EDKFERRE 2020 £ 3 B, 27(3): 277-285

Journal of Fishery Sciences of China

DOI: 10.3724/SP.J.1118.2020.19202

2 a-EHEBEE SmiAEFIEEXFHERNXE

RHAL, KAK, KFEE TP, T8, RE, THE

W EDK PERNEIE ST BERR LUK =SS 0T, T4 M 510380

FEE: By TR S o-TERD R IE DN S o 7 91 e i R 7 25 S i S ML Z IR DG &R o @4 PCR 3
TR A4 18] NCBI B8 B2, 3045 32 R 28I o JERTBESEIR 50 824 bp ¥4I, FFXT a2 o JE M ML 57 e 3 E
TR RN F ARG L E 50T AR E TR @A A te . et MR, | o e i A
FEMEAENEE o JTHHEREL SRR FRARER L AR FSEREHNER, GRER: SFEaZsn
JoE a-VERY R IEE ST A A SR TR, MEtk- R Bk R FERIAE E47. C/EBPalpha. NF-Y i
Pax-2, HEME-Z4 &2 5% FE{RELAE deltaBF1, MyoD, NF-Y. AREB6 fll Pax-2, Z% k- &Pk 5 R R L
GATA-1. SRY . MyoD. HFH-8, AREB6. Pax-2. STATSA Fll AP-1, RFE KB &R G5EGILEIEF R, 8
FEMER MBI BA BRI —2K, MK - WHEEERN SumEEREI PS5 E RN T4 B47.
C/EBPalpha, NF-Y. Pax-2. deltaEF1, MyoD. AREB6. GATA-1. SRY. HFH-8. STATSA Fl AP-1; i a-J& )il

FE 51 R A B SR T S R R MR A —E R .

KR B 025 WEMBREREN; 5T
FES> S S96 XHRARERS: A

kR EEYRREAREZ —, EhESS
TE R RO IR K A B2 . TERY ) I AR AE S
T LA R A= o FEFL SR N, 2P
U S48 S A T R Yl T A 0 M R
ST L A0 28 1 U R T 32 B2 P PO 3 00 P9 JBRE 0 A
it Jg g b A N B LAY T A I, Xt SR T Ak
RE N BAHENEN . R T aZEEmisS e
PESE RS CA L IR, 54 SCE s
T 5 PR VE R B, S5 R ROR R M
KVER IS R T 4R 1k . Agrawal ZEPE T A
o, Aot R R AR S T, 45
iR R A0 2 B A R Y VE R B 1, R
21559 . Hidalgo 25 CWIF5T & I0 68 fii(Anguilla
japonica) [ ¥E ¥ i IF 4 L 0T &5 (Oncorhynchus
mykiss) 97, B 1 A R B 1 0 2 D b Tl O
BimTREEa,

Yris HEA: 2019-07-25; 1&3iT BHEA: 2019-09-20.

XEHS: 1005-8737-(2020)03—-0277-09
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AT T 5eke, JERESE T ARDRRAS IR o-3E 4 il
SR FRIB R, AR 5 um R X F 514,
A A B R SRR 2 A A A LR T,
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Sk H - (TFs)J& 2 5 L R 38 3k 7 Sf IR 22 1 )7 97 e
Sk DNA Z5G M, HEPRIKEE Z 25
K7 (TFs) 45, sk 74551 DNA X lphe
Syt S T4 B0 S (TFBSs)Y, B A O BIF 5 IE
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A M, o~ B DR 2 4 s g0 AR, A
HIC T2 a-JEM I 5/ s 842 DX 3 31 i A0 5
HRIE R/, Ma S5 BTE A 20 o-VE oy Tl L R
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J& Bl 7 XA AR B B %% e (GR), TEHE
B JSTUCER (IR (e a2 T A ik PR ) 5k . TE SR
(Siniperca chuatsi)a-VE#y 5L R 5/ i 455 X s &
AT 2 He sk BAT P 1 F A I R e 1

VE B 5 2R M TR A A B U A OGP,
LA o-VE M Il 25 IR 5 4 )3 9 R A SR X2,
SIS [ 1 £ 288 B4 oo TR A9 35 PR 2 53 PR 7
M2, Tkl 5 AR G TE
ST AFFE LI Oy 0 28 £k o Ak 4 T ML B A
PR —E MBI AR

1 HR5HE

1.1 & o ieWEEER 5'imiAEF 5 HIFEE

AREL 32 FORR PR R o- Tk il 2 A
5'v P4 3 91 o Herp 5 £ 2540 45 7 A (Ctenophar -
yngodon idellus) . fi§(Aristichthys nobilis). 7 ffi.(Myl-
opharyngodon piceus) . fi(Oreochromis niloticus)
FI#% (Cirrhinus molitorel la) i o- 7 45 il 3 K] 5355 77
i 514 (F: 5-CCCAATCAAATGGATTTCCC-
3', R: 5-AAACAGGTGGACGATGGCA-3") 5L [ 3k
4. PCR LW & H: 94 CHUZEME 3 min; 94 C
30s,55 °C 30s, 72 C 1 min, 30 MEHK; &5
72 ‘CHEH 5 min, PCR F=H)4: 1.2%35 N5 Ml 56 e i
VKA S, WS S5 8GR . RS,
M NCBI #4824 AS T 27 it S o-JE K 55 R
SURIFANEE 1) SHTIEIGEE o-JE MBS 57
ity VA 4 17 91) Ry o SRR U A6 45, (T'SS) 1 Ui 824 bp JF
F, JFHIN NCBI Bl e Fahikifs . & ere s N
2% 3| (https://www.ncbi.nlm.nih.gov/gene/) I~ ## &

pancreatic alpha-amylase, %A J5 M\ sequence text
view % H B4 HUF 5,
12 RERBEMNEREFESALIST

FI ] NCBI %48 219 Blast %% (https://blast.
ncbi.nlm.nih.gov/Blast.cgi) #4743 H71, & K151
FPo R o-TEREEEE N 5 F 51, (] MEGAS.1
BRAE T P 50 AT LORT G0 BT, A i R HEALAY; R
H ¢ KA SR ¥ (maximum  likelihood), Bootstrap
Replications ¥ E 4 1000, {# /] Hasegawa-Kishino-
Yano 8, B AE YT (Xenopus |aevis)ii & i 4
Fil % . f# F§ NNPP (https://fruitfly.org/seq_tools/
promoter.html) 73 AT i xE % 5% 82 45 17 25 (TSS) . A
AL LASAGNA-Search 2.0 (https://biogrid-
lasagna.engr.uconn.edu/lasagna _search/) it 17 % 5%
F 25 G B9 T, Matrix-Derived 57U 1E £
TRANSFAC Matrices, HARZ 34 R 1E L & 1Y
NS,
1.3 BXEFMEREMSE

B TR 'E TP (trophic position) ) & HiE
#& M FishBase %3 (https://www.fishbase.in/search.
php?lang=scChinese) 313" . MR I 25 F: B 2 By
KN, B2 HoAb A O SR, AR SORERF 9T Y £
X4 H 3 25 & (herbivore), troph<2.5; 2
(omnivore), 2.5<troph<3.5; #I [ & I (carnivore),
troph >3.5(5 1),
14 BXAMEEFIFAERFXRSN

FE PRIMER 6 S PF AR ET 23 HEAR R 0
(SIMPER)f# M T A A & PSSR R o- T8 il 2k
PRI SRl 455 DR - AR 2 22 5

Fz1 AMRAMY N2 HELREXER
Tab.1 Information of the 32 fishes used in this study

GBS H

species order

family

4t Ctenopharyngodon idellus  #[JE H Cypriniformes
f% Cirrhinus molitorella i H Cypriniformes
fiJZ H Cypriniformes

#HfZ H Cypriniformes

il Carassius auratus
fi§  Aristichthys nobilis

JeR A A AR i

! . . 2 H Cypriniformes
Snocyclocheilus rhinocerous 7 P

fifl Cyprinus carpio
BET, 4t Daniorerio

##J H Cypriniformes
i} H Cypriniformes

5} Cyprinidae
#F} Cyprinidae
B} Cyprinidae
&} Cyprinidae

&} Cyprinidae

5} Cyprinidae
#1%} Cyprinidae

¥ 38 U5 BRI i
sequence source  trophic position feeding habit
AT this study 2.0£0.00 AP herbivore
WS this study 2.0+0.00 HAME herbivore
¥4 E NCBI 2.0+0.00 AP herbivore
AW this study 2.840.33 &M omnivore
$HEE NCBI 2.940.30 &M omnivore
Bedi e NCBI 3.1£0.00 Z+EYE omnivore
¥dE %2 NCBI 3.1£0.10 ZE M omnivore

(¥4 to be continued)
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(%% 1 Tab. 1 continued)
N H B J7 338 5 BRHZ iexis
species order family sequence source  trophic position feeding habit
1 Mylopharyngodon piceus  #1J& H Cypriniformes  #F} Cyprinidae ZASHF5T this study 3.2+0.44 Z4 Pt omnivore
fi§  Ochetobibus elongatus i H Cypriniformes  #F} Cyprinidae ZAWF5% this study 3.440.40 Z4 it omnivore

VA S N

. - . LA/ erciformes L .0£0. LR erbivore
JogtiR i 59 H - Percif AR PR LLA} HflEf NCBI 2.0£0.00  EfrfE herbi
Boleophthalmus pectinirostris Gobiidae
; i e . . . H R , . .
WHRIEE 48 Segastes partitus #57% H Perciformes R . 4R E NCBI 2.0+0.00 A herbivore

Pomacentridae
E?}?iﬂiﬁ@. o fitif, H Perciformes ZEHARL Cichlidae #(¥5EFE NCBI 2.0£0.00 AP herbivore
Oreochromis niloticus
—_ - . 2R R " - .
H TR Xiphister mucosus #9 H Perciformes #mﬂ. K45 NCBI 2.2+0.10 A herbivore
Stichaeidae
B0 S 2 B . . 2R MR ; e .

- R 12N Perciformes | . Z= NCBI 340. A erbivore
RO SRR W9 H £ ) HHRIE NC 2.3+0.20 & herb
Cebidichthys violaceus Stichaeidae

A% i
45 Anabas testudineus ifif, H Perciformes SR . 45 % NCBI 3.0+0.40 Z2 &t omnivore
Anabantidae
5 i i - /\ﬁu ) e .
R ,bﬂ; AL £ Amphiprion- ocel 52 H Perciformes IR . P8 NCBI 3.1+£0.36 Z gt omnivore
laris Pomacentridae
K¥Ef Larimichthys crocea #59Z H Perciformes ;Sﬁﬁﬁfr ¥4 E NCBI 3.7+0.56 PP carnivore
ciaenidae
Wil Lates calcarifer iifZ H Perciformes RMEGTRL Latidae %(4E/F NCBI 3.8+0.60 P carnivore
% P . .
mé}‘(@ﬁ. #JE H Siluriformes E"E‘ﬂ,_ ¥ NCBI 3.1+0.46 Z4 Pt omnivore
Pangasianodon hypophthalmus Pangasiidae
wHifh Tachysurusfulvidraco  #3% H Siluriformes %} Bagridae B % NCBI 3.5+0.10 &M carnivore
a1 R I . SR o .
¢E—IHHHD/$ NEELH Characiformes Hnjﬂ_ K45 NCBI 3.2+0.38 Z4Er Pt omnivore
Astyanax mexicanus Characidae
EL e o
WEEF B Oryzias melastigma %t 1 H Beloniformes #%ﬂ’ . BEE NCBI 3.3+0.40 Z2& Pt omnivore
Adrianichthyidae
EL i1t
i Oryzias latipes fii%tfa H Beloniformes ’*%ﬁ’ Jf ) Bl #E NCBI 3.4+0.45 2 omnivore
Adrianichthyidae
. . fii JE2 fili . .
£TfE 75 Jr il Takifugu rubripes bl A ) B ) Bl NCBI 3.6+0.57 A carnivore
Tetraodontiformes Tetraodontidae
A AR
5 ) Cynoglossus semilaevis BOPH ) i _ #dEE NCBI 3.7£0.60 W& carnivore
Pleuronectiformes Cynoglossidae
2 AS 1 (i 6 i R ) )
Hi#8 Electrophorus electricus BRITE Ry SR R BE NCBI 3.940.52 Mt carnivore
Gymnotiformes Gymnotidae
TR Sl - AL JHL = N
TSR MY i £ L . MR . ¥E %2 NCBI 3.9+0.63 P carnivore
Scleropages formosus Osteoglossiformes Osteoglossidae
. s . ik HEER ; .
B 486 Lepisosteus oculatus é"f'g . ﬁg"cfﬂ ) ¥4 E NCBI 4.0+0.66 PP carnivore
Lepisosteiformes Lepisosteidae
Bt Esox lucius ¥yt H Esociformes FitaF}t Esocidae  A(#EFE NCBI 4.1£0.40 MEYE carnivore
: 7S o .
BROCIHRIS 1 . ftiJ¥ H Salmoniformes %l Salmonidae %(#iFE NCBI 4.2+0.70 A& carnivore
Oncorhynchus kisutch
KV Salmo salar @)% H Salmoniformes #E#} Salmonidae %45/ NCBI 4.5+0.30 W& carnivore
#T#%  Oncorhynchus mykiss #:J¥ H Salmoniformes #EF} Salmonidae 4(##/E NCBI 4.1+0.30 W EMH carnivore

2 ERESW

2.1
SRR R, B

BEE o-ENEBER 5'HF
i N o-TE Ay

RN

fifg FE K P81 B B BE 439l A 1328 bp. 949 bp .,
1245 bp. 954 bp. 1299 bp, HHAMNE T 1 #H0F
I 96 bp, ZwidAH R EEIR)T 5 (E 1),

fd F NCBI %4 52 19 Blast J AT E L 43 #r, Al
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HAb AL, X 5 Fhfa2 o-JE 0 BEEE R A1 1
AT A AR S, T 5" A 25 SRR K.
FE SIS TERE RIS I P 91N S o-JE R SR 57
Ui [ 4

FIHFEL B NNPP 4341 13X 5 A3 o-TE
ML 5% 91 B SR IR 7 5 TSS(+1), (&

Hifti Ctenopharyngodon idellus GAGTTCCCTGATTGGCCAGAGGAAAAATGTCATTTIIGTATA

D)o TE o-TE R B HE R 3% S5 46 067 53 37-17(-19)
AbFEFE TATA-box, {HJZ 1) TATA-box J7 %
“GGATATAAACTGCAC” fil H flh 4 Fh 1 2%
“GTATATAAACTGCAC H — ML £ 5% G/T,
T ELEE o T8 Ry AL R X 48 TATA-box L UF T3 A
23 bp MYHRIEHLK .

SCAGATGAGCCTAGGTTTTGTTGTA GGTTTT TCTCTGA ACTAGGGAAGGATGA +33

TATA-box +1 Met
i Aristichthys nobilis GAGTTCCCTGAT TGGCCA GAGGAAAAATGTAA TTTTGTATATAAACTGCACGAT GAACCTAGGTT TTGTTGTAGGTTTT TCTCTGA ACCAGGGAA GAATGA

18 Cirrhinus molitorella

7 f1. Mylopharyngodon piceus GAGTTCOCTGATTGGCCA GAGGAAAAATGTCAT

GAGTTCCCTGAT TGGCCA GAGGAAAATTGTCATTTTIGTATATAAA
TATA-box +1 Met

TATA-box +1 Met

iCAJATGAGOCTAGGTTGTGTTGTAGGTTTTTCTCTGA ACCAGAGAAGGATGIA +33

iICAGATGAGCCTAGGTTTTGTTGTA GGTTTT TCTCTGA ACCAGGGAAGUATGA +33

TATA-box +1 Met

# Ochetobibus elongatus GACATCCCTGATT: GGATATAAACT GCA UA TGAGCCTAGGT TTTGTTGTAGGTTTTTCTCTGAACCAGGGAAGGATGA +31

Hiffy Ctenopharyngodon idellus AGS

¥ Aristichthys nobilis

5 Cirrhinus molitorella

51 Mylopharyngodon piceus AGC

i Ochetobibus elongatus AG( TAATCITGGCA/ TGCTTGGACTGAGCCTCGCT
KLLTIUL ATULULGTUL S L A

TATA-box +1 Met

+125

+125

+125

+125

+123

K1 SRR 8 B b Be
+1: PR IR L.
Fig. 1 The partial of cloning sequences
+1: Transcription initiation site.

22 BHREFEESMLATH

Jei 87 51— Ry e s kR AR 07 1 (TSS) B
2 2 kb (X, T BT K S T4
B LR RE R R R P R PR A AR AR
FH o AR SCHR AR AR AT e ) 4K B e UG SR I 407 AL 1
Uit 824 bp XA T 43 H7 o 76 3 R 2 5] (https://www.
ncbi.nlm.nih.gov/gene/) I # %X pancreatic alpha-
amylase, MZ5RINR PO o-TEMETEEER,
SRIGTE sequence text view 7 a2 HUF 51,
TR SR AR 7 s LU0 824 bp J7 41 FH 54 st R F
gAY, LAIEAE NCBI 0 2 5 T 27
PRI a-VERY LR 37581 . R, AR SC
AT 32 PR o-TER AL NS 31 5 T
L SRS VA T

F 7R 268k LASAGNA-Search 2.0 X 32 Fh
B o-VE A WL RIS 3l 1 e 9 AT 2 S I T 2
ALY AT, 3204 S 3T 5 A 8 R R
HF R 2 FR . JFSIRT S E R AL E S S . 32 Fb
B o-TE A L PR RS 3l PP 9 25 0 P S PR -
ERBERTE 40~98(/F 2),

MG A TRl Pk 2 e - A0 Bt L DX PP A7 A 1Y
SRR 25, R SIMPER 43#r, fifiik
SOt M 22 S ) R SR T B AN B
1 25 2 [5G SR 7 A1 S S TR KT 3.5%
()37 S R PR S e 28 B b 25 S I TR e S A
T o M T TA B A S I T 4 N 22 5 SR R
1F E47. C/EBPalpha. NE-Y F Pax-2; £ t—2¢
B R EE S R T UL 2 57 2 BAIAE deltaBF 1,
MyoD., NF-Y, AREBG6 fil Pax-2; Z2&k-A &k
[5G S T 25 55 B LR BLAE GATA-1. SRY .
MyoD ., HFH-8 , AREBG6, Pax-2, STAT5A #il AP-1
(#2).

23 BHTFREISFHLDT

ASCWESERY 32 R ik 12 H. 19 BHGR
1) R o-TE M BRI X 32 Fhea b T RS &
Borbr, MRIEEE o-TEM BESEE R S 2 TIPSR T
RGO, G5 R BN, H9E H 2R RE 42
. BRI 2T IRROWHE . RIR
i RV IR B R oy — 2%, #P H iR
ity . T, B B SEABED AR —I (A 3).
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120 -
100 - 9—8 91
[ 83 83 83 m
78 79 > 78 77 78 - - 80 77 77 M
g0 B o 0B - L e 72 71 g9 b = o2 g 4P
g [ M 60 B M 64 65 ° 64 W om — M
g 6o M M M 57 56
it [ 46
® o
40
20}
ot 3 X S SO o > $ & $ D & '
FLFTEPFTIFPLFF PSSO @S c}o o“’ ~$ ‘@ PO S &S
s SRS RPN %&Se*“so@ SPATSII I S c\ S $’$?<&°’e~°\ e
L I W S ORN N @» TPk o %{%’ @wy @%@é @b@ 0 o B 10
& P % ,&%@, 6% N %&, P v&,&/%@ N 7@ &% W‘,&;@ R, N
& ANl & T S S S
WS ¢ %@ & X &
& species
&2 32 i I3 S Rl 728 A0 1) Bl i
Fig. 2 The number of the transcription factor types of the 32 fish species
#x2 TREMBARREFHNERUEINER
Tab. 2 Analysis of the dissimilarity of transcription factors in different feeding habits fishes
ZREPE+ R PR, V125 7 1%=98.72 groups omnivore & herbivore; average dissimilarity=98.72
5 2 Ze g omnivore L4 herbivore
transcription S IR 2 S 2 PEbR 22 TTHRR /% BT DTk R Y%
factor type av. abund av. abund av. diss diss/SD contrib. cum.
MyoD 0.03 0.02 3.92 0.23 3.97 3.97
NF-Y 0.02 0.03 3.84 0.23 3.89 7.86
Pax-2 0.02 0.03 3.77 0.22 3.81 11.67
AREB6 0.02 0.02 3.72 0.22 3.77 15.44
deltaEF1 0.02 0.02 3.52 0.22 3.57 19.01
e+ A BT 125 5 4:=98.96 groups omnivore & carnivore; average dissimilarity=98.96
e Z& P omnivore A carnivore
transcription FryEE RSOES S 2 S 2 PEbR 22 TTHRR /% S &
factor type av. abund av. abund av. diss diss/SD contrib. cum.
SRY 0.02 0.02 4.12 0.23 4.17 4.17
STATSA 0.02 0.02 3.88 0.22 3.92 8.09
MyoD 0.03 0.01 3.68 0.21 3.72 11.8
GATA-1 0.02 0.02 3.66 0.21 3.7 15.5
AREB6 0.02 0.02 3.66 0.21 3.7 19.2
HFH-8 0.02 0.02 3.62 0.21 3.66 26.53
Pax-2 0.02 0.02 3.62 0.21 3.66 30.19
AP-1 0.02 0.02 3.62 0.21 3.66 33.85
AR R PR, T2 7 1=98.88 groups herbivore & carnivore; average dissimilarity=98.88
5 2 HAVE herbivore P carnivore
transcription S R 2 S 2 PEbR 22 TIHRR /% BT DTk R Y%
factor type av. abund av. abund av. diss diss/SD contrib. cum.
Pax-2 0.03 0.02 4.67 0.25 4.73 4.73
NF-Y 0.03 0.02 3.72 0.22 3.76 8.49
E47 0.02 0.02 3.57 0.21 3.61 12.1
C/EBPalpha 0.02 0.02 3.57 0.21 3.61 15.71

Note: av. abund=average abundance, av. diss=average dissimilarity, contrib.=contribution, cum.=cumulative.
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0.021 Pt Lepisosteus oculatus C
0.19— JEF B M Oreochromis niloticus H
—E SEWNEA MBS f4 Scleropages formosus C
0.009 | o1 0.644 E 28 Pangasianodon .hypophthalmus 1)
: M Tachysurus fulvidraco C
0.011  RKWKIEH Oncorhynchus kisutch C
0 FEAIELRER Sinocyclocheilus rhinocerous o)
VRBNEGRAE Y Stegastes partitus H
0.02 0.049 0.782 HESREIRRH Cebidichthys violaceus H
0.034 E 3 Anabas testudineus o
T 0.408 KV Salmo salar C
E IR BEXUE . Amphiprion ocellaris o
0.023 0.243 KW Boleophthalmus pectinirostris H
0.995 RN Lates calcarifer C
K# 1 Larimichthys crocea C
K144 Oncorhynchus mykiss C
0.082 ﬂL 0.121 [: SVGE N JEE Astyanax mexicanus 0
0.025 1 Cyprinus carpio Te)
0.223 HL8 Electrophorus electricus C
4@ 23585 Cynoglossus semilaevis C
ABEA L Esox lucius C
0.999 — YEEEH M Oryzias melastigma o}
0.176 — FH# Oryzias latipes le)
1 0.718 it Ctenopharyngodon idellus H
%E #% Ochetobibus elongatus o}
1| 8. Mylopharyngodon piceus (o)
0.746 1 C % Cirrhinus molitorella H
0.808 1§ Aristichthys nobilis o)
0312 ’_T ¥ Carassius auratus H
l PELL 1 Danio rerio O
YTUELR Tl Takifugu rubripes C
AR Xiphister mucosus H

ALV T Xenopus laevis

K3 JER LD ST S 2R 58 % B R A
C: WETE H: BEdE; O AvBTE
Fig. 3 Phylogenetic tree analysis of the amylase gene 5’ flanking sequence
C: carnivore; H: herbivore; O: omnivore.

PR 3 S R AR ) P B B —28, &Koy Sh
FHEARR eSS, FHMIS o-TE KB G 3
TP ES AL B FE AR S, i o-YE M T
ZRERE WL EY R E K, ERMIT
() 181 28 F T P A 5% B 245 #4) RN T RE B 4R R A 5 |k
BE ) 2ES, SR ataatt.
3 itig
3.1 B o-EMEEEE 5uniEiEE s AE e

X 32 T £ 28 g oY Ry It 3 PR 53y 7 4 26 A 1 F

5T, VU SR AR 7 1 137 824 bp IXIREFT 70 A,
WFFEA ) BP0 2 B - TR M i DR 5 S 1 428 37

HEMEZEERR . AR o-TEH MR 57
it AR L BEAR MK, German 25U 71 1 28 g 4y il
DU BIETE P A B, B0 (0 SR 2R R 1 B R A
ity A 7E AR B 25 % 7 2 11 167 bp Fe 1 AR ALLRE
R, fE EiF 167 bp LUSF 5 RAHIEARAR, 1M
HLA AR 2 7 Bl ok o B 53 Tl 56 IR 25 ) DX P 971 7
NI 0 5 PR B SE Y, KR U b
A SR £ 53 Tt PR 14 245 23 8 7S 20 v DX 91 7 A [
e MR IS 91.8%; S U1 br i G
oy it LA 20 % DXy 91 55 6 5 0 1) [R5 SR 79.7%
LN 57 P SRR AT IR P 9 B2 1 Dad i Ak,
5 DI RE LN 2 b5 DX PP S HEAE AR LE, JED 5/ 5 51
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HERATRRIT A L A BARM AN . BRI A
¥ 7 S AT B 7 50 AR EL A, (R D RE
PEFINHE AL H AR ST it S5 PR e S s 1Y)
A R o AR FE R 2R T 5, T AN 2 AR A
DRI 24 i 14 S B R 5 91 9 s 2B i Ak G 0
32 Boe-EHBERERETFSREEXER
Inomata 252"t SRR TE MY B 573751 1F
T, RILT 2 AR e R4 s i
VE M B REAS B M VE Y B IE 1, MR KRB 1 AN
S DT AT LA ) S [l B . Ma 25U
W) 5 G 3 il I PR O 3l i 9 & BRSSP GR
X R YRR B AR . ARl A A
[F] PR SR o- Dy B IR 573 1 91) 5 sk L1 1Y)
25, HBEERN S AR EMHAHCH 12 3R
¥, E47. C/EBPalpha, NF-Y. Pax-2. deltaEF1 .,
MyoD . AREB6., GATA-1., SRY . HFH-8, STAT5A
FAP-1. SAE B P/ B 1R 22 S AH DG Y % s IR 1
i E47. C/EBPalpha, NF-Y Fil Pax-2; S/
ZREMEF LN R T4 deltaBF1, MyoD,
NF-Y . AREB6 fll Pax-2; 524481/ &M 2257 H
KMk H T4 GATA-1, SRY . MyoD. HFH-8,
AREB6 ., Pax-2. STATSA Hl AP-1., Bz ik & %
A (GR) 7% 5% X 7 18 4% 3 3% A1 AH OC 1 2L 1
Hemmer 25221 5 /N s & 24098, &P GR ¥4
PR MERS FCT 22 B47, 10 E47 (98T LABH
1k GCs 5 & s AU A A8 e & A2, E47
Al GR L [FEVE M AR SE T ARG . A5
et B47 FERE T TERA S I i 22 5% 51
BRAFN 3.57%, RFEmMEAEEIEMA TR o-5E
By 3 PR F R g e s 7, e gk o-
VE A il I R () ek R R FE R RRAR EVE o AEFIE
H YT, 5 54K T C/EBPalpha 8 11 A [&] i LI AT
DAVRFE0E S A OB B i A . Pl S A i R R A T
P&z mF, C/EBPalpha A1 FOXO1 FL[A]/F F T IRE %
il i JE 3, AT 4 H ey (B PCKT
GOPC) R IR AW R M, ¥ 5% [H ¥ C/EBPalpha
YRR B AR RN TR RS
3.57%, ANFEEHZENES a5 RAK o-JE
Ky R HE I IR AR TR, BT NF-Y 7RI
iR RS AR AN, B IA T

NF-Y #] DL IE ) o 4% 4% .0 B 8 oo ARNTL/
BMALI %524 ARNTL/BMAL1 &5 %75
HF, EERT AR, BT
BhoE—F NIRRT RS, A AR 2 24 /B
PR R 3R o 1 1 AR R 45 Al AR B 7R, G S I
F IR B 1T B A R BT BRI R AT A T
., Wang %P IE Bt Y SE RN A P 5T b, R B
TR RE T, Wil e R T AR DG A
(IR R A T ik, H A ] B A R R
JEM YA, RBUL N Z 1 1] FH B 75 LT
Hopedi g Ko ULIE BT A X 2 T 22 5
BEEENEW . ARUFIE PSR F NF-Y 2
TP S E R A S A2 o-TE N LA
RN PSR MEIR AN R, 3N Pax-2
T T I 28 35 DR 3k v LA S 1 PO
AW EE R BT SN T Pax-2 fER A S E
MR EHARP IR RES, 25 EkR
I3 RN 3.77% 1 4.67%, HEM Pax-2 J& F &Mk
SR PRI PR 2 o-TER R A 25 S
VEFDN T o B i R £ 2R T ok e &9 A
EHSV NI a5 & b GIRY A RaE /1R /N
B S RATTS BRFEE S, 4 BT
A BERFRIKETT ) KT MyoD 25 4 il
XoF A B 5 U 2 R A S g, R YT 40 ) AR i
o ABFIEH, BN T MyoD fEZvEhfaky
BT PRI A B 2 o R 3R IR R R R Y
225, IF HAE v 40 28 v B A SR AR
Watanabe 252 il & Atplal 1Y AREB6 ) cDNA
Y B E RO R b, g5 R KW,
AREBG6 25 [ 7] H 4 cDNA 1Y %505 01 200 i 28 750 14 i
SIS R B e B i . AR oY R I Y
FIRMBTAEBM R W EENEZ —, mER
73 TR 40 452 v T LR 0 e 5 0 D A 9 A I
IR S A K B BT S oD L R
FIR AR, A SEPR AR AT AN 2 2k A 5
BHF, R AERET, BEERYRF
B

A IE B R A a-TE A I IR 50 R 35
FPOHT 0 FRELB M. BT RERE
T, RGEPAMEE R 58508522 KIRH
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o EUHT, T 2T Ao i 5L D A A4 2 BT fiE
L FRBPENLIOETE . OB ST AL L4
Do ARBRFEST T o-TE R R IR 573 4 1
RKHETRRG AT SEEEENXR, ZHE o
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EBPalpha, NF-Y, Pax-2, MyoD Z7EA[A] &M
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Analysis of the relationship between the pancreatic alpha amylase
gene 5’ flanking sequence and the feeding habits of fish

ZHU Shuli, ZHANG Yingqiu, CHEN Weitao, YANG Jiping, LI Jie, WU Zhi, LI Xinhui

Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China

Abstract: In this study, we aimed to examine the relationship between the pancreatic alpha-amylase gene 5’
flanking sequence and the feeding habits of fish by analyzing the differences of alpha-amylase gene transcription
factors in different fishes. Pancreatic alpha-amylase gene 5' flanking sequences were obtained from a total of 32
fish species. Five of them were obtained by PCR and the remaining were obtained by searching the NCBI database.
The length of the obtained 5’ flanking sequences was 824 bp. Then, the transcription factors and phylogenetic re-
lationship analyses were carried out for these pancreatic alpha-amylase gene 5’ flanking sequences. Fishes were
divided into herbivores, omnivores, and carnivores, according to their different trophic positions. The percentage
similarity analysis was used to study the differences in the composition of transcription factors in fishes with dif-
ferent feeding habits. The similarity of the pancreatic alpha-amylase gene 5’ flanking sequence among different
fishes was very low. The pancreatic alpha-amylase gene 5' flanking sequences of 32 fish species contained a spe-
cies transcription factor that ranged from 40 to 98. The results of the percentage similarity analysis showed that
there were differences in the transcription factors of pancreatic alpha-amylase gene 5’ flanking sequences among
fishes with different feeding habits. Differences between the Herbivore and Carnivore groups were mainly found
in the E47, C/EBPalpha, NF-Y, and Pax-2 transcription factors. Differences between the Herbivore and Omnivore
groups were mainly found in the deltaEF1, MyoD, NF-Y, AREB6, and Pax-2 transcription factors. Differences
between the Omnivore and Carnivore groups were mainly found in the GATA-1, SRY, MyoD, HFH-8, AREB6,
Pax-2, STAT5A, and AP-1 transcription factors. These transcription factors play an important role in glucose me-
tabolism and can enhance or inhibit gene expression. In liver glucose and lipid metabolism, the E47 and GR tran-
scription factors act jointly as metabolism promoters and enhancers. In the regulation of gluconeogenesis,
C/EBPalpha and FOXO1 act together on the IRE controlled promoter to regulate the expression of target genes
such as PCK1 and G6PC. Transcription factor NF-Y plays an important role in promoting glucose metabolism.
The phylogenetic tree results were generally consistent with the traditional morphological taxonomy. Fishes with
the same feeding habits did not cluster together in the phylogenetic tree. The results indicated that there were sev-
eral transcription factors in the pancreatic alpha-amylase gene 5’ flanking sequences that were related to the feeding
habits of fish. There is a certain relationship between transcription factors and the dietary differentiation of fish.
Key words: feeding habits; fish; amylase gene; 5’ flanking sequence
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