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SN ND4L 1) SNP it R EMmFE AR o

FEHF?, MAKT, BREET, FRET, AEFT
(1. B RY, RRAS ERACK = i 5H R st =, LI 201306:
2. bR, BRI TR AT AL, BB 201306)

RE: yomFeEEREaRDEEGHREERGME A, Fhd 5K EMH X SNP
AT AHARERT SES AMLAKECFEMS EHMNT I EFHREREF AW Ik
AR, B qPCR AN 13 N EAARE G 7 4 #4342 2 F0 16 30K 5 Ik 40 48 9 A e ke ik
B, TR EMON. XA ZREALNEAHDEE CDS Ri&it54, HFHEMTSE
ke FAFART 02 BT EEE EFAFTNF, RN /FEEFEE SNP AL K.
GRET, BMNEREAEARRGEEY, COTN XEMG KL ERE, ND5S EERIK,
NDAL XA ERAM KB FEEFNRAZRRANL. £ 170 BFH & LRk NDAL 3£ + 3
el 2] T 2 A~ SNP fi & C252T o A243G. i\l &k & 1K A243G L 509 A G A& i %
7 96.2%-. 3.8%, C252T fr j 1y T. C £ FE A H % f 38.5%. 61.5%. T/ L IE % 1K & B i
C252T i 5t Av G HE B A i & 3 100%. 0%, C252T {5 #y T. C 2 F A = % 152%.
84.8%. il % 3 M EfEA AC. AT. GC, ACH X & &, ACfu AT AWMk & & HF
oM, GCHERMK, REEFHREFTHA, RERAXT S FERKEM XN LG
NDAL 2 FH F 2 AN SNP L S A F A S FAKA-FENL, Y EENKEREKAR UK
FEWEMN TEREELE S

REEIA: F&; Sokth; NDAL A ; e ; SNP L4

FEISHES: Q786; S965.111

PR AR RANTEFSMER R .
TERREAEBL . BB fhaN e, s
ER R AT K. BB EY . K. K
WA, ERZIE R, K- gk @A
KR ZE AR A ORI BLR

Xing 4% 75X A AR @ 1 3 20050 h & B
LA RS (Apostichopus japonicus) W 22 Wi A AT
SR, ORI 2 20 AR
ZETHIE G FEXT = MWL (Hyriopsis cumingii) (T
FER R, BERENSEE S AL RGO
W%, SRR A GT DS R RS0,
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XERARAERS: A

Bk A S LI, 4 R R G RV B (Cyp-
rinus carpio var. color) MK | SER | THALHE
TEHEFF AR R R EER . You FPMIR T
4 )8 K AL AT (MHL) X7 't B8 5 X6 L 4 35 X AR
(Litopenaeus vannamei) W52, & AT HF IR R
W R, AEHOAR G HA KRR, RFBHREY
Xt A [R5 1Y B % (Monopterus albus) 4 ¥)2F 5%
AT THRGY, S5 AP, 3 Mk ds g nd A K
. BHIAGE NIRRT . FRIARCREAAEN 2 5

Sy FhRicki B E R B TR B A O 43
ThRic, nfLAXZK ™ sl B 0 R PR ) 55 7
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2258 KopE OE R 46 45

PRI B3 PR R A AR A TR RR B AN, -4
IASCES 1% 2 754 (SRAP) HOR ik 5 MU
BRI OCH 7 it brid, &L SC-3 frid
AT DA X 43 A2 217 Rl My 2 WL VLA B3 7 e 44
R RER o 0w A5 N BE ML 1S 2 25 P DNA
(RAPD) 45 A A 19 A ] 44 5 23020 1) G\l 15
) (Lutjanus vitta) H1 i ¥E T OPP 14~629 bp Fl
OPP 14~674 bp % 11 MRS Fhrid, "THT
B YT B W FRE AT P R A S . Lok R KR
PRI B A ks B BE R sl . REHEAT ARSI . 2t
AR LR A bRl SR AL, Rz
TorFhmicki B s Mg prt,

T 4 (Mylopharyngodon piceus) V£ 3% [EIR 7K
FHHMRFE Mz —, B THRL . AR,
BIRMES, BABRSNTSTERAMZEEME"",
TERES 230 . FaFEm A, W
BT AR ORI, B R BT RS R TR AL I
% . B E N AN AR 28R TS KR
KEB™ ., FHaHAN | AREREY . A Fhmcr R
LB AL Z RN S 7T, R AR A D i L
DYNE= R RUNEN S i i o1 P . A = N (1B 7 UL
il RIS EACH) SNPSHL AT/ T3
WCHEBNE M, ARBEFERE LR 13 A8 H 5 S
Tt 5 R 2 Ok 2L 2 () ek B AT T 400, 1R
TE T R AR 87 0 i 3Rk 25 S B o I S A 2R 1A
1T PCR § 44 F1 SNP JER 431, e SLiiaeh,
AT LA (8 A 56 1 SNP 43 FhRic 5 A8 R 2E K
PEAR 22 FAHOCHR , AT A A R PR B R AE 4 F
brid, A OO RIERGIETE DL A2 F Fh 4t
SAEYZEETSS %,

1 MESIHE

1.1 LIEXR

AR T 5 BT AR IL K (T R S e
By M FRIT S A0 T A1 R Y B2 Dk 2 20 FH T 4okiik 13
A E A A Rk A, RIS IEHCT 78
11K L7 fa i 92 BT TT A (A7 f i g S5 E
SCESFEA, BT ICK S EER, fREAT SNPs i
R 5 R A 43 A
1.2 = RNA I2El5 ¢cDNA 6. = DNA i2H

% RNA I L5 cDNA 4 &, PEELT S 8
b LR 57 A S R TRV P 0 7 e fE AR 1Y) B ik A
21, fii FH TRIzol X # i 47 50 RNA 25, $2HK
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15 2] ) RNA F i fft FH 43 9% % 3 Nanodrop 2000
(Thermo Scientific, 32 [E) # I 260/280 1B M ik i,
i 1% B S BHEE A FEL VKA 36 RNA A 5838 o %
H& PrimeScript™ First-strand ¢cDNA Synthesis Kit
(TaKaRa, Ki%) 4l cDNA %5 —4% . 5 5
cDNA B EAFE—20 °C, LIFS R SE5556 .

& DNA 4RI EUT 78 Bkl K fa
F190 BTRIL B AT MAEA, (1] PALLY6 fLit &
M 4T DNA 9 32 57, i B 43 9% 5% & 1T Nano-
drop 2000 (Thermo Scientific, 3% &) il 260/280
ERIR R, (1% SUIERE I FL VK A2 35 DNA 1Y)
SERE
1.3 Real-time PCR #&;1

Fldpifoat 54 S M NCBI W fagibifk
%% F: 4 (GenBank %55 . MT084757)!', fifi
F NCBI M 35 7 Primer-BLAST %31 13 4~ %k ki {4k
AN 5 (3% 1), H Get Primers X
HHAT5 1R SR IE

Real-time PCR LA 4% 5 1Y) cDNA st ,
H BIO-RAD CFX96™ {{ #% Fl SuperReal Premix
Plus (SYBR Green) %5t 5 30 & kil 13 S8
JoT Gt PR B R g 4 i ik it . ROWAR R AL
#§5 12.5 uL 2xSuperReal Premix Plus, 0.75 uL Primer F
(10 pmol/L), 0.75 pL Primer R (10 umol/L), 1 pL
cDNA F1 10 uL ddH,0, #£25uL, RIVFF: 95°C
A 15 min, 95 °C ZE¥E 10s, 60 °CiE 2k 30s,
TEFF 40 K,

1.4 ND4L E[E PCR ¥ 18 & 535 i1 /= 0 1%

M4 NCBI 48 & v 75 1) NDAL 55 X £
(GenBank % 3% 5 ;. MT084757), {i#i Ff NCBI [ 3
H Primer-BLAST %31 1 X151%), 37 Get Primers
P HIEA TS P SR RIE . LRI F (5-3") A
CATTCCACCGTACCCACC, FH#gI¥R (5-3) K
TGATTCAAATTGTAGAGCC., X} NDAL % [H ik
7 PCR ¥ 14551, H Sequencher 5.4.6 {4 Hu
Y45 i B SNP FRAZ AT FRAL 567 44

1.5 HBIESH

Bl R 2 NSNS 134N E AR
it 32 A () AR R Y B B ] SigmaPlot
RAEHATLL M, SPSS 22.0 B4 A BT PEAS BE AR (]
B SE, (H ] SPSS 22.0 B3 HTh LL K €07
R VT A0 T AR 58 A8 (o AR B T 1) 43 A
FRAE, IR AR50 24 25 5 f 3 vk
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12 44 ERERF, & FHMLAKK NDAL (4 SNP 51 K 7 PR AR (A b (4 43 A5 2259

F1 BHHLKEDNA B MEARGBEES Y TEPI R R R A bR ik, CO TR Rk i
Tab.1 Primers for 13 protein coding genes in %%} , ND5 % [SESSuy = e AN *ETEE%@%*E?%
mtDNA of M. piceus Hl, ND1. ND2. ND4 Fl NDAL Fe Wi NEHA IR
314 FFHI(5-3') SBKIRREPC kAW R, 431k 0.0028, 0.0018, 0.0029
primers seauenees (53) & 110.0010, NDAL 3 15 P i {5 51 6 41 %8
NDI1-F TCAGCACAGCCCAAGAAA 50 EBERRENAE (4 1).
ND1-R CTACGTTGAAGCCGGAGA 50
ND2-F AAACCAAACCCAACTACGA 50 60
ND2-R GCTGCGGATGTTATGAAG 50 50 L m T Hanjiang
ND3-F TACTGGCAATCGTGTCTT 50 ‘ é 10 | @ fhils Foshan
ND3-R TTGGGTTGTGGAGTTGGTCT 56 EE g
CO1-F TGGAGGATTCGGAAACTG 51 Hé g 30
Col-R AGATTGCCTGCGAGTGGT 57 =F 20
COII-F CATAGAATCGCCAGTCCG 53 = 10 | "
COII-R AGGCAATGAAGGCAGTTT 52 0 |
COIIL-F TAGCACCAACACCAGAGC 55 1234567 8910111213
COIII-R CACCCTCTATGATGCTGT 51 g%ns
ATP8-F GAATCGTCTTCCTCACCA 51 | Rk BAEARAREEEBLRESE
ATP8-R CTCAGGGTTCTGTTTTGT 53 SUBTRT S & B R B Rk
ATP6-F TTATTGGAATGCGAAACC 47 R ML % (P<0.01), AR 5 (P<0.05)
ATPOR AATACGGCTGTGGCGATG 53 Fig. 1 Expression of 13 mitochondrial protein coding
ND4-F TAAGTCCCTAATCGCCTAC 50 genes in Foshan grey M, piceus and
ND4-R TTCGGCTGTGGGTTCGTT 57 Hanjiang M. piceus populations
NDAL-F CATTCCACCGTACCCACC 56 ** indicates extremely significant difference(P<0.01), * indicates signi-
NDAL-R TGATTCAAATTGTAGAGCC 46 ficant difference(P<0.05); 1. ND1, 2. ND2, 3. ND5,4. CO 1,5. COIl, 6.
NDS.F ACCAGGGAATAGAAAGCA 2 ND4, 7. NDAL, 8. ATP8, 9. ND3, 10. ATP6, 11. COIIL, 12. ND6, 13. cyib
ND5-R ATGTTAGGGTCGGAGTGT 52 2.2 itk NDAL E[E SNP IS & 59%
ND6-F CTAAACGGCACGAAGAGT 52 it
ND6-R TTGTTGATGGGTTGAAGG 49
cyth-F CGACCTTCCAACACCATC 53 A8 PIRR PR G ER P NDAL B P 346 0 5] 2
cyib-R GGATGAGTCAGCCGTAAT 51 AN SNP i85, 3% 2 /> SNP v 543 Hilin 44 0 A243G
FT C252T (3% 2)o M 1L K o A LB A4 A243G i 55,
2 iR () A, GBI H 96.2% 1 3.8%, C252T fii
MU T, CHEHAIAN 38.5% Fl 61.5%, THILIE
21 HREBITEARBBEEEBLURE  pkopp ik Co52T (400 AL G B ARy
SaURIREE 6 RETNEEA 100% A 0%. C252T i 41 £ T C o B A i 2y

qRT-PCR 45 5 s, 13 N6 I 4 i L [ 15.2% Fi1 84.8%.,

#®2 ND4L ERFEFBULEFLURTRIE AP SNPs Zit 5347
Tab.2 SNPs analysis of ND4L gene in Foshan population and Hanjiang population

LA He PR 7Y FEAS(f5 L0 ) B (H0)/% FEAR(FRIL) R B (TR %
locus genotype samples (Foshan) frequency (Foshan) samples (Hanjiang) frequency (Hanjiang)
A243G G 3 3.8 0 0
A 75 96.2 92 100
C252T T 30 38.5 14 15.2
C 48 61.5 78 84.8
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2260 Koo 4 46 &
2.3 NDAL EF S ER S m%IT (7 3). Hapl i 345 % e =i, Hapl Fl Hap2 7E
TERIRI A LRIk NDAL HEP ks 3 fp PIRMARGITIATS0 A, Hap3 BOBURIEAR, DUETE
PAEHRL 4331k Hapl(AC). Hap2(AT). Hap3(GC) W@ hiRi s,
*3 GEFAMFENEETEENIMREERNSH
Tab.3 Distribution of three haplotypes detected in two body colors of M. piceus
FEY ey FEA (Ll )/ B (1% FEA(TRIT)/ B (T %
haplotypes combination samples (Foshan) frequency (Foshan) samples (Hanjiang) frequency (Hanjiang)

Hapl AC 77 84.6% 45 57.7%

Hap2 AT 14 15.4% 30 38.4%

Hap3 GC 0 0% 3 3.9%
2.4 ND4L £[R CDS 5SREBFIGEHMBITH o A-GIEHEA, C252T 2 C-T L5725,

NDAL SR H N & F, H CDS JFFK 297

A243G v St &R, N THEME T 3147,

bp, LLATG JF3k, TAAZER. WA 2 fix, 297  MFELRAE, C252T fi si 2 gt on i, T

bp ) DNA J¥514it5 T 98 NEFHEfR, CDS ¥k
A & 5t 5 MT084757, P> SNPs v i, A243G

TR 300, NIE LR (K 4).

acaccagtacatttcagctttagctcagcattcattctaggactaatag

M T P V H F S F S S A F | L G L M
gactagcattccaccgtacccacctactatccgecactcctgtgecttagaagg
G L A F H R T H L L S A L L C L E G
aataatactatccctgttcattgcactageccctgtgggctctacaatttgaa
M M L S L F I A L A L W A L Q F E
tcaacaagtttctccgecageccccaatactactgetagetttctcececgecetgeg
S T S F S A A P M L L L A F S A C
aagcaagcacaggtctagcacttctagtagect accccgaaccacggaac
E A S T G L A L L V A T A R T H G T
cgaccgcctacaaaaccttaacctcctacaatge(taa
D R L Q N L N L L Q C *
2 ND4L £ CDS F3 R EEBRF5
WilE. ALLRH ¥, KIE%IF; J7HE. SNPs {7 4 (a. A243G, c. C252T); FhIZk. &HERF 5
Fig.2 CDS sequence and amino acid sequence of ND4L gene
Ellipses indicate start codon/stop codon; boxes indicate SNPs (a. A243G, c. C252T); underscores indicate amino acid sequence
# 4 ND4L E[F SNPs i mxf M S AT T
Tab.4 Changes of amino acids in SNPs of ND4L gene
SNPsfiz i Xof N B RR AR AL e 75 [ L RAR
SNPs locus mutant of amino acid residue synonmous mutation
A243G J3% R threonine (ACA)—73 %8 threonine (ACG) =
C252T &R threonine (ACC)— 732 R threonine (ACT) B
3 Wi PR BB, Leber it A% P W00 22005 5 16 NDAL A

[ i & 25 B9 10609T>C F1 10663T>C 28 258 AH 621,

bR NDAL 5 K 9 it 1) NDAL 5 1 2 g
E5% 1 (NADH LA l) WAz —, AR,
NDAL 3L 5 N IR Se e 47 G006, 2 VB PR 9
(T2DM) 83 T10609C ZEAEF1 [ N 2 C10676G
RAF Y e AR it NDAL 7 11 B mtDNA NDAL &
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NDAL K& HAE 545 5 A 5 Ak b 5 2 19 2 Rk A
REGKFRAZ, Guan 55 W5 R, £
PR E A gL, ND4. NDAL 3 K 7 i B
(Choroterpes yixingensis) H i) Fa 2575 A 2 0] DUBE
B GG YRR B R [R) I A A A8 Ak, PR AT R
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12 4] EEE, 5 H LR NDAL () SNP ik S 75 BIAMA e BF R h %) - A 2261

B AR K A S B W A A A o R AR
Xt EL 88 (Bagarius yarrelli) 2B ND3 . tRNA-Arg
I NDAL 4T TN, KB 12 kB 68 H) NDAL F
R FIAAAAE | FlARE RS, i NDAL JE K Y 5
) 2 e BE AR SF Y

RO R R A ECE . A
DX, 0 2 20 i P 8 3 0N 1 RS S e BT, B
HERKRE BTSRRI A
TR AR A A B R AR R R B, P
ARV EREE T A b 1L K 68 7 40, DL S TRV SR 68 75 0 1
LRMIIR 13 N A T g 3 [ Rk A I AN ]
ATP6 FEF LA Je COTI K PR A8 TR VT (e e A v i =
R TR O AR, A 1 AN EAR
S JE R A S, NDAL B R AE 19 b 4 (5 75 £
(R 2 oW . 76 78 B LK 5 ik
192 TRV G B RZ R A NDAL BEH Ky
297 bp [#) CDS J3 81 Hp JL K H 2 4~ SNP 28 48 v/
RA243G Fll C252T, WH9Y R B a4 ki ik NDAL
FE B A SNP 37 1 (2 4) o FE P ZH 5 5L (297 bp)
FLBi R 0.67%, 1 T4ifihix, HERMFE LR, &
SR A A KA A, 2 IR B T A7 IR
W1, ARBFFE RS A9 NDAL 5E K [R) 28 725 9%
Wr e R F AN RERN T, EETEER
AR AR -, Tt T BE 25 I 5 2 R A
A%, TG #E— 0% NDAL 3 H 76 55 . 4= Wik
R D) RE & HE 7 AR S, KA AT R R A 9 1L K €
Haf AR L BORBEMN G, BARI
WA, RBKEG ., 1F 2 FhR @R A IR
LT 3 FlepfiRl Hapl (AC). Hap2 (AT). Hap3(GC),
Hrf Hapl (AC) 30 A9 551 % iz =5, Hapl (AC) il
Hap2 (AT){E i Ff A (5 rf 246 43 4, Hap3 (GC) [
R AR, (NAEIER R E B,

AHFE TG T P FP A €0 75 i GORi R NDAL
KIIFIEAT T SNP (s e, 234 T 74> SNP {7
SR R DR R D R B R A3 A . AR SR SR T AR
A DAk — DR AR R AR (8 5 A KRR Z ] Y
KF, I HEF R SNPs > FARICHSE &, >
AL R SR EE s B AR RIS e, 2
PERF B b e . ATRREE L LB R R

(1B 7 9 A U 5L B 3 8 7 B9 F 2 0 %)
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Screening of SNP markers of mitochondrial ND4L gene in
black carp (Mylopharyngodon piceus) and their frequencies in
two different body color populations

MAO Sigi '?, BAO Shengcheng ', XU Xiaoyan %, LI Jiale >, SHEN Yubang "*’

(1. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquaculture, Shanghai Ocean University, Shanghai 201306, China)

Abstract: In order to analyze the association between mitochondrial protein-coding genes and body color traits of
black carp (Mylopharyngodon piceus) and screen out SNP markers related to body color, this study selected the
skin tissues of five Foshan gray black carp samples and five Hanjiang black M. piceus samples and detected the
relative expression of 13 mitochondrial protein-coding genes in the skin tissues of the two color populations by
gPCR, and then performed the significance analysis. The study designed primers for the CDS region sequence of
the protein-coding gene with the most obvious expression difference, and then selected 78 Foshan gray M. piceus
samples and 92 Hanjiang black M. piceus samples for sequencing, and screened out SNP markers based on the
sequencing peak map. The results showed that among the 13 mitochondrial protein coding genes, the relative
expression of ND4L gene is the most significant, the relative expression of COIIl gene is the highest, and the relat-
ive expression of ND5 gene is the lowest. Two SNPS (C252T and A243G) were detected in the mitochondrial
NDAL gene of 170 M. piceus samples. The frequencies of A and G genotypes at A243G in Foshan gray body color
population are 96.2% and 3.8%, while the frequencies of T and C genotypes at C252T are 38.5% and 61.5%. The
frequencies of A and G genotypes of C252T locus in Han Jiang normal body color population are 100% and 0%,
while the frequencies of T and C genotypes of C252T locus are 15.2% and 84.8%. Three haplotypes, AC, AT and
GC were detected. AC shows the highest frequency; AC and AT are distributed in both body colors, while GC
shows the lowest frequency and only appeares in normal body colors. This study studied the distribution of geno-
types and haplotypes of two SNPS in mitochondrial ND4L gene related to body color of M. piceus and provided

theoretical guidance for the study of body color and growth traits of M. piceus as well as the breeding of M. piceus.
Key words: Mylopharyngodon piceus; mitochondria; ND4L gene; body color; SNP locus
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