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2. v K R ARG B R VLK WS T, BRI IR /R 150070)

ME: ARNTHRERE X RN AR AR R ERR, KL 5IRAE P fE 7 AR, K
B 3 ot 82 Ak R 41 HE R At xd An & K cDNA S ff &, 3k 43 8 # 4 3k & & (neuroglobin, Ngb) %
B 52 % 7 7 A 5K 82 R R R M B A AR R R A B T AL LA & & (myoglobin-2, Mb-2) 3
B, EA NgbhEEER, EHANXLEZEPCREIRE T, MAERNAMARFFMELLE, HE
AWRENERME REAEMMARKEDNEN, 8K Negb ERHERT, 8 Ngb B
5L EEAFNREALAMNWEMR G, TE5E M2 FENE 257, # Ngb £
KA EEFANGANBFAELEZR WRAR VBN BERE Ng AR XL EG TR LS
TER R FIRKN, 8 Ngb EE T UL 5 Mb-2 T o Tl fE ey 7 XL B LM A A&,
PATR AR A BN E Rt EHERAENTEAERMEA,

KR 8, wEREA; WALFRELRLE; RAKL; KRAEN

hE4SES: Q175; S917.4

BB ARG EYRAN A BT,
CIRVE RNy N SRR NPT R R i <
Ao Fis i A A LA SRS T W T i SF D RE
FL 5% B 45 1fil 2125 [ (hemoglobin, Hb) | JLZL 2
H ( myoglobin, Mb ) | f# £2 3k & 4 ( neuroglobin,
Ngb) /4 2006 4, 5 [ F| ¥ i & % Cossins
PR 4 E 8] ( Cyprinus carpio ) A% %% 5 41 B
FEH R I T BN A SRR S 3R 0K 00 R EE R AL,
HEXMBHWHEEAASAFFOCHMMERE L —
PEF AN Negb, i 5 LA 20 21 K & £ 35 19 Mb
BB 7 90 R IR A Dy R R R T A R
252 i R Mb-2 i3 H . Helbo %55 5 Ji
KRB TH Mb2 WEHAEAR, L TEES
77 B Z2 Tl g 3 W0 7 S5, 4 BT Mb-2 8 ) g
A BRSNS M Ok S & R T BE L X
IR Mb-2 JE A ALY Ngb JE P £k H &
G5 FL 3 W 0 5 P DU Y Neb Sk R AE

%5 B #5:2013-10-10 & B B #§:2013-12-13

XHEIRRED A

wRaAfERER

DRI, B 1) B [ A 3 17 A - A Mb-2 [
FAAER RIS, 88 Ngb DN 2 75 [ B A7 7, 3R 0K
AR A A B O AR S R AR A LR T R A T
A% ,Mb-2 5 Ngb fE[R]— H A b 1y A= W22 D e JE A
REBIMEIEAS A7 A 5256 10000 o 61 2 [N 24 e
B RS i 10 , 2R B Ngb K [H 7 3, ik 47 2 A
LEA TN R GE AL o B, F T R AL 3R AR MR Sk
BEEVIL RS o

L P R Y 2 DR P DL R SRR A
5 AR LS Bl IR OC O A T
HAZ AP 3 2 ae A 5 50, ™ R AR = 32
FRIART RIET, T A EAE 4 T AR S L RE A2 5 | ke
R R T i
S AR SR PR AR o SRR AR i S 52
i R U R YRR SN R AR R ALK BB
B SRR SR A K 7 A b 2 T Il R 5 8
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X Ngb H [N 2544 e FL I RE R W5, 8 A B T 48
A MEN LB R AR S 38 D 2 iR
A AT TR 40t o ) 0 40 2 L, R AT T 249
Pl AN E R

LB STk

1.1 SKIE##

S I R A R E DK R ST e R R VLK
FERE G BT I 2 S 0 B b, 60 S 3 i H B B
( Cyprinu carpio L. mirror) &R 0K % 45 &, F
PR BT (170 £20) g,3 W% fif G ZL 8 ( Cyprinus
carpio var. wuyuanensis) Vi FE i R 2R K & 45
B, PR (163 £20) g, 4> 1A i 5 A 1 Oy {k
JE IE R AR AR
1.2 ERERFIIHRRESH

{#i | CLC Genomics Workbench4. 03 % & 43
W4, K 3¢ & 1 ( Danio rerio) Ngb 3 [H
(GenBank % [fi 5 : NM _131853. 1) J¥ 5|, FE AN iR
RO f G P 21 AE 48 (8] v i 47 BLAST ( basic local
alignment search tool) J %] [a] V& ¥4 Lt X}, 3k B il
Ngb JE PR Fir 76 X 38035 X 41 77 91 9F $2 2¢ NCBI %4l
/% ( GenBank %% [ifi 5 : KC342291. 1), fEfif & K
cDNA SCPE 7 51 5 dli vy Ho XS 3145 56 K 9 cDNA 37,
B , Sanger Wl /¥ 48 1% 42 K cDNA 341, I FHi% 7 )
XF HE PR R AT R . B DR A A A T 7R R LA
fancyGENE v1. 4 £ 1™ | & %8 %t 43 7 i
Mega 5.2.2 #7525,

1.3 {RELE

IS4 BRAT , B AT A AR TE 52 56 T Hh R A 1) 3%
14 d DATE W FR B8, K 25 C L8 H 3 %k (7:00,13;
00,21:00) 5 B i 5% % 4 ( dissolved oxygen,DO)
{E, fRIIE DO {H4EFFE 6.0 mg/L LA b, fir > 1K
b T IE UK IR ER RS AR 24 h JE,
IR, A DO (H P2 548 T K, 45 F% 30
min 7E K T 10 cm b 5 4500 DO fE, I 5
SEE AT N o AR E A AR AR R BRI 2 ST A
B4 S5 BN, RELALDFEN D HINRAET
RNAlater( life technologies) 1, M X RIKE 4
ANSEI A - AR R, SR T 5 1k TS AR AR A
TR R TN ™ H I Sk AR AT BEL MU A
T KR I AR 4R Bk 4, SR AR T AN AR 2R 251 i i
T T K b AE R ASE (b Wi R 4052 T 2, S ARG
AR FRZE 10 min 54 HF A DO {His T

6.0 mg/L HIEH FEAMELH 10 min J5RAE,
1.4 ERERZESH

{#i A Trizol 37| ( life technologies) 43 71| 2 Bt
0 IV B Sk B AR O B EE R UL Y 2H 2R
M RNA, DNase I( Sigma-Aldrich) 4k 3 L 38 % 5t
K 4H DNA 754t . {fi A ReverTra Ace-a-RT-PCR
cDNA % — & & i ik 5] & ( TOYOBO) it 17
mRNA 2 #5543l JH 4 2021 cDNA g i %f
Ngb JEN 47 PCR 74, 1. 5% T Ig ¥ 55 I Fi Dk A6
W, LAHA € Ngb B: PR 2L 5k 53 #ii o {1 ] SYBR
Green RT-PCR % & ( TOYOBO) 7£ AB 7500 real-
time PCR £ 4; (life technologies) I k47 55 i 2¢ )
%€ 1 PCR( quantitative real-time PCR,qRT-PCR ) 5&
By oy Hr Neb HEP ikt o il FHBRVE R BE A9 22 11
PO ( acidic ribosomal phosphoprotein PO, ARP,
GenBank % [ili 5 : KF572122) /(K 4 K ik N 2 2k
P22 2 S R A XS 20 B Ngb 471
5| ¥ Ngb-F: AGGAAGCACCAGGCAGTT; Ngb-
R: ATGGCTGATACCACGATG; Mb-2 §" t# 5|
¥ Mb2-F; ATGGCTGATTACGAGCGGTTT;
Mb2-R : ACCGTGGGACGCCACCAACGTGTC; ARP
P 1 5| ¥ ARP-F: GGCTTTGGGAATCACCACCA ;
ARP-R;GCTGTAGACGCTGCCGTTAT,

2 4

2.1 &8 Ngb BERELH

i} Ngb K& [H gt X < B2 2l 480 bp, Y 4 >4k
WA, ERAFH 34 ARG, Hg—
4~ 89 bp 4 N & T T 53 B3 X (5 untranslated
region,5'UTR) , Zi 5% [X. 3 A~ N & T B 43 5l
B12.2 \E11.0 #1 G7.0,B12.2 £/ N & T2 T ER
EEIRIE B RS 12 DM T 2 DAk
JE b2

i Ngb KL 5 N BE 5 0 1 & [A) U5 5L 1Y
iR LR R I, AR BRI N & 1O 2 Rb 28 BT AL
A, N Ngb FEPRWIA HAZNE T3 DA G
XN TR AL E AR R BN S 7K A U]
26 5 SREL PN UL
2.2 #BNgb BEEFINERGRENT

BLAST Lb xR B, B A1 BE 6 Ngb K& A B8] 46
LS B, % H IR P 41 — BRIk B 90% , 2 B IR
JF 5 — ST E Ik 96% |, M adax 2 Fi i ZHH &R
(] 58 5k DAY 1) 6 AR AR e 490 ) I T 3k 2 1 KR 1)
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SED R i T A () (Y % H R A K R T 4
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1 T T T T T T T T T
1 1k2k3k 4k Sk6ek 7k 8k 9k10k

human_Ngb = AL
zebrafish_Ngb L S— I f——
common carp Ngb 14 | (fi—
VT Intron-..____..
UTR
Exon [
lkb —

1 ARSEWE N BEREHREE
HE &R A& F (intron) , by (4 32 7R 4F Bl X (UTR) , K (A %
RAN T (exon) , LB A 1 kb
Fig.1 Schematic structures of human(NC_000014.8) ,
zebrafish (NC_007128.5) and common carp
(KC342291.1) Ngb genes
Introns, UTRs, and exons were indicated in black dashes, pink

boxes and grey boxes,respectively. One kb scale bar was shown

X T ol g LR B SR TR, S el P A R
FPAAE 1 R 8 R AR, e Bk B P 5 Neb A
Ik 1 X BRE 1 (X globin, Xgb ) /4 4
HET 16 DR Ngb H P 4 4 75 X )7 51 ( coding
sequence, CDS ), 3% H 4F 22 ¥ ( neighbor-joining ,
NJ) i KA S % ( maximum likelihood , ML) | f% /)y
4L (minimum evolution , ME)  F3E AL -1
B ( unweighted method  with
arithmeticmeans , UPGMA ) ¥4 & 1Y £ 4t & 4= # 15 48
oL, NT A DL 1L 2 ply &L AT L £ 28 5 Al A HE 3 4
Ngb JE K 5 g BE B B (1) 9 3, 581 Ngb e A R 25

BT B 4244 ( Carassius auratus) ,BE S EIRZ .
2.3 &8 Ngb EERARFKIE

XF 2 A b A ) 9 Fh 2H 4G I B 7R, Ngb ik
PR ASCAE fii 2 U Sk 838, VR B CSK IR
OB JE RFILA ALK, K3 B H 1
2 Al A R 2] PR A T 45 2R
2.4 2 0 mMREMZEE LR

TEA B BB 1 25 AF T, 8 4 0 R s )
IR ST 32 BE 7 B 5 T i ) 21 60 50 9 i 2R, AR
ARMICHE TR o fE/KH DO {HFE % 3 mg/
mL DLF 5,2 Fh R L 30 B G % i 0 o pe 5 ik —
A B AR, 2 Fh AR 2 B0 HY /K T P % (aquatic surface
respiration, ASR) , Rl 1% 3k 77 Ay, {5 fuf £, 21 f0 $p 9%
i FR VT Sk 2 L 1B A Ak 2R Bl AR, A IAGE Bk

pair-group

MR 2%, I Bl 81 5% 25 F- i B AR K L, 4y
B 55 T B A R S A A A il £ A HG S E BEA
B B m P B ORI — [ B B[] 71 2 S
FIAGH N ,80% LA I i1t far 6 £1 L #K Be 0k )
AH BB R, PR R AT e R
ARYERFERTE 10 min UGS 8 H A A B8 A 1
FLA T3, BT A7 A A8 BE L W A2 T U ), — i

72 ~3 min,

47—C._carpio_Ngb
99 E( ._auratus_Ngb
D.”rerio Ngb
94—O. mvk!ss _Ngb2
O._mykiss_Ngbl
99!S. salar Ngbi
S._niloticus_Ngblike
D. “mawsoni Ng
93'C. aceratus Ngb
O._latipes Ng|
T rubripes Ngblike
100“7._nigroviridis Ngb

,—G _gallus Ngb
noplcaln  Ngb

9% X.
\—| 94’:M. lus N
68 R. n’gleéguzcl*ll;s I\%gb

100L—H. sapiens Ngb

-D._rerio_X_globin

100

0.05

B2 ETFHEEUBHY N BEERGREW
FLIH R ) 4 ) ok P T 88 ( C. carpio, KC342291. 1), 4 ta
(C. auratus ,AM933145.1) , & & £ ( D. rerio, NM_131853.1) ,
W% (0. mykiss, NM_001124388. 1,NM_001124389. 1), k7§
Ve (S salar NM_001173664. 1), J& % % 4k 4. ( O. niloticus,
XM_003453052.2) , % #% K 7F 4 ( D. mawsoni, JQ684712. 1) ,
Mg YK 4 ( C. aceratus,JQ684711. 1) , 7 # ( 0. latipes, XM _
004082312. 1) , 416 45 J5 #i ( T. rubripes, XM _003962460. 1) ,
5 BE [ fili (T, nigroviridis, AJ315609. 1), X ( G. gallus,
EUO16142. 1) , #1445 J U ( X. tropicalis, AJ634914. 1) , /)
(M. musculus, NM _022414. 2 ), K §l ( R. novegicus, NM _
033359.3) , A\ (H. sapiens NM_021257.3) , ¥ BUBE T 1 X %k
T 1 (D. rerio, NM_001012261.2) J¥ 51| {E 51 i

Fig.2 Neighbor-joining phylogram describing
phylogenetic relationships among vertebrate Ngb genes
Coding sequences of Ngb from common carp ( C. carpio,
KC342291.1), goldfish ( C. auratus, AM933145. 1), zebrafish
(D. rerio, NM _131853. 1), rainbow trout ( O. mykiss, NM _
001124388.1, NM _001124389. 1), Atlantic salmon ( S. salar,
NM_001173664. 1), Nile tilapia ( O. niloticus, XM _003453052.
2), Antarctic toothfish ( D. mawsoni, JQ684712. 1 ), blackfin
icefish ( C. aceratus, JQ684711. 1), medaka ( O. latipes, XM _
004082312. 1), takifugu ( 7. rubripes, XM _003962460. 1),
tetraodon ( T. nigroviridis, AJ315609. 1), chicken ( G. gallus,
EU016142.1) ,western clawed frog ( X. tropicalis, AJ634914.1) ,
mouse ( M. musculus, NM _022414. 2 ) , rat ( R. novegicus, NM _
033359.3) ,human( H. sapiens, NM_021257. 3 ) were analyzed,
with X globin from zebrafish ( D. rerio, NM _001012261. 2) as

outgroup sequence
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B3 NgbBEREEERGERWHARE
Lofils 2. MR 3. 6 4. KB S KK 6.0 J0E; 7. 815 8. 18
9. LY s M. 1 kb 43 5 b ofi
Fig.3 Tissue distribution of common carp
Ngb gene in an adult fish
1. brain; 2. blood; 3. gill; 4. head kidney; 5. kidney; 6. heart;
7. liver; 8. spleen; 9. muscle; M. 1 kb DNA marker

2.5 8 Ngb ZERMREARE

2 g e B AR LAY Ngb DRI 4R D 2
Ak (B 4) - fEFF 2k B IF K B ATE B0 T, Ngb
H PR 2k i WY b 9 5 T Ak 2 ik A B AR R OR
REAESF A Eiz 3 E A B RS W, Ngb H: [N R
A 0] v B 5 R AR SR M KR 5 7R 4
PERLPK A | fh A S50 B B, Ngb e N 32 3K 8 B0 1
BEZ.

B W 28 5 R AEAE 2 A B 2 1] O
B Ngb e DN 3 1K 4 A 7 52 56 14 AT ] Bsf ] i 4T
TG T T A 2L AT S AR, 22 EE 10 5 R
TENGZH 2G5 19 Mb-2 Jk IR s ¢ B HE AH RLARRAE
BB BT E Mb-2 K DN 33k B 29 Oy i £, 21 450 98
AW 3AE(ES)

®1 BREEFETHRENHSGRENTEIERERANRKERNA

Tab.1 Hypoxia behaviours of mirror carp and hebao carp with continuously dropping DO value

I5f[]/h DO/ (mg/L) i [CREEARLCHESTEN igis
time DO mirror carp hebao carp notes
0 6.23 KR IEH WK KR IEH WK SER 2 R SO IR R
normal swimming under water normal swimming under water samples of both  normoxia  control

groups collected

3 125 KT IEHUEK HBLIE S A A R
normal swimming under water aquatic surface respiration( ASR)
3.5 0.94 B S A ST T RARIE S, 15 BB G2, $A TG0 BE I 3 52 BT (0 41 B 70 5 ity A A1 0 07 S AL
ASR I BB TE K IHT Rl
serious ASR samples of hebao carp ASR group collected
4 0.72 Wik S SR GE A NS R 2RO E Sk ST RS TR
ASR serious ASR
5 0.41 K IE kT BB G2 AT HLBEMT AR 23 2 RAMAR P85 B0 Tk T 58 AR BT S PP Sk AR iR 4R
AAATS BB AEK T two individuals lost balance samples of mirror carp ASR group collected

serious ASR

5.5 0.7 ZHUEIFS AHTELROIRAEKIT  ELRRIR 22 FRAMA A 21 B 7 7% 1 65 2 20 R
serious ASR twenty two individuals left KAE

samples collection of hebao carp coma
group started

PBrAOcE—2F 25 500 L, LU s
draining half of the water (about 500 L) to

facilitate hypoxia

6 0.20 L RARSR 2P Tk R4y 6 A
one individual lost balance six individuals left
6.5 021 ER6RAE CemEE T U OB 15 S LR R 2
twenty six individuals left zero individual left samples collection of hebao carp coma
group started
7 0.18 Ay 12 MK

twelve individuals left

http : / www. scxuebao. cn
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800 - L8 hebao carp
- BB mirror carp

W (=) -

(= (=3 f=

S S (=}
T

NgbFEFFIX Rk &
relatevie expression of Ngb
w
S S
(=) (=]

WEN M RETEL (R B HEEH
control ASR coma  recovery

4 #BRNZHLR Ngb ERERERSE
EERSTHRZEEER
P&l Hh S 6 2R 0T 3 38k LA 4% 1 T ot R 40 %0 R 2 R 3 o 3
B RZEME R AN ARHEZE (n =5) , 5 FRR 10 50 i 35 MK F
(*,P<0.05; %% ,P<0.01)
Fig.4 Hypoxia expression of Ngb gene in
common carp brain

The relative expression value of each group was calculated by
comparing with the strain > s normoxia control. Error bars
represented standard error of the mean (n = 5). Statistical
differences relative to normoxia controls were calculated by using

Student’ s 7 test( * ,P <0.05; %% ,P <0.01)

15 -

ok L8 hebao carp
- I 5 55 mirror carp
S0 12 +
1 =
i
RE of
=
g
We Of ok
5
=3
£ 3t
T T
0 NN AN
Ngb Mb-2

BS HERST REMTEILEMAR
Ngb 71 Mb-2 EERLE LK
&L vy e R A X 2% 35 ik DA A 6 21 800 32 ik TR 11 3% 36 i O kvl T
HREBRMI B (n=5) , B SRR t Kp i 3 MK F
(%% ,P<0.01)

Fig.4 Expression of Ngb and Mb-2 genes in brain
tissues of two common carp strains under normoxia
The relative expression value of each gene was calculated by
comparing with its expression of hebao carp. Error bars
represented standard error of the mean (n = 5). Statistical
differences relative to normoxia controls were calculated by using

Student’ s 7 test( *x , P <0.01)

3 ik

5 DR 4 SR 4 BB 0 S 4 Ngb 5 Mb-2
S IETE B 2 AN TE N4 4 I R 22 3k L {5 Ngb
FOREART Mb-2 Mb-2 ik J i U T 65 7k 4
F) 4 5 PR 4L 2 o T R M i R AT L U
B A i 5 R DL T A R B S 4 2
e KB | LA % 8 £ 4> K cDNA SC 3 o 2 540
KB A Ngb S, BA H 3 58 HITE x0T fig
Sl F Neb F7E (9 56 B 41 K AR <F PE 3 75 L 72 4
e DR 2L U A A 4 A, DR 7 R 1
3 DRI 2 B v G XA, B e TR A X T
WG UK TR AURIAY 1 AR5 DL,

MARARHG Ngb JE 91 (5 Bk, B0 A0 5 T £
() Ngb kPRI Z5 34 BLAT BR AR A K 3L R 9 B12.2 Al
G7.0 P & T2, B 4 Ngb 41 Ml Bk & 1
(cytoglobin,Cygb) 45 ) E11.0 N& 1, LA & N Ngb
LR B4 S'UTR N5 1o BIFIBED 1 Ngb 4
A K 58 2 — 30, B H T4 5 BEARARL, PRSP
A 2 A i 1) 2 BOCH A B 2R T IR R, AR
G2 WL ] 7 H A% £28 Negb PR ] 384 1 B9
B e — RSP R I S DR

FH T BB AE AT, 8 Ngb 28 [ 1 45 49 1 2 fiE
SR AR, Ngb JEH — 2 % Bk 51 & T 0F
SEE W2 R H DL FL 3 P A B K N2 4 i
AW ECT MR P NIRRT
HEDIBE S £ Ngb i fE5 Mb 2L, 35 28 514 B)
4y T B aE o fE P, #2008 4F, Watanabe
SO RE 5T kB, N Ngb fE & MR 5 3 ik
Chariot 77 7E 1 4 A Lh 5F 1o 20 0 52, 1 B 5 £
Ngb W H A [ 21568 /7, o7 Chariot # Bl 3 fig
i R R G P D Be, 25—k
B KRR FHEERE 1. Ngb AL G, i fEG
M =K G B o WAL b TR AR B, AT
RS S5 S MR E S B A T, &
R E R Y . B fa Ngb K (7 M1 #t
e g Lys7 Lys9,Lys21 1 Lys23 J&H 41 fifl 3 A
Tl 10 B 50 X 4 A 8 R R O A
Ngb % (1 h#8AE 75 , BH I B0 8 Ngb 25 171 6k 4%
SEBLE AT Ao I R AE 7E i 2 4 % 36 A 6
Mb-2 Z& [ I A HAT % % B 45 4, Helbo 45730y
Mb-2 [ 4 F T 2 37 R I 48 A0 5 ST P
DA A0 S A P 28 B 45 o b A T L B 2 4
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X2 FhBRE O 2 R R, LA T BRI R 2
[Fi) 24 8 o, T B AT R 2 3l AN [R) 1 43 T Ok At
[Fi) 52 B L A0 ol 22 AR 9 S5 T RE

i 33 qRT-PCR J7 7k K6 I # Ngb [ 7 9 Ff
LU F ARG B, OUAE iR 21 23 P 4G 31 Ngb 3 [
Tk, X -4 R E RS A Aa RIE, Bt Ngb
SR TE SR 2 b AT o A

75 =V A8 K 2% Burmester £ 8 4] 7£ 2006 &
2011 AR JH] RF B 2 B3 b
PR R AT TARER AT, 45 R & A A [A] A
Aria )5 3 S Ngb JE D3R5k it i 35 1R ifi 6
FIH b Ngb K& PR 3% 5K 1 21 %A % A8 1k, Bt fih
TTHEN Ngb 5 R B AIK 4800 2 75 202 TR 4 i 5
(o 3K S S i rp | I 420 A B ) Jy 3 O 7 i E
07 TR T R B4, 7 (6] — I ] P (2 24 ho) X e
A AR R AE

AR AL AR T B A A R
BB (7] 5 52 56 £ 0 A P 6 AR R R, A
T v ) SR R () R R AT % B R, R BAE B AT
FErh, Ngb LR 3% 3K 5 0 W A B 4602 BOIR S 1 72
AT I8 Bl 1Y < E BRSEUTE Sk 0 I B IR & 4
S 7 — B E] 45 UL T E AN RS £
PR LRI W 0 28 55 7 2 A R 1 i B
Ngb & Rk bRl 3% fm A 41 23 4L 4 >4 i S0
Iy R & TE VR i A B s AT R 3
AL BT R IR A B 2R B B, @ B B A
5B I Bl A N Sk B AIK ST 6, Ngb ]
Feikm B EYE . LEF PR, R E R R
] T3 Z AR ] IS SR A2 g )t 3R B — o 22
S FE ) — B[] 5SRO R i, AT RB S bR AL AN
Tei) 1) A BECBR A DR T AT AN [) A 6 B 2 SR R AE 31 4
TEA S EAR AR 2E 5 ~ 6 h gy i |] BE Y, DO
M 0.4 mg/L 4% 0.2 mg/L 247, ik 45 o b
F R TRk, Ngb Feik i L THRARES I o £ 21 i
PUIE it 72 ] Bl S 5 4R B ik, Ngb Rk ¥

M Ngb J PR AR SN 2 FFAE K &, L 55 Mb-2
FFAEI X5, R 5 R RE k. Ik Mb-2
TEAR A% S5 Fib 8 o0 E 8L | Ngb LB
HRRUILA Mb (LA LA BLS, v] BE AT 25
LA Mb ()58 %58 DI RE .

Ngb FIKBAPHTIE 8%, 2 MR EGE N BE 1 22
S G A B R (K R ) [H], Neb ik &8 F 3 2
S RS B RE TR Ngb ikt i, KRIMRALE

W U I P R Al A T A T AR 28T O
RS 2 B o R 8 B ( Spalax galili R Spalax
Jjudaei) ,Ngb &3k i b B AT I 3T 2% KB4 51 &
2.8 1.8 A, MA S50 W]t 1 YR AE 6] — Wy o e
7N Ngb ik 50 4AGE N e ) A O PE . (7R
PR, S FE A, Mb-2 5t DR AE 1 5 S5 4 g 25 41
Hh R I A R T ey A £ BT IE R . HIC A
G220 2 b 32 PR AR S A SRR S R T AT A
ZIBRHTIE S ZR P RE IR G ST 9 1 i 41k S RE ) A0 b
SR LRI RN, DT 1 5 322 i o 1) 1K 48035 1 B

i Ngb B [F A9 31X 26 K R Ak, W5 78 B B AR
SAUIE VT, G HG o Tl 2 2R 4R AR 0 0 A 22 DR A 5 T Y
TN . Ngb 5 Mb-2 et 41 41 JL | 3k
HEASEMBERFEE A B2 5, —FHY)
RE I ASAH R, ) B8 20 A6 A0 B[R] AT RE 2 #8.28 X) /K
Az R T I R Bl ) — P SR

SE WK
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Analysis of common carp neuroglobin gene sequence and
hypoxia expression

ZHAO Zixia', CAO Dingchen’, KUANG Youyi’, DENG Haixia', ZHANG Yan',
XU Ru', LI Jiongtang' , XU Peng', SUN Xiaowen'*"
(1. The Center for Applied Aquatic Genomics,Chinese Academy of Fishery Sciences,Beijing 100141, China;
2. Heilongjiang River Fisheries Research Institute ,Chinese Academy of Fishery Sciences,Harbin 150070, China)

Abstract; The study aimed to better understand the constitution and expression pattern of common carp
( Cyprinus carpio) globin family, and their contributions to hypoxia adaptation of the species. Complete gene
sequence of common carp neuroglobin( Ngb) was obtained by BLAST searching in draft genome sequence
and screening in full-length cDNA library, proving that Ngb gene co-existed in common carp genome with
myoglobin-2 (Mb-2) ,a unique paralog of globin previously reported to be specifically expressed in brain.
Quantitative real-time PCR results indicated that common carp Ngb gene expression was brain-specific and
hypoxia responsive. Ngb expression was up-regulated during the aquatic surface respiration,and followed by
a decline when the fish fell into coma,then no significant change in Ngb expression was observed during the
reoxygenation recovery. Analysis on gene structure and phylogeny indicated that teleost Ngb genes were
highly conserved, suggesting that common carp Ngb might have similar protein structure and biological
functions to its zebrafish ortholog, while distinct from the paralogous Mb-2. Expression quantity was
significantly different between two common carp strains with distinct hypoxia tolerance. Nearly 10 times
higher Ngb expression was detected in the hypoxia tolerant mirror carp. These results suggested that Ngb and
Mb-2 might serve the brain in different ways, to accomplish better oxygen delivery and neuron protection
against hypoxia, playing an important role in hypoxia adaptation of common carp.
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