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Bt £ 25 Mo TR 1] B8 A 238 07 1 e G SR A
Kermen 55" X} BE 5 1 (Danio rerio) W5 H, B
WESE, M. IREGFH SRS FrE R0
PO R 26 A= BRI B AL A5 5, T R R B HR
Py IR A SO DU B A 8k A £ S Y B AR T
R, BRI AR, B iR S R R R U
TS B OB it 28 X IS0 A vy B E B e Pk . 2R
T R 2E AT R U, X i R 4 T
(AT Sy 2 e oy 8 S I MR AR AT, A DDk R
T JE T HEr R, DL S m K AR R 1) 12 3 A R
R, WL SEES (EOG) e ARy f ML i 5% v 22
L H g s E BRI B, TN T RER
#ll (Carassius auratus gibelio)® . 44 (C. auratus)"” .
iR & (Oncorhynchus kisutch)'?. 4 % W8 (Sparus
aurata)'™ F5 Z R R LSS REMEAT Y, TR
A5 &AM A 55, REHER
o v, 25 32 N IR L I T R AE B B A i A
ko M ORs FEPRIAE Ay 0. 28 W5z IR0 19 73 1% 0
MR H 4540 5 T RE 22 55 0l 4o T RSN 11 AU P K28
U0 Hop ) 2 ORs AL g T 18, %38
T SZ AR 1) 25 AR AR AT B 3 T 7K A PR v ) k2
fF5 B0, FENTTMIFEE G KRR+,
f 45 Beta. Delta. Epsilon. Zeta %5 % A>T HE I
YU ORI A () ORs B K 7 OE. OB X il
(Br) #py R A B AAAE W E 2R, BN Beta
EBIAE IR OK PR B T K HL 9w AR
Epsilon V.70 W) 5 7K 5 M SR ) v R S 1 1 1) 2% D
FHOCRY, FP PRI 22 S B T R AR
o (AL . IR . BRI ) U

BESHE, AR D RS R

AN RIZE BT 5 1 OGS 1 JE AR

H 3k (Megalobrama amblycephala) 3 J& #TE
H (Cypriniformes) #f £} (Cyprinidae) i . #} (Cul-
terinae) #)j J& (Megalobrama), 1 Fy 3% [ 5 2 IR
KPS, BA SRR . &) SRR,
B e AR 4l h & 223 A58 ORs 6, H
W Beta. Epsilon SERITEIR /K 9 g 2549k H P51
FEERSE, 5 G HE PR Z A8 F R RE— 2,
R FEATIR K A K SR AIL R SR AL 1 AR Y
Gy Bl A5 A A £ SIS R E, S N 2 R
RV AE: 3= A N [ N o ey
WS, VA Sk 5 1% W F, 52 1 W 738 A AT o 2 S g
225, TEW A BT R 2r KRG R S5 B 1

KE, T356, IR T RS Pk 87 O
OB. Br U3k ORs W R AR ATHIFE, N
Ja BERAIRIT TR 731 R P Sk 7 IR 58 1 220
ARG A S L ot 22 S R AL ) 2 LA

1 MRS ITEA

1.1 SLIEEh4)

PAAE Tl K 27K 7= 37 5 R R S B 2
WO R AEL g XT 4, BER 11 00 Fi 18:00 4%
AR R, AF2~3 RE e 1/3 BEAK, fRIFIE
HAKERIEE, I8 50 BA KRS RIFA Ak
Wighf, [KK (741 £ 024) cm, 2K (9.23 +
0.30) cm, 1A (6.791 + 0.79) g] FFEHIFE ., L1
A T A A K EER A A0 B 2 51 4 ifE (HZA-
UF1-2024-0029), S5 30 A% fh A A 51 7™ i < 1
Tl K2R S0 Be S e BALYE , I IR Rl
RAFRFAC IS 51 238 AR BE AT

1.2 SIRRIERAIH &

eGR4 R Sk 8775 3 3 kR4 i
W, BRREMAREPEM 1~2 mL, ARG
IV NEEMA, KBRS R )5 A 2
ER AR MR B AN W] A58 10°~10" mL/L, &
AL B Sigma-Aldrich 22 ] (99%). K & Ak &4 il
£ 107" mol/L [ JFL I, 7F 55 30 I If w7 B &
107~10" mol/L, F 4°C PRfF&H.

1.3 MBHEKN

SHOA MR TR, Bk EiE T
45 mg/L i T 7 (Sigma-Aldrich, 99%) ¥ % H kR
% 5 min. B FE A0 BRI A AT Sk 77, BEAILIERE—M)
BAL, SR EEERTMNERE, 02 OE,
i 0.1 mg/100 g PR TR (A7) 5, K — 0 2 193 1 W
(1 mg/mL) i FE SR A AARTEL, 1R A2
Wil . SCERReE . FHZD AR BRI Y A1 Sk 5 40 2%
IF 8 TR E, SRR AR 75 TR K
K, fREAEERSBEAK T (8 1), HZLURE R
T4 (8.5 mg/L) ) 3 Tk A (43 ul/s) [ 3k
() F1 i LU B A R 0 9 sh e, 78 OF b 07 il '
— i AR 2 mm W FLECARAE ,  n) BT % 2L
ALBEFK, DIEN—ZRE KB, ffiH 232
RUH SR AR LAE S A Tie %, S 5% il s T )
0 AR HEE 2 Ak, i S LA 2 fih OE 2787, $e Al
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53 MR, A B0 PR SIOR BOAT D B2 WL R A T WL 52 R R R A A X 50 %

i

Bl1 BRERNKE
AEMESRERS, BB, C 2% 0L, DdRkL,
E.AURS TR, F £BTK OBROKI), G LB K (i)
WEUR), H.ISLEE.

Fig. 1 Electro-olfactogram device

A. biological signal acquisition system, B. ground electrode, C. refer-
ence electrode, D. record electrode, E. odor molecular irritant, F. deion-

ized water (form the water film), G. deionized water (assist breathing),

H. olfactory epithelium.

Wl 2 FaEal . 77 BL-420 W5 5 RE RS
(LR %% BB A A R w1y, WL A e s Y A
TROR B P S f55 P R S

PRSI A0 Ry — S G, 2 5 Nk
JEE R 1 2R 5 1 S — A S Kkt s A Ah
SR TV 5~7 AU AT 0 R 4 ok
AR B = AR A T, B (RIBE 30 BMAE N 1 Ao
TR, R 5~10 s BAYR R4S S 7 B
K EB TR k) OF, % OF Hi (i W& E 1%k &2
FILLAOFG, FREAT T — R B RO it
e SEBG T EOG MR {H 43R N I +hnifE 2,
SR J 8 3 1m0 43 AT AR RE S 0 BT A IR B R
EOG MR KR . BREE R E=kxe™ Ko,
Hrft E 25 EOG RN HRIR ; C SRS T RO
B r RFHIEE G ke R A
14 1TAZERN

BEALLEI 15 R 4 P Sk flf , S50 ApES A1 Sk
fiZ5 & 36 h, ¥ 7d, B2 K¥EH 1/3BSK,
YRR E . RN B HE — i [E E T 50 mLES O
B, — i B 7K B [ 2 T 7K (40 em x 12 em %
23 cm) N, TEBIESIIE L 43 pl/s il B 3 AR
IR (B 2), SEEIF UG T 5 T B A Y
Bij 1k ST . IFR &8 (SONY, HDR-CX680),
K5 A1 3k 855 155 AL PO I 40 min ABRIAHE AL T
EERE, SREME.OETIA 20 mL SHK5F,

FELEH I 8 min, 4EZEHAHE 30 min, DLEESIIR M
gl ST SLH BA T, RN 4~6 B SC G 0 T R ph < H
R, RIS R T K IE T, RS
WA 2Z T4, A5 Ak 8535 5 40 min J5 #2547
TR

7

- o)

G o

A B

B2 TAYRNEE
ARG TR, BLIRShEE, COMRHL, D.BAALA, E X
BHL, FRKRE, G HIMKX, H XX,
Fig.2 Behavioral response device

A. odor molecular irritant, B. peristaltic pump, C. plastic cylinder, D.
pass-in site, E. camera, F. latex tubes, G. stimulation area, H. control

area.

17 R FAABAIF- 2215320 5 A FrBE: 0~2 min
(R T RANARTH]) . 2~4 min(“THR ST HLAY]
AT 4~6 min(UK 7> FHREZLM AR H]) . 6~8
min(“ RS> F A K I) Fl 8~10 min( 4 T
B ) S A7 27 53 2 58 (Noldus-Etho-
Vision 8.0) #4743 #87, W EFEIFHIEAT b g &
FEIG A 2 A KR (RS T X SRR X)), AR
DL 2 A5 B A 55 30 %) 4 4F- 48 4K (preference
index, PI), PI=(TA-TC)/(TA+TC). TA Fl TC 435
T A0 5% BE SR ) 8 DX K BE DX (8 s ] B (miin) o

1.5 AREISKRFEEGEZLER RS ORs AR
FTILER

3 )& W13k 85 7 K 46 P 3 40 min J5, 43
2, g E s . ORI S RS R
P A S 5K, B OE, OB Al Br 41 T3
SIS, PRSI E 3 AW ES,
B 2 ) 8y kS A P 3 R A S B 5 AR 1 IR SRR
AT 3 ST ERAE . SFRK LEAE. PRAAFAE-80C
KA TR 22558 . R Trizol 107 & (R312-
01, WMERE) HEHL RNA, SR J5 M H A5 k50 &
(R 411-01, F&MERE) ¥ RNA KL% 55 4 cDNA, #
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FH Primer 5 #4571 RT-gPCR BI5 |4 (& 1), LA g-
actinfE NS A, i#id RT-qPCR £l OR ¥E A
[0 20 A ek it o X SE g B s AT 83T
Br, AT B 45 3 DL S R i 25 1 U2 B
{85 SPSS 22 {4 %t &4k i 47 B K 2 07 22 3 #T
i AN AR Y 22 5 5 3, WUR ] Tukey [RZ L
BRI A ] 2 S 0] 1) 25 55 0 25 M, 24 P<0.05
B, #5dEEA BEER, X P<0.01 B, £4dEE
A EER., BM% M GraphPad Prism 8 ZAFHIVE,

2 4R

2.1 PRFRSIRRIEUEE KRR R M R E L

Sy B ity ST e 5 AT S 5 R Fl A B ) 7
(EOG) My IR AL , 38 3 A ) 11 Sk 837 %ok AN [) v
AL W B A e R O HEA T LG BT . MR
T 107~107 mol/L MR AL EL sk, w] WL Bl S 1k
Bl BE T, AT Sk 63 WELBE P AL 194 R R A AL B 5
SRR I R (A 2 B 98 BUE AT (R 2).

AL T {5 5 W22 BT R S I,
G EANEERE 3 E L EY R TR S DN IR 1R

;le

5, Ak X Ak # ) EOG SR I T b sl
JNF (14 R B OBUAR B, e 3 3K v o B0 22 VR T B
MG (18 3-a); LIVERBEXTECH R . EOG i 1 i (A
NI TG KB, H A R 2k S A T
B (E 3-b); 1k 0 R [ vk B S fk 4% 19 EOG
M 17 I (A7 7 S 35 P 25 5% (18] 3-¢).

SRR LB JE 55 P Sk f937 MELE R A BRI 3 1)
%% I KT R L AR R R, X A Skt A T

WL L A A5 S A o 5 SR W, B IV MR
(107~107 mL/L) Ft &, WAL s g 4R 52 BRI I 1
Fhia, HAV-SAmEL O i (E C B (3% 3).

2 107 mL/L MR, A Sk B E ™= A
55 R SV, AR 225 24 107, 10°°,
107 A1 10 mL/L (4 M08 RIS, AT Sk 875 X6F 1L ¥4 )
EOG [ Ji i JE B A W] ks AV, U077 B o I
IFHLA {55 U0 20 A s i i o D8 e 2 ) o T
Tt (& 4-a); K iy B O S Bl . EOG i
o7 R AELAE R A T 4005 5 vl D, e A7 ) 7 2

AR TR S (18] 4-b); Sk B XEA ]k
JE L) EOG M o i (B A7 AE b 5 22 57 (K] 4-¢)

22 FAMSKRAERXGNITAFRN
AR FEA [ RO P Sk 547 S i 4 19 52 100

# 1 RT-qPCR Y ORs 5|#1F51
Tab.1 Primers used in ORs expression by RT-qPCR

ERE-255] 5151 FEHI R/ NMbp

target gene primer sequence (5'-3") product size
p-actin-F ACCCACACCGTGCCCATCTA 152
p-actin-R CGGACAATTTCTCTTTCGGCTG
M. Beta-2-F TTGTGGATGGCACTGGATCG 204
M. Beta-2-R TGCCATGTGCTCACAAAAACA
M. Beta-9-F GCTTTTGTGGATGGCACTGG 287
M. Beta-9-R AGTCTGCAGTTGGGATCAGA
M. Beta-10-F ~ GGCTTTAGATCGCTTTGCGG 215
M. Beta-10-R~ CACAGGCCAGGCTTACAAGA
M. Beta-11-F ~ CCGTAACTTGCTTTGTGTTGT 246
M. Beta-11-R ~ GACTCACCAGAAGGAGAGCG
M. Epsilon-6-F  ACAGAAGAACTGGACGACGA 162
M. Epsilon-6-R  AGGCTCCGTGAAGTGACAAA
M. Epsilon-7-F  GGGAAACATCAGCTTTGTAAGGG 126
M. Epsilon-7-R  ACAGCATTTCCCACCAGTGT
M. Epsilon-10-F TTGGCATGTGCTGCGTTTTG 155
M. Epsilon-10-R. TGCCTTACATCTCCACAAGACA
M. Epsilon-13-F GGCAGCAATGACGGAACCTA 148
M. Epsilon-13-R. TCCCAGTAGCAAGAAGAAGGT
M. Delta-58-F  ACTGAAGACCTGCACACCAC 191
M. Delta-58-R  TCAGAGCCTGAACACTCAGC
M. Zeta-37-F ~ ACGCACCAGTGGAATTTTGC 172
M. Zeta-37-R ~ TGGCCACTAACATGAGGTGT

#2 FENAEIRE S ERIRE R NIRE
Tab.2 Amplitude of olfactory response of
the M. amblycephala to different concentrations of

ammonium chloride

kT W EE/(mol/L) WRLEE i 7 /u v
odor molecule concentration  electro olfactogram magnitude
WAL 107 28.03 £ 0.87
ammonium chloride »
10 29.17+1.56
107 32.64+9.13
10 36.79 £ 1.63
107 58.73 £15.59

3 E 10 mol/L E AL 4 5 10° mL/L Ifi
WORIE AL, XHAT R oM S A B Betb AT T i1
BRI, R BN, BEkE% 107 mol/L S b8
T R 8 5(E 0~2 min(0.73 +0.20). 2~4 min
(0.74 + 0.10) By BL 4 T A& K, BEJR&E 2 T %
0.21 +0.05(] 5-a), PLibEI B, HLEG7E 5
BRI AT oA 2 B B 8 52w (& 5-b). XF 107
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5 1 BB E, 55 B PR SR BOAT 9 R | WRGE H AR B R R 57 A i R 2 TR A 2 50 45
E P E i i i : E 00w
i ]JH - % ‘* A - j " OSJM"V CE 'f«fw{m{ T E/i*w/k’l[w :f\}b«ﬂwy '«ij Mm T T 05
E E E A\ E ‘(ﬂ E v i 0mL/L ; 10* mL/L ; 107 mL/L : 10°mL/L ! 105 mL/L :10 mL/L
0 mol/L ' 107 mol/L El()ﬁmol/LEIO (mul,LE 10* mol/L : 10 mol/L ﬂlﬂjﬁ E’g‘i&g
AR I P concentration of blood
concentration of ammonium chloride (@)
(a) % 70 1 y=448.65¢"500 6+
3 70 [ 22 00 o o ?
= y=105.14¢02133 = g 50 f : g
3" % 60 I R’=0.94 , E‘i g 40 r .
mg 50" " o 2 £ I e
N s 30
o 40 t e 1 = ° ¥
22 5| o 28 207 e
X 2 o Ko 10
2§ 20 ¢ S oL . . . .
g 10 9 8 7 6 -5 -4 -3
e 5 5 a5 o PREEHIXS L
R H lg (concentration, mol/L)
FEE [
lg (concentration, mol/L) (b)
(b) 8 70 ¢ o
. =2 60 f
§ 70 @ g 50 |
:EL :; 60 b I o 40 1
@ £ S0t , e &830
B o 40 | bc ©¢°® it % 20
2530 Cegle = 5
™~ g, - Y 10
@28 207 2 o "” -
= 8 10 | -9 8 -7 -6 -5 -3
20 e ERIPUE
8 -7 6 5 4 lg (concentration, mol/L)
WX 4 (c)
lg (concentration, mol/L) -
© B4 MR R R

3 SERARNRE R
(a) RFREE TR, (b). T8EOTE, (o). Hit . ARTE
KA BEREESR (P<0.05). n=5~6,
Fig. 3 EOG response of the ammonium
chloride stimulation

(a) olfactory electrograms at different concentrations, (b) exponential
equation, (c) statistical analysis. Different letters indicate significant dif-
ferences (P<0.05). n=5-6.

®3 FSKES R ERE MRAIRE Rk M8 (A
Tab.3 Amplitude of olfactory response of the M.

amblycephala to different concentrations of blood

AR R /(mL/L) WRL P f 7 (B /v
odor molecule concentration electro olfactogram magnitude
JiiR3 107 4.86 +0.88
blood 107 18.69 £ 1.63
10° 2448 +0.28
107 31.34+8.78
107 60.32 +6.38

(@) NEWKEE TR,  (b) TREOTFE, (o) gitortr. NEFE
FonA REMER (P<0.05). n=5~7.

Fig. 4 EOG response of the blood stimulation group

(a) olfactory electrograms at different concentrations, (b) exponential
equation, (c) statistical analysis. Different letters indicate significant dif-
ferences (P<0.05). n=5-7.

mL/L 11L& 3038 - 340 4l 55 20 7E 2~4 min B Beik
FNEME (0.82 £ 0.24), ZJF R 2GS, (H 8~
10 min [ B (0.21 + 0.04) 5 58 1k %5 41 1 [ 39 7K
(0.21 £0.06) 4% (& 5-¢)o FEiE A M AYAT 4 min,
P Skt B R B U TR RS 2R 5 VAR A F-RE
AT (4~6 min) FFUG, 1Sk 65 19 i Dk DX 358 R AR
S IR T ) R X 55 % (1] 5-d)o

2.3 PRMPSIRRIE RS KR R M IR 5 R &
ESEeN:uEAL)

10 mol/L S AL 8 W ¥ 5, S5 X 4 AH L,
% Beta-10 4b, HA4y 9 PN ILIARXT ik B AEAH 2SS
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5 3 KO AR 50 &
BRI el
< 100 -ammgnium chzlioride stimulation group ] g . . 4\
g G B ) A i s
5 + 3 . =5 | (&) ool /5Q] |
e L =} f X gl 1 (9
g o 0.50 E a : : - s :
T & = - 5 Vi .
=~ O =1 / 1
&5 0 22 ' = =
|5} = B = 7
1) S S RE
1 2 3 4 5 1 2 3 4 5
17 N IS AN B 17N T 5B B
the five stages of behavior analysis the five stages of behavior analysis
(a) (b)
LI g
blood stimulation group I g
5 100 a 2 2 [0 OB 085 S
" I £ 3 . =3 |
_335 ’é 0.50 E a . g
% 5 0 E e
E & = £
& —0.50 L— : : : : °
1 2 3 4 5 1 2 3 4 5
17 RN IS A B 1T R HT IS B
the five stages of behavior analysis the five stages of behavior analysis
(c) (d)

5 BkEhXTR AL ERFIMRRIT AN N
(a) BT K177 % AL A 4 PR 20, (b) SAL BT P Skt AT I, () T Sk f o LR A O 4 4 () TV 1 Skt A7 e
VARG T RN ] (0~2 min), 2. WRAF T IO FIRIAA IS BT (2~4 min), 3. RS> T RFSEMA BT ) (4~6 min), 4. RS> F I IR )
(6~8 min), 5. HRAFFH BT ] (8~10 min). n=4~6.
Fig. 5 Behavioral response of M. amblycephala to ammonium chloride stimulation and blood stimulation
(a) preference index analysis of M. amblycephala to ammonium chloride, (b) the behavioral trajectory of M. amblycephala under ammonium chloride
stimulation, (c) preference index analysis of M. amblycephala to blood, (d) the behavioral trajectory of M. amblycephala under blood stimulation. 1.

period without odorant molecules added (0-2 min), 2. initial period of odorant molecule addition (2-4 min), 3. continuous period of odorant molecule

addition (4-6 min), 4. final period of odorant molecule addition (6-8 min), 5. period of odorant molecule diffusion (8-10 min). n=4-6.

R ZH A i 2% F (P<0.05) (Bl 6). Beta-2 7 OE.,
OB 1 Br 1 3£k 83 L ; Beta-9 1 Br 'h ik
% LV Beta-11 £ OE Fll OB HH £k B & F M,
75 Br 8.3 L Epsilon-6 7% Br h &3k W% F
W5 Epsilon-77E OE Fl Br 1 3&iE W3 T H; Epsi-
lon-10 7. OE #1 Br 1 383k [ ; Epsilon-13 7t OE
FIEIKNIH, 78 Br 13635 LM ; Delta-58 7£ OE
hRIKWE LR, /£ OB T RARETIM; Zeta-
37 #£ OF f1 OB &5 .

107 mL/L A 3k &5 RS , B T Epsilon-
6 4, HAx 9 N FL A X Rk AR R AR ALYy
A WE 25 (P<0.05) (K] 7). Beta-2 7 OE F1 Br
Rk WFH FA; Beta-9 1 OE H EXIAEZE T,
T OB £k % LA ; Beta-10 7F OB H1 ik I
# LM Beta-11 #F OE H3RB W ZE T8, 7£ Br i
B ¥ Epsilon-7 1€ Br PRI W E T M; Epsi-
lon-10 7£ OE #11 OB Wf £ iK . # [ ; Epsilon-13

£ OE TRk B E T, 7F Brh Rk B3 Ll
Delta-58 7E OE Fll OB H1 ik i 3% [, 7€ Br
TR BE T Zeta-37 1F OFE FHRIAEE T,

3 iR

S (S RR) FNRIFR M R AR) 2
FAAE TR AR h i OG5 5, XTHA]
R HL A BRI N AT R O G B PR AZ AR I PR 3Rk
FRAERBESE , AT (o 2 e AL ) 5 A A58
N R MG HE T AL . AT, Rl S A B A
MR BT, EOG MR{E 484k LItk %, [H
fF 107 mol/L S bW . 107 mL/L A1 3k 5 1 ¥
PRI B AL 6514 EOG BI{E, 2 HH A1k il XX 7
PRS- B e s BB . 31X — R -5 %
E e e R ST S (19735 SN Vi
F- BV AT fish e ML SR E 1 28 00 B H A B R R, L
o7 iR it AR Ve B e TR R L A AR
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Fig. 6 ORs gene expression in M. amblycephala after stimulation by ammonium chloride

FH.

The asterisk indicates that there is a significant difference between two groups, in which * indicates significant difference (P<0.05), ** indicates

extremely significant difference (P<0.01). OE. olfactory epithelium, OB. olfactory bulb, Br. brain. The same below.
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Two olfactory stimuli on electrophysiological responses, behavioral patterns,
and olfactory receptor gene expression in Megalobrama amblycephala

YANG Huimin, HUANG Xin’, XU Shengjie, BIZhuoling, GAO Zexia, LIU Han

(Key Laboratory of Freshwater Animal Breeding, Ministry of Agriculture and Rural Affairs, College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: Social odor and alarm odor are key chemical signals for fish to perceive their environment and regulate behavior.
The olfactory system underlies the sensitivity and behavioral response differences of fish to different odors, a process that initi-
ates with the specific recognition and signal transduction of olfactory receptors. The molecular and behavioral mechanisms of
this process are one of the core contents for analyzing chemical communication in fish. To explore the recognition patterns of
the fish olfactory system towards such cues, we assessed the sensitivity and behavioral preference of the Megalobrama ambly-
cephala to these odorants using electro-olfactogram recordings and behavioral assays. Furthermore, quantitative real-time PCR
(RT-qPCR) was employed to compare the expression levels of 10 representative olfactory receptors (ORs) in the olfactory epi-
thelial, olfactory bulb and brain. EOG results demonstrated that EOG amplitudes increased exponentially in response to both
odorants across concentrations, indicating a clear dose-response relationship. Behavioral tests have shown that M. amblyceph-
ala exhibits adaptive responses to ammonium chloride (without significant attraction or avoidance) and displays avoidance
behavior towards conspecific blood. Following ammonium chloride stimulation, the expression levels of Beta-2, Epsilon-10 and
Delta-58 were significantly up-regulated in the olfactory epithelium. Beta-2 was significantly up-regulated in the olfactory bulb,
and Beta-2, Beta-9, Beta-11, Epsilon-10 and Epsilon-13 were significantly up-regulated in the brain (P<0.05). Following blood
stimulation, the expression of Beta-2, Epsilon-10 and Delta-58 was significantly up-regulated in the olfactory epithelial, while
Beta-9, Beta-10, Epsilon-10 and Delta-58 were significantly up-regulated in the olfactory bulb, and Beta-2, Beta-11 and Epsi-
lon-13 were significantly up-regulated in the brain (P<0.05). This study developed an integrated underwater system for record-
ing olfactory-electrophysiological responses and behavioral behaviors in fish. At both electrophysiological and behavioral
levels, M. amblycephala was demonstrated sensitivity to social odorants and alarm stimuli and exhibited significant avoidance

responses. These findings provide a foundational basis for further investigation into the mechanisms of olfactory recognition in fish.
Key words: Megalobrama amblycephala; odor stimulation; electro-olfactogram; behavioral preference; olfactory receptors
Corresponding author: HUANG Xin. E-mail: kuale303171@mail.hzau.edu.cn
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