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Abstract: Erythropoietin (EPO) is a glycoprotein hormone that plays a potential role in hypoxic adaptation in
animals. In the present study, the encoding sequences of Epo and Epor genes were cloned in Gymncypris

eckloni by RT-PCR method. The coding region of Epo and Epor were 552 bp and 1 590 bp, which encoded
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183 and 529 amino acid residues respectively (Fig. 1 and 2). The high homology of EPO and EPOR protein

of G. eckloni with other cyprinid fishes indicated that the two proteins were evolutionary conserved (Table 2).

Molecular evolution analysis suggested that Epo and Epor genes of G. eckloni did not undergo positive

selection (Table 3). Under severe (the dissolved oxygen was 0.3 + 0.1 mg/L) and moderate hypoxic (the

dissolved oxygen was 3.0 £ 0.1 mg/L) conditions, the Epo mRNA levels in key tissues such as brain and red

muscle were increased significantly (Fig. 4 and 5), implying its potential roles in movement, neuroprotection

and neurotrophy, which may be a regulatory mechanism of fish to hypoxic adaptation.
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BN, AT AS S Epo FIAHIIG N, AT
TLAHAM I IGEE . LA (Ratajezak et
al. 2001, Richmond et al. 2005) . HHHFFHK
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111 PEARE  TEHIHE 60 B (REL 150 2)
RETHEEHEZ EIOSOR (B 4200m) .
RIS RS E G T 80 L EMEH, /K
BARFFTE 10~ 13 C. WsLE 3d, HESARD
g S fd % (dissolved oxygen, DO) 4EHFTE
(8.4+0.1) mg/L (RIEAABFFHHIHZD .

1.1.2 HASKELE  FEYH 6 B HEfERT
HRAH CHALD , A6 RafEAEFIAL,
Hoak 48 R afE N FEARE A R A A TS
Ja PR AR o B AT ALV TR A, . &
JEE A0 v ARG AR A HE ) R P 1 1) K A T 7
IR, KIERESREIETMRME (Xia et al.
2016). 4EFHIREASHE, FIH AZ8402 ¥4 fif
A CBIEIERD & KR A . B
RE4] 6 EAET 40 L BEMEF, 1 h KA
AM (84£0.1) mg/L FFEE] (0.3+0.1) mg/L,
SRIGAERF 4 hy HREE(RSE A 48 R E T 80L %
BHEH, 1 h WEEBEMN (84+0.1) mg/L F
B3 (3.0 £0.1) mg/L, FF4EFF 96 h, M4
12 h R4E 6 Ffh . o AN Fp B AR AU 2 A B s 5
SEWE, PUEARRIRE S BT R A SR T
WA

1.2 Hg:

121 ZHLE RNA FIREUH cDNA —81
AR FIHRARAENRE dbs) HRAR T
RNAprep Pure Tissue Kit #& HUZL L 2H 23 &

RNA. c¢DNA % —# & Bfi H RNA PCR Kit
(AMV) ver.3.0 (Takara) iRjl&, DLIEBE#E
ZIJJLis RNA AfEAR, Oligo dT A 514,
PR S HEAE T AT 4R
1.2.2 Epo Ml Epor 3£ ¢cDNA FHIF ¥ 1t
BE#ER Epo K4t 7 41 (coding sequence,
CDS) HIvEkERH—XI 5% EPO_F #l EPO R
(Xuetal. 2016) (£ 1) . Epor 4K CDS I
el 2 %514 (EPOR_F1 #1 EPOR_RI,
EPOR_F2 1 EPOR R2) ZrEtwifs (£ 1) .
51 ¥ MR 5 GenBank % 3% [ % /K & £ iR
(Sinocyclocheilus anshuiensis) 1] Epor cDNA
4K P (XM _016451553) it Epo F Epor
cDNA H5a I LLZL L cDNA 55— it
F Premix Ex Taq® Version 2.0 47| &3t47 PCR
1 PCR Y HFE: 94 C A1 3 min; 98 °C
APk 10 s, 55 ~ 60 CiE<k 30 s, 72 ‘CHEfh
1 min, 3£ 35 953F; HJa—1E3F 72 CLatff
5 min, PCR " 38724145 1.0% 1B IR b B
¥KJ5, H TaKaRa Agarose Gel DNA Purification
Kit Ver.2.0 F=# R F S AT Uk 4lifh, 48
J& vl 22 pMD19-T #ifkHh, A2 E. coli
JM109, PCR il BHME 7o % f ik A= T ( ifg)
AP BR A R BT, WF 5148 RV-M
M13-47 (R 1) .
1.2.3 A4t A Lasergene7.0 (Burland

R 1 TEPERE Epo M Epor R ST & K 47519

Table 1 Primers for Epo and Epor gene cloning and analysis in Gymncypris eckloni

5414 % Primers J7 %1 Sequences (5'-3") Hi& Usage
EPO_F CCGGAATTCTTGCGAATGTTTCACGGTTCA RT-PCR
EPO_R CGCGGATCCGGCCCTTGCTCAAAATTGTCTATC
EPOR Fl1 CCACCTGGAAAGGAGGATACACCTTTCGGG
EPOR R1 GTCAGGCCAGAGTTTCTTAAGAAGAAACT RT-PCR
EPOR_F2 CTGATCCTCTGCCTGCTGTCTCTGACT RT-PCR
EPOR_R2 ATGACAGAGTATTCATTTTTGGGTGAACT
EPO _realF TTGATTTTGATGTCTGGGAAGC
EPO_realR CCCGCAGGAAGTTGATGTG ART-PCR
EPOR_realF TTCACCGCTGGAGGTTTTATC
EPOR_realR TGGGGACGAGATTCTGGGT GRT-PCR
B-actinF GCCAACAGGGAAAAGATGAC
B-actinR TTGCCAATGGTGATGACCTG ART-PCR
RV-M GAGCGGATAACAATTTCACACAGG SR
M13-47 CGCCAGGGTTTTCCCAGTCAGGAC Sequencing primers
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20000 BRAF, Xk i o FE Ak PR A 3EAT B AR
AT R AR T A HEE; Blastx 127
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) #4175
HF AR LM 22 FIF DNAMAN Version 6.0
(http://www.lynnon.com) #EAT & 12 7 41 [R5
ML #E; FIF Smart Chttp:/smart.embl-heidelberg.
de/)F1 NCBI H1 1) 08 5 25 14 334 & (conserved
domain database, CDD ) #F 1T &5 #3587 #r
2005 ) ;s A H
ExPASy-Tools Chttp://www.expasy.ch/tools/) X
EPO #1 EPOR & [ I AE AR AN 8 1 5T Dy RE AL
AT T 5 HT
124 RGREHH FIH MEGA6.0 (Kumar
et al. 2004) A EEALHE (neighbor-joining,
NI) A KA, (maximum likelihood, ML)
ARG E W, [FIN R H H 288058 (bootstrap test)
Tt R G T R SRR, NI AT ML R R
1000 R RGURE TGRS 14
P4 425 EPO 1 EPOR &M 741 (% 2).
125 EEEHLST A PAML4AT BAHE
(Yang et al. 2007 ) 1] codeml #2 /5K 7M1 Epo
A Epor FERITE A FE FR e £ 1 J1 10284k - 4K
5 77 51 EExE i FE [R] % 3t (nonsynonymous
substitution ) 5 [ X & # ( synonymous
substitution) HfE (o = dn/ds, dn EREET
MIAEE S, ds KRB 1 [F) L FRARH)
W IEBE R I AR, Hf o=1.0<1
Mo > 1 730FRRPPEIESEE. P EEAIER
Wt AT RIS R S R AR E SR IR
B, ARWFFAEESE SR 2 Pt
B, A FEA (branch-specific) 1377
AL (branch-site) . B A -4 A 2 HH )
HELLE (free ratio) BIAUR A RS R AR
[F] X 9RAF b [A] LRAZ LUAE, e v REZ ) IE W)
ISR, S8 Gt S s A — 20 e
Y8 XA H Epo R Epor 3[R 7€ 6 5 ) 1E 7]
RGOl 8- R R Mk, i del e
PREEVENHT 523 (foreground), 15 At 4 F
1E N 5% (background), 43 A&l 46 B AR 5

( Marchlerbauer et al.

Epo Al Epor & K& A7 AE IE AR A 15 AR5
T8 A6 DR BR 1R BRI 4 62 C Gymnocypris
dobula) [FINAEART S, HABYIFAE Y 5t
3o A0 VRS DN A B AR S R o A X 7 ol ) e
YIFAE Epo A1 Epor FER A& A A7 (EAH R ) 1E
RO Ao TESC-A7 B8, model A 24
CEEFAEAD & BBUA MM, model A
RIS 0 > 1, MAETLREB Null A HoKf
5 o [N 1 (Zhang et al. 2005) . 4R )5 i#
AR LEAG 6% (likelihood ratio test, LRT)
KA 5 T 3 458 ) PR A ABE 28 o — AN A B 3
Epo F1 Epor 3[R T4 1 HIIE S K JiAdi v, FFAR
PRA00 V-4 (Bayes empirical Bayes, BEB)
JTVEMAE Epo 1 Epor JE PRI IE£E 1) 1 [A] 16 £
(VA=
1.2.6 qRT-PCR RFMEEZHET Epo 1 Epor
FEERIE AL WL Oy RFIEEZE 2
RNA $2HCRH RNAprep Pure Tissue Kit [RAR
AfeRHE (b AR AH]], & RNA 4 DNase
[ (RNase free) 43, P HRERE ), F
H FastQuant RT Kit [RARAEMEHE (Jbn) FH
PR A F ) s 58— . SR S5 KR SuperReal
PreMix Plus (SYBR Green) &7 &7 iQ5
Multicolor Real-Time PCR Detection System (3%
HRAT]D) BT qQRT-PCR 3#7. qRT-PCR X
N % 25 pl: 2 x SuperReal PreMix Plus 12.5 pl.
B4 (10 pmol/L) %% 1 ul. cDNA iR
1 ul. ddH,0 9.5 pl. qRT-PCR I, HEA3FE S E
23K, GFKH 2283550 (Livak et al.
2012) . qRT-PCR Al B-actin PR IE &
YERWAE, SN 1.

2 BRE5MW

2.1 {ERRAREE Epo M Epor B[R CDS BZHERFF
B R i & ZE MR 5 4

PR Epo A1 Epor #:[H CDS &R
HIKFES 9929 552 bp A1 1590 bp, 73 5l 4t 183
529 NEEER . EIREIL TN ATG, 41k%
5743 58 TGA H1 TAA. £33 4 Eow, EPO
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K2 RHESHAMAES A EPO Ml EPOR EERF 5 HX
Table 2 Amino acid sequence homologies of EPO and EPOR between Gymncypris eckloni and other teleost fish

EPO EPOR
Yikh

Species GenBank %35 [FEME (%) GenBank &35 FEME (%)

GenBank accession No. Homology GenBank accession No. Homology
YRR Gymnocypris dobula ALZ45041 97.8 ALZ45385 98.6
BRIEZith Prychobarbus kaznakovi ALZ45042 973 ALZ45386 98.6
JBAELER Sinocyclocheilus rhinocerous XP_016421789 95.6 XP_016377277 89.4
LIKELREE Sinocyclocheilus anshuiensis XP_016310293 95.1 XP 016307039 84.6
1 Cyprinus carpio ABB83930 95.1 XP_018921469 86.1
it Carassius auratus AGH20610 89.6 AGN92860 88.2
Pt 4 Dania rerio ABB77436 88.0 NP_001036799 75.3
W85 Oncorhynchus mykiss XP_021433597 62.8 XP 021413784 58.4
NERARNEER Pygocentrus nattereri XP_ 017565797 71.4 XP 017575717 68.0
SUGEEEL Astyanax mexicanus XP_007250217 71.0 XP_015458198 63.6
KFGHeE Salmo salar XP_014062572 60.7 NP_001133707 593
K¥ 1 Larimichthys crocea XP_010746579 59.0 XP_010748488 54.3
IRBEGLE WY Stegastes partitus XP_008284440 59.0 XP_008297415 53.1
B Oryzias latipes XP_004079700 54.6 XP_004072038 475

FIEPOR Y& A —/ HH 23 MR LR A L5 5
BEEE (K1, B 2-1 F12-2). Ah, FEBERR
fif EPO ¥ A AF1E 3 A~ N-Fl 2 Ak A7 51
(N-glycosylation site ) 4 M & [ S 1T PR
647 55 (casein kinase I phosphorylation site )
A1 AR E B C R 10 A7 5 (protein kinase C
phosphorylation site), EPOR & —/N 3z 4K-Ht
EEERLREL (29 ~129), 5 A N-FEEALAL R
7 ANE O 1 R AR 8 MR B C
{3 A VA = W B \ B [ N A VA=
(N-myristoylation) F1 2 ™ 2 B I B o 2 11,
i . (tyrosine kinase phosphorylation site) .
2.2 EPO Al EPOR EERFH 5HMBER A
RFIR S
J% F DNAMAN Version 6.0 3, LL#AE
BE AR R 5 BCOR AR B BRI M i fa
( Ptychobarbus kaznakovi ) « JB# fii 4 2k i
(Sinocyclocheilus rhinocerous )~ % 7K G 26 (S.
anshuiensis )~ it (Cyprinus carpio).
(Carassius auratus)~ B (Dania rerio)-

WT % C Oncorhynchus mykiss )~ 44 [C 4 g £

(Pygocentrus nattereri)- = V9 & G #E (Astyanax
mexicanus)~ NVGVFESE (Salmo salar) K5
( Larimichthys crocea ) « & % HE 95 2
(Stegastes partitus) W (Oryzias latipes)
PRl AE R (EPO) AIELL 4 Rl &
24 (EPOR) Z AL R[5 « FEBERREE (K] EPO
5 UL BRI FJRTE 54.6% ~ 97.8%; LA E4Fh
SIEPERREE EPOR ) [FJRIEAE 47.5% ~ 98.6%

I8 (£ 2).
2.3 RGERBESW

BTG Epo F1 Epor FE[ T 51| A
GenBank A AR 14 Flbs & ¥ AH N7 4
SR T RGEKEMW . Epo M1 Epor ZER 14k
WHEA = AU R 254, ARE A7 A
TN BB CHRE b, MANA H Epo JEH i3
R (& 3D,
24 BEEIS

RGKE TR RIR, Epo Al Epor LK
B 5 CARIE MR B2 AR — 2 (Saitoh
et al. 2006), KULFEIRPEH 153 Hr 0k Epo 5
KIBEAL AR % AR Ginput tree) . S7-4F 45
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ATG TTT CAC GGT TCA GGA CTC TTT GCC TTA CTG CTG ATG GTG CTG GAG TGG ACC CGT CCA [60]
Met Phe His Gly Ser Gly Leu Phe Ala Leu Leu Leu Met Val Leu Glu Trp Thr Arg Pro [20]
GGC CTG TCT TCC CCA TTA CGC CCC ATC TGT GAC CTG CGC GTC CTC GAC CAT TTC ATT AAA [120]
Gly Leu Ser Ser Pro Leu Arg Pro Ile Cys Asp Leu Arg Val Leu Asp His Phe Ile Lys [40]
Signal peptide (1-23)

GAG GCT TGG GAT GCC GAG ACT GCT ATG AGA GCG TGT AAG GAT GCT TGC AGC ATT GCA ACA [180]
Glu Ala Trp Asp Ala Glu Thr Ala Met Arg Ala Cys Lys Asp Ala Cys Ser Ile Ala Thr [60]
AAC TTT ACT GTT CCT CTG ACA AGA GTT GAT TTT GAT GTC TGG GAA GCA ATG AAT ATA GAG [240]
|asn Phe Thr val| Pro Leu E:f‘_lrx_:-t_'-_-l-_\-;:_g'-_-_\-{%?}-_-_A-_é_éi Phe Asp Val Trp Glu Ala Met Asn Ile Glu [80]
N-glycosylation (61-64) CK-2 (67-70)
GAG CAA GCT CAG GAG GTC CAG TCA GGC TTA CAC GTG CTG AAC GAG GCC ATC AGC TCA TTA [300]
Glu Gln Ala Gln Glu Val Gln Ser Gly Leu His Val Leu Asn Glu Ala Ile Ser Ser Leu [100]
CAG GCA TCT AAT CAG ACT GAC GTG CTG CAG TCC CAC ATA GAT GCC AGT ATT AGC AAC ATT [360]
Gln Ala Ser [Asn Gln Thr Asp| Val Leu Gln :é_é_%'_-_l-f_{_é_-_%-:!.-_e'_-_i_é_i_pi Ala Ser Ile Ser Asn Ile [120]
N-glycosylation (104-107) CK-2 (111-114)
GCC AGC ATC AGA CAA GTT CTG CGA AGT CTC CAC ATA ACG GAA TAT GTA TCT TCT ACC AGT [420]
Ala Ser Ile Arg Gln|Val Leu Arg Ser Leu His Ile Thr Glu Tyr Val Ser Ser Thr iSeri [140]
PKC (122-124)
GGT GGA GAA GAC AAG GAG ATG CAG AAT GTG TCC TCC CTC TCA GAG CTG TTT CAG GTC CAC [480]
iGly Gly GlujAsp Lys Glu Met Gln [Asn Val Ser ‘Ser]| Leu Ser Glu! Leu Phe Gln Val His [160]
CK-2 (140-143) N-glycosylation (149-152) CK-2 (152-155)
ATC AAC TTC CTG CGG GGA AAA GTA CGT CTT CTT CTT GCC AAT GCA CCT GTC TGC CAT CAA [540]
Ile Asn Phe Leu Arg Gly Lys Val Arg Leu Leu Leu Ala Asn Ala Pro Val Cys His Gln [180]
GGT GTC AGC TGA [552]
Gly Val Ser * [183]

A1

TEPERREE Epo BRI GALIFS RIS R ERF S

Fig. 1 The encoding sequences of Epo gene and the deduced amino acids sequence from Gymncypris eckloni

TRIKFRRIAETD T ATG: * RoRIEgiE AR L ILE T HAFRRESNARRT I KO

AMEGIFS]; RO

HES R 2R e T SRR AL AE Az sl (CK-2); BEHERIR N-BERAL AT, ROMERIR E A MM C BRRILIEH A28l (PKC),

Starting codon ATG are underlined. The asterisk in amino acid sequence indicates the non-encoding termination codon. Boldface characters

represent deduced amino acid sequence. Signal peptide is in gray shadow. Casein kinase II phosphorylation sites (CK-2) are in black dotted

boxes; N-glycosylation sites are in black boxes; Protein kinase C phosphorylation sites (PKC) are in gray boxes.

Bt R e SRR, ORI RR AR K o AH
Je% (526, W 3) Epo HNEA B B A[F
WidZ (0 > 1), MTELEBERREE ST A I A A
FIEFIEFE (0 =0.38). RN, fEHTHEEH
I Epor FE IR S5 AAG I 2133514 39 2 A i 11
Y& (E3). NTH—DWEREE SR Epo
DR A5 R A T e e L 1 (1 T R B, AR 9
HHAT T SC-AL R o Hr . 5 SRR, MR
BRAE RT3, T HAR R R S ST,

TEAEBEAREE Epo A1 Epor 33 R H 25 A U 2 1
MR (o2 = 1, o2 R Al s X AHN T 5
SRR SO 5 R OB e LB (B 3D

SR T A6 SR AR S R0 A R AR P 3[R 4H 2 3 (5L
6, Bl 3) fERFTFSE, Mg H A i =
X, M Epo R T HANSL (02
= 1.54, oo TEBEAREATPCRIBRAE ) 3L [ 1H S5 5C
FERE T S SN AR [A) SO 5 1) SO LUAED
HELRILRIRZER R ZEZRARE (2 AL =
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CK-2 (317-320)

Bl 2-1 ZEFEAREE Epor ERGIBFF5I RIS HEERTFF]

Fig. 2-1 The encoding sequences of Epor gene and the deduced amino acids sequence from Gymncypris eckloni
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ATG ACA AAA ATG AGG AGT AAC AGA TTG AAA ATA GTT TTC ATG TTG TGT CTT GCT TCC GTC [60]
Met Thr Lys Met Arg Ser Asn Arg Leu Lys Ile Val Phe Met Leu Cys Leu Ala Ser Val [20]
ACT ACA GGA GGA CAA TAC TTT GAA AGT AAA GTG GCC CAG TTA CTC CAA GAC GAA ACA GAG [120]
Thr Thr Gly Gly Gln Tyr Phe Glu Ser Lys Val Ala Gln Leu Leu Gln Asp Glu Thr Glu [40]

Signal peptide (1-23)
GAT ATT AAA TGT TTT GTG GAG GAA AAG GAT CTC ACA TGC TTT TGG GAA GAC GAG GAA GAG [180]
Asp Ile Lys Cys Phe Val Glu Glu Lys Asp Leu Thr Cys Phe Trp Glu Asp Glu Glu Glu [60]
AGG AAT AAT TCA CAC GAT CAA TAT ACC TTC ACG TAT TCT TTC GAG AAT AAG AAC AAG ATG [240]
Arg |Asn Asn Ser His| Asp Gln Tyr Thr Phe Thr Tyr Ser Phe Glu Asn Lys Asn Lys Met [80]
N-glycosylation (62-65)
GCT TGT GCG GTT TCA TCT CTG TCT TTA CTG GCC AGT AAC AAA AGC GTC CTC TTC GGC ATA [300]
Ala Cys Ala Val Ser Ser Leu Ser Leu Leu Ala Ser [Asn Lys Ser Val|Leu Phe Gly Ile [100]
PKC (92-94) N-glycosylation (93-96)

CTG CCC AAA CCC CCC CTC TTC ACG ACT ATT AAT GTG CAG GTT CTT CGT GAT GGC CGG AGG [360]
Leu Pro Lys Pro Pro Leu Phe Thr Thr Ile Asn Val Gln Val Leu Arg Asp Gly Arg Arg [120]
CTC TAC AGT CGT AGC CTA AAC ACT GAG AAT TTA TAT TTT CTC GAT CCT CCC CGA AAC CTC [420]
Leu Tyr Ser Arg Ser Leu Asn Thr Glu Asn Leu Tyr Phe Leu Asp Pro Pro Arg [140]
ACG GTC ATG AGC TCA GGG AAG GAA GGG CAG TTG AAC GTG AGC TGG TGG CCT CCT CCA GTC [480]
Met Ser :S-él-:‘-afx;-i.;s-_G-_i_{!: Gly Gln Leu [Asn Val Ser Trp|Trp Pro Pro Pro Val [160]
N-glycosylation (139-142) PKC (145-147) CK-2(145-148) N-glycosylation (152-155)

AAA TAC TTG TAT GAC AGT GTG ATA TAT GAG GTC AGA TAC GCA GTG GAG GGA AGT AAC ATG [540]
Lys Tyr Leu Tyr Asp Ser Val Ile Tyr Glu Val Arg Tyr Ala Val Glu Gly Ser Asn Met [180]

TKP (161-169) N-myristoylation (177-182)
GGC AAG GTG GAG GTC ATT AAG GTC AGC ACA AAG CTG GTT TTG CGT GGC TTA CAG TCC GAC [600]
(-.;];y- E.;:s: Val Glu Val Ile Lys Val Ser Thr Lys Leu Val Leu Arg Gly Leu Gln Ser Asp [200]
PKC (189-191)
ACC AGA TAC AAG GTG TGG ATC CGT ACC AAA CCT GAT GGT GTT TCC TAC AAA GGC TAC TGG [660]
Thr Arg Tyr Lys Val Trp Ile Arg E’f‘ﬁ-r- -I:is"i?-rb"ﬂéi;: Gly Val Ser Tyr Lys Gly Tyr Trp [220]
CK-2 (209-212) TKP (208-216) PKC (215-217)
AGT GCT TGG ACC GAG CCT GTG TTT GGA GTT ACT CCG CCA AGC GAC GTG GAT CCG CTG ATC [720]
Ser Ala Trp Thr Glu Pro Val Phe Gly Val Thr Pro E_i:;:é-_-_s-_e;_i-_-@-_s-é_-_\-/_'-a_-l_.i Asp Pro Leu Ile [240]
CK-2 (234-237)

GTG TTA CTG GTT CTT TTC ATC GTG CTG ATC CTC TGC CTG CTG TCT CTG ACT GTG TTT CTG [780]
Val Leu Leu Val Leu Phe Ile Val Leu Ile Leu Cys Leu Leu Ser Leu Thr Val Phe Leu [260]
TCC CAG CAC AAG TTT CTT CTT AAG AAA CTC TGG CCT GAC ATC CCA ACA CCA GAG CAC AAG [840]
Ser Gln His Lys Phe Leu Leu Lys Lys Leu Trp Pro Asp Ile Pro Thr Pro Glu His Lys [280]
TTT CCT GGT CTT TTT AGT GTC TAC AAA GGA GAT TTT AAG GAG TGG ATG AGC CAA AAT AAT [900]
Phe Pro Gly Leu Phe Ser Val Tyr Lys Gly Asp Phe Lys Glu Trp Met Ser Gln Asn Asn [300]
GGC TAC ATG TGG GGC AGA TCA GTC CAT GTG TAC ACA GAG GAG CTT CTT TCA CCG CTG GAG [960]
Gly Tyr Met Trp Gly Arg Ser Val His Val Tyr Thr Glu Glu Leu Leu Ser Pro Leu Glu [320]
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GTT TTA TCC GAG GTT TCC CTG ACC AGC CAC GGC ACG TCC CAG AGA GAG GAG AGG AAA CCT [1020]

Val Leu Ser Glu Val Ser Leu Thr Ser His Gly Thr -Ser Gln Arg GluI Glu Arg Lys Pro [340]

PKC (333-335) CK-2(333-336)
GCG GAG GAG GAA GAG GAG AGG GAG AGC GAG GGT TCG GAC TCA GGG TTA ACG GAC AGA TGG [1080]
Ala Glu Glu Glu Glu Glu Arg Glu Ser Glu Gly Ser Asp Ser Gly Leu Thr Asp Arg Trp [360]

N-myristoylation (351-356) PKC (357-359)
CGA GAA CCT CCT CAA GCT CAC TGG CTC ATG GAG CAA TTG AGG GCT CTT CAA GAA AAC CCA [1140]

Arg Glu Pro Pro Gln Ala His Trp Leu Met Glu Gln Leu Arg Ala Leu Gln Glu Asn Pro [380]
GAA TCT CGT CCC CAG TCA GCG TTA CTG CAG TCA CAT GAC ACC TAC GTC ACC CTT AAT CAA  [1200]
Glu Ser Arg Pro Gln Ser Ala Leu Leu Gln Ser His Asp Thr Tyr Val Thr Leu Asn Gln [400]
GGA GAC ATC GAG CAG CAG GTG GAT GAT GTC TTT GAG GAG ACG TTA CCG CTC CAG ACA CTC [1260]
Gly Asp Ile Glu Gln Gln Val Asp Asp Val Phe Glu Glu Thr Leu Pro Leu Gln Thr Leu [420]
TTC AGC ACC GCA GGA ACG TCG TCT TTG AGC ACC TCG CAC TCC GAC CTC GGC TCC CTG CTG [1320]

Phe Ser Thr Ala Gly Thr Ser Ser Leu Ser Thr E_Ser His Ser Asp! Leu Gly Ser Leu Leu [440]
CK-2 (432-435)
CAG AGC TCA GGA TCG GGC AGA CTG TCG TCG CAA TCC AGC TTT GAG TAT CCC AAC CAC AcCC [1380]

Gln Ser Ser Gly Ser Gly Arg Leu Ser Ser Gln ‘S_e_{f?ir__l’_}_l?_?_l_‘{' Tyr Pro [460]
PKC (445-447) CK-2 (452-455) N-glycosylation (458-461)
TGG CCC CCC AAA GGG CCG GGA TAC GCC TAC ATG GCG GTC GCA GAC TCA GGG GTC TCT ATG [1440]
Pro Pro Lys Gly Pro Gly Tyr Ala Tyr Met Ala Val Ala Asp Ser Gly Val Ser Met [480]
GAA TAC AGC CCG ATG AGC TCC AGC AGG ATC GCA GAG CTC GGG AGA CAC AGT ATG TAC ACA [1500]
Glu Tyr Ser Pro Met Ser Ser Ser Arg Ile Ala Glu Leu Gly Arg His Ser Met Tyr Thr [500]
PKC (487-489)
AAT GAT TAC AAA AAT GAG ATT GTC CAG TGG CCA CTC TCT GGT CAA TAC GTC AAA TCT GGA [1560]

Asn Asp Tyr Lys Asn Glu Ile Val Gln Trp Pro Leu Ser Gly Gln Tyr Val Lys lSer Glyi [520]

CK-2 (519-522)
TCA GAG TCA TAC ACG GGC GCC GTT TGG TAA [1590]

\Ser Glu! Ser Tyr Thr Gly Ala Val Trp * [529]

Bl 2-2 TEPEAREE Epor ZRGHFFFI R HEFNERERTF]

Fig. 2-2 The encoding sequences of Epor gene and the deduced amino acids sequence from Gymncypris eckloni
TRILFRRIGERD T ATG; * FoRIEMIGEIERNZIEH T HESRERRTI; KOPERRESRFES; BOESHERRRE
0 1 BERR LA E AL s (CK-2); RBEHER R N-HERRALAL A ROMER R EA M C BERIIER AL (PKC). BEEAFRIR N-Hik
hrsds BOMARIRR R R PRIR I .

Starting codon ATG are underlined. The asterisk in amino acid sequence indicates the non-encoding termination codon. Boldface characters
represent deduced amino acid sequence. Signal peptide is in gray shadow. Casein kinase II phosphorylation sites (CK-2) are in black dotted boxes;
N-glycosylation sites are in black boxes; Protein kinase C phosphorylation sites (PKC) are in gray boxes; N-myristoylation sites are in black

dotted lines; Tyrosine kinase phosphorylation sites are in Black thick lines.

1.1, df=1, P=0.38); [FIFE, TEBEARERFIZ0H] A L, TEBE#AE E (R4 [DO = (0.3
AR RIS Epor FERTP B ARKINEIE  +£0.1) mg/LIHAE 4 h )5, Epo FEHAEANL (P<
FIEFALE (02=1) (F3). 0.01). i (P<0.01) FZAL (P<0.05) 21

2.5 HRBEEEMET Epo M Epor BRAE  HHREELEE LA, MEOMEEHIAPRIER
HAFRE EELHELZML (P>0.05) (K 4a); Epor %
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@ T LR/ LR
o . . . 445 [nonsynonymous/synonymous
e 99 L BE R 6 Gymncypris eckloni Branch substitution (dy/dy)
e il A Epo Epor
PORI¥RE G. dobula ] - -
(4] RIGZ5i 8 Ptychobarbus kaznakovi ; 8;; 8 :3
90 74@ N 4 I’nf ():26
JR A 420 Sinocyclocheilus rhinocerous 3 016 077
2k A S 6 1.58 0.39
> KA LR S. anshuiensis = D o
W Coppi : 3 18 0.54
100 8 Cyprinus carpio 5 o e
il 4 Carassius auratus 10 <0.01 0.34
100 o _ 11 0.19 0.69
L — WL t# Daniarerio 12 0.58 0.46
@ 13 0.14 0.39
@100 YN IR HE AR 88 Pygocentrus nattereri 14 0.95 0.39
L T
g4 AR G 88 Pygocentrus nattereri 16 0.26 011
(21} o 17 0.20 0.79
@100 P SR BFHE B Astyanax mexicanus 18 0.36 0.14
o 3 fde 19 <0.01 0.45
@ L= KpyEdt Salmo salar 20 539 078
o 21 0.18 0.43
@100 D Hl Oryzias latipes 2 0.69 0.50
23 0.33 0.13
@ 86 = K¥G 1 Larimichthys crocea 27 028 03
— | ., PN . 25 023 057
0.05 IRZHEHR 8 Stegastes partitus T3 014 028
’ 27 0.06 0.23

B3 RS EMAMFHET Epo ZRFINSBERAREN
Fig. 3 The neighbor-joining phylogenetic tree for Gymncypris eckloni and other teleost fish
based on Epo gene sequences

BT Epo BEFHIM ARG K AN, Tl LEIHERZR 1 000 WERFFEE (%). HENARFSZR Epo M Epor 2 o i, HE
HHI S T RABERRGR AW EIH S, LEPHERR o AT 1, Inf FRMHEL dy 9 0, Hirh o [HERER LS R SCE
LB, dy Fon ST HARR L . SR Epo ZEFFHIE RS20, PORBREE KT188754, $RIEM Zifh KTI88755, JRAMELK
XM_016566303. %7K 4460 XM_016454807. fiifi DQ278877. fillfi KC460317. By fi DQ278896. MLfifi XM 021577922, 44 K4/
fift XM_017710308. 2275 EFfRff XM_007250155. K XM_014207097. K3 XM_010748277. IRZAEFE 465 XM_008286218 FI
FH XM_004079652.

The left part is phylogenetic tree based on Epo gene sequences. Numbers at the nodes denote the bootstrap values of 1 000 replicates (%). The
right part indicates the o values of Epo and Epor genes. The numbers in the right part refer to the numbers marked on the phylogenetic tree. The
values being greater than 1 are showed in red shadow. Inf refers to ® value with dy being zero. Among them ® values refer to
nonsynonymous/synonymous substitution ratios. GenBank accession numbers of Epo gene sequences used are: Gymnocypris dobula,
KT188754; Ptychobarbus kaznakovi, KTI188755; Sinocyclocheilus —rhinocerous, XM_016566303; Sinocyclocheilus — anshuiensis,
XM_016454807; Cyprinus carpio, DQ278877; Carassius auratus, KC460317; Dania rerio, DQ278896; Oncorhynchus mykiss, XM_021577922;
Pygocentrus nattereri, XM _017710308; Astyanax mexicanus, XM_007250155; Salmo salar, XM_014207097; Larimichthys crocea,

XM_010748277; Stegastes partitus, XM_008286218; Oryzias latipes, XM_004079652.

HAE ORI AR P RIEREE LT (P <
0.05), THEENL. AL UL FFIE R FHEAGR
A2 (P>0.05) (K 4b).

HHEE R EUMHATDO = (3.0 = 0.1) mg/L]%
TR, TP )L Epo ik EM 12 h JF4E &
ETtE, 24 h ARG, MEEART N, (2
EWEREST 0 hMREE (P <005, MH
L Epor f13¢i5 8 WA TE 72 h Fl 84 h B 5 &5

T 0h, HAEKRBEMEEIRES 0h HLLEE
Atk (P>0.05) (K 5a); OHLT, Epo £ik
E12h M 36 h I BE T 0h(P<0.05), 84 h
BETIH, HARMEES 0 h AHLIL TR EE N

(P> 0.05), T Epor [NFRIAEAE 72 h f1 84 h
i3 FF (P<0.05), 7€ 12 h Al 48 h i 8.3
T (P <0.05), HANBEEES O hhHLTE
EAM (P> 0.05) (K 5b); A, R
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K3 AR TORRENSH AT
aple 1Kellnood values and parameter estimates under the branch-site moadels
Table 3 Likelihood val d t timat der the b h-sit del
N AR 2% =
R K e S PR (0 R (P E LA
Gene Foreground Model Parameter estimate value () (P value) Positively selected sites
= = + = N F
Nuta 2o 0182 =0.06, (2t ps -3274.06 S
TE BT 4R 0.76), @, = 1.0 Not allowed
Gymmneypris po=0.18, p1 = 0.06, (p2 + p3 = 0.02 (0.89) A F] I 113 257 2
eckloni Model A 0.76), g = 0.15, o; = 1.0, @, = -3274.07 Positively selected sites
1.0 were not detected
Epo
Po=0,p1 =0, (p2+p; = 10), ~ A FOTF
B0 L 2 3 Null A @=1.0 327211 Not allowed
Ancestor branch
of genus _ _ B 0.74 (0.38) SRR B I ) 0T £
& : Model A Po=0,p1 =0, (p2% ps = 1.0), -3272.48 Positively selected sites
Gymncypris 0=0.16, & = 1.0, @, = 1.54 . Y
were not detected
Nuta  Pe= 079 pi =020 (ke =y 66 g i
AEDE R A 0.01), 0= 1.0 Not allowed
Gymncypris 0 ARSI B 1F 173 P A
: =0.80, p1= 0.20, (p> + ps=0), o L
eckloni Model A Po_ p _ (pz_ pi=0) - 11 766.79 Positively selected sites
W= 017, ;= 10, Wy = 1.0
were not detected
Epor
Ppo=0.32,p; =0.08, (p + p3 = _ A
MR R 4 555 Null A 0.60), ;= 1.0 1176533 Not allowed
Ancestor branch 01 . , .
of genus po =032, pi = 0.08, (p2 + p3 = M ST ) IF ) 30 A
Gymncypris Model A 0.60), @ =0.17, @; = 1.0, 0> = - 1176533 Positively selected sites

1.0

were not detected

po BIRIEAL L EERI LB, p) FOR PR BRI LLB, py + ps FOR IEIEFERIELH]: @on @) A op 205 NI RE AL LB . PPk AN IE B
T FEIN B AR 1R SO e 5 1R SO e EU AR

Po is the proportion of purifying selection; p; is the proportion of neutral selection; p, + ps is the proportion of positive selection. wy, ®; and

@, are the nonsynonymous/synonymous substitution ratios to determine purifying, neutral and positive selection, respectively.

W =4 {K% Severe hypoxia

b &
HI L Jifi fifl 200
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Heart Brain Gill Red muscle
EH4 BERENFELAGTHEREREREHLASA Epo M Epor BRREE

Fig. 4 Relative mRNA levels of Epo and Epor genes in white muscle, heart, brain, gill and red muscle under severe
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hypoxia and normoxia
a. Epo BAMFRIEE; b. Epor BFRILE; B SRR SHAHMEERES, »+ P<0.01,*P<0.05.
a. Relative mRNA levels of Epo gene; b. Relative mRNA levels of Epor gene. Asterisks indicate significant difference (** P < 0.01, * P < 0.05)

from respective normoxia control.
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Fig. 5 Relative mRNA levels of Epo and Epor genes in white muscle, heart, brain, gill and red muscle under

moderate hypoxia and normoxia

a. AL b oDy e il do B e AWl BT ZES SIS Epo (K5FED) Fl Epor UNEFEED RRREEZER, AR

FRFRREREE (P<0.05),

a. White muscle; b. Heart; c. Brain; d. Gill; e. Red muscle. One-way ANOVA is performed to determine the significant differences (uppercase

letters for Epo, lowercase letters for Epor). Columns sharing different letters show significant difference (P < 0.05).

i —FF U Epo RIEE T L, 75 48 h iIA %
VA, EORHADIN [B] L R IB BT 48 h (3R
ke, (HHEEST 0 h I HRIERE(P<0.05),
I Epor F 1A w1 1E 72 h #1 96 h #H & i 4h,
HARW R BARFFA B AE T (& 5c); il
WL, Epo Fikm=AE 24 h 136 h iR L

(P<0.05), HREMHBERARRFEALE, 1M
Epor I8/ 72 h A1 96 h NN &% i, HA&
AV B 0 h AHEE G 2 354840 (] 5d); fEZLIL
YA IREMNE — TR Epo RIEE B3 LA,
1E 84 h IABIEAA, BRFHARMMBERIAEMKT
84 h, (HEHEZEET 0 h WHEREE (P <
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0.05), 1 Epor FikEFR T 60 h #1 96 h I A iy
AL, AR EBS 0 h ML B AR (P >
0.05) (K 5e).

3 e

T8 R A AROA B ERT, RAe
BRSO S MR AT e, R
SRS AN SR R AR e S AR B A T
W& TR AT PRBELE R . AR AEIE R
BEACRE S AR T IRZI A2 (Qi et al. 2012).
&P 1 Y AR 2R T i e iR R IX AR A AR K
Iy, FACHERRERAE JSnt 4, BF 5 i
25 0 AR A L ) AR 2 e R 23 L R
AIREERE .

TEBREARER Epo A1 Epor 4wh X #11% AL L0
YAl (EPO) FIE 41 40 i AE jl & 32 1k
(EPOR)ZIEIR Fr #1155 SR L At 11 SR A
i, . 6, SLMEEAREARA -, M5
Hopth NEARHSE B A A 2 5, XRWI TR EPO
it & EPOR FEAE 1 8 A HE A I F2 Hh fR
BURORSEVE, 5HORIER AR D RE A — 2L
(Xu et al. 2016). 3T Epo F1 Epor Z£[K 7%
R RGUR B, JETEARER 5 R A
KRR, HSeLI0E M, o R
HEIE PR R R, REETRSFHHER
GURER LR 8 GRE K 1992). #HEK
ARG EMER, Epo f1 Epor 3R B A
AR FR AN, T A% 4 45 R AT
T FEARAE A A B2 AR — B (Saitoh et al.
2006). tean, FEiZBEACH o ERRL AR R

( Characidae )« fi £l ( Salmonidae ) . i F}
(Ictaluridae) A4 H f#Fl (Sciaenidae)
Iy AT T AH R B 2

BEEET, ARRE AR Re AL R
oy TR T BT TR IEE D . Guan 55 2014
EEHIREE T RGO WRHAREAFEHE T

(hypoxia-inducible factor, HIF ) 5% R [F] JF 5L [A],
KA HIF-10B 417 1 IEE %, RN
HIF-1aB W] BEAE 28 0 R0 200 v JE /K A4 A

B3 s B M g Ak Tk B e = TR .
Epo J& HIF [ FIFEEDR, 042 145 21 40 i AE il
HIFEE R Fo. TR, Epo Al Epor 3K
TE IR NG R CHORIERETE) R A7E7E IR
G FEAL R, P X2 R ik G TR
o0 JEAR A A B 13 N AL (Xu et al.
2016« ASHEFEHAEPLRRAENK B 2490 S, i
FEFE 353 B il B 458 ORI BRI R A £
gk R BB Epo JERI WAL ) 1 IE )ik
¥, {H32E Epor H I ARKG I B 1E MG AL A, B
O B L) SR AL DA S ) AT S B
AT MR (4 200 m), ¢ H P E A E K&
BIRE LA £, HEERREE Epo Ml
Epor BT I ARAG BN 1 [m k35467 50, X 5HT
S0 R R R CHORIBRER ) B 75 25
BA—F (Xuetal. 2016). HMHEFR, Epo #l
Epor 5= R il it k22N 0 0%} b plr 42
PR [R5 IR 22 T e g 4R N8 £ 0 o) 21 (1)
M RRE, WELZ UL Epo Fl Epor FER7EZNE
VR 1 3l B A B A R
— BRIk,
R E R (EPO) 13 ZAE W AE
FH R R AL 58 . A s ah. B
HAZL Z2H40 0 (burst-forming unit-erythroid,
BFU-E) #4545 EPO. IL-3. M-CSF ZflE [
(IR s W 21 AH 40 PR ) 189 5 o0 A 3 B
EPO 75 (Maxwell et al. 1997). TEAR%E 5
FF, A& Epo H: R s (A FE =1 10 £5,
1M Epo mRNA 7KFIIXE I 50 fi5 LA |, &XFhzE
Sl A2 RN Epo mRNA EEHHZEK:, FHil N
Epo mRNA FEKiE & 5> 52 B 4 W HL ] ) 4%
(Ohigashi et al. 1996). FEBE L i rh it 78 K I,
HETL MR AARTE D 4L f5 48 h, H Epo %
bray w1 M PR 1 I e e U o8 R R R (A
AN Epo Rikwm R T, R Epo 1E
B PRI AR B R R R L EAEA] (Chu et
al. 2007). AHFTTAEREH], & H AR
TAEBE R AR = EAH L L. R 2 L2 2R
Epo R:FFIEEHE L, T Epor 2K XA E
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