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1) BG SN T A BE . P Sk 55 45 JHE AR A SR R
FWIACE 28K 7™ BA A B Al . B B R AS K
(430420) g 1y 1 #¥>FK 600 2, 7E7K g ith B 57
3 JEJE o AR SCHRA A 1) 5 ik R AT IR LA B R R
IR AL B 5 f5 B B 5 0F Sk L B AR B 1A RN
MR FURAR (MS, 0 =5) , PR % S AL 07 25 2 i Jm
773k 1 AR AR R 2 AR (MT e =5) , 17 3k
B J5 37 BB HLRRBE (40 mg/L MS-222) . 4R J5 B &6
LA L2, A Trizol J& F vK A& A7 2% b 50k R 3L
TRALH 0 A BR 2 7] A7 RNA b 42 JF 2 7 I e
Hrr A 5 BANRAZUREG #BFE . [
T IBUA 28 A1 4800 33 0 S AR AR S X BR(MIC o =5)

2 PRSI A W REAS (R S A BE R A 3 . 3 1t
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5 AMIK ST 52 5. 7 5 R 559 14 5% 2 A Sk A1 4T
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SR TR AR, AU T SNPs
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&, BUBRHER 50 2.
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PRic IR AA 1000 L BAE PSR 2 d 5 R A7 (R R
Ak B R T Sk B ) S IS A AR AT 2 RN ABURR Y 2
AFERIEZ 240 B, SRR WA R 14 1 45 A 2L A
95% L BEE T IEH4l DNA $2HL,

1.2 SNPs B0 1% & 5| #i% it

R 453 7 ik 200 000 T 225 R AR 4L it 52 AR, 4 S0
fAR [0 1) 2 S 35 B o O 3o 366 PR 4 B X I [) S 28 7 A
S0 T HEBR I Y A R LB R SNPs AT 850HE  BIF 5
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[ contigs, Y B 45 A 5k AR K F 30 %0, 8 15 K

T 500 B SNPs [y 5 AR M N K T 10 %0 . i ik ik
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DUR — W38 A= W) B A BR A /5 1

1 A 3k 57 41K 4 T A2 F1BURRE 4 b 4T PCR 97
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#) dNTPs.1 U ) Taq ff§,0.25 pmol/L 5145,0.25
pg B DNA, 5 4~ SNPs fi & &9 i) PCR 5|4
mr.

plin2, F: 5-CACACTGACCATTGCCTAC -3',
R: 5'-CGGACCTACCAGCCAATT -3'; nrdal, F.: 5'-
CCAAGTTCAAGCGATGTAA -3', R: 5'-TTGTCT-
GAGAAGGAGGATG-3"; hif-3a, F: 5-CTGA-
CAAACGCAACAAATAC -3", R: 5'-ATTGGAAGT-
GACACGAACA-3";0bs11,F:5'-ACTCCATTGTCCT-
GCTGTT-3', R: 5-GCCACGCTTCCTCATTAAG -
3" s esrmp?2, Fi 5'-AGGCTGCTCAATGACAAC-3', R:
5'-ATACTGTTCTGCTCTGATCC -3', PCR = I i
R .94 CHIZAEME 5 min; 32 4 PCR ¥ (94 C 78
P£ 30 5,56 ‘CiB K 30 5,72 “CHEf 30 $),72 °C HEfif
7 min, §HEWE 2 V0 TN BE BE I HE UK R O
W 3% sRDUR — M A= )RR A R A RN
1.3 PCR-RFLP #ifll

FIH Primer 5.0 #FX%F SNPs 275 7 J5 J5 51 it
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B TEUBIASE A D) A R ) B o it o B 38 ) 3 AT
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TR 2 U0 B i W R S PR VKRS
14 HBEBIW

JF PCR-RFLP By £ I 25 S o 550 45 A A 1)
DRI AT A8 R0 35 A AL AT 32, JF F ] Popgen32 3K i
T M R38R Z REVE S 800 G 3t A 28055 o7 5k TR 8
(effective number of alleless N.) . BB 44 B (ex-
pected heterozygosity, H.) . Wil Z% & B (observed
heterozygosity, H,) DL & Z & 17 & % & (polymor-
phism information content, PIC) 5§, 3 43 1 £ 1~ iz
RSB - A A% OF i (Hardy-Weinberg e-
quilibrium, HWE) ,
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MRS N EARER R H, = 26 T/
PUE SN SY
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KN4y 91K Plin2-A1157G ( Bgl 11, 73-213-286 ) ,
Nr4al-C2188T (Afa I, 68-101-169), Hif-3a-A2917G
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AL E E Single nucleotide repeat

» @ ELH H Dinucleotide repeat
=W E Trinucleotide repeat

=R FLE B Tetranucleotide repeat

= AL E B Five nucleotide repeat
SNWHEEE Six nucleotide repeat

1] B 25 7 A RS B i o A R d /D 7 R
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ATG Fl AAT/ATT ZERILE R 2 v Jir o L 48] AH X
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RG> 45 5514 SNPs i 5 1Y 5L K L, )
JH PopGen32 {3 Mristtk Z FEPER G T bR . &5
TN (1 =W T 1 . % N R e =W S P VIR v
FEE Ry 2 A T A RAE A B A5 o 1,651
(1.438~1.930) Fl 1.530(1.185~1.807) , - 24 ML ]
ZAEAY I 0,401 F100.276 , A B2 2% 4 B 114 7 B 43
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0.639,PIC TR iX 2 MHEEREE THEZS
(£ 2), BT Nrdal-C2188T 75k & MUE e 1A b f
B TR A P A A AL S AR X 2 S REAR AR
A I T30 A A% P16

P S f5 41 480t 32 0% RE R ) 1) 30 32 R 8K
(F )RR 28 R ECE O 4038 0,068 Fll
0.056 , fE A [a] & X 3 Ak R E (F ) 2 0.003~0.034
CE¥1R 0.013) , FE R (N )N 7.050~94.453 (F
1o 19.636) (3% 3) . T34k, 4 M 7 W RE IR 11 35 A%
AFALLBE =5 K 0,991, 38t A BE B AU A 0.009 , Uit B 4 [A]
AL R BEARAR

E:E#



26 e ek R 2% R %38 &

F1 SN SNPs WERMEFRAFXEEREMZHEMGRBFEPINFTREER

Table 1 Chi-square test of 5 SNPs gene and genotype frequencies in hypoxia tolerant and sensitive populations

SNP i 5, = ) SNP i 5, . - ;
PUS wmm o men s N e I e T S
: Genotype MT MS X Allele MT MS X
locus locus
11 38 32 84
AA 6.700  0.035" A 4.636  0.031"
(50.00%)  (79.17%) ’ Plin2- (72.72%)  (87.50%)
Plin2- AG 10 8 A1157G G 12 12
A1157G (45.45%)  (16.67%) (27.27%)  (12.50%)
1 2
GG
(4.55%) 4.17%)
cC 8 26 2.691  0.260 C 25 63 1.414  0.234
o (38.10%)  (57.78%) ’ ’ Nrdal- i (59.52%)  (70.00%) ’ -
Nr4al- CT 9 11 C2188T T 17 27
C2188T ) (42.86%)  (24.44%) (40.47%)  (30.00%)
TT R 8
(19.05%)  (17.78%)
15 39 39 86
AA 6.659  0.036" A 4.161  0.035"
(62.50%)  (82.98%) Hif-30- (81.25%)  (91.48%) ’
Hif-3a- AG 9 8 A2917G G 9 8
A2917G (37.50%)  (17.02%) (18.75%) (8.51%)
0 0
GG
(0.00%) (0.00%)
cC 10 23 0.983  0.612 C 30 66 0.227  0.634
- (40.00%)  (46.00%) U ) Obsl1- ’ (71.43%)  (67.34%) ’ o
Obsl1- oG 10 20 C10761G G 12 32
C10761G -~ (40.00%)  (40.00%) ’ (28.57%)  (32.65%)
GG ! 6
” (4.00%)  (12.00%)
14 24 34 67
CcC 1.280 0.527 C 0.308 0.579
(63.64%)  (52.17%) Csrnp2- (77.27%)  (72.83%)
Csrnp2- oT 6 19 C1568T T 10 25
C1568T ! (27.27%)  (41.30%) (22.73%)  (27.17%)
2 3
TT
(9.09%) (6.52%)
F2 S5AHSNPsfLEMEESHEN
Table 2 Genetic diversity for five SNPs
I SNP 17 & ZHEE BURIIES Wi R Shannon -
Population SNP locus &+ PIC A8 H, & H. FEB N . IEPSECE S H-W
Plin2-A1157G 0.318 0.455 0.406 1.658 0.586 ns
Nrdal-C2188T 0.366 0.429 0.494 1.930 0.675 ns
{Eﬁ;urrﬂxwx Hif-30-A2917G 0.258 0.375 0.311 1.438 0.483 ns
Hypoxia tolerant group . .
Obsl1-C10761G 0.325 0.476 0.418 1.690 0.598 ns
Csrnp2-C1568T 0.290 0.273 0.359 1.541 0.536 ns
Plin2-A1157G 0.195 0.167 0.221 1.280 0.377 ns
Nr4al-C2188T 0.332 0.244 0.425 1.724 0.611 o
AR
ﬁ?“ﬁi‘% ?WS Hif-3a-A2917G 0.144 0.170 0.157 1.185 0.291 ns
Hypoxia sensitive group . .
Obsl1-C10761G 0.347 0.388 0.451 1.807 0.639 ns
Csrnp2-C1568T 0.317 0.413 0.400 1.655 0.585 ns

Hins: ZRARE(P>0.05); * * . Z5W B FH (P <0.01), Note:ns:No significant difference (P>>0.05) ; * * ;Significant differ-
ence (P<C0.01).

24 FREMET SNPs SRETZHERMBEXMERN RO CHE XX 2 4> SNPs Frid 78 F 1B 1
I iE FER BT T/ Hr (£ 4, 85 R BR X 2 4> SNPs i

SR T AR AT 32 R EURE R 0 T AR R DR A A A e TR R R A AR v i 5 SR AL, SR T
Plin2-A1157G Al Hif-3a-A2917G i &l 5 AR PE 5 & 46 09 45 2R 40 /R 78+ AU K i 24> SNP



wel

PRARIR 45 . Pk (IR ST A2 A1 06 SNPs ARIC HY IT &2 27

R3 REMEBMREFRBEEEINER

Table 3 Genetic differentiation between hypoxia tolerant and sensitive populations

SNP {i £ SNP locus REIR N IE SR B RIE R Fie WAL R B F o LR N
Plin2-A1157G 0.009 0.025 0.034 7.050
Nr4al-C2188T 0.254 0.263 0.012 20.543
Hif-30-A2917G 0.184 0.158 0.022 10.979
Obsl1-C10761G 0.011 0.008 0.003 82.100
Csrnp2-C1568T 0.082 0.084 0.003 94.453
P44 Mean 0.056 0.068 0.012 6 19.636

R4 2N SNPsHRIEEREMZNHBFRBETHERBSFRR

Table 4 Genotype distribution of two SNPs in offspring populations from hypoxia tolerant and sensitive parents

. ) _ FER B B 2R/ %)
SNP #rid FEZI I ST 52 2k . ,
) ) Genotype(Frequency) X2 P
SNP locus Population Hypoxia tolerance
AA AG GG
& Sensiti 36(90.00 4(10.00 0(0.00
A ﬁﬁl{ ensitive ( ) ( ) ( ) 2,425 0.119
. it 5% Tolerant 50(78.13) 14(21.87) 0¢0.00)
Plin2-A1157G } .
B B Sensitive 58(93.55) 2(3.23) 2 (3.23) 1957 0.084
fit %z Tolerant 25(80.65) 5(16.13) 1(3.22) : ’
& Sensiti 34(80.95 7(16.67) 1(2.38)
A @f Sensitive ) 1.698 0.428
. . fif 5% Tolerant 57(85.07)  10(14.93) 0(0.00)
Hif-30-A2917G e
i Sensitive 49(64.47)  26(34.21) 1(1.32)
B - 0.543 0.762
ifif % Tolerant 22(68.75) 10(31.25) 0€0.00)

HAMRATZ (X O REZEFRLBRAMUEE X §) 428 F1U. Note: Population A: Hypoxia tolerance ( ¥ X 4 ) offspring;

Population B: Hypoxia sensitivity (% X 8 ) offspring.

37 5 5 AR A 32 4 BR TG 35 A SG (P >>0.05)
3 i i

SNPs fE b — B 43 F 38t 4% A5 i, X5 3l A 9 19 35t
R AR R E B, RS WY AR A S WS R
SRR B TR T AR 5 T BRI, AN A AE A X
A ik 2 AR W T K 19 SNPs b 10 9% i 8
K o A0 3 15 BT L 43 BT B A 2 A R P TR G
B FF AR 040 B R AT 7 TE . A R 38 IR R
FURTT % SNPs (1) B 4 385 4% 2 55 PR A0 %, (H A
B s FOUROR 8 o %8s e b A ESTs ¥ 910 19 1
XF A3 AT AR AR AR AR ICTF & RCRAR L At 5 HOE LSS
UE . T 5L 54 S 4L 7 3 A5 1) SNPs ok [ 5 5 X,
W 2 A DL A) RE 2 3 B AR R Y AR Ak, T 4
S SE DR A T g L FLIP AR AR PR, FE Bh
Yo b M QTL & % 43 5] 7 )32 ML
FH . ASBIF 5 35 T v 3 e 2 s 2H N e DA AT Sk )7 41K 4t
Z AR R i 2] T 52 623 AT HERY SNPs
g AT A 2R AIG SR 32 AL AF O B AR AR . AR
i — 20 3 At & B g i X AR [A) L SNPs {UF 32~ 35
A X ETR T AR U SNPs 7 5 3 % 3% 2 8 5i
18 3 5 iy 2T 2% 5% e 2R R R AL T A PCR-
RFLP 43 B R M 28 Ak JE 7] S SNPs fif 45
it 5 2 SNPs, il h 17.8% . B F (K T

FFL B DL v b R B R 22 6 v i Bl A1) S aT
A SRR B K L Z RS A G, B PCR-
RFLP 4374 75 3 1) feff FH e il A G .

1 P Sk 55 41 4T 2 A0 BOBRE U P T R I 7 5 A
SNPs fif g 1 2 845 B & it K 28 HE 0.25~0.50,
JhE L. BT SNPs fric KZ A hE £
AR AT Ay bR IC Y 0K, JF H O SNPs )7z o A
TR AL R A b, 8L F o 5 A BRI
W, FE S BRI R TR kD 22 25 AR I R B 3 5 1
T SNPs A3 g1 1) B50i ok £ 3 FF A 1) 3kt 1% 2 ME . AT
S i A1 ST 52 R BORARE AR 1] 1) 35 4% 43 Ak 3R RN gt %
AHARLRE 435120 0.126 F1 0,991, BEBH X 2 A BE A 6] 1%
AR A A AL Ak, B Ak o R P A Sk 541
UM 32 P 22 SR S LR BHIR st iL r ik . x4 R S
FE G R BT AR RS B T B R
WFFE AL, TR 50 0 A AR P — R B R 1 3 B T A
3] R AR R 1 35 4% A3 A

RHE 43 BT R, 7E SR AR AR AU Hif-3a-
A2917G Fl Plin2-A1157G 1 s 5 A 3k 5 1% A it %2
PEAR B A0 5, BIIX 2 4> SNP 23 BIAL T i f-3a Chy-
poxia inducible factor, fil & %5 5 H F) F plin2
(perilipin, 574 22 1 8 (O FE K . Hif 2 40 i 78 4%
SRR T R 5 AR SR R DG 35 TR 2 5k i T R
N, A48 Hif-1,Hif-2 1 Hif-3, 848 5 L H o F
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B ™), XF Hif-3a BYTHEE. AMTIN N HAE K
PN @ S Hif-1a M Hif-20 354 Hil-18 3
SRR . ERA PFRIESE Hif 3« A L5
HRE 25 &, 8 F — 26 3% [ (19 %% 5 DL R X IR 42 10
i, PLIN2 XRRAg 7 43 A AH G 8 F1 43 A 76 B T
.S 508 T, v 42 3 i R T OB B DR =
ok H 9 5 A2 B A L D AR S Al & IR AR TT DL
FWAE plin2 mRNA FIUEE 0T 235, @R iz 5 N
] DR E i 7 2 AR T, Ui B PLIN2 78 5 o 45
HVEE 77 )2 B A0 0 T 1 A0 M AT T A R b B A AR
FIEY . KR TE R W hif-3a R plin2 B PR7E AR 4
S ERI S Z L (YR

H T AEFACHE R i — 2P B E Plin2-A1157G
M Hif-3a-A2917G i 5 J2 #5475 98 5 AR S it 32 PR
5 R G AR 5 7 1K ST 32 AR GE AR 1 AR
P34 T Plin2-A1157G F1 Hif-3a-A2917G 5%
SR 7 PR B S B 45 SR iR IX 2 > SNPs fRid 5
IR SEUT 32 1 B TG W 35 A0 DG, Ul I 5 AR v 0 32 1 A 4
TR A —EiE T FRBER, TTE #1759 F 5
WIS, . DT A0 FhRic A AU i R] BZE AN [R] 1Y
W P 25 A A IR] . B RO TR 2 A SRR
2 T R A 2 1 43 F B s I A AR R X
TrvPAl & AR it e i M BB AR B T I
A I 2 10 il B A 4 T R T o R R AR R R
(. 1 Wang 255 &1 & L0 ok 4 2 x5 #Fifa
XY Yoo A ) SCAR i 726 o Fh BE o A A
R o TRVRE -, 5 B 5 550 B 1 Y 2 A4 SSR ARid
591l 548 A G TR AR DR S A S A I R G A A7 A O
(LT 55 — AR5 v 2008 A 4G I 380 AF 0 114 56 R A7 A0
X B S 4 2R B Oy AR L BT | ) A AR — i TR S
Mo T A ARG A2 MR R T 22 5 PR RD A 45 IR 3 4L
[vi) 4 ol 14 S22 2 B0 IR, 4 B DR T 1 R 28 3 ) 5% i
BN, DR 7R T R S e 0 2 ) B T R A DG 1Y
SR A FhRic i B 2 R SR A BT sk A kA 7
PRI I, LR i LA P DR Al B a5 2 v 1 A 2

5 % x
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Abstract

In order to obtain SNP markers associated with hypoxia tolerance trait for applying in

molecular marker-assisted breeding of Megalobrama amblycephala ,in the present study, based on the

constructed transcriptome data in hypoxia tolerant and sensitive M. amblycephala , 52 623 potential
SNPs including transition type of 30 192 (57.4%) and transversion type of 16 802 (31.9%) were found.
Synonymous SNPs accounted for 99.7% of total SNPs located in the coding region, while only 32~ 35

(0.3%) nonsynonymous SNPs were found. Five nonsynonymous and polymorphic SNPs were obtained
using PCR-RFLP method. Analysis showed that two SNPs,Plin2-A1157G and Hif-3a-A2917G, were sig-

nificantly associated with hypoxia tolerance trait in the parental populations. But further analysis re-

vealed that no significant association existed between the two SNPs and hypoxia tolerance trait in the

offspring populations. It is indicated that molecular markers isolated in the parent populations may be in-

appropriate in their offspring,therefore, the effectiveness of markers in offspring needs to be considered

in molecular marker assisted breeding.
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