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TR W HIT A BRI T 21 668 75 Bl 1) S0 0T ORI (R 2 ), AR AR A T A (32.28+0.20) g (LT 68 745 Jy i Takifugu ru-
bripes)VERWFFEXT 4, SCHGREHL A 34, WABRE 3 NEE, il AR AR AR RE A3 SR N 3 AN K OF 1 - R [0%
(T1, XTHR). 1.0% (T2)H1 5.0% (T3)], EiHil 3 HIzE AL, FRHH 56 d J5, /KiR(28+0.3) C, AV 30 min, B
JFME . 5 RNA-Seq il 75 AR R 3 221 88 AR 5 fli JFF W 5 S 2L AT 5307, 9T 43 BIXT 3 At S 28 0 e SCE AT I 1L
B, WO RGN P<0.05, kA 167 D& FREIHE, Hop RIHERE 111 4, THIEH 56 4
GO HIBEMT & B, 78 T3vsT1 2Arh, 225 FA RN (DEGs) B # & BIEE A B it 18 . 28R N KISk . 2
AR RREGIE L . 22 S RRK MBSk . PO RREEIE T . L-2 B M2 BR 0 KRS M AR 76 M . KEGG & 440 R HL,
T2vsT1 Z1, X2 DEGs FEZ 5UEEM3F .t iEPEECAR -2 PR A BLAE FE B, 0 T3wsT1 41, X 48 DEGs
TS 5 TR B AR Z A B AR AR R AR . BEE 3 N 3 2 5 R LR AT 5L 68 i PCR(RT-qPCR)
WO, SERLUER, SR AL R oA nl AR GRL R BN A BEER S, 7E S R0 SRR, 2068 7R D fii ] 3 Ao 240 AR 7
3 FIVR 28 305 P T A — 52 A AR EL AR P 388 3% ) 2 LA X IR 88 Py e 5 it o A B R S n & 1) b, £ 88 R Ty il 32 B i
AR | Ao 2200 M AR -2 PR R B A P B s WL X T B A I 7 o A RIS 5 R I A 1 X 21 8 R Ty il (1 AR 7
DR 2 19 52 W R 2 Bl R 0 1L IR B R B A 2 il

KR EEART A ABEER, FESRHIMT; WEEHLEL AR
P ESES: S961 XHKFRARRD: A X EHE: 1005-8737—(2020)10—1145—11

21 68 7R )7 i (Takifugu rubripes)fi FRilfifi, J&
— P XU B R A A b e kT, e T
AR, T RE R TR S A PO PR
o7, B FRARGE TR BFTE R, FEl a2 it iR
ISR, ML 40 i PR A S A A B R s
BUME IR, F 171 5 A At e 8 S 10 A28 AT B 3%
YR B AW LR AP AL, AEAE R BRI
() T R BN AR IR T R R LA 2 B A B
SR, PR X % (A Sl ) 4% T 22 38 B AE I T 1
S AT IS LS A

U5 HER: 2020-04-01; 1&iT HEA: 2020-04-09.

AR (taurine), XFRA-IEZER . A-MH6, 4 B
BIE AR, =2k 2-3 5 O iR, HARXT
TN 125.15, AMERRE, W T NEA
ARG W, SR TK, ANiE T IoK G EER
Bk, TERNAAL, BwEhaREED, £5
F7AE T L ] 5 R 40 i P R

TR AR HE R A, P H g
BE S IR RERS IR R BUIA RE T L KPR S
N7 ST A AR B AR AL 5 LR E FRR LB VTR O,
SR, AR AT H A& 8 (Anguilla japonica)
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F A 8 20 S A7 SR AR B S e Y, B BEE (0
(Siganus canaliculatus)!" N2 ATERR 2 d J5n] 4R
ARSI RE S. MA, EE M
(Mylopharyngodon piceus)%J] f fal 4} v &5 0 4 1 iR
AT LSRG AU, ERESOR il Takifugu
obscurus) LS I A= B R AT LL3E SR ML 1) S
PR RERE ) MR S e S RE 0, W/IRIR S R
IR S IAT GV O e O SN (T2 S
ok s 117, Frosini a2, 4
il 9 1T R 3 70 40 L ARSI, AR LA PR PR
AP, AR DA T AL Pl B AR A e, A
il 98 DA — e R P AR 8015 390 B A e vz A
MV Th B, HR, 0T 2R BRRR e K 7= B P 44
TSI 1 5 T BB AT PR, LG T A B TR A A
LI 3T HILA R WA . R, ABFSELLILL
B 7R 5 il R E S X 42, PR ERL S A [R] 7K SF
FIR) A4 Bl TR R 1 858 7R 7 Sl R 7 R0 4 % 2R K Y 5
e, Shy 3 — 2 BIF 50 2 R R o) 2185 2R 5 il ) BN 35
A AL 4 52 W R A R B W VR 0 Y & B 4 it
BEml 2

1 #MHEFE

1.1 KWt RIEFER

S LT 8 25 i 4y fr [ K3E R IE SEb A
FRAT, WA TE J9(32.28+0.20) g, T Sokezs %y
I 14 d, R T1 4l Oo BRI RE, bkl
AREFRIKT- R 0% ) , SCERTFLAET, (0 24 h, ik
BUR/NEA) C IRSRTEA . 16 T B I 2T 658 7R i
4hth 135 BB, BEPLSY A 3 A4, Bl 3 NEA,
AEE 15 B, A 94200 L B R MK
R, AR 8:00 1 17:00 MR AT /02 419 B T
4 COKF R LI mR 2R E, K 9:30 Al
18:30 #/K, Hesk i Ry BOKIRR 2/3, 24 h LT
A, 07:00~19:00 HIGAT A, (REFSCEIATERR
12 h YGEHE 12 h 2R, SCIG A (R] K 5t AE T fa i
IR A E, FRE T YSI ZSH0K F Y (4
FEAL AT BR 2N I g K B, IR 23.0~24.5 C,
WA HE KT 6 mg/L, pH Ny 7.3~7.8.

FRHE 56 d Ja, LIZKIRAE R 5250 W i 8 7,

N EAE 40 L 3R O 07 I KA bk eT, 1K
R T R SAL S T K, TR AR T KR
(28+0.3) C, Al B HREHLER 3 A
PRARIE . % T HAT (R 2188 7R Ty i 4 £ T 22 T A
PR I8 KAl 2 e TR 30 min J5RAERES,, DI
G 1A] 4 2 TR
1.2 SRIEMER

DA 25 R Ry o AR A SR, DL R
KRG INBERE Jy EZERR IR, TC i AR B R 7K SF- 43l
0% (T1, XFHE). 1.0% (T2)H15.0% (T3)H 3 F
e G AL R, R R T R Y
Rt HARBCT OB W3k 1, Jkhd 60 H
i, A RESR B R AR A4, ik E
4 4 mm WEEURLAR 20 C RS .
1.3 #Hmxi&E

MSAE AR, I MS-222 (100 mg/L)#E17 FREE,
FH K TR AL B3 (4 85 TD 883 25 i FRE, & 3 B fh
4 JFE OE B 0V 5 5 TR A VR R, T A R HURE
455 T80 CUKAETIRAE, M T /5% RNA-seq
i SR 2R A3 BT NS 8O % 1 PCR (RT-qPCR),
1.4 RNA-seq 3¥RASH
1.4.1 XEME MW A Oligo(dT)rEEk, it
A-T HAMIC X5 mRNA K ployA 4G N E
£ EZ AP mRNA . B N A B 1 2% vh il
(fragmentation buffer)¥$ mRNA F7 W7 i & F B, LA
mRNA R 854z, F 7S 58 5 B HL 51 %) (random
hexamers) & il —%E cDNA, SKJ5INAZE WK .dANTPs
il DNA R&M 1 M % cDNA, BE5EFIH
AMPure XP beads Zlifb X% cDNA, 4lifk 1 X5k
cDNA HF AT RSB | n A R IFEHI Iy 4k,
SRJ5 I AMPure XP beads 37 i Be K/ ik $E, ik
Jr AT PCR & 4153 B H A Y cDNA SCJF . SCPER
o R, Sl Qubit 2.0 BEITHIMEH, Wk
X% 1 ng/uL, BEJS I Agilent 2100 X SR
i AR B JE (insert size)#EAT RGN, 4 A B BEK:
JERF AU, (] Q-PCR J5 ik % SC 12 il A 50k
JE HEATUER E B CURAROREE>2 nmol/L), PARIE
SCHERT BE L ERE A T, HUAS ] S0 P4 FE A R0k
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Tab.1 Composition of the experimental basic diets
% T iRl % dry matter basis
WiH item T1 (%P8 contr.)
JE ¥l ingredient
fa k) fishmeal 15
BRI krill meal 5
A soybean 10
/NFEH; flour 9
FAKFEHH corn gluten meal 10
B8 11 casein 20
MLPGEE ] beer yeast 2

o-JEH a-starch

FR W I 4E & carboxyl methyl cellulose
KEUIBEAE soybean lecithin

fayh fish oil

125 Spirulina

308 betaine

fE68, choline

HerE ZIR AW ° vitamin mixture

w W

142 NFEHBRESSHT KA llumina M7
VB AT, W S B RE A B A 1R 4
P& (clean reads) N0 F 6G, #f clean reads X} L 52
P, AT DR E A R T A P R A K
R AT AT, IE R O 2 L A RE AR (1] 2% S Rk A
W4T GO UIfig i & 1k & &0 Hr il KEGG i &1k
[ Vi
1.5 % EEE PCR (RT-qPCR)
ISR P25 Rk B 3 22 T RIA D
3L R 1T RT-qPCR BiiF, ¥EH p-actin fE A NS
FLIA, f#iF Primer Premier 5.0 &1 X% € & 2L K% it
519, 1Y m A TAY TR )R A TR A
H 1, TP IR 2 FiR o

*2 RATEREAZERIERSIY
Tab.2 Genes and specific primers used for validation of
RNA-seq data by real time PCR

5|4 primer BIYJF51(5'-3")  primer sequence (5'-3")

4R IE 44 ® mineral mixture ® SREBP-2-F ATGGACACGACTTTAGCAGAAC
LR R taurine SREBP-2-R TTAGGAGGCAGCAATGGTC
H%&M glycine prssS9.1-F CGTGTTGAAGTGCGTCTTGGCGA
s 7./ H 3
FIRKTIIHT nutrient analysis PprssS9.1-R GGTGAGGCTGGGAGTAGGGCGTG
K4 moisture 31.33
. ) satlb-F AAAGAGTAAAAGAAGAAAATGGA
HEH crude protein 47.28
KIS crude lipid 14.69 satlb-R GCGATGAGGCAATGGTAAAACGG
H .
WK ash 726 B-actin-F AGTATTTACGCTCAGGTGGG
FZ taurine 0.06 p-actin-R ATCCGTAAGGACCTGTATGC
H:oa GERESYWUKg 8 mgkg FUIRE): 42 A,
1000000 TU; i 2 D;, 300000 1U; 44 % E, 4000 TU; 442
2 BERESH

Ks, 1000 mg; 4E4= % By, 2000 mg; 442 B,, 1500 mg; 44 %
B, 1000 mg; 44 % Bio, S mg; MR, 1000 mg; 4EA:% C, 5000 mg;
Z R4S, 5000 mg; MR, 100 mg; WL, 10000 mg; ZAK% %M
KoK <10%. b. HPIFIRAY(0.025 mg/g WiRkEH: NaCl, 107.79;
MgSO0,-7H,0, 380.02; NaHPO,-2H,0, 241.91; KH,PO4, 665.20;
Ca(H,P0,4)-2H,0, 376.70; #riE MR 4k, 82.38; FLER 4G, 907.10;
Al(OH);, 0.52; ZnSO,4 7H,0, 9.90; CuSO,, 0.28; MnSO4 7H,0,
2.22; Ca(10;),, 0.42; CoSO4-H,0, 2.77.

Note: a. Vitamin mixture (IU/kg or mg/kg of premix): vitamin A,
1000000 IU; vitamin D;, 300000 IU; vitamin E, 4000 IU; vitamin
K3, 1000 mg; vitamin B, 2000 mg; vitamin B,, 1500 mg; vitamin
Bs, 1000 mg; vitamin Bj,, 5 mg; nicotinic acid, 1000 mg; vitamin C,
5000 mg; Ca pantothenate, 5000 mg; folic acid, 100 mg; inositol,
10000 mg; carrier glucose, H;O<10%. b. Mineral mixture (0.025 mg/g
of premix): NaCl, 107.79; MgS0O,-7H,0, 380.02; NaHPO,4 2H,0,
241.91; KH,POy4, 665.20; Ca(H,PO,4)-2H,0, 376.70; Fe citrate, 82.38;
Ca lactate, 907.10; Al(OH);, 0.52; ZnSO47H,0O, 9.90; CuSO,, 0.28;
MnSO4:7H,0, 2.22; Ca(103),, 0.42; CoSO4-H,0, 2.77.

21 ERAMNFEEMEERESH

21,1 BERBBEREEHSSEFIINLLSH
X3 LT8R i fTIE RNA-Seq iE4T 5T B AG I
(R 3), 3 41007 E5 8 75 0 4 B2 7 ] PN B2 1)
BERALT 0.03%; GC LLfilfe1E 5 Y5 Bl N, L i
H1 Q20 F1 Q30 {H & T° 94%, R MA Y J7 it
W, RS ANTER . reads S AT BB ARy fif
S IL N O E G, 3 4LFF 50158
PLE ST E T 93%, Hoh BA £ 8 o 1)y
FEANE LT 1%, EAME— A AT 51
A ET 79%.
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x3 BRVFFHBEREITMER reads 5SSEERALLLER

Tab.3 Summary of sequencing data quality and the statistics of the transcriptome assembly

n=3;x £SD; %
FEA 2 B SRR Q20 [bfl Q30 Lkl GC Lkl BENLE 4T /% LT EN multiply  ME—E {7 unique
sample name  error rate Q20 ratio Q30 ratio GC ratio total mapped percentage mapped percentage  mapped percentage
T1 0.02+0.00 98.06+0.10 94.64+0.20 53.01+0.57 93.87+0.15 11.04£1.20 82.84+1.26
T2 0.02+0.01 98.03+0.18 94.61+0.42 53.88+0.04 93.88+0.32 11.54+0.48 82.34+0.76
T3 0.02+0.01 97.93+£0.16 94.36+0.42 54.66+0.27 93.85+0.26 14.29+0.37 79.56+0.15

TE: T, T2, T3 M0 A A BEER & R 0% (RFIR) . 1.0%H1 5.0% K9 L84
Note: T1, T2 and T3 denote the samples from the experiment groups supplemented with 0% (control), 1.0% and 5.0% taurine, respectively.

2.1.2 BEERZKESH  MRIEE LA S
F-IX IR I R 2 X B reads 00T LA 3K R
#2iLh7KF-, FPKM (expected number of fragments
per kilobase of transcript sequence per millions base
pairs sequenced) & & A J1 i A (fragment) 1€ H
He— LA T K BE RO H, FPKM B (i %) 4
PRl 3% 38 7K P Ak 55 0] [ E 2 R T R R K R RN
fragment MJFIREEXS fragment THECE I, W5k
4 Jii7s, TLAL, T2 41, T3 A¥FEIX H] 0~1 WY HE
Bl fR s

x4 FRFRBKFREMEERHELRITER
Tab.4 FPKM intervals and the total genes of each library

n=3;x £SD; %
Fem A JEFFRB/KF- XA interval of gene expression level
sample
name 01 1-3 315 1560 >60

T1 37.38+2.15 15.47+1.02 31.52+1.15 11.41£1.52 4.21£0.22
T2 40.00+3.77 17.05+1.89 29.72+3.21 9.46+2.41 3.76+0.15
T3 42.46+2.56 19.46+1.53 27.67+2.05 7.46+1.72 2.94+0.42
T, T2, T3 20l HCA B & o 0% (W IE) L 1.0%1 5.0%
s,
Note: T1, T2 and T3 denote the samples from the experiment

groups supplemented with 0% (control), 1.0% and 5.0% taurine,
respectively.

2.1.3 ERERFRESHT WE 1 PR, FEEME
PRI, T2 vs T1 AR ] 13 2R RIRIH,
b 11 A BRI, 2 A T I RR R,
T3 vs T1 45 154 2R FRRIEH, Hrf
15100 > FIHERIER, 54 AN TFRFEERER, X
Jir S H T FPKM 2R R 2800, 531458 a0
Kl 2 it o LA loga(ratios)[HEAT R, B4l At
REN & RSB, EOMRBREPLRSE, Nl

F logy(ratios)[EL M K F /N, BRI FE P 26 35 70 M &
FIK.

a1 T2wsTl «  EREHE (DEG)13
® [ up: 11
a0l . # T down: 2
g -
& L
L0
[
2.0+ »
13 _,_._._._.-,-A_._._._é.!, ...........
»
OF = =ik s e . .
1 | 1
-5 0 5
log, (ZEHE%0
log, (fold change)
b
T3vsT1 * o ZHFFPH (DEG)154
6.0~ - v+ = i up: 100
+v @ K7 down: 54
g L :
&
=
[

log, (ZEHEH%0
log, (fold change)

KRS Sue TP
a. T2 vs T1 225 2E K ILIE; b. T3 vs T1 22 5K K L 4]
T1. T2, T3 735 A AR S R 0% (R HR)
1.0%Fl 5.0%1 925041
Fig. 1 Volcanic map of differentially expressed genes (DEG)
a. Volcanic map of differential genes in T2 vs T1 group; b. Volcanic
map of differential gene in T3 vs T1 group. T1, T2 and T3 de-

note the samples from the experiment groups supplemented
with 0% (control), 1.0% and 5.0% taurine, respectively.
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K2 iRk iPIRAEE
T1. T2, T3 73 HICA AGER 5 o 0% (W ) |
1.0%A 5.0% 1 2 55 4.
Fig. 2 Cluster map of differentially expressed genes

T1, T2 and T3 denote the samples from the experiment groups
supplemented with 0% (control), 1.0% and 5.0% taurine, respectively.

214 E=REE GO EE GO BESEGIIE
REW, ZRIERAEEY IR i o7
RE T A 4346 (R 5), T2 vs T1 A2 GO HEN
A RERZES] 121 4y, 4R850 13 4,
ST INRERIZER] 7245 T3 vs T1 44 GO & #1114

*5 EREFAGO E&ERE
Tab.S Go enrichment classification of
differentially expressed genes

20 7] e Hifig )E‘E\ﬁ%i
group classification numil:‘;“.(r)roniaftuiginon
T2vs T1  A#idF2 biological process 121
L4 53 cellular component 13
43F1fiE molecular function 72
T3vsT1 A9t #E biological process 515
A4 53 cellular component 99
4+ FI16E molecular function 245

TE: T, T2, T3 735 48R 18 0% (X IR, 1.0%F 5.0%
PR S 4.

Note: T1, T2 and T3 denote the samples from the experiment
groups supplemented with 0% (control), 1.0% and 5.0% taurine,
respectively.

VI A2 515 4>, diiEdl 2] 99 4>, 4
TUIREM 25 245 4~ &l 3 iR, T3 vs T1 41
T AR N GO AR R 2
AR RN IRBTE 1 . 222 TR R BRI TE 1 . 22 2R
KGO PURRERE TS M L L R AR Y A TS
P BREGEPE
2.1.5 ERFREEE KEGG i  Bxft &R
KT GO BESHIL, X Hi#HFT T KEGG #
PR, TEB T2 vs T1 AP e R BERN 4
ARIBEA T3 vs T1 AP E R EEMN 20 5817,
fft KEGG & S5 E (F 4), ARS8 Fpas R,
DL P<0.05 M B{E, A5, T2 vs T H A HES
i N 2PN AW AN N R (B e T E
i, BAERNZERIEFNEE N 4, T3 vs T1 4
AR AR . R A L AR -
WA EAER . AR 5 A R R A IR 2
FE AR, A A AR R R 3 AR -
ZRAHEAE E RN 2SR EEZ, B T2
vs T1 ALANRERERL o0 F . PREiG PR R IR 32 1A B
YERE g 2R RR LA R ZE LI, T3 vs T1 4
R AR S AR A . REREAEY S
DA % 2% S AL DR ek i B R T O, b PR L A
— 7 VAORH B A G 2 S R R A B 3
2.2 RT-qPCR WiE

WK S B, MR UEM P25 58 A R, A
WYL P ah S e i 3 AN EFRIAFEN, 1T
RT-qPCR 437, XJ % 5% 24 7 &5 5 i0F 47 30 HiF,
RNA-seq 45 2 i R K38 22 55805 RT-qPCR 45
TP BE N e 5k 22 AR EONE, EL P FR 25 SR 1 AH O
FHCR 0.97, T T HE AL T 45 R T SEdE

3 itig

3.1 AEEFRFEHERANF

TSP IBEFE R, B SN P H R AE
WA ) A AL ) L HOR F B &9 2 0
FHPO, A5k R 3 F RNA-seq 3 AR IR ST N
B AE U85 (Oncorhynchus mykiss)FFRE A1k B
MRl 2 SRR, @ X 6 4FIEAE ST
FESEALIY, RIS T 44643742~51705292 %A 4f
HHi (raw reads), HARFIEHTRRBMET 0.1%, I
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BRI regulation of circadian thythm
BRI Y negative regulation of circadian rhythm
Xt EA Y4 RUBE response to purine-containing compound
XTATPHIILE response to ATP
XA HUBEHI R response to organophosphorus
XA HLRALA P BE response to organonitrogen compound
ADPZE [ i -BeMiik protein ADP-ribosylation
SR AP R response to nitrogen compound
JBA it circadian thythm
Fi#d 8 rhythmic process
RICAE 55 mismatch repair
it &AL A W KL response to oxygen-containing compound
57 4A#, DNABMR negative of i DNA
RNAR#A9 1778V negative regulation of RNA metabolic process
RNAA:H)A R B2 i 91 A% negative regulation of RNA biosynthetic process

ARRBARSE 7 SR negative ion of nucleic acid-
A 3
negative lation of nucleot g'§m§4‘bwmmn ﬂd@eﬁ%ﬁgmﬁ ﬂ%
Ko TFRUS R SR negative of ic process
;3 R A9 £ JA# negative regulation of cellular process
RACA YRS 51 # negative of nitrogen ic process

NAD(P)+#§& B [ NAD(P)+-protein-arginine

ISR RRSE (4% #: purinergic nucleotide receptor activity

YAfISFATP [ 145 BB T8 % ¥ extracellular ATP-gated cation channel activity
AR AIE Y nucleotide receptor activity

ATP] B TEE % ATP-gated ion channel activity

IEE04 524 ¥ purinergic receptor activity

DNAZ%; 4 RILES mismatched DNA binding

MY A NECA T 4B TR 15 #: excitatory extracellular ligand-gated ion channel activity
SU#DNAZL 4 double-stranded DNA binding

4R F ¥ cytokine activity

1 FR4H# proteolysis

S HRRFRIHE 7 fatty acid metabolic process

BRI YA R fatty acid biosynthetic process

IRFRAE YA AT monocarboxylic acid biosynthetic process

& FAR#HT 7 protein metabolic process

4E4 455 non-recombinational repair

A 7 W24 ST U double-strand break repair via nonhomologous end joining

BT circadian rhythm

DNAZK #5145 negative regulation of DNA replication
DNARH#PEDNAS A of DNA-dep DNA
DNAMK#i#EDNAS i i) 51 A negative of DNA-d DNA

DNAfR ST 72 #5145 negative regulation of DNA metabolic process

DNARSHS B of DNA-d DNA initiation

HAPEDNAS B 46 9 5 negative of DNA-d DNA initiation

/NGy FARi5$32 72 small molecule metabolic process

HIRERIAHT R monocarboxylic acid metabolic process

54547 rhythmic process

AR AR d 72 cellular lipid metabolic process

Pg )4 i 2 lipid biosynthetic process

Jig A2 72 lipid metabolic process

YRR organic substance metabolic process

H PR Y14 B3 #R organic acid biosynthetic process

BREYA Rad R carboxylic acid biosynthetic process

22 R K M serine-type endopeptidase activity

2 FRRBIBKRGIE 4 serine-type peptidase activity

2B BUKFREHAYE serine hydrolase activity

P Bk 4 endopeptidase activity

JARSIEE, YERITL-EEERK peptidase activity, acting on L-amino acid peptides

BKA§TEHE peptidase activity

Bk AH454 carbohydrate binding

a T2vsT1

*
O
O

o

0.25 0.50 0.75
F A% number of genes

=
1=
15

b T3vsT1

27 type
n A:¥id 2 biological process
1 488 molecular process

“hm

20 40
FFHL number of genes

K3 2RRBHERN GO &AESHTHRIE
a. T2 vs T1 H2ERRIBFER GO F AR HIHDRIEL b. T3wsT1 H2ERRIBHER GO w LM HTHIRIE.
T1. T2, T3 535 A AR S HR 0% (R IR) . 1.0%7H1 5.0% ) 525 4.
Fig. 3 GO enrichment results of differentially expressed genes
a. GO enrichment results of differentially expressed genes in T2 vs T1 group; b. GO enrichment results of differentially
expressed genes in T3 vs T1 group. T1, T2 and T3 denote the samples from the experiment groups
supplemented with 0% (control), 1.0% and 5.0% taurine, respectively.

60

bil} type
H: #5372 biological process
4B molecular process
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a T2wsT1

2 TE ML A2 (KM H /] neuroactive ligand-receptor interaction |- @

F[N%L gene number
= 1.00
® 125

PABHA lysosome . ® 150
@175
@20

qffi q value
1.00

0.75

M43 T cell adhesion molecules (CAMs) -

0.50
0.25

S o

45{5 58 ¥ calcium signaling pathway

1
0.004 0.006 0.008 0.010 0.012

H 4K T enrichment factor
b T3wsTl
BB tight junction [ e
B4R A Y14 B terpenoid backbone biosynthesis - .
AR FIMIRES & BRI taurine and hypotaurine metabolism °
B KGR S5 F4# synthesis and degradation of ketone bodies |- .
KB W& R steroid biosynthesis [ °
PPAR{5 51 # PPAR signaling pathway |- o HEPSL gene number
2 ERFIEREGALEY) A 1, pantothenate and CoA biosynthesis |- . + 1.00
NOD#E:32 {415 518 # NOD-like receptor signaling pathway |- ° ® 125
FHEAE MR AR S (K B/ A neuroactive ligand-receptor interaction | @ ® 15
%7 metabolic pathways [ ® 175
T JHPR linoleic acid metabolism - . . 2.00
HER . HERMLZERA glycine, serine and threonine metabolism |- »
HImERIH glycerolipid metabolism |- . offi q value
BERiR A Wy AR fatty acid biosynthesis -
BEAEIRIT ether lipid metabolism | o . 1.00
R R 5 EE LI cysteine and methionine metabolism . 0.75
Y1543 F cell adhesion molecules (CAMs) # 0.50
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Fig. 4 KEGG enrichment results of differentially expressed genes
a. KEGG enrichment results of differentially expressed genes in T2 vs T1 group; b. KEGG enrichment results of

differentially expressed genes in T3 vs T1 group. T1, T2 and T3 denote the samples from the experiment
groups supplemented with 0% (control), 1.0% and 5.0% taurine, respectively.
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Transcriptome analysis of the response mechanisms to acute heat
stress with dietary taurine supplementation in Takifugu rubripes
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Abstract: Takifugu rubripes is a fierce, benthic, carnivorous, and stenothermic fish species. With global warming,
physiological reactions such as stress are more common, due to rising temperatures in factory cultures, which re-
sult in declined breeding benefits. Stress can disrupt intracellular homeostasis and cause changes in other physio-
logical and immune responses. Temperature is an important environmental variable that affects immune respon-
sivity in fish. Among temperature stressors, heat stress is considered the most basic mechanism of cell protection
in animals. Increased body temperature due to changes in the environmental temperature is a natural physiological
response in fish, so it is practical to study the response of the vital organs of fish under heat stress. Taurine pro-
motes fish growth, improves immune ability and stress resistance, and is closely related to the physiological and
nutritional status of aquatic animals under stress. To explore the relationships between taurine and acute heat stress
tolerance in fish, three diets of 0% (T1, control), 1.0% (T2), and 5.0% (T3) taurine were fed to 7. rubripes [initial
body weight: (32.28+0.20) g] for 56 d. At the end of the breeding experiment, a high-temperature [(28+0.3) )
stress test was conducted for 30 min, and the three experimental groups were analyzed for their liver transcrip-
tomes by RNA-Seq. The differentially expressed genes (DEGs) were screened with a threshold criterion of P<0.05.
In total, 167 DEGs were identified under acute heat stress among which 111 genes were up-regulated and 56 genes
were down-regulated. Gene ontology (GO) enrichment analysis showed that most of the DEGs in the T3 vs T1
group were significantly enriched in the proteolysis, serine-type peptidase activity, serine-type endopeptidase ac-
tivity, serine hydrolase activity, endopeptidase activity, L-amino acid peptidase activity, and peptidase activity
pathways. Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis showed that most of the
DEGs were involved in cell adhesion molecules and neuroactive ligand-receptor interaction pathways in T2 vs T1,
while most of the DEGs were involved in the neuroactive ligand-receptor interaction and metabolic pathways in
T3 vs T1. These results suggest that dietary taurine supplementation can change the temperature response of 7.
rubripes under acute heat stress and that the response varied with the amount of taurine. Real-time PCR (RT-PCR)
was used to verify the transcriptome sequencing results, and the results showed similar expression patterns for 3
different genes in the RNA-seq and RT-PCR data. This indicates that the gene expression results of the transcrip-
tome sequencing are credible. This study provides foundational information to further studying the effects of die-
tary taurine supplementation on the acute heat stress response in 7. rubripes. This study also serves as an indicator
of taurine’s ability to resist heat stress.
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