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L. RN KEESI YR 22 O IR S IR AP LR, SR s E S B E B E S LRE, 5
BEH 550025;

2. PHIbRMBHEE R sh R 24 Be, BEPT #E 712100,

3. TS TAESS, BEPE 5% 722300;

4. SN IEERERIOKTF=RFER T, St SRBH 550025

BE: NIRA T HFEWE B EE(Brachymystax tsinlingensis Li, 1966)TEA A4 55 AL GERFE, LI T ZF mZ 04 40
fif: F AR (51.50£10.86) g, R K (15.40£0.75) cm]5 A 4R A 55 W A K [ 5 (85.68+31.81 g, IRK (18.17+
2.34) ecm A BFFERT G, 43 BRI FIAR GE A1 215 J5 B M€ B PCR HARBIE T HA I B 2L 45 K e ik S AR 52 T J
AL CEEVE Y 5 Fh A8 A1 (Opsin)Z& A A48 21 i (Rhodopsin, RH 1), ¢ {4 /8% F (Rhodopsin-like pigments, RH?2) ,
ML B R 14 (Short wavelength-sensitive pigments, SWST), H5 (8B EE [ (SWS1-like pigments, SWS2)FILT {44
JE AW #E 1 (Long wavelength-sensitive pigments, LWS)TE 11 FhZH LA i FEIR4RE . 450 Won: ZIegnisd: + — R 58
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(0N 2 25 8 T BFAE HFAR (P<0.01), PZE 19 40 MG 1 3 5 T B AR R (P<0.05) o BFAREAA RHT YRR 335 1A
BEMRTF AURHAP<0.01), H RHILEFIAREARY S FOLE (6 th 3k b e i, WUAE SR 111 5615 RH2 \.SWS1 SWS2,
LWS W, B} RH2 WIRIX FIE BT R 25, + AAREHK SWST, SWS2, LWS 3R 5 5oK-FA8 i B35 5 T8 2E
HEMA(P<0.01);  —ACHE ACHLHE 8 F 35 N A 3205 L 0] o s BRAK O LWS>SWSI>SWS2>RH2, i B A= B4y
LWS>SWS2>RH2>SWS1, LWS S RAEPA TR P A3k 24 5 iz, B sk SR 60%; RHI, RH2, SWSI
SWS2., LWS FH e WS gntgste: 7 — AR S5 P A BRI IR A 2 e M 08, 7 AR IR A P R Gk . ARBITE
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AT S i S B PN s i o G L\ = P 5
—XET G HHMWBEZIK(G protein-coupled
receptor, GPCRYMZE G 7 IKISREH, H5%
CHILMEE SN T TIEALB IS, 10T
K R T S0P, KRR HA S
FREAKL AR 1, AR H 5 R WO A 1A [] 7] 3
J7: (1) RH1 (rhodopsin): #AFEEH, JEFFIRIGER
Zar AP RIKPDE AR, FEN R 1E
AR B 5 18 D648 T 453 065,00 5 194 400 4 40
ZMAEEILE H, T ] OGS AN [ X, £
$&: (2) RH2 (rhodopsin-like pigments): 4541 Ji
B, XA Rk @O BUEIE H; (3) SWSI (short
wavelength-sensitive pigments): %5 M2k 5 A &
M (4) SWS2 (SWS1-like pigments): 4 € R
FE; (5) LWS (long wavelength-sensitive pigments):
CLEABURMELEE 1, X 4 FPOLHES PR MR IX 5
B (0 4 F Y 6T R BT
SRR AN 328 o0 A THAE . SRR IEE K
5B (4 3 I S R A T, P B
Tty AN SRR 5 £0 ST S T M e g
KA G M L Bl A G 2 B T 2 AR Ot
WBE, HATR] A SR GG T AL B0 A= 16 7E Herb iy
YR LE R GEA BRI 2, A HRAE D fe B
PR EOLRE, FIRe S TESE LAY A ROEE kA
A0 B 553 T 7K P B S AR S IR R 5 BRI 18 40
s 07 41 2 SR R ot e A L0 L e i £ £ 2
PE ZR G855 8 2 BREE [8] i B SC R M 1 24 AT OF
FPP G R, fEdt kit R a2
WL BE 7 R AR [ AR S A5 B AL, R 2GR B
HORBIE I H— 2 ol BSR4k, A
KA ARG Ol SR EREE R AT D
TEAHPEHC, A2 HA T S B R IAIE R
PR R BIRTSA 1, 3 fdi 15 A Y AR BE A P 3 3k 1o A
WS A DG ERGE, DT A A . B . A5
i R AR S A AT R T BV 0 i, R
JETE A= A JR 0 S B B T TR AR K AL E, TR
U IR A B T AL AR . it AR Y
KBS A, AL IR0 5 e 5 MRS ) R S 400 i A
ARSI R R, IR HAME O IR MK )R R

FB BT A WS AR A K S BE(Scophthalmus
maximus) Pk B R, ST iR
7R SR A AR TG ) A A A, HOR B R HOB IR
WEARME R, Rk b 3 S A i) 08 H 2
BT LWS 575 k) RH2b1, HE R nT fit
Z1 4 B [v) e €0, R AFG 708 OATI 3 J07 7A8 3S IR TR
eIk O B EREE R,

Z& W& 20 W 6 (Brachymystax tsinlingensis Li,
1966) s Jm £ J¥ H (Salmoniformes) . #F &l
(Salmonidae) . 40 %k J& (Brachymystax), 13 FRHEAE
i, IR EREA By R E B K a2, A
JU BRI e Y LU R DS, R A R AR T T R
900~2300 m PL_LoK fitdi 2 . KB, KIEZHh
FAVERA R IR B R R 2 (AR EREE Ay
WGl R R S e, %% 0 20 9 Y IR 52 3™ E R,
1988 AEBEFI A Bl K 11 G5 A= A4 s B, fd
PRI HBEIRM N8 Y] . ST, ST e 220 4
ek N THEH SRR, WEC ARG EE T #
W 2R e N TSR BRI U )45 28 0 4 e fe: 1
AR AR A R v & B R LA R A
TOUAT R BROGBOIE AR, A i 2 H B8 i
Bl M FRAPRCR B N R 2 —, ZR I AN fet J2
AR, TR AR S N T IR
THAAFREE . IR AR BOFEE OB YRR
SEANIA], TR B4 R e L 58 A% B0 BR BT Y
L, G TR o v S A A AL I 35 4
AR B A58 AL AR 1k PR Y 3R 87K ] REAFAE RO R
225w o SR, BRE 2 06 4 % fe: i AF 5 2 BAEY)
P DY N T 8P AR S A P
RGN R, A G R
7 TS AR R, A LA I S 4 4 3R 2
BT Mid s,

ARG O U A0 58 ik -7 — AR B AR A
X4, Sy AR G A 5 PO E B PCR
FE AT AW 100 5 2R 454 e AR v I B e G
VEHTHY AL AR 1 i PR RO R IR S T R 5, #7R %%
A 2 S e R 5 4% B ) A5 R I BEAS D RE, LA KA [R]
A BT AR PR B R RRAE, DU N T8
B LB OGS R R S
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1.1 SEIgsrRl

ZIS YT — 02 2021 4F 4 A RBP4 K
F1 B 2o e 25 04 2 itk N\ T 575 S0 0 3 b, 3t
XN TYIFEF—AC R = . W Lprfs, Hik
#(51.50+10.86) g. 21+ (17.47+1.10) cm. KK
(15.40+0.75) cm. 1471 (3.43+0.33) cm (n=6); B4
BRI SR B B0 K (75 KT K A B A Sh i [ SR AR
X, HARH (85.68+31.81) g. 421 (21.07+2.68) cm .
A K (18.17+£2.34) em. A5 (3.77+0.58) cm (n=6),
HUH: 11 AREHZL, 2ol iRER . . . B . %
JR B PERR . BE . O WLIA, RSV 3 By,
2 AE RNA Later 156 4 Cit %5 T-20 CHRATE,
T3 PR PR A AR 25 20 2L A o I BB VR s B X
HHZUE RNA FIUIALE H qPCR 4305 U5 MR
BRAAZU 4% 2 R P IRE 2 24 h J5# AL 70%
LBERATT 4 C LA B2 ) 7 S50 o
1.2 MMBREALRZEY] R AR IRt

W5 161 R G R 200 SRR R LK . R
B A AR PR S ST IR R 5 um (Y 22
AP R, e HE et )5 68 A b MRt 3 e,
A Nicon 80i 1F & = Y6 I8 & fif %% Al Nicon
NIS-Elements BR5.01 #F U] Fr 4544 3411 R
1E CaseViewer B H08 T A0 B8 BT 45400 P AL
ST 345y A 5 0y, SPI3HE S IRIREAR AL
P R[] — DX BB S5 A T 100 pm B0 KR
(AR I (C.) . AIMZ 40 B A% (O.NL) Rl 45715 4
H(G.) Ao A i
1.3 S|¥i%it &

TE NCBI ¥ & 48 R UL 65 (Oncorhynchus
mykiss) 5 FLE R CDS J¥41: RHI (NM_
001124319.1) . RH2 (NM_001124323.2) . SWSI
(NM_001124321.1) . SWS2 (NM_001124322.2) .
LWS (NM_001124320.1), iz A Primer Premier 5.0
ST m e R G =S, 51T
FEWE 1 MK 2 PR, BPASIY¥H LA T
A TR BRA R A
1.4 #5HE RNA BB R R

Kl GeneJET RNA Purification Kit (Thermo

*1 FEHSHNEARERFEESIYWFT
Tab.1 Semi-quantitative primer sequences of
opsin genes of Brachymystax tsinlingensis

name sequence of primer (5'—3") temperature
RHI-F  ATGAACGGCACAGAGGGACCAGA 62.15
RH1-R  TTATGCAGGAGCCACGGAGCTGG 65.01
RH2-F ATGCAGAACGGCACAGAAGGA 60.09
RH2-R CTATGCAGGGCCCACAGAAGA 59.97
SWS1-F ATGGGAAAGGACTTCCATCTGTAC 57.23
SWSI-R TTAGGCTGTGGAGACCTCTGTCTT 60.96

SWS2-F ATGAACACAATGAGGTCAAATGCTC 58.17
SWS2-R TTAACCAGCAGAAGACACTTGAGTG 59.88
LWS-F ATGGCAGAAAGCTGGGGAAGT 59.21
LWS-R TTATGCAGGTGCCACAGAGGA 58.91

x2 FRHESHNEAERKXEE PCR3IMFT
Tab. 2 Fluorescence quantitative primer sequences of
opsin genes of Brachymystax tsinlingensis

51904 SEAIs-3) %ﬁi{i c
primer name sequence of primers (5'-3") temperature
RH1-qF CGGCTTCACCACTACGAT 60
RH1-qR  CAAACGACCAACCACCT
RH2-qF CAACCCCTCAACTTCATTCT 60
RH2-gqR TCTCTCAACAGCCAGCACTAC
SWSI1-gF CTGAGACAACCGCTGAACT 60
SWS1-qR  TGACACCAACCCTGCTATT
SWS2-qF  CATCACTTCACTCAGCCCCT 60
SWS2-qR CCATCTTTCAAACGCCACTAC
LWS-qF TGGCAAGCACCATCAGCGT 60
LWS-qR  GCAGACCAGACCCAGGAGA
p-actin-qF AAGATGAAATCGCCGCAC 60
p-actin-qR  TTGGCTTTGGGGTTGAGG

Scientific)if | &2 HUE RNA, f#i ] Nanodrop2000
W% R 5 ot AR L v B R i i b A7 A, ok B A
100~500 ng/uL Z[A], 4[AEE A260/280 24 1.8~2.0,
FEMCEL 1~2 L HUKAS TR RNA B, R4 28S
1 18S 11 L AE I RNA ) 5234 . % ] RevertAid
S s TR W (Thermo Scientific)id ] & 2=k Fr
FEA RNA Y JE R 2 DNA J5 52 5% ¢cDNA 25—
B, B5 A cDNA B T-20 CIR-AEE
1.5 S|¥iEAES

mE 1R 2 FoR, @l g et R A Tm
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A1 10 4B KR (Tm 75 i 54~60 °C), FlHL
TEICZE A A i CDNA FF i X 45 55 PR 2 o o S e
e G W ATl R PR . N FR A 20 pL:
H.rf 2xFaster sTaq PCR Master Mix 10 pL, 1F . JZ
[ 51 4(10 pmol/L)4% 0.8 pL, cDNA #ik 1 uL, J&

M RHI RH2 SWSI SWS2 LWS

WRBE K 7.4 uLo W FRIF: 95 °C T A8 4 2 min;
95 CAE 10 s, 60 ‘CiBk 10 s, 72 CHEfH 10 s,
72 CLAEMH 10 min, LT 35 PMEIR P 1 5EHE,
WEHL 3 uL PCR F=HIHEAT 1.5%35 HE A 068 M L T A
W, BT EER R R G

M A B

Bl R g ek LA o 5 [N~ E 5 PCR 5 | W03 PR 36k
5 TP L EE 1R (a) i1 B-actin JE PR (b) > A 1 5 | W) 76 Z i 200 9 a7 — AR A JHE (A v 50035 P P 605
A N FR VAR T ACREAR; B D 20 AN AL F A1 K M2 DL2000 DNA 73 T iR ifE.
Fig. 1 Applicability of semi-quantitative PCR primers of opsin genes of Brachymystax tsinlingensis
Applicability of semi-quantitative PCR primers of five opsin genes (a) and f-actin gene (b) of B. tsinlingensis;

A represents the second filial generation population (SFGP) of B. tsinlingensis; B represents the wild
population (WP) of B. tsinlingensis; M represents DNA Marker (DL2000).

M LWS RHI RH2 SWSI SWS2 NC
500 bp

250 bp
100 bp
B2 ZR0b om0 25 L R 9O e
PCR 5| ¥38& A IR

Fig.2  Applicability of fluorescence quantitative PCR
primers of opsin genes of Brachymystax tsinlingensis
M represents DNA Marker (DL2000);
NC represents negative control.

16 KERILEE PCR

il L 51 Py I PCR §ifi i, Jf7E 54~60 Ciid
JEE JRE Y R84 Y T b AL 2 1 R PRI B-actin FE A
T3[R B e iR JGREE Tm 2 60 °C o f-actin fF:
NS EEN, LIZR I A @ B A AN TSR AR
cDNA iR, kML T E RS, B4
FEdhid® 4 AFAT, R EREZ B xR, 2
BEAR i T mae Mg g = A R 22,
LightCycle 96 (Roche)7¢ )t PCR & f ALK il 5 Fb 41
S IR RN TIRFE AR mRNA 7KF,
S0 PRS2 DR IR A= W) BB BR 2 7] Y
2xUniversal Blue SYBR Green qPCR Master Mix
(G3326)id5M @ Ui W45 . RN RN BARRN

10 pL, H:H 2xUniversal Blue SYBR Green qPCR
Master Mix 5 pL, 1E. K514 (10 pmol/L)4%
0.5 uL, cDNA AR 1 uL, TR EB F/K 3 ul, %
JeE RN R 95 CHIUAEE 30 s; 95 CARE
15's, 60 ‘CiE k/FEM 30 s, HLEAT 40 DMEIR,
1.7 HAFRIKE

DA | A SE DR 2 f 5 | 0T 2 U0 A i f 1 =
AN T IRFEFRAR 11 A2 S AN LER SR 1 3%
Ik T PCR K, PCR [ W AA £ M FE 5 [A] 1.5,
Hrh RHI/RH2/SWS1/SWS2/LWS Wi K 43 5]
H 62.2/60/57.2/58.2/59 °C, FEMIEFE] A 15 s, PCR
R EE G, WHL3 wL =P 1.5%5r B 0 e 15 6
PCR J= kAT LKA, JFHAREIE 5%
1.8 HIEZITS AR

M5 LightCycler 96 SW 1.1 %4 i) 5 - &%
(Cq fi), L p-actin fE RS ML, R 27409 %
18 RHI, RH2, SWSI, SWS2, LWS H:H7E /A4~
BEIAR I AEXT B 7K, ek A BER B i 5
CqEMMNSIH Cq M2 HIF AT H FE 5
220 M, %2 (A AR R H % B TR G R 3k KOF,
T 2 (8 o A 1 32 DR 38 A ot R 5 HAt 3L R 047 LE
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4G A FE R B A X 65k 1 1 Microsoft Excel
2003 Fl SPSS 26.0 GE T HAF X4t it AT b A 52
1534, FriS%dE H GraphPad Prism 8 FRAFVERE .
SEEREE UL X +SD Fon (i x A F M, SD R
PrifE22), P<0. 05 /R 5 W3, P<0.01 FRZEH
ETE R

2 ZERE5HMH

21 FREFEHENMIEEMRFIE

% U 24 fif k1 — AR B A A A ) O P R L
TR, A AR R B3R F )2 (retinal
pigment epithelium, PEL) . #L#E#LAT 2 (photoreceptor

GCL—™> .

NFL—>
ILM—> .

layer, RCL). #N#tfiE(external limiting membrane,
OLM). #ME;JZ (outernuclear layer, ONL), K2
(outer plexiform layer, OPL), PH#%)Z (inner nuclear
layer, INL). PN JZ(inner plexiform layer, IPL).
P2 Y M2 (ganglion cell layer, GCL), #£4T
4t )2 (nerve fiber layer, NFL) fil P %t i (inner
limiting membrane, ILM), I/~ EAA R ) JIES fY) 24 1K
SER A BTG A S 22 5 (18] 3) o 388 32 % T > A A RE A
J5 100 wm BB HEAT A TR BT — AR
A AL o IS e 0L S 200 J KR (C.) A % 2 40 A% K
(O.NOH B35 5 T HF A IR (P<0.01), M5 4 i
(G TR REAR (P<0.05)(5 4).

R A for
il wx,n,um v:* % wm

'..' e WU
o [

Vo '/13

50 um

K3 ZRI o et 5 — A P AR R MR 190 B 2 g 1]
a. ZEIS AN ZACREAR; b, ZE0S AN BT A BEAK, PEL: (3K L2, RCL: AUHEMLFTZ; OLM: SRR,
ONL: #MZJZ; OPL: SRMJZ; INL: WAZJZ. IPL: WIFJZ; GCL: #HE 1 4i)=; NFL: MIZ2f4E)Z; ILM: A 5.

Fig. 3 Retinal structure of the second filial generation population (SFGP) and wild population (WP) of Brachymystax tsinlingensis
a. The second filial generation population (SFGP) of B. tsinlingensis; b. The wild population (WP) of Brachymystax tsinlingensis.
PEL: retinal pigment epithelium; RCL: photoreceptor layer; OLM: external limiting membrane; ONL: outer nuclear layer;
OPL: outer plexiform layer; INL: inner nuclear layer; IPL: inner plexiform layer; GCL: ganglion cell layer;

NFL: nerve fiber layer; ILM: inner limiting membrane.

22 FREBFEHGCUEIRERREIENER
Z U 20 M f 1 — X AR ORI SR T T AL
RHI AR k80510 1385.36+52.32 F1 1101.84+
96.88, A FEIR RHI YAHXT R IE S W E LT+
“ARBEA(P<0.01)(K 5).
23 FIREHLHGAUEEAEARIEZEN
=5
Z U6 A1 i e 7 X5 B A AR DU b O R
FER AT FA WA 6 FrR, Ho 7 UK

RH2, SWSI1., SWS2, LWS KR fyAHXT 2635443 )
9 1.78+0.12, 13.13+0.67 . 11.19+1.30, 41.46+1.68;
PR WK RH2, SWSI, SWS2, LWS eI AT
Lk R 1.52£0.09, 1.10£0.12, 1.21£0.03 .
9.16+0.80, 7t 4 FhlgEE I, ¥ AU S B4R
RBR T RH2 JEPR (R AT 3k i 0 18 3 22 40, W
HEREAR SWST, SWS2. LWS JEH [R5 5 K SE- 4B
BERT 7 ACEER(P<0.01), LWS FE A XF
TR AT RSB AERMARTT A RS .
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80 f 1 FfU(SFGP)
m BpAAEWP) T
<60 .
B4l
m
S
ﬁ 20 L *k *
RIRE R
C. O.N. G.
LRI L IS 7Y retina cell types

4 Zei gf ik — Q5 B A BRI R A 100 um
AR BN HEANIL(C.) . A2 20 A% (O.NL) Al
T2 20 (GO R B
HER P F 18 A PR B AR 4, FOR S I H (Y, *
R 35 22 57 (P<0.05); **fR M 2.3 22 53:(P<0.01).
Fig. 4 The number of cones (C.), nuclei of the outer nuclear
layer (O.N.) and ganglion cell (G.) per 100 pm unit length
in the retinal of the second filial generation population (SFGP)
and wild population (WP) of Brachymystax tsinlingensis
The dots on the bar chart are visual data labels, indicating the
repeated value of the number of cells; * represent significant

difference (P<0.05); ** represents very significant
difference (P<0.01).

A | ——
(SFGP)
*k
FR | —e—
(WP)
800 1000 1200 1400 1600

RHIMX}F ik & relative expression of RHI
K5 ZieniiE 1 — A0S B A A
EFANGIE ESE EPO SN Y
#R L E 2 F7(P<0.05); **CEM 3 2 5 (P<0.01).
Fig. 5 Relative expression of RH 1 of the second filial
generation population (SFGP) and wild population
(WP) of Brachymystax tsinlingensis

* represent significant difference (P<0.05); ** represents
very significant difference (P<0.01).

24 FREHFLEHEMEEAERRIELLSG
HER

7 U o0 0 LA TR I S R, AR A
RH2., SWSI, SWS2. LWS PR 33k i 43 9l Ky
2.64%.19.43%. 16.56% . 61.37%; B4 BEA RH2 .
SWS1, SWS2, LWS FER 1) 335 kb 43 5 K
11.69%. 8.47%. 9.32%. 70.53% (& 7). BfAEH#E

LN R S B S =B 7 o 1 s I R RV
LWS>SWS2>RH2>SWS1; i+ " ACEEAR N Lws>
SWSI>SWS2>RH2, LWS 3R 1E I BEAR T pg ik
¥ S, B BRI 60%, 1M 3 K
FEWABEAR RIS il 2 5

T = 7~ sFop)
Eﬁ"? 40 | T P (WP) *§-
&Ke
i)
izl § ** *3k
w %20 - [ —
i -
6, m ﬁ .
oosma | Lo | 1| [
RH2 SwS1 SWS2 LW
4T L cone opsin genes
Kl 6 e aniet 7 A5 T AR
AR 1 R AR X 2 0 i

FEAR A F I8 AT AL B AR 28, RS 2% JE AT X s et
SAH; #UR B 22 57 (P<0.05); ** UM 2.3 22 57 (P<0.01).
Fig. 6 Relative expression of cone opsins of the second
filial generation population (SFGP) and wild population
(WP) of Brachymystax tsinlingensis
The dots on the bar chart are visual data labels that
represent the relative expression repeat values of
each gene; * represent significant difference, (P<0.05); **
represents very significant difference, (P<0.01).

08 —— rm2
/= SWS1
| SWS2

g
=

k=
5 &
ﬁ S L WAAY
%g 0.4
i 8
S 02
o
a
FAR (SFGP) B4 (WP)
BEARZEA population
B 7 ZEih g — AR S B A BRI
R R R 5 H A

#7325 5 (P<0.05); **fR i .3 25 1(P<0.01).
Fig. 7 Proportional expression of cone opsins of the second
filial generation population (SFGP) and wild
population (WP) of Brachymystax tsinlingensis
* represent significant difference (P<0.05); ** represents very
significant difference (P<0.01).

25 FIAREHABRENERERHAARKIE
HESR
il 5E B PCR X 5 FhL 2 F1 5L A 7R ZR e 2
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it AU BPEREAR 11 FRALZUORBR . T
(LN NN S9SN SN G SN ST /[R5 )
FRARIB KR, i 8 B, 4RI RHI

RH2, SWSI., SWS2. LWS mRHA #7F Z& 15 21 ik
ik - A B A B HR 4 U g e Rk, AR
HoAth AR HR 20 2 rp 4G 0 30 6 55

Kl 8 Rl g e — QS B AR AL AR R I A 8L A 1
a. ZRUE BT —fUREA, b, RIS 0B AERF 4 HE(A, M: DL2000 DNA 73 T BEARifE.
Fig. 8 Tissue expression profile of opsins of the second filial generation (SFGP) and wild
population (WP) of Brachymystax tsinlingensis

a represents the second filial generation population (SFGP) of B. tsinlingensis; b represents
the wild population (WP) of B. tsinlingensis; M: DNA Marker (DL2000).

3 itig
31 FIREEF 4 B0 W AR 45 #4952 40 ) B 28
#2451

F0 G Z 58 R 2 T H AR 3
FEBE AU BE ) 23 3R g B (light sensitivity) FIHE
B (visual acuity), P 5 H RO 40 it i A S | 4
¥ . i FNHES T 2O 8 2SO R AR A5 R kS e
FEMEAE R, AR AR B 0 22 S A 235 i) £ 28 ) 00 I
254 5 4 M i ) — ROk, Sh P R
PR A R DE AR 179 2 18 DRI A 2 kb T S, R T
FHA G 3% A DT e A8 X o] FH O S B A0 2R B
BB R AR Xt 2 04 240 ff fe: 1 — A R A
FREAA A DO B8 J2 VR 25 0 2 30, V1 A P 400 oK) B 5
P 5 Ho At AR R3S AT v BE DR SF HLE 56+ 2
g4, R AR Do R A0 A A A (CL) R
S JE 20 B AZ A (0N )34 i 25 v T HF A AR L B A4
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Retinal structure and opsin expression characteristics of the second
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Abstract: Brachymystax tsinlingensis (Li 1966) is a landlocked Salmonidae fish endemic to China. Based on
long-term artificial breeding and resource conservation studies, it was found that B. tsinlingensis has obvious
photophobic behavior and light-sensitive characteristics. To further understand the visual characteristics of B.
tsinlingensis in different habitats, this study studied the second filial generation population (SFGP) [body weight:
(51.50+10.86) g, body length: (15.40+0.75) g] and wild population (WP) [weight: (85.68+31.81) g, body length:
(18.17£2.34) cm] of B. tsinlingensis under artificial breeding and natural environment. Traditional histological
methods have been used to study the structural characteristics of the retina, and fluorescence quantitative PCR
technology has been used to identify five key opsin genes that play a crucial role in visual formation: rhodopsin
(RHI), rhodopsin-like pigments (RH?2), short wavelength-sensitive pigments (SWS1), SWS1-like pigments (SWS2),
and long wavelength-sensitive pigments (LWS). The results showed that there was no significant difference in the
retina between SFGP and WP. The number of cones (C.) and outer nuclear layer (O.N.) in the retina of SFGP was
significantly higher than that of WP (P<0.01), and the number of ganglion cells (G.) was significantly higher than
that of WP (P<0.05). The relative expression level of RH/ in WP was significantly lower than that in SFGP (P<0.01),
and RHI had the highest expression level among the five opsin genes in both populations. In cone opsin genes
RH2, SWS1, SWS2, and LWS were significantly different; no significant difference in relative expression of RH?2
was observed. The transcription levels of SWSI, SWS2, and LWS genes were significantly higher than those of WP
(P<0.01). The expression ratio of cone opsins in the SFGP was LWS>SWS1>SWS2>RH?2 from high to low, whereas
that in the WP was LWS>SWS2>RH2>SWSI. The expression of LWS was dominant in both populations, accounting
for more than 60% of total expression. Five opsin mRNA were specifically expressed in the retinas of the two
populations. This study indicated that both the SFGP and WP of B. tsinlingensis have strong photosensitive
characteristics that can regulate the expression profile of opsin genes to trigger spectral sensitivity changes to cope
with different habitats, and the performance characteristics of the SFGP are more significant. The exhibited
photophobic behavior may be an adaptive strategy for different environments, and photosensitivity indicates that
behavior depends largely on visual communication. The results of the present study provide a vital reference for
the proliferation and maintenance of B. tsinlingensis.
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