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1. gl K2k =22 B, e gb R2Emfa iF T e, W4 2RI 430070;
2. KITA U Rtk A A= b 4 6 5 R E 38 TR 7.0, Wd 23 430070

BE: NIRIHME SR (Sniperca chuatsi )iz 4 152X P4 i iR 2 %< # (phosphoenolpyruvate carboxykinase, PEPCK) &% fif
Ik 3% {4 (taste receptor type 1 member 1, TIR1)JEH DNA H A AR L & A TARDE R AR, SEgadaill 7 5 9l & (7]
B N T ARl T A 20 DB B (L 42 32 16 ) R i . R AR 8 b pekd A tdrd R 383K X3 3h F X3 CpG &
) DNA H3EAbIK o S50 R, pekd JE B 270 I Hh 2234 (P<0.05), HAHZU5RIA/K -5 DNA HEEAL /K- U4
KAHIEARTE & —2; 165 I A AFIE 1) pekl 2k 7KF B K T A5 P 41(P<0.05), HAE-2169 nt i 5 1 FF 54k
KA T A P4 (P<0.05), tarl J P 32 ZLAENN 321K (P<0.05), 1M H A /K- 1A [R] 2 27 ) G % 1 22
(P>0.05); S YIEAMN t1rl Rk B EIT AL YA P<0.05) H B EAKFAMANHZ KA BEEES
(P>0.05), AFFEERM, pckl FH 5 3+ X 51 DNA H R4 AT fgid i P45 pekd LR 12258, 8 Mg it & A TR
ks T tLr L B PR ) P REAL AT BEAS 2 145 L 3R 8 LI s gt e £ 1 £ 20y
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FI AL HE N AE 19 38 4% AN A B R 3R K ANFE B AN 4
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fitf (phosphoenolpyruvate carboxykinase, PEPCK)/&
0 20 SR i A B PR X % (Oncor hyn-
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AN R I S B KAk A W DA A o B R O
I 327 1K (taste receptor type 1 member 1, TIR1)Y
X AL G W ) BUBR P E A DG . BEH ffi(Danio
rerio) tird FE DA EBR A HE T 6 R A o HE
FrRE sz, 1A 3k #5(Megal obrama ambly-
cephala) t1rl 3K A B e ot T Hod R A A et
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SRR IE T A et de el W,
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YR ARAEE

78 W& i (Siniperca  chuatsi) & FREEAE i, 1A i
WRE, ZBFIMER, HITERAE LI iR,
HAEZ YR, 05 5 T 4 A T AR,
TR, You 224 % B pekd JEH 5 H X AT
TRLRRE E B AT 5%, Dou SR B t1rl RN
HEL IO A &, (HX T ENTEMBE L & AT
Rk AR & DNA WAL R ERPER, BT
IR, ST, APFFRIRE T pekl K tirl Sk
KIFEZ . A T B RE A ) 20 2 (1) 22 S5 3Rk
J DNA HIEEALIK, DIHHRE Jy itk — 20 46 7R s
B £ N TR 3 FHLR SR S %, ot 5
Wk N T DR AL B AR B A AR B

1 HRET%

1.1 EIwA&EKEAHE

S T S 0% [(144.07+11.30) gk [ T4
Ay R AR 5T O (P, BRI o SR RN
—3 . RFTCHMG L B, FEIERLR A, &
TR 5 T P AR K 2K P 2 e B 18 A% 7 b A1)
SRR KRG 3 A TR 1A KRR
FEFE(24+1) C, ¥4 6.98~7.50 mg/L, pH H
7.01~7.64, B FRWIE K 17:30 id AT 4 ¢
22 A7 W B BE 22 8% (Cirrhinus mrigala) £ 4 78
o N TR T4 tp gl R4k F= 24 B (],
B0, $2 I8 You ZPYRAR B 5 B MR, BT A A4
BHEARL H = e iR A /R E, 230,
1.2 ABEHF I L6 K BV

SRR PRI L T4 42 IR Liang 212k 1
JEHE T . WIS RS, KRB LTI B N T
B % . R 5 I 4 (Group C), M 3I{L
39 303468 £ B0 AR 110 58 M A0 (— L LA TN ) E X

NG Y 4H (Group W), K fpdH 73 57 T 3 P3¢
FEEL Y, AR e —B, R MR 17:301
T BT B RE A 5 2 J5 LIRS B 0 A 40 1) 2 4 B
AN [ % 68 5 8056 1T 8 7 A= O RE R o R 4> 4 TP B AL
PEHE 3 R T RN R K DNA H AL K53
Mro BJa—kI%ME 4 hj5, F MS-222 (Redmond,
WA, USA)(200 mg/L )4 52 5 £ bR - JURE, S
5, ) 88 (i T Rp o L LA TP IR S VT e 5 R 8
() DNA H1HEARRAS %5 VIR 5G3X — %) s (i o
tLrd BE A 7 k8 1 15 S A £ A AT T
o JEFUE IO A £ 85 2 PR v AR O FIE2)
B, JESLENRTEW A D, BJS A 7E-80 C
MR KA R o

1.3 EWHE

131 ZERNAREUEELMILEEPCRAT &
RNA 19$2HCR H Trizol ¥ (TaKaRa, Tokyo, Japan),
| NanoDrop 2000 (Thermo Scientific, USA)
Agilent 2100 Bioanalyzer (Agilent, USA)X} & RNA
M 5 i EATINE, JF 2% 09 IR #E L UK
Kl RNA #952%4PE . R H Revert Aid™ Reverse
Transcriptase (TaKaRa, Tokyo, Japan)i#£17 & RNA
14 S Bt i S o R FH S22 O 7 B PCR F ARG
pckl, tirdl REPITEA[RIH LU YR IB K-, S2m
PG PCR FE& AU (MyiQ™ 2 Two-
Color Real-Time PCR Detection System, BIO-RAD,
Hercules, CA, USA) - #k4T, J7¥:2 M Liang 2507,
FIFH Primer Premier 5.0 #KMKZIT519, R
AceQ qPCR SYBR Green Master Mix (Vazyme
Biotech Co., Piscataway, NJ, USA)yiiH - )25 %
W I BIROR, IXIETE 98%~105%, 514
REWNER 1 iR, B rpll3a (60S ribosomal
protein L13a)%: i T HAE& N H L h R IAFRE,

x1 EIMEHAXEEPCRIMER
Tab.1 Primer sequencesfor the quantitative real-time PCR

FHNZFK gene name

5|¥)4FK primer name

5|#) %1 5'-3' primer sequence 5’3’

B KIREE/C Ty

rpl13a

pckl

tlrl

rpl13a-F CACCCTATGACAAGAGGAAGC
rpl13a-R TGTGCCAGACGCCCAAG
pckl-F GTCGGCTGTCCTCTACCACTCA
pckl-R CCTCCTCCTTGGCAATACGC
tlrl-F AGTGTCTGAACAGGACCGTC

tirl-R GGCACAAAGAGCTCATAGCA

59

58

59




1066 Hh [ K R

%29 &

DA Bt e g S S TN BY L S TN 3 3k K A
2T TS

1.3.2 TS T PCR (bisulphite sequen-
cing polymerase chain reaction, BSP)4#t DNA
REELKE  FIFH TIANamp Genomic DNA Kit
(Tiangen, Beijing)if7l & JE LN DNA, R H]
EZ DNA Methylation Kit (Zymo Research, Irvine,
CA, USA)iGH G R Ia 1 B 43X 2 41 DNA #E47
AR R SR AL T, DA 2 6 5 56 W 5 4 e [T 2
HIRIC pekl. trl LR 4R %5 5% (ATG) I iF
3500 bp AUFFH, HEAE ZAELR AR A4 0T i) Me-
thprimer (http://www.urogene.org/cgi-bin/methprimer/
methprimer.cgi) AR CpG & (CGI) A% CpG if
SARE . BRSEANT: CpG B A BER/M(Island
size)>100 bp, GC I E & (GC Percent)>50.0%,
CpG [ WEAE/ Tl {E (Observed/Expected, Obs/Exp)>

0.6, BSP 5|¥yI7EL MK/ MethPrimer #E7F,
KA Primer Premier 5.0 2RI BB G, HE
Ja R RS m s, 55 R S LR 2.5k
H Taq plus DNA Polymerase (Vazyme Biotech,
Nanjing, China)if47 PCR K. FH Gel Purifi-
cation Kit (Sangon, Shanghai, China)if#] & 4lifb
PCR =¥, $RJG va b £k pEASY-TI1 (Transgen,
Beijing, China)tr. #EME S FEHLIER 10 4> FH1E
TEREL E AR T.(ABI3730 Ml 1Y, Applied Bio-
systems) #EAT I )7, A S i B2 1 T I Y
30 ASPAMETERE, WA SRR FHTE L AR (M BURR)
QUMA (QUantification tool for Methylation Analysis)
(http://quma.cdb.riken.jp/) #1750 ¥, K 7 7 51
55 3 PR S AR B M T B9 e S R AT X A, AR A
P X 25 SR 2 M 15 Cp G Ao s 75 A A WA L K
F ALK

R 2 FAMYR pckl 0 tlrl ERTHRBSHNF 25 91ER

Tab.2 Primersof pckl and tlrl used in bisulfite sequencing polymerase chain reaction

HHZ R gene name

51Y 4 F primer name

59731 (5'-3") sequence (5'-3")

pckl BSP-pckl-F
BSP-pckl-R

tirl BSP-t1r1-F
BSP-t1r1-R

TTAAAATGTAGTAGAGAGGATTGTATATGA 49
ACATCCACCAACAAAAAAATAAAAA
TTAATACGGGTAATTTAGAGTT 45

AATACACGATAACAAAACGA

14 Zitath

B KR EE/C Ty

K% SPSS 25 (IBM, Chicago, IL, USA)FY
Shapiro-Wilk EARHEILEE . FIFH#AF SPSS 25,
LA ST REAS T A 50 55 R 3R T 25 43 BT (one-way
ANOVA)3 7t it 5t , B8 3 S P A (B A s
BR(X£SE), P<0.05 W HI & AF1E i E P22 5

2 HREHW

2.1 FMEER pckl 0 tlrl EEAEARALRPHE
£ % DNA BEAKFE

pekd J PRI AR JFFIE b i 2 38 1 B 3 v T I R
fig (P<0.05), 7EMirh (R kKFm T REE, HT
EE2E T (P>0.05)(F 1), tdrl ARG 2
kR TR R 68 (P<0.05), fEfFT RSB
KV FREE, BC 8 52 % P=>0.05)(H T
pckl Je trl B K TE 7 P 40 5 A 5 Yl A vy 4
Uk —E, WL 1 ME 2 BR TS

THMER).
70 .
é 60 - *
B'g 50 T
K $ 40 |
ReTL
g5 -
Z g 6 -
% 2t
],
0 1 1 1
R JHFRE %
caudal fin liver brain
ZHZH tissue
E 1 RSN EEE . FFE R
pckl I F kK

*RINAEA R 2 2 2 [0 A7 2 25 22 57 (P<0.05).
Fig. 1 Expression levels of pckl in caudal fin,
liver and brain of Chinese perch in Group W
* means significant difference between
different tissues (P<0.05).



#
&

XI5E 45 MEG pekl & tird FEH DNA B340 7E FLss & A T ARk B9 VR 1067

140 *
120 *

100
80 -
20T
T
1.5

1.0
0.5

T
f

trIFAMRBAKTE
tir1 relative expression levels
!
I

1 L L
R R i
caudal fin liver brain
24 tissue

K2 AU R, IR trl SRR ROKF
*RIRTEA [FI A0 R Z [ A AE B 2 1k 22 7 (P<0.05).
Fig. 2 Expression levels of t1rl in caudal fin,
liver and brain of Chinese perch in Group W

* means significant difference between
different tissues (P<0.05).

pckl 3L R 7E-2169 nt K% —2077 nt {7 5, AFMEH
) DNA HEEAL K 1 25K T i #1268 (P<0.05),
TE—2160 nt {7 5 T -h DNA H 340K 8 Z KT
fiki(P<0.05) (&l 3). 534k, 7E-2199 nt. -2106 nt
12086 nt {37 &5, FFMEH DNA H ALK 511K
T 2 fig (P<0.05), G AH L& A 3 22 5% (P>
0.05), tlrl JEPRFr A s DNA H LK 78
AN RIS 2 () 1 70 b 2 1 22 5 (P>0.05) (1] 4).
22 B, REYBEFRRHALAH pckl & tirl
BEEKNRIEKE

S5ARGUYIEHMIL, pckl HHTES YT

ATG
CpGH CpG island

—2160 —2086

H H—H

-2169 ~2119 2106 -2077

JIE T (9 26 35 7K P 1 3 REAIR(P<0.05) (& 5b), TEK
FREE T, pekl HEPRAE WA 2 18] 1 367K - T6 8
T2 5 (P>0.05)( 5a, 5¢). SAG YL AL,
tirl JEPRAE 5 9B 20 0 i b 3R Gk 0K T I 2 R AR
(P<0.05)(I&l 6¢), 7EJHMEFi 2 g w4~ 21 =22 1] TG\
FE2 5 (P>0.05)(I4 6a, 6b),
23 FYl. FFYREARRHLH pckl & tirl
HFE DNA BEEKFE

ARG, 29 d it  pekl
7E-2169 nt fif #if) DNA HI3ALKF 8 & T+
(P<0.05), Mi7eii )l Etigrh pckl SR B T A CpG
fLAif) DNA HEAL /K P75 P 20 22 8] 34 G i 2
25 (P>0.05) (& 7). 7EM . JHNEFZEE ), t1rl
I FTA CpG 151 DNA F AL K78 5 9
A5y W 4 2 [a] 470 1 3 1 22 5 (P>0.05) (1] 8).

3 itig

3.1 FAMEER pckl A tlrl BEFEHALARIERK DNA H
EWAKFESH

pekL 35k PR 3 7 S M 0 %) B 0k, X S
T HAl 026 F R e 4 R s AR — 5P 3R |,
pckl FEHETA CpG A w78 H M A s H 84k 7K
ERI T I A 2 g, A TEA AR R B
P22 5, IXFRHH pekd 35 P 7 5 05t P T v 8 v 1
TR K- A] fig 5 H AR H 34K A G, (BH

b b c
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o] (=4
(=] S
T d

=
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Ho*
o
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o
FTY)
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(=)
(=]
T

[\
(=
T

DNA H 34K 7K /% DNA methylation
&
3

o LLLE 8 g ) 8

2169 —2160 —2119 —2111 —2106 —2086 —2077
CpGfi 5, CpG site

1 Ji brain JFRE liver =3 J2## caudal fin

Bl 3 MRk pckl 2N CpG B0 i . CpG LA B A S U dilin . FFHE K i b pekl 4
CpG %) DNA H 54k ik
B CpG fimi iy 3 DT FRIRF 8 3R0R 22 57 1t % (P<0.05).
Fig. 3 The distribution and locations of CpG islands of pckl gene in Chinese perch and the DNA methylation

statue of pckl gene CpG islands in the brain, liver and caudal fin of Chinese perch in Group W
Different letters on the bar at the same CpG site indicate significant differences (P<0.05).
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B 4 VSR tirl ZH CpG 8404 . CpG fif

HH
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100 1281
%%60-
§§40-
EQZO-

i

S & @
B

8 X B Ll ] B
AP IR )
ST S

CpGfii 5 CpG site
Mg brain ) fEHE liver == 4% caudal fin

CpG 551y DNA H Ak kS
Fig. 4 The distribution and locations of CpG islands of t1r1 gene in Chinese perch and the DNA
methylation statue of t1rl gene CpG islands in the brain, liver and caudal fin of Chinese perch in Group W

SRR LA G YRR . e R EE b t1rl ZEA

150 4 5rb 15 ¢
o o o
" w2 4T "
= = =
%2 1.0 2 .S %S 10t
X & 98 3t X &
K& K & K &
Ef EZ 2 EZ
=8 0.5 S8 :450.5—
S © S © * R
(S~ = 1F Q.:
= = =
] ], ],
0 . 0 L 0 L
J2##& caudal fin JHRRE liver % brain

C ARSI group W [ 594 group C

s SRmES I . RS I pokl DK 7E R | A 3k K OF
D W B2 B R IRt W H O 1.+ RORTE P Z AP AE 10 25 M 22 57 (P<0.05).
Fig. 5 The pckl relative expression levels in the caudal fin, liver and brain of Chinese perch in Group W and C
The expression levels of Group C are set to 1. * means significant difference between two groups (P<0.05).
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FRE liver

C ARG YIRH group W [ 5 Y2 group C

Ko JMERS I, AL IR tird FERILEREE . HFNEFRING TRk KF
G Yl e 4 FE PR ek A 1. * SRR A8 P 20 22 B A7 18 . 35 1 22 5+ (P<<0.05).
Fig. 6 The tlrl relative expression levels in the caudal fin, liver and brain of Chinese perch in Group W and C
The expression levels of Group C are set to 1. * means significant difference between two groups (P<0.05).
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100 7 C RS Y4 Group W

[ 5 924 Group C
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DNA F 340K /%
3

DNA methylation

[\
(=]
T

0
—2169 —2160 —2119 -2111 2106 —2086 —2077
CpG{ii & CpG site

7 FMEER S I AT YR T IE T pekl BE 1A
TEAIA] CpG Az ki b 1Y HHEAL K-
*FORAL ] — AL W 2 ) A7 A W 254 25 57 (P<0.05).
Fig. 7 DNA methylation patterns of pckl CpG sites in the
liver of Chinese perch in Group W and Group C

* means significant difference at the CpG site between
Group W and Group C (P<0.05).

CIARSYIE4 Group W [ 5 YIE4H Group C
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DNA methylation
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CpG1ii & CpG site
8 s Y. NG YA tirl FEA
TEARF CpG v 5 b i i b K

Fig. 8 DNA methylation patterns of t1r1 CpG sites in the
brain of Chinese perch in Group W and Group C

IR I AN 58 4 — B 25 A 13 25 X 8 (Cyprinus
carpio)** % %3 (Gallus domesticlus brisson)*'f
WFFE AT 30 o thrd i DR 7 S i v ik
e, (HHFTA CpG 7 s i 34k K SF7E 3 44l
LI [T 2R X R GR t1rl S
LKL DNA LKA BA M
TN, FEAN S KN R AT & B, 440
(R 25 BURE 2 20 1 2 3o B LA K SF- 15 HL
B W (R AT 5 52 BURE 20 20) A5 4 2110 4 X R 64k K
-2 [ PIAR DG, W LK A DNA - H 384k K
S b R R AU AR K R R R0 ki,
TEARMF I, A R B 1 G T 20 20 e

pckl & t1rl 2P DNA HEAL /K5 R EE R DNA
H LA KT Z ] 9 DGk R UL, ZE g i, i ik
5% S 46 5 ) o A URE 20 4 A P AR KO DL T i
JHFE | B 55 AL 20 R SR KO, 1 FLRT 2R
iE—2 AT
3.2 FAMEHR pck1 B E DNA BENEH AT
FRE1ER

UM R 7E 2 YL, Ry v B N TRk
(ZINEH), ol REZEAARZIER),
You ZEPBRST & B, PR N TR R AR
bl Fow B N T ARDE Y fo Ik rpob S A DG B A
I pekl ZRIXAKCEEAR, MBKFHAL, BHCE
o, I s R R RS X N T AR R E 1
T EEAEHILR, AT, RIS IEA
pckl 3 PR 7E JTE A 26 55 K OSF B E R T A 5 I
o 25 AL pekl HE PR 2 ik KT BEAR 1) R g
AR T e N Tk, s 5 H s A & #oK-F
H R AR T 2 45805 pckl JEH 1) DNA
ALK, 45 5R &, pekl JEPTE S Y a4
W 9-2169 nt 47 55 H JE ALK - 1838 5 TR 5 9
T, LM R, 1E R —Fh iR B R
BAERRE, 5o XA DNA H e ] it T
P SR+ 5 5 Bl R A R 256 SR e G £,
R 435 4 48 2o oy XA A 22 DR A s s s O
I AT 01, pekd FL 1A i DNA HY LAk 7K - 55 S it s
BN Tk YA, - H 2w 904 i LS ]
AE S am 1 4% pekd e Rl R ik A S P
3.3 FAMEHR t1rl EE DNA RENLEHES T
FREEHR

TEM AL S Wb, RS2 R 5L AU AE IR S
AN A eIk, oA A 2 4R i v e kP4
KA B YA 2R 5 A B R E o 5 R 2 R
TIR1 254, AAURT LB % 32 i = A ek, [R] B
TR AT R T R TCH B R DA T S 3] i 285 I AR
FHB200 SR J K0 AT LA 3 5 52 AR R (S 5
Gy FAESNE R AREAE I, 10058 B A A X AR A
AR AT PR R t1r F A KT B AR ET e
T Ak eE B I A8 G, Wl B R BE
P& Sl 3 BT AR B S 5t A SE & B, trl 3k
K7 2 DI B dd i b i =ik i B LT A2 Y B4,
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Association of DNA methylation of pckl and tlrl with the food habits
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Abstract: One of the most economically-important fish cultivated in China, the Chinese perch (Siniperca chuatsi),
refuses any dead prey fish or artificial diets as they begin to consume the feed. This special food habit markedly
increases the production costs and reduces the economic benefits of Chinese perch aquaculture. However, some of
these fish can be trained to change their inborn feeding habits to consuming artificial diets after food habit
domestication. The roles of phosphoenolpyruvate carboxykinase-1 (pckl) and taste 1 receptor 1 (t1rl) and the
possible regulatory mechanism mediated by DNA methylation in food habits transformation were explored. Two
groups of mandarin fish were used in the study after domestication: Group W, which consumed live prey fish, and
Group C, which consumed artificial diets. The expression levels and DNA methylation status in the upstream
region of the transcriptional initiation site of pckl and t1rl were detected in the caudal fin, liver, and brain of the
fishes from the two groups. The mRNA level of pckl was significantly higher in the liver than that in the brain and
caudal fin (P<0.05). Methylation of pckl was generally less frequent in the liver compared with that in the brain
and caudal fin; however, the expression levels of pckl were not necessarily related to the DNA methylation extent
in different tissues. For example, compared with caudal fin, the pckl mRNA levels were relatively higher in the
brain; however, some CpG sites were highly methylated. Compared with the caudal fin and liver, a higher
expression level of tlrl was found in the brain (P<0.05). However, no differences were found in the methylation
levels at the CpG sites in these tissues (P>0.05). Compared with Group W, the expression levels of pckl were
significantly lower in the liver, aligning with a greater extent of methylation at —2169 nt in Group C (P<0.05). The
transcription levels of t1rl were lower in the brain of Group C (P<0.05), and the DNA methylation extent did not
significantly differ between the two groups at any of the CpG sites in the brain (P>0.05). Herein, no evidence
supported the hypothesis that the DNA methylation status of pckl and t1rl in the brain and liver (tissues that can
be sampled repeatedly) could be deduced from that in the caudal fin (a tissue that cannot be sampled repeatedly)
despite the strong correlations found between the absolute methylation levels in red blood cells (cells that can be
sampled repeatedly) and those in the liver, kidney, and brain (tissues that cannot be sampled repeatedly) in
previous studies using small songbird. These studies also revealed that the DNA methylation status in the blood
cells is a potential biomarker for the DNA methylation status in other tissues. Nonetheless, our results indicate that
pckl and t1lrl might be responsible for the food habit transformation of Chinese perch from consuming live prey
fish to artificial diets. Further, the DNA methylation levels in the CpG island of pckl might be pivotal for fish as
their food habits could be successfully transformed into consuming artificial diets via the regulation of pckl
expression. Of note, the DNA methylation of tlrl may not be the major regulatory factor in food habit
transformation. Collectively, our findings enable a better understanding of the role of pckl and t1rl in the food
habit transformation of Chinese perch and serve as a reference for future research on the genetic regulatory
mechanism of food habit transformation in Chinese perch, especially based on DNA methylation.
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