E . PIg R
LR XS R A AT SR AR TE SR I S IR SRS B, TR
Az J s T WSS Ak 22 7 T A% BB I [2] [3]. Zheng 55 A [ATHR A DE S £ 65 10 % s 4L T 5 3% ) 6 208
o F R HSIRA LR EThRE . thAh, AR TR BB S £ (R A 55 B A SRR, 1S U
FF 35 /1[5]. Pelster 25 A [61HF 7t A B 23 3k 8 35 A< AR 20 3 5 EE W AT B g IR A ) K i 2
1M 2 W, AR SRR A /N K IR R 3 EAAAEIR RINZE S, X AT A& 2 MARAT MU TR PR I 5
ey Ty 7 AR PR S A o BRI AME S B — s s SRR TR BORT 78 St 5 I P S R 2N T i O
MELERNERL—, HKE RS PEAFHAIETECERTY, B A o LA 18 BR K T i A
MUREE S 1 77 =X Bh 0 ) 1E % 78 <[ 7] [8]

T, R0y il (Takifugu) LS SEFR, 3¢ )8 T .49 (Osteichthyes), filifZ H (Tetraodontiformes),
fili V. § (Tetraodontidei), fifif}(Tetraodontidae), FE54n T HA ., B A EITHE, W AR
%77 fili(Takifugu obscurus). ZL4%& 7% J7fifi(Takifugu rubripes). 2% %< Jjfifi(Takifugu flavidus). B %< g fidi
(Takifugu pseudommus) 45, H o i S0 2R 7 it FH 2148 7 77 fifi 43 7)o v 1) B 07 A A J7 0O S S v BAE 97
TN H I He e K R [9]. WF 06 WA 41068 2R 7 finll 5 S S0 AR T i SR 2ok RT3 ), L3R R4 B AT
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FH F

M TR SURTT SR FE[10]. SRTAEREZ, BARENRCRERA 0%, ERAEFREE KA.
ZLBE ARy i iR A R, TG SR Ty Bl LM R 2k, AF4F 10 AIRE T RS 18°C A HE
KALH N il BRI N RIRIEF AAE, & NIRAER PR PR A [11] . XSREFR (12155 0T 70 A I 2 Wk i
R TR AN TCNL B 18 B (KA R B K B SUAR 75 i 5 i 5 AR 20 468 45 i vk 22 7 () S B R 3R s Gao
SE[IBTESE 1 b Ml I S0 2R J S M A1 1 B 2R 7 S 155 7 S ) 2% S8 i AH EE IS SOUR T il BA 8 25 AR AL 3
Wang SF[TATHESE 1 P AR A< T il Bz S5k B B Ay Je I a1 T DAA'E D i Ll ) SR8 5 J B AR P AT B AR
LAE Y, SRR AR DS A DAt T, SR T R AT S a2 S SR, il
T SOR R A 5 AT AT DUR BUAN[R] 48 28 1) 30 3 > BEAL I AN R B0 a5 4, RAEA R DhRE, XU RS
PRl 0 S A AP IR B ) 2 S T 7 Al SRR AL . IS AAE SRR R V) HAE I 22 57 B RIS SR J5 i 5 40
8 237 B B2 18] S TR R], SRS AR DI RE LIS, [HARATIRTT.

H1 b, FRATIA ] RNA-Seq BEARNS G AL 2R 5 fili M2 668 A< T Sl O SR 30 AT 1 PRI AR AR 2 S RIS L R 3 A
PR ST KPR LR TT T AR AT B A B2 18] (R D REZ2 5, RN 22 572 AT g 55 PR 2 7 B AE AN /) A
IBET PR IE BVE AT K o [ ASHIE 0t ] Dy Hofth A= M) BE2 SRR B FEdi {4t 225 2k i

2. 5 HZE
2.1. HmALTE

PRI R T ORI R A R 5 R FH 25 51 2

{8 R A I SR T i (30 J2) FZL B ZR 7 il (30 ) 43 il ok I VL 95 i 4R B A A B A W) AR & 4 /K™
HIRAF, ALURAERTS AT AAT T — FRYIME IR, JFIERAERT 24 /NS 1R . SR )5 LARS
SR T A (TOSB) s i 2H, 416 7= 77 il f 25 (TRSB) A FR4H , R4 5 BEMLIEER 12 FE £, F 80 mg/L
W ) = BR] F R £k (M S-222, Sigma, Redmond, WA, USA) BRIt 5 i3], BUEEA 218 T b ok v
%, —80°CHETF.

2.2. XPEEHIESHREMF

K H TRIzol 5f(Invitrogen, California, CA, USA) \EEANFE it PR HLE RNA, FRIGAF 4 2% £ 1620 21
14 RNA SRR A N — 4. (#2466 tH(IMPLEN, California, CA, USA)KLTI RNA 4%, Jifd H
Agilent 2100 4417 #r1X (Agilent Technologies, Santa Clara, CA, USA)FS TGl RNA 7e 81 . & M 24 4
R 2 T 6 NIF SR, 3l 3 AMIESUR T i (TOSB1. TOSB2, TOSB3)Al 3 /ML R
JrtfiZd (TRSB1. TRSB2. TRSB3). #¢/miEid Illumina Novaseq 6000 (Illumina,San Diego, CA, USA)#E47 %
Ui (PE) -

2.3. HREAHIELIE

K H FastQC X JF 4 ¥ i #:47 4%, Trimomatic v0.38 # F T i 3 51 W%k . ploy-N FIMIK R &k
iy B (reads), MM 34T T4 1)1 B (clean reads), Fr A Tl 7> Ml fe 5 T 5 & [ clean reads #E47 .
AR, M3 [ [ 5% A 4 R A5 B bty (National Center for Biotechnology Information, NCBI) & #7531 1 41,6
2R J7 i ) 225 i K 4H (FTakRub1.2, www.ncbi.nlm.nih.gov/genome/63) . 28 J& 1 FH] Hisat2v2.1.0 #4355 clean
reads LUX} RS BN 4 [, F@ it SAMtools v1.7 #E47HEF 25 H, 1 HTSeq v0.11.2 Giit Ly &N %
Kl L) read counts. )5 %/ R il 5 DESeq2 v3.10 #4722 Fik R 041, FHLL padj < 005 &
log,foldchange| > 1 1 Jyiiiidk % 5 F A F: X (Differentially expressed genes, DEGs) ) RI{H . i#id R &S
pheatmap v1.0.12 2l 25 5 3L R 2R INA, JBITIZ4T python BIASHEAT 3 B4 04T, BRI E 76 B4 AR 1)
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XEHRR[L5].
2.4. DEGs hEE AR R EE 4T

e T Mg 1) DEGs, ik python JAIAR LT 68 7R Jy fii (1) 5 R 4H 33 B¢ SC AR 3R 15 T DEGs 1
P4 S AH KRS B SR K KEGGannotation v1.0 ¥4 3k £531) DEGs ffI & 17 41 FLxt 21N 8 A 45udis
7335 DEGs ) SYMBOL #X} Miff) ENTREZID. #%J5{#H] R 15 &t ClusterProfilerv3.18.1 #E4T 5 K A {4
7 (Gene ontology, GO)F1 5 #fF [A 5 J: K 21 7 £} 4= 15 (Kyoto encyclopedia of genes and genomes, KEGG) &
.

3. HRENH
3.1. HREAMFREEER

ASLIGNT 6 ANSCEERHT T T s A S BT B AR T SRR T A M KT & reads, 15
BT REEEE T clean reads, BT A FUE/ AT ERE 5T TR 1 clean reads AT 1o FAITKE Bk S0 J7 il F 21
fig 7 77 il S 1) clean reads 73 il 5 4168 7R Uy il (1) 22 BE R A HEAT EU T, a5k 1 BoR, AT RUER BIFTA FEAR
MRS 522% F 5 LR UG, £/04 85 89.7%01 clean reads AENSAR I 1) EL X B 2168 75 Jy i (1) 2 2% &
BHZH 1. 5T SAMtool v1.7 it bbt 25 ST HE P 25 G 10 M I35 2, BT REACH Eexd 1) reads 1 # 52
YN 26.00%~30.60%, EEFFAK, ZHGHEDHEH T 38.0Mreads fEf5 40T, X LegE FIR K
TR P 45 R 2 R4, & & H T T — 2007 A 15 i 2E #F L9228 22 NCBI (Bioproject: PRINA910922,
PRINA645780).

Table 1. Sequencing alignment statistics

%= 1 MFHUELE 3T =Gt

Samples clean_reads Total_map Unique_map Multi_map

TOSB1 83603206 76087278 (91.01%) 65185190 (77.97%) 4527782 (5.42%)
TOSB2 86497678 77588417 (89.70%) 67125306 (77.60%) 4422746 (5.11%)
TOSB3 118961382 108730703 (91.40%) 93695668 (78.76%) 6441442 (5.41%)
TRSB1 85401062 81728816 (95.70%) 71409588 (83.62%) 5845418 (6.84%)
TRSB2 88163198 84363364 (95.69%) 73496010 (83.36%) 5572198 (6.32%)
TRSB3 90092524 86164490 (95.64%) 74316942 (82.49%) 6420062 (7.13%)

Table 2. Summary of sequencing quality control results after comparison to the reference genome

= 2. tEx RIS E EEE RN FFRIZERTE

Samples Percgnt of GC content Average Total aligned reads Unique aligned
duplicates percentage sequence length (M) reads(M)
TOSB1 26.5% 50.0% 134 bp 56.6 41.6
TOSB2 26.0% 50.0% 133 bp 51.4 38.0
TOSB3 29.7% 50.0% 134 bp 77.9 54.8
TRSB1 28.4% 52.0% 135 bp 57.4 41.1
TRSB2 29.6% 51.0% 135 bp 58.1 40.9
TRSB3 30.6% 52.0% 135 bp 58.3 40.4
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3.2. ERVIEER T

FATEE HTSeq v0.11.2 i1t 1 read counts, #RJ/5KH R 155 B DESeq2 v3.10 ##47 | %2 R R KA
4387, LL TOSB vs TRSB #11 p.adj < 0.05 & [log,foldchange| > 1 #5455 T DEGs. Wil& 1 frox, #f
DL A R 45 D5 il 2 [A) L0 e 75 3 T 4062 > DEGs, b BifZRiA LR 2282 4, NiHFARE 1780
Ao NT HIFIHREZ DEGs iz, 4 HTSeq v0.11.2 %t 1 J5 4G readcounts #¢3—1k, JE&:M0Hr
WAL LY — 1k 5 1 counts AT . FEURIERS b, FRATEL R & 5 A python JHIA 4> BT T 2 5 3L A
BRSWMERS 30T, WE 2R, TEZ2 AR RERE RO aRRmREENIERN, SEARK
TR EMFER, WIEREARETURIZEMX 2 TOSB 5 TRSB P4H 2 i) 2 H Rk MR, FIKFA1HE
A LA B AR R IA B Z RN, XU FE— B A MR E S . R 2(0) TR i
SR P ERATTAT DLUE BN R A PR AR AR BRI AR L (R SRR B TN IX, IX BB TOSB 5 TRSB 4H A %
S, IXUER T IRATSE IR A R .

FDR < 0.05
40 | log2(FoldChange)| > 1"

Up: 2282
Down: 1780

—logl0(FDR)
8

10

log2(FoldChange)

Figure 1. Volcano plot of differentially expressed genes. The green dots
represent down regulated genes, the red dots represent up regulated
genes, and the black dots represent genes that were not significantly
differentially expressed

1. ZERREEFRXNLE. FESRETENER, 426 R%KE
WHEE, REaARREREEFRENER

3.3. GO THREEETHT

Wi 3 frow, AL peutoffer = 0.05 fENBU{E, *F TOSB vs TRSB H1¥fiik i f¥) DEGs #4T | GO
BRI HiHRW: 4062 4> DEGs JLEAER T 1124 % ARE L, Hi 7 888 & 4EYid 7 (Biological
Processes, BP) R i&, 135 444143 (Cell Composition, CC)ARiE 1 101 44> L& (Molecule Function, MF)
Ri. EAEYEFEARE D, FfhZl S (synapse organization). 1425 filif% 3% 191815 (modulation of chemical
synaptic transmission) A & 45 #4 K /N ) 4 (regulation of anatomical structure size) & & 4 35 RT3 64
W, arlERER T 111, 110 A 121 ANEEER; IR 4 i 43 5 (collagen-containing extracellular matrix). 2K
fy Ji55 (synaptic membrane) A7 fi 15 fr) B 4R 20 B (intrinsic component of synaptic membrane) 242l 4>+ =
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Figure 2. (a): Heat map of differentially expressed gene clustering; (b): Principal component

analysis graph
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Figure 3. GO annotation enrichment map of differentially expressed genes. (a): biological processes; (b): cellular compo-

nents; (c): molecular functions.
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6. B 50 £ KEGG @&

4. g
8 AR A TR R, FUThRE I SR 5 0 A 5 S RS 1 2 M B AR O . AT s S
R, 30 i A T 5 W M T ) A 40 3>y 7 W SRR PRV SRS, S ) K2R ) v R [ 4 £ €
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FH F

ffE e, R REIEL A SR AT . JRATA I, PR S R U — M s, Bk B R0,
BRI M, AT DU RN ok EANRA, RIERATA N e 8 T A RS, BEURTTils
ZLBE AT BRSOk R UMEAE AP B A0 22 53 EORBORS UDPR SIS 1 3RATHOR B8R, EA TR 2 IR FE ] 6
i R T PSR ORI AN R, DR ERATT RO AT 72 A2 i 211

41 BETHEFEHREZEREERANGESHSER

HE S E & ANE RGE, AN [F) 0 B o 22 2 AL A 22 3 i 5 5 BE AN AH 1R A7 AR A B £ =
[16]. #HETEPERC A SZARAE BLAE A S iB g S E DhRe 2 VA oC, R FETE 54 M A SME 5 8 B AH G
CAAFISZAR I B o o MU AME = (FOAR) I8 R R A i, 2R Ll G & A (G
Protein-Coupled Receptors, GPCRs) A, 1 # #7) v A L )i % (rhodopsin-like amine). B 2843Wh %
Ff(secretin-like). C JEEAR AL L £5/4 M (metabotropic glutamate/pheromone) 1 D 2 55 7l 1 /3 A
4 (channels/other receptors) [17] [18]. MMz A4 GG, Lh GPCRs M Rt T a4 WG i L
HIIREF IR AL (Adenylate Cyclase, AC), ¥ ATP At N5 — {5 {3 BEIR IR ¥ (Cyclic adenosine mono-
phosphate,cAMP), 1] A~ [ 28 8 [ Jf 41 5 M B2 A 1) 5 6 1R 8 25 cAMP T8 B 5 805 7R B0 4 1] [19] [20]
[21]. BEFERIL, J&T A BHFEIR(NPY)E N BRI TR E M fa b ) 2 RiA, Hid4i@id 5 GPCRs
Mg &R AC HBEIRIL[22]. RIS A SRINZ k325 D2(DRD2) M )& T4l % GPCRs, W 7t& Wit
FEBE 0 HR I I A D RE T L TR N [23] AR AE, 2 2 AR 573 4 TR DRD1 Al DRD5 4
THIER GPCRs, 2B H 24562 WiE AC BRI, &8 T D KNI R PRLMIEN &2 Ik
ERFEE N P —Fh EE B IE R TTER[24], Wi PRL 23 Bt D S K & B MEBLA[25]. 28 LRTIR, Ak
FE I GPCRs it 5 A FEAR 45 &2 5 2 M E S 1L T, SRR DIGE. ERATIHEF
o, AHESECREN) DEGs & ARAE 1 Uil b, X UL ZR 7 il 5 1 N AME 5 A% T SR B TIC AR 2 AR AR A
B 22 e, TR MAME S 1a A AR B 1 28— AN ERT, B ARRE R N 2 R UG BHE SR S 2 AR,
T T 5 5P b AR ik ) AR DR b R 2 e

4.2. EERTEHIXER

Wit fe K AR AR A A AN SR I — M 73X, SR TGl H 7 A L AR W b 45 ) FH T4 v W 1 2R
BRI R, BAE A, N EAIHAN R AR [26]. AT R, AR A AR EAHHAK
A5, B A0 AR I 20 B T T AR R E RS A HoE S DR e AL SR B HR BN, T AS [ 1 S0
W 1) R B 25 ANAHE], 388 H S A3 A7 AE T 0 AH QS5 A6 BRI JJ DR S5 44 5 A B RORR & FE R UL g [27] 28]
W R B GABA RE R fil(GABAergic synapse) 145 4 BE 5 fili(Glutamatergic synapse) 7t i 2 4t H i B 2
ER, $h2e5] 5 (Axon guidance) T B T-Wr € /& &, cAMP {5518 4 (CAMP signaling pathway) Il # iiF 55 /&
Wit SZ AR b R 4 i 39 5 P 28K [29] [30] [31]. ZEFRATTIET ST b, LiRiEEg1e 3] 7 B %4, HAE GABA
RE R AN 2R e R A oK 5r DEGs BiEIE, fERZR 5| 3 cAMP {5 58 %t K4 DEGs T
1Ko ST D) REAROC I HE R AE AT 78 b g 5 5 9 DEGs, . RAR 5 22 51 T 73 2% i B 2L [
coch [32]. did 5 e A R eI B 40 i 2% M 453 1 2F 11 /- 3/ BRZ AR MR Y keng2 [33] S Wi #h 22 JT I Y%
i 1 O fi S N B DD AH DG I % PP GABA 32 4k 5k [ AN 43 2 IR 52 1 Jik [A] (gabrb2, gabrb3, LOC101068952,
LOC101075576, LOC105416167, grin2a, grik4, gria4, LOC101064905) [34] [35] [36]. 5 IL[FRS, Yang, Wang
S (3738 A X BRE 5 SR S DY o 2 2R ) e s ZEL LU 3 B, e T — AR 15 W A O 1 R R RS 5
k. AP RATEE T R SE S OC REVMHAFEZ 7 BRI R J7 i 20 23 [RIFERR 6 I 1k Hi ok — &
H1) 55 W 5 A O 1) 22 S BE LRI 5@ 6 o IXFRFRAT], PRI AR 7 Sl AMEAAAE YT e D Re,  HLIT o ) R BURE ]
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MEEE KL R, XA CAVEGFIREIN 2 BV, B2 S T 5& R L 42
5. &g

ACIEE X TOSB vs TRSB f#% 341 ELAi 4347, LA p.adj < 0.05 & |logyfoldchange| > 1 A B {HJifi i 75 2]
1 4062 /> DEGs, H L ifigeikF N 2282 4>, FifERA%EK 1780 4>, @it GO Ml KEGG *f DEGs i 1T
TEEMNT, B R R IR SR J7 it R 25 7R 75 i (1) S 1E 4 28 FE PR G AR 52 RS 5 4% 5 07 TH A7 2 3 %
S, AFEIZER AR SZ AR A BAR AN S EANEE 5 fE%, SR EARRITRE. ik 4,
PAVERILT KBS ST REAH DGR H Jo@ 15 2 T W38 s 5. DU ORI 7038 4 i i b oo /) £ 258
()i 5 FOAh 4H 2R 22 S A5 M HARFEWT i Dh RE I 4518, TR FRA e Ik LU B P ok 5 Ok R UNMH A AE IR B 7
BRI 2R I fif ) S [R)RE R I HAFAEWT 5 Th e, HWr o i) R U A ol 22 5

L ERTR, WTLUR AR IR 2 R UL [ IR S K 2R BV RIS SUR 7 N 21468 7R 7 Sl 5P Dy e 1)
AE, FEAEIAEMETE R AR5 T4 T W s D Re 77 T, FATTHENNX AT e A2 1 B A ) 25 3R

B oW

Rl ) S KO K 2K P B it 77 5 5 3 4 T FE 41 BA (Aquacultural Engineering R&D Team, AET)#2
LR FRIE B S YN T3ttt HRR AR 4 AN AR v 70 HURE o B A4 1) 355 B

E&WE

AL E 5 K 7\ B AR AR R0 H (CARS-47) k3% T 5 5 AT 6135 1 BAIH H (2021RT07) A2 K
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