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(1. FHg KA I = A S RO 5 F R S0 =, 74T 810016; 2. il K22 A M AR 24 e, 75 °T* 810016;

3. W R BB e S AR I Y S 3k A SR =, 7E T 810008)

WE: VR I A 5 A 5 DR AR 35 1 SR 88 (Triplophysa pappenheimi) (&8 3E N H HIVE A, BF U8 T 3800 &
i 65k JE DR 2 5040 5o I 40 B 1 B R SO HEAT T RS R 2T, T R AR S P e R R R A A . 45 R OR,
By v Jor ffK L 21 B 1 A PR SR R LA RO AR, R R 6 ok B L B Rl (hbaal . hbaa2. hbael hbae3.
hbae4 M hbae5) M54 BERE AL (hbbal. hbba2. hbbel.l. hbbel 2F1hbbe2). Motif. Domain M F& K 45 ¥ 4)
v 45 SB35 3 W% 0 8 8 B T AR ST, Bhbbe2dt, Fe A TR 5 M AR . e tOd i 7 7 A 45 R o, I
4175 A LR e A A A A 22k etk F(Chr 07 Chr 17). 2 B B4 5T 20 1 45 5 B, Bhbbel 2 8B 7K
HAREEA, HAZEESYYI NG KEREE A, HFhbae3. hbbel.l. hbbe2 MERM:E H; H A8 Nt
A, HorPo-I e & B A . AR AL TN S R ROR, BRhbaed 3 R =P hr T 45, hbae3hi T
Y1 BN AR B A A 2T B (A SE AL T2 fh b . R ZRIA W LR A, 78 SRR AH 38 12h (0.3+£0.1 mg/L)
J&, hbaal . hbaa2. hbbalFhbba2FERAEFHE . SEATM R b R IE R HAA L, HRERALEP<
0.05); £ 18 ML E 240 E 96h [(3.0£0.1) mg/L1I, hbaal. hbbal. hbaa2 X hbba23 PRI LE FTIE AN ML 10k B
K FIEME (P<0.05), B ra i [H A K, R EER ARG B N . EERA 20, hbaal . hbaa2Fhbball¥]
I 1 2T B tH A 18 MR 48U 196, T hbba2 5 K 3B WEAE tH IRAE24h . B FU 7R 1 B VT iy Ji Bk of 21 2 o ik

PR 0 R PR D PRI S P 8 A 2K, Dy ST gy S I 40 AL AR B AR R i

FREIE): MR AR MR, AT, (REMME; S = IR
CEHE: 1000-3207(2025)05-052506-11

PESHS: Q34471  ICERARINAG: A

151 SR 6 J& (Triplophysa) 3 J& T 8 % H (Cyprini-
formes) 2% i £} (Nemacheilinae), & 3% M. T = Ji F5 ik
AR S FR i B KR BT R R Trip-
lophysa pappenheimi) e ey J5 6 J& H R A /) 8 £ 28,
FE G ATAE 2N DA B BT b3 AR SR O B
T B R TR, S T R e R T I S T
AR A e . B R, U R
FIN AR EFHESIMAta) , BT ek
(Endangered, EN)D]O

Il 21 & A (Hemoglobin, Hb), 1 Jy— Ff 8 1
AR ERER, FAETILVEIA B (RS
ekt fh) Je— L TS HEBN AL GAR . il

Usis B H#A: 2024-08-29; 1&1T HHA: 2024-11-01

) AR SR LR Y B I 2T 5 s i A N 2R,
W& H L 1) A ia AR SN, AT A )
BRI PEfERE R . 208 A AN ERER A 20
B, AN ERH RS S — M TSR, ML
LEARZ AN ES T PR ES
454134 mLEES, 2 EEEm705", &
— e A MEE A R R 2 R BT I
UERAAEMAEA ST Bk, TR 2ESIY.
TPIE A A, 218 A R 455 B A
fEH . S faia 2 &EaiER, v hafl
B, oMV W FEhbaed . hbae5. hbaa2. hbaal-
hbael M hbae3; B AY EL¥E hbbe3 hbba2. hbbalH
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hbbel™. hbael. hbae3. hbaed- hbae5. hbbelFll
hbbe3%E K R XA P 5 £ JIE i W ATt B L B R &
BB, FRON RGBT 25 I JE R Mihbaal . hbaa2.
hbbalFlhbba2 %k K 32 15 15 B 1 £ 1 1 K & B B (%
EAER), RO RERIM A A . IR LA &
A RS R I 21 8 AR BE 5 AN R R B B B R
PRS0, R T AE" .

% i % (Dissolved Oxygen, DO)# LA 7> T 15
FRAE KA ISR, KA AW I 3R EXDO SR #3147
AR AKAREREE DU AN IE (A =5 A S
FE191/30), I 230 E o s, ik
BREE SRR AR EEED . A K EE R
8. Am TR, HEgLEE T ROHR AR
5, RTEE KL IR R T — BB RS,
AR AAT N EE T THT )3 B SR o R S ] I I BRI
FERA T R D R . SRR hiE
TRAGIR 17 H 7K T W 358 55 0L 420535 R0 ) SR Xt
SRR, T LR AR R AR,
0 25 B T BRI 5O T SRR, i K 22 SR
SRR L R g Y, LR IR TR B4
T SR SR B, 0, 7RG YRR B,
0 28 W T AR08 I A O R TR fr 3 0 (B 2 kg ™ g
— W 3 I A AR 1 7 R R O 1 2k TR 3R 08 AT B 1 R
PR A2 B R O e e T 0 3 0k R 4 R 7
Bt KA s A A, 5T
HAt oy FHLEN &, RO EARRRERENS
PR AN B AR L R R A E N P R EE ENE
E PN O] (i

o} £ A A B AH 5% IR 7K 2 B0 T AR
AW ] & 5% . R W BE 5 #1 (Danio rerio). 8 (Cy-
prinus carpio)Fl(Carassius auratus)=%, 10X} & i
T EAMRNIHMEREAR R FIRIE. ST
TR v R AR LR R TR R K AR S R G R (1) B B HL A SN
e IR RS0 A e PR 3 M, AT AT DA B IR v SR AR T
FONF B, B S R R A B8 & o L 41 2 1 L
FIGER L, FAT R B %00, R )5 it 2tk
R AT A5 B A B, RGN i &1 B S R SR A AR
o BTG & R 2 AR EGE N EY
Sk FEAN A AL, A R 2 2 AR S R
Hil . PRI AR S S A R AN SR R R 2 i,
[F I Ay v B B R B SRR R . QIR . N T
FREE T TH B 5E A

1 #RERE

1.1 MOEBERERERGLE
VLS 56 25 BT S0 45 14) 25 VT v D gk i IR 4 A7)

(I o R e AR i K34 1 &, ID: CNP0006118)44)
AN b K4 22, DANCBIH & A A6 1 38 5 1 ik in
B AR AR A GafiS L Rl hbae]l (NM_182940).
hbae3 (NM_183066). hbae4 NM_001082834). hbae5
(NM_001326701)~ hbbel (NM_198073). hbbe2 (NM
212846). hbbe3 (NM_001015058) hbaal (NM_131
257)~ hbaa2 (NM_001013461) hbbal NM_131020)~
hbba2 (NM_001003431) [FICDS/7 51 14 % %A, 1@
i TBtools#i A “(EAH B A <0.001)#E 17 blasttt.
X, BRAT B v SR R 20 B AR D RO .
RIS bR 75 vk A2 5 3R AT B VAT e SR 68K 1ML 41 R A
IR % 5 2 2, F1 FH TBtools A4 H 1 *“Simple HMM
Search” P O B V] v J 5 8] 2 Hcats 4 T 49 R BR
HEERZKRF, HEE ML EARERFY] . &
I R P 5 i i 3R AT B R LR B S B A
MLZEHE A 9w hg e 41 B X, il GT-AG 5 I 5 5 ]
A T AISME T o {8 I Clustal X" 56t B 2 £ A1 25 ]
SRR 21 2 [ R AT H, AR5 A FIMEGAT1™Y
R RE VAL HEA R, BB TN 10007K
1.2 MAEBEEREN. REAEMLMEBRT
LA T

5 FHTE 28 79 Bt 1. HLEXPASy (https://web.expasy.
org/protparam/)iFEAT & F BRALFAE 43 i AR 1 o =
SR EE R TIIN; FH AE 2% 3 Cell-PLoc 2.0 (http://www.
csbio.sjtu.edu.cn/bioinf/euk-multi-2/) 7 M If. 41 5 A
LR 5% (1) V.40 i € £z 8 FIMEME (https://meme-
suite.org/meme/tools/meme), Select the site distribu-
tion & B 6, T Motif 73 T Bt i3 J7° Sl R 57 Re 41k H
NCBI] Batch CDD (https://www.ncbi.nlm.nih.gov/
Structure/bwrpsb/bwrpsb.cgi)ZE T Domain 43 #1 B, i1
SERE AR <F 14, FF H TBtools il M 4L . f# H TBtools
HEAT B DR 45 M R G ek 2 A1 50 AT
1.3 L AeRREMEIRE

SIIGHE I EECRAE T e B S
W (F R FEER), B R F R EEHF
TG K IR 4 8], /K 14—16°C, pH 7.0—S8.0%
o BENLIE PR30 T RO Tk, seie -
)4 K (11.20+0.60) cm, “F 3% {4 # (47.30+0.53) g-
SEHG T, K5 H 0B T OKIRAR T IR 3d, AR 4E
FRH RS o L0 A48 1R R

SEMREMEXE RS A
T PEAR S AL B S 56 2578 | 1] KR AH (100 L) T g,
FKFE O 78 o R, 38 78 U STV K A
TR R . AERF RN A, A HQE 5 U itk o
I A (HQA4300, 36 [ I 7 24 7 ) SIS i 428 A A5 ik
AL



5 TR FEAR BT iy IR AL 21 1 3 DR M A TR AL A B AL S A ) 3

SRR E AT F A AT K14, AL
6)8. T A IR R S A, T AR IR B YRR
(8.4+0.1) mg/L (fEZ KM T, R S KAk
fifE0); AE R A KA R AT 78 R A, VA R SAE ThIN A
(8.4£0.1) mg/LF P& %1 (0.3£0.1) mg/L (¥ fifd 4 [
1.35 mg/10min), %5 42 7K 74 9% i 48 (0.3£0.1) mg/L4E
FF12h.

18 PR A AL FE: A A M B & 14, HA
He6)E; bHZH L340 (24h. 96h. 168h), Fr46)E, It
182 . AbFRAH KAARIEAT 78 BRI AR EAE ThiN A
(8.4£0.1) mg/L 1h'F & F(3.0+0.1) mg/L (¥4 fift A [%
# 0.9 mg/10min), 4k £5168h, ¥[8 24h. 96h. 168h
I3 S EURE, 45 URER6 2 %ot HE 4 S i IR S

TEAR AL B L5 R 5, 37 %) FHMS-222 8k %, F
TRV 5 AR T K AL SRR A, A RO L REZE
g, oy BF Oy, 10 TR SRR T, 53 10 F T80
JE #PCR, WA RAE&H
1.4 MeIEAEFEREEERELRRIESH

E T RNA-seqf) E E FRiE 5 #7 FREE
JHEAEAL A, 8 2H 2N A AN 0% 2 IR AR
Fi A PR A w347 e s 40 e, Bllog, (FPKMA+1)X%}
e S A B HEAT 3 — Ak, FF{E FH TBtools#R 11 Zx i #4
K, 73 b7 % ZH 2R R R SR A 1l A R 2B

ETqRT-PCRAOEREFRIEZT  fFAHTRIzol
SRIESE RO E . S50 7 S RN A FE H NanoDrop
20007 &4 HEIEEE TR FRER KR BHRA TR A =) Al
RNA IR BE & J5i & . i i Prime Script' | RT reagent
Kit with gDNA Eraseria 7 & (TaKaRa) [ % 5% 13 2
cDNA. HPrimer 6.01%1F 5 #(GE 1), HAE T AT
TR B A BR AT A . S 986 & &
PCR (Quantitative Real-time PCR, qRT-PCR )£ I IfiL
SR 1 RS R 5K 0 B R TE % 4 23 P (1 R R 3R A &
qRT-PCRUL B-actiny 1 % 3, 18 FI TB Green'
Premix Ex Tap'" Il iX 7 £ (TaKaRa)7F LightCycler”
480 II SN %'t i€ B PCRAV(Z [Ri2 W = i (L) A
PR A 7] B 5E CeE, B4 FF i B E 3R, LLOFE ol
SR, 2O P A A

2 #R

21 MOERERERERRMNEERERELHER

I 5 B £ I 21 8 AR DR 5 B 7 blast EE
XF, “Simple HMM Search”#E AT 5641, 7F 2 0] /=5 Ji 6
PR E NN M E A ER A . IS
i 21 2 I (NGB) 9 S G 22 11 3R G A s,
B 0 ] ey i AR o 21 S S 43 0 T R
BERE P /MNERE(E 1), MBS AMAEAR

TR B i 4 i, g T DB R R 1 1A B
4 °Khbaal~ hbaa2. hbael hbae3. hbaed. hbaes.
hbbal. hbbal2. hbbel.l. hbbel 2F1 hbbe2. i
e R L 1A I AT B 1 B R 4 5 41 (CDS) K
426—528 bp, Hilih 2 FIR K EAE141—1754 . HHH
FRALHE 404 2R (3R 2), 43 F & (Molecular weight)
#+F15552.07 (hbaal)—19411.69 Da (hbae3); &
PR % H 1 (p) N6.37—9.58, Hidihbae3. hbbel. 1.
hbbe3 AR 14 & A, H A 8A AW E A fi ATk
#(Aliphatic index)7E 88.98—112.57; SE/K 1418
% (Grand average of hydropathicity) 40.092, 4~z &
£ 5 U (Instability index)F9.9—96.87. [hbbel.2
b, AR F R E R 5/ T-40°, 4 B hbbel.2
B KA E B A, R & A K R
EH .
2.2 M1 B E F I 40 A E L7500 Fn = = 2R 2544
T

|G RTINS BB oR (6 3), 4 E&

# 1 BT qRT-PCR S4FHIS 45
Tab. 1 Primer sequences for qRT-PCR analysis

IR KR
FER] 52! Annealing
Gene Sequence (5'—3") temperature
©)
P-actin F GAACCCCAAGGCTAACAGAGAA 56.9
p-actin R AGGCATACAGGGACAGCACA 59.1
hbael F TGGTGTTGGTGAAGCTGTTGAGAA 58.8

hbael R GCCAGAACGACGAGTATGTTGTGA 59.3
hbae3 F  GAGCCAGGAACTTATCCACAGACA 58.7

hbae3 R CCTCAGACCAAGACCTACTTCTCC 58.8
hbae4 F CATTTACGCTGCCACGGGAAGAA 60.4
hbae4 R TGCTGAGGTGTGCCAGTGTAGT 61.2
hbae5 F TCTCACTGGAGCGACCTGACAC 61.7
hbae5 R GGAAGAGCATGGCAATCACAACAAG  59.0
hbbel.1 F TACAACGCCGCCGCCATCAT 63.2
hbbel.] RGAGGAGACCACAACAGCGAGGAA 61.6
hbbel.2 F TACAACGCCGCCGCCATCAT 63.2
hbbel.2 RAGAGACCACAACAGCGAGGAACTT 60.5
hbbe2 F ACTCAGCGGTACTTCGGCAGTT 61.3
hbbe2 R GCAGCAATCACGATAGTCAGGCAAT 59.8
hbaal F GACAAGGACAAGGCTGCCGTAAG 61.0

hbaal R TGAGCGAAGTAGGTCTTGGTCTGAG 60.3
hbaa2 F ACGATCTTGTTGGTGGATTGAGCAA 58.7

hbaa2 R AGCAGATACAGCCGACAGGAACT 60.5
hbbal F TCCACCTTCGGCAACCTGTCA 61.8
hbbal R AGCGGACACGACCACAGACA 61.9
hbba2 F GCCTTTACGCCAAACTAAGCAAACT 58.1
hbba2 R GCCACGACGACAGACAGGAATT 60.1
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1 a-#2 i€ (Alpha-helix). B-§7& (Beta-turn). JCHl
I % i (Random coil)Fl1 %iE fi % (Extended strand )41
TREER O AL AR, e o- BB A ) RS
i EE A TF73.47%—58.29%, TR A5 i A0 2 B 7E
RAGERH 5 HIE25.87%—14.97%113.14%—
4.76%, T B-4T 2 1 5 LMK T-7%. .40 & A7 7

M E 7R, hbaedhr T A0 ML 5T+, hbae3Hr T2 i 5 A
A1) ol 1| A = = B S Bl A RS VA NG SR o
e R B AL 21 8 [ = S T R, S R R T
M—F, M2 & A F 2 Ao S84 R((E 2).
23 MAZEBREEKERREREWE S

PL6 A motiffE Ay A i) B, I 21 8% 3 366 IR 5% e

o [ B I £ Danio rerio hbael. 1

68

100

99

96

100

9
98 ( BE L, #1 Danio rerio hbael.2
56 U5 10 ¢ Danio rerio hbael.3

HA] &5 JRE Triplophysa pappenheimi hbael

_— Y] = JR 6k Triplophysa pappenheimi hbae3
Bt D, f8 Danio rerio hbae3

BT & JR G Triplophysa pappenheimi hbae5

B L, t4 Danio rerio hbae5

AT & SR Triplophysa pappenheimi hbaal
B O, ta Danio rerio hbaal.l
99 - BF &y th Danio rerio hbaal.2

BF I, 4 Danio rerio hbaa2

BT & JR A Triplophysa pappenheimi hbaa2

— Bt Lyt Danio rerio hbae4

99

99

46 |

100
U%} JEL ik Triplophysa pappenheimi hbba2
¥ Iy fi Danio rerio hbba2
97 — 3£t Danio rerio hbbal.l
WL th Danio rerio hbbal.2
Sl & Rk Triplophysa pappenheimi hbbal
97 N & R Triplophysa pappenheimi hbbe2
WL th Danio rerio hbbe2

BT & JRH Triplophysa pappenheimi hbaed

B I, t4 Danio rerio hbbe3

99 1 ¥ in] & 5k Triplophysa pappenheimi hbbel. 1
89 Hﬁiﬂ%}ﬁ@ﬂ(ﬁiplophysa pappenheimi hbbel.2
95 B Lyt Danio rerio hbbel.2
ﬁ[[ﬁ{%@Dam’o rerio hbbel.3
61~ BEL, f.Danio rerio hbbel. 1

Dr ngb
||
0.10
P 1 B i R T e T 21 2R 1 R G A
Fig. 1 Phylogenetic tree of hemoglobin from Danio rerio and Triplophysa pappenheimi based on the protein sequences
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Tab.2 Physical and chemical properties of hemoglobin gene family members in Triplophysa pappenheimi
e CDSKE T GUERUEH PR BRSGA SR KO R
Gene ength Number Qf Mplecular . Theor;tlcal. A!lphatlc Grand average of In§tab111ty
(bp) amino acid weight (ku) isoelectric point index hydropathicity index
hbael 444 143 15615.17 9.16 103.71 0.064 23.46
hbae3 528 175 19411.69 6.37 112.57 0.245 24.81
hbae4 426 141 15971.74 9.58 94.89 0.040 39.90
hbae$ 432 143 15796.51 9.04 101.68 0.121 24.35
hbbel.1 444 147 16417.94 6.96 96.87 0.083 16.63
hbbel.2 444 147 16426.95 7.01 96.87 0.085 96.87
hbbe?2 444 147 16786.39 6.90 94.22 —0.073 11.10
hbaal 432 143 15552.07 8.89 99.65 0.129 21.91
hbaa?2 432 143 15556.10 9.33 100.98 0.097 16.03
hbbal 444 147 16113.64 7.70 88.98 0.086 20.53
hbba?2 444 147 16181.79 8.89 99.52 0.134 9.90




5 TR FEAR BT iy IR AL 21 1 3 DR M A TR AL A B AL S A ) 5

1 AN [ 58 S 4L TR moti £ A 25 7 5 /N (B 3a),
hbae3 % Hi 33 fiimotif 5. motif 6; hbaed /5" 1]
motif 2. motif 4, ] % Hmotif 5HImotif 6; H A2
% 52 Y46 4 motif.

Domain4) #7 & 7~ (] 3b), hbbal. hbba2. hbbe
1.1, hbbel.2. hbbe2& T BAY Ifil 41 &5 1 F& K 5Kk,
hbaal. hbaa2. hbael. hbae3. hbae4. hbae5)E T
oM AT B AR K. AR N 58 I motif 43 A1 ¢
R EY, A AL, BB AR T . A
SERY T s (B 30), 1IANIMLZT 3 A FE K 3 34
A2
24 MAERERRERERENTTT

R 488 2 TR 2 33 8 S A b 3 B ] s e Ak I
218 A DR SR T e Je e fR A B AR B, X241 2R (1
2 IR SR 1 2 A G A o A BEA T WAL 20 AT, 3R A3
geta e (B 4)o TIANIILZL 3R A 38 DR 5% il A
#3 EAERMAE A EERER R = KT B E AL

Tab. 3 Secondary structure and subcellular localization of hemo-
globin gene family members in Triplophysa pappenheimi

B L o L s i T S
- Alpha- Beta-turn Random Extended Subcellular
helix (%) (%) coil (%) strand (%) localization
hbael 66.43 4.20 19.58 9.79  Mitochondrion

hbae3 58.29 6.29 22.29 13.14 Cytoplasm,
Extracell
hbaed 63.83 4.26 22.70 9.22  Cytoplasm

hbae5 65.73 4.20 21.68 8.39  Mitochondrion
hbbel.l 65.31 6.80 17.69 10.20 Mitochondrion
hbbel.2  70.75 6.12 17.01 6.12  Mitochondrion
hbbe2 63.27 3.40 24.49 8.84  Mitochondrion
hbaal 67.13 4.90 16.78 11.19 Mitochondrion
hbaa2 61.54 4.20 25.87 8.39  Mitochondrion
hbbal 73.47 6.80 14.97 4.76  Mitochondrion
hbba?2 70.07 6.12 19.05 4.76  Mitochondrion

Gene

hbaal hbaa?2
2 P SRR M AT AR ) = kAR
Fig. 2 Protein tertiary structure model of Hemoglobin in Triplophysa pappenheimi
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Tab.4 The relative expression of hemoglobin genes in different tissues based on RNA-seq data

LK AH T F L & Relative expression of gene
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12 0.58 2.14 10.16 4603.07 2103.87 6968.25 77639
2 126 134 4.46 6961.28 3612.67 6321.26 996.59
9% 113 2.00 0.58 8994.12 3892.07 8518.22 857.03
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2 13.01 16.84 9.21 102190.19 4370621 12718248 1611607
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Fig. 5 Heat map of hemoglobin gene expression in different tissues
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GENOME-WIDE ANALYSIS OF THE TRIPLOPHYSA PAPPENHEIMI
HEMOGLOBIN GENE FAMILY AND ITS RESPONSE
TO HYPOXIA STRESS

2

TAN Jin"?, GUO Shou-Quan"’, LIU Dan', ZHANG Cun-Fang', NIE Miao-Miao', KOU Ruo-Bin"?,
YAO Zhan-Wen">, TIAN Fei’ and QI De-Lin'
(1. State Key Laboratory of Plateau Ecology and Agriculture, Qinghai University, Xining 810016, China; 2. College of Ecological

Environmental Engineering, Qinghai University, Xining 810016, China; 3. Key Laboratory of Adaptation and Evolution of
Plateau Biota, Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 810008, China)

Abstract: Triplophysa pappenheimi is a representative species of Nemacheilinae, which can adapt to the aquatic envi-
ronment of Tibetan Plateau. To investigate the role of hemoglobin gene family in 7. pappenheimi adaptation to
hypoxia, bioinformatics analysis of hemoglobin gene family was performed based on genome data, followed by an
examination of expression changes of hemoglobin genes in response to hypoxia. The hemoglobin gene family to 7.
pappenheimi consists of 11 members, including six a-globin genes (hbaal, hbaa2, hbael, hbae3, hbae4, and hbae5)
and five B-globin genes (hbbal, hbba2, hbbel.l, hbbel.2, and hbbe2). Motif, domain, and gene structure analysis
showed high conservation among these genes; with the exception of hbbe2, the others exhibited similar structure
features. Chromosomal localization analysis showed that the members of hemoglobin gene family were distributed on
two chromosomes (Chr 07 and Chr_17). The results of physicochemical analysis indicated that all the gene products
were stable hydrophobic proteins, except hbbel.2, among which, hbae3, hbbel.1, and hbbe2 were classified as acidic
proteins, and the other eight were basic proteins, with a-helix is the main secondary structure. Subcellular localization
prediction showed that ibae3 and hbae4 were located in the cytoplasm and the other hemoglobin genes were found in
the mitochondria. The expression of hbaal, hbaa2, hbbal and hbba2 genes in liver, gill and blood showed an up-regu-
lated trend after 12h of acute hypoxia stress, though the difference was not significant (P<0.05). The expression levels
of hbaal, hbbal, hbaa?2, and hbba?2 genes in liver and blood reached the peak at 24 h to 96h under chronic hypoxia
(P<0.05). In gill tissue, the highest expression of hbaal, hbaa2, and hbbal appeared at 196h after chronic hypoxia,
while hbba?2 reached its peak at 24h. This study reveals the role of the hemoglobin gene family in hypoxic environment
of T. pappenheimi, accumulating valuable scientific data for its conservation.

Key words: Hemoglobin gene family; Genome-wide analysis; Hypoxia stress; Triplophysa pappenheimi
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