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(1. e TSP A dr 5K P20, LA BEFEEMBARE SRR E, L4 £ 222005,
2 AL FEB AN W H AR E A O, 95 ERW 222001
3NLHE LR R ERES SRAT 4G, 7 MR 210014)

WE: W RB AR TEEBEEALHEHMDNA)SNPR &L &, AT R4 H
mtDNAA 7 7| %3+ 7 179%¢ 51 4, % B & 2 3 5 15 At & (HRM) A 1] 3 R 2t SNP#EAT 7 1
T BV T d, AN MEAAKFUHY HER;, #—FHRXKNA, 8OXIH+
ER2 5| iy B KA HSNPR AL &, HEE240NSNPs RITERE R, Z kK
T R RS 4L By SNP AT #f & 5 0.15/100 bp,  # b 45 3 R R B A 79.1%. B4 R
B h 16.6%; C/T(G/A)E A Hh % % 79.1%. G/T(C/A)R & th % % 83%. AITRE &5
GICREMW L EHE E4.16%. AF R HEMBESNPL E0H TZ R KR FELEKELE
AWIIANRE, BadfH. P COXIHE KK SNPH E &% %, H K #AED-LOOP.
ND13EH X 3 4 5 3504 /NSNPAL & ; TitRNA. 12S rRNA% 34t X B % k & LR &
B ANHERBTE S Z R T Lok R4 3 B 4SNP B3k & 7 ik X K I SNPs, %
H— S ARZFRTEARRERFE SN, AR ATREETENARRET 247
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R =R TE; KR EEEL,; SNP; &0 3 M b &

FESES:Q781; S968.25

L EEHLY 1% £ A DNA(randomly amplified
polymorphic DNA, RAPD)((fi —fX 43 FHric £ AR AL
%), fii B3 & J¥ 51 (simple sequence repeats, SSR)
GBI FARCE AR ER) 5 FAricBoR M L,
YA IR 22 251 (single nucleotide polymorphisms,
SNP)REA A . L RE MR . 5 T i il
S BUAEMVRR A, R 56 = A FhR g i)
AR RN, HAET, SNPHRCE AT Z N Tt
e Z AT B BTN RO A A
G, SNPARICLE 2 % B 5t 4% 1% 401 1R ik 1) 4 2
Ty ARz 0, (HALBR TAZ A, H
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1 MRS IE

1.1 SCIG#t Rt

ARSI T ) 44 =i - B X O A A
20154F 11 H BEHLR S T I ASMNIE HLIX (LZ)(22 H)
Tz RN TS M X (HZ)(22 2, HAAR &4 3]k
(182+17.5) g. (223.1421.0) g, RN =R T4
T ARE S %, —80 *CHRARIRATE o

1.2 #HMADNARIIZEL

WOR B LA ZH Y, (A TAE Y TR (E )
B0 5 BR 2N B A 72 B EzuphE 2 30 4 3 [ 41 DN A
14 370 B B = e e B SR 4  DNA(Hrp
£, & R FE N 4H DNA), £ Gene Quant Pro#% iR
A GEHA ], 5 )l 3 K ZH DNAWK B
FF#—14k~20 ng/ul, —20 °CIEFF%H .

1.3 SNP3|¥i& it R s ik 1L

R B eyt 5 e EF X = PR
FrRELOR R LR 4 4 751, F| FHPrimer Premier
5.0(Premier biosoft international, USA) A 1Y
KNI ZEmtDNAW 519, &5 P AR % A
B B H60~120 bp, iR K i $5 il 75 53~60 °C,
S8 A T A TR (L) B A FR A R A .

BEHLPKEL3 T DNAFE i HAE #IR G, PCRIK
ZMAABN10 pL: 7.0 uL ddH,O, 1.0 pL 10x
PCRZE Wi, 0.6 uL MgCl,(25 mmol/L), 0.2 uL
dNTPs (10 pmol/L), 0.2 uL Taq DNAX & i
(5U/uL), £50.4 pL I, T#E5I49(10 pmol/L),
0.2 pL mix-DNA (20 ng/uL). H Touch-down PCR#2
. 95 °CHZE 13 min; 95 °CAE4E30s, 68 °Ci
k30s, 72°CHEfH45 s, HorpiB ki B AR 46 3 —
WREARL °C, TEHR 179; 95 °CZE1E30s, 50 °CiB
Kk30s, 72°CHEMH45 s, FHIR16YK; 72 °CHEfif
5 min. 2% ZEHEWEEE A i Uk A I PCRY™ 3 7
Y, FHARYE= WA JC K e 5 e T

Flantte IR XT S SEHRMAM BT T4,
X490 15 5 400 00 g 2% 14 1 AT D0 Ak 3T ff e R ok
IR EE . PCRIZN AT 10 L (O iR/ Bt
SIMR R S RUE”), R R R ER EE PCRAE Y -
95 °CHl AL 43 min; 95 °CAE 130 s, 62~52 °Cik ‘k
30s, 72°CHEMH45s, JEIR32UK; 72 °CHEAHS min;
4 °CIRAE o FH2% Bt BRI ro UK HEA T 5 | T Bk
1.4 HRM#A M AR E L

Bk A 2 Hb X A 440 = PR T8 I DNAKE

A B T e 5 (LZ21-22, HZ1-22), FFFEPLA
44, EAHII1DNARES AN 7o a4
11/ DNAKE i lUAE IR G, 40 4411 & DNAKE
H, FW5HH ML, M2, M3, M4, AWF5R
FA/N R B it A7 SNPH | W 01 i, LA 1 N A 4
WH5-GCGGTCAGTCGGCCTAGCGGTAGC-
CAGCTGCGGCACTGCGTGACGCTCAG-3',
5-ATCGTGATTTCTATAGTTATCTAAGTAGT-
TGGCATTAATTTCATTTT-3' K 4& H ) 5[] H.
¥, H3wmi ek, A TAEY T
FE ()t A B2 7 A o

K40 05 5 | 40 53 ) A 441 TR A5 DNAKE i b 45
S5 LR HRMAG N, f H B0 22 55 0 114 5 | 490 4 331 o ot
T AN [7) 20 (9 A AN A i iR AT 47 38 12 55 2 HRMAS:
M, AR M35 ul: 253 uL ddH,0, 3.5 uL 10x
PCRZE Wi, 2 pL MgCl,(25 mmol/L), 0.6 pL
dNTPs (10 pmol/L), 0.6 pL Taq DNASE-A #(5 U/uL),
1.2 uL . F#F51% (10 umol/L), 0.6 pL
DNAJR A M (20 ng/ul), PCRFEF: 95 °CHidE
3 min; 95 °CAEM:30s, T,iB k305, 72 °CHEAfH
45, PEIR32UK; 72 °CHEAHS min; 4 °CIE-TF .

RN G55, M PCRA&ZH 4% fin A 3.5 L
B AR IR (10 pmol/L), 56 I 47 728 o &b
. 95°CZEME3 min, 25 °CE M 2 min, 4 °Cf{
fEo BT IRIS , & AR R I A 96 FLAR
W i fL, AEFL10 uL, AP RE E A A
3O AL . I BIINAL WL LC Green, 15~20 uL
W Wi, F)FHLightScanner 96 & 4t 17 SNPK:
W, 53 B I 8 [6] — 51 49 7 6 7 18 AS [] A 4 ]
S 2E S0 0 SR I G T 0 AL A A 2 Rkt
ITAEORN N
1.5 R A EEEHSNPO T

e 3 Tl i U T X IO 7 A i (2~3 1)
17 vCREIN e [ A A=) TR (i) Bedn A7 IR w1,
S P A X LA AT, Geit = P01 B Lok IR Jk
P2 SNPA i B K L 28 B R IO 8 R i o
W, FFRE AL T SNPAE = JEHR T8 mtDNAH ) fif
B, DU SNPR AL B Y (7] 3, AR TR L5
ARFIAE B S X 578 o

2 R

2.1 SNP3|#iFit4E R
AW FEEN X = PR TR R R H 4,
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S BT 179%F 51 Wy v 3 89X 51 Wy B AT R 5+
PEY 25
K5 89%F w1 i 5 | 1 £E 440 TR & DNARE i ilE 47
HRMIfi A, Hopssx g9 BT A [R) 44 fidk i £k
FE g E— A8 3% 55%F SNPH| 443 5l k47 B
ASAMEY $8 K HRMASNPAG I, [6]— 5149 18 A
BOAE AR A AR ] H BT B S Y 25 S 06 (T,>0.3 °C)
(B ). e w] DR [FIAS fAR 18 i W) — B P 31 B
ZSME, TRERA TR,

1.0
0.8
> 0.6
Z 04
§ 0.2
WE 0
=
28 100
iR
Qo .
=
0.4
= 02
0
71 72 73 74 75 76 77 78
I/ C
temperature

1 [El—35¥¥ #EPCR&™ 7 A ASNPRERAMF
O 43 YRR AR R
Bt ATY, TR, CEIAMGHL 73 AR 7] 1 2% 5= 14
Fig.1 HRM melting curves of PCR products amplified
by the single primer pairs in different individuals with
SNP mutations

The curves for different genotypes were denoted by the types of A, T,
C, and G

2.2 SNPH#T

ZRRTEELEKREAB LSNP &t
¥ FE X434, 55%FSNPEIHHr, A 2255 5191
PN A SNPR AR, egf24 g8 B fi i, H
9N | AN EI . IR A . R R,
CIT (G/A)ZRATE 3t UL, SNPH 4 A1 A %R 0.15/
100 bp, i ANER 5 58 A8 T XY L] 3 51128 79.1%
16.6%; C/T (G/A)FT i RAZHFE HT9.1% ., G/T
(C/A)YRZE 58.3%, A/THG/ICH H4.16%(F 1),

HE— W & 47 SNPRY 22X 51 W i 48 5 41 5 —
PR T8 e b Ak 42 3 PRV D 0 P 3 PR A T X B
SENLHI (D). ZERER, 2440 SNP S T
LR AR I R 4 11 AR ) X sk HL 28 28 o7 5 B A7 A
PRI G . Hod cOX1IE A X 35k (1) SNPAL
HxZ, f£iteth 3% . 65 . 105 . 155,
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175, 178%5), HEEAFEFARAE R M25%; H
XND1. D-LOOPH) %A% H 43 7 44~ (1045 |
1055 . 1085, 1095 )f124- (135 | 135%5), H
5 725 B0 a A3 ) R S OB AR I TR A 98 AR Y
17%F113%; FEATP8(157%%). COX3(47%%). ND
5(159 %) H A8 X3, & BL1~24 8 AN
SNPfV i ; HREICOX2. tRNA. 12S rRNAZ: X B,
i A & LSNPA &5 (1),

FiAh, E—2 5 3R 15 1 2449 SNPs 5 NCBIEL
It J2E T 8 A B = 90 M T mtDNAJF 5 3547 1 A
B E LA, IF R SNPZE S Fif S B Xof 17 F) 48
S i 1) S R R PP AR B R A M, B4 S
TH4 SNPZR A AL H K i 5 iy ool 25258 b
TR 24 AR g, T R SR TR g A XY
SNPA S A 184, JH b oA ol A8 2 35 1R 25 1y 58
A5, B CSNPA 144, 7 &3R4 1 B A Lok
FER4ISNPELH 158.3%; 734, BUME & FL R P
KERAWENRA, MEAER CSNPA41, 5B
KA B AR R B P U1 2848 B 11916.7% 5 Hifth
671> 9 AR v 1 A T R AR L P 4 1 AR B A B g
DI, 7 2 AR AS Y S Lok 1A KL X 4 SNPER H 1Y
25%(#1),

RERRZRRT EBIRSNPY AT FE3K
PNV M DX R, Ok I SNPs L8, Horp
FRARNL A BRI AR A R
H (441 KB 13.6%, SNPAESE I 5 BEIA RY
mtDNAJ i X 38y COX1. ATP8. ND2. ND4,
D-LOOP; At 161~ A8 AV s 347 H B8 165 V5 by
XAEAR P 10N, AR MRS H A FEA
FERIY LB R122.7%, 3X 167~ SNPs /A T 1 M 5
Hi X AR LR AR L 4L COX1. COX3. ND1,
ND2. ND4L. ND5. Cytb. 16S rRNA. D-LOOP.
[i) g X 1 (22)

3 g

HR MU ST AF R 7 2% L ) — 7t SN PAS: I 2
A, AR ELIESNP | A/, LK SSREZ A
PEAE N 22 P DNAJE 222 5711, 55 A1 m] Al
HATR e 51 B P A 22 510 AR5 M /N e Bl
HE HRMAS I B2 A R MR BEdEAT A, 76 B XS
PR TR SR A R 2H 15 1 89X 5 4y o i A
T 5505 AT REAFAEBRIE R ALK 51 W, 28 B
Forpo2xt 51959 14 e 5147 fE SN ki, HRMAY %
AR RN A0% . BARECHFI R B,
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Tab.1 Detailed information of the SNP loci of P. trituberculatus (the mutation sites were showed in box)

SNPRLE (B y N 5RA L mAE LR A

2R AR
5 A AFEPAL R R N SR
no. sequences containing mutation SNP loci (the numbers showed the type .0 f mutation type
mutation positions in the mtDNA) mutation

3 ..CAAATTTAICICAATGTTGT.. COX1(156 bp) C/T ] X

synonymous mutation
6 ...ACTCTTICITTCTTATAAG.... COX1(336 bp) C/T EILBYS

missense mutation
10 .. TTTGTATGATCICIGTATT.... COX1(555 bp) C/G ] X

synonymous mutation
15 ...TGCTACTATIGATTATTGC... COX1(924 bp) G/A EIHLBYS

missense mutation
17 ... TCACGATACIAITTCACC... COX1(11 044 bp) A/C ]

synonymous mutation
178 .. TAATTGTIAIATCTGA... COX1(14 074 bp) AIG [&] L

synonymous mutation
153 .. TTAATGCCITICAAA.... ATP8(2451 bp) T/C ]

synonymous mutation
47 L ATTTTITIGCTATTTT.... COX3(3427 bp) T/C [&] L

synonymous mutation
159 ...AAAGAACIAIGCTAC.... ND5(4991 bp) AIG ]

synonymous mutation
61 . AAAAGATAAITAATCT... ND4(6907 bp) A/G [ L

synonymous mutation
174 ...AACTAATGGITIAAAT.... NDA4L (8319 bp) T/C ]

synonymous mutation
100 ....ATAAACTAGIATGG.... Cytb (9872 bp) G/A [&] L

synonymous mutation
104 ...GCCTTCTTCCIJAA.... NDI1(10 441 bp) C/T F]

synonymous mutation
105 .. TGTTCIGGTTAGTT..... ND1(10 587 bp) G/A [&] L

synonymous mutation
108 ...GGATGAGCTTCTIA.... NDI1(10 801 bp) T/A A

synonymous mutation
109 ...AAAGAACAAAIATA.... NDI(10 864 bp) A/G EIHEYS

missense mutation
123 ..AGCTCGTATGACAITC... 16S rRNA (12 304 bp) A/G i X AL

noncoding region mutation
135 L AACTATAAIAIATATAAA... D-LOOP (13 709 bp) A/G egmiin X AR

noncoding region mutation
143 L GAGGTACCAICITCTC.... ND2(14 878 bp) C/T e L

missense mutation
146 ..ATTTCTCACIGTAATA... ND2(14 878 bp) G/A [ X

synonymous mutation
167 HTJAGAATTTCCAAATCA[TIT. Spacer (1602 bp, 1610 bp) +T, T/C JEGmi X S8 2E

noncoding region mutation
133 .TATAGCCAIATTIGATT... D-LOOP (13 583 bp, 13 587 bp) A/C, GIA egmpg X RAL

noncoding region mutation

HRMAS I 452 AR X F A0 - Be SNPIA AS: H 6 AH X 448
IR B I 25 F Al R H B R 7R LR R 3
PR 2H SNPZE A8 il - HA R A A9 o7 FH i 5%

P NCBIEUE 8 AR 1) = e iR 7 8 4ok ik 4
FER P H K EE R 16 026 bp', SLERTE & A KA
(R 2268 5| 4™ 38 DX 388 S A T 24> SNPA A
PR I SNP I 43 A5 45 % 40.15/100 bp., H AT, ©%01
AN TR ) i e SNP IR 43 A W SR A7 A — 8 25 5, il
N HE R 2 P SNP Y 43 A1 A3 2% 240.1/100 bpt* 21
HifL B3 D1 (Chlamys farreri)™ i }31/100 bp . 711K

(Neophocaena phocaenoides)™ "1°40.18/100 bp, iX
SERETE TG T I SNP I AL A AR P I Bk T A L I 41
o T AS B 5% 25 2 B 7R = e iR B Ak Ik i K]
21 rp A SNP 5 78 H1 R LA B W) ol A A% ik PR 4
SNPREH R MR EA —E %5, HMZEERE
[l — AN HhE 2 b AR IR SNPIR B A€, TEAR 51
ep, BRT 224 ¢tRNA. COX2. 128 rRNASE X 15
WA & BLSNPA A5, #ECOX1, COX3., Cythlh %
168 rRNAZE X 8 K B T RAL L i AE7E, HA%
& DA DX 3R] () SNPAE s 850 H K T o 19 L 461 35 4 i
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Tab.2 The information of SNPs distribution among the individuals

IR SNP 3 A1i 15 (B0 ASNP T fEmtDNA 1 {37 ) RABANH Tl AL R AR Y
origin the distribution of SNP(the numbers showed the SNP position in the mtDNA ) number of mutation type of mutation
LZ1 COX1(1104 bp), D-LOOP (13 587 bp), ND1(10 441 bp) 3 G/A, G/A, C/T

LZ3 ND4(6907 bp) 1 A/G

LZ6 ND2(15 081 bp) 1 G/A

LZ10 NDI(10 587 bp) 1 G/A

LZ11  COX1(1407 bp) 1 A/C

LZ16  ATP8(2451 bp) 1 T/C

HZ1 COX3(3427 bp), ND2(14 878 bp), COX1(331 bp) 3 T/C, C/T, C/T

HZ3 16SrRNA (12 304 bp) 1 A/G

HZz4 COX1(2451 bp), Cytb (9872 bp), ND1(10 864 bp), COX1(555 bp), Spacer (1602 bp) 5 A/G, G/A, A/G, C/G, +T
HZ7 NDI1(10 801 bp) 1 T/A

HZ8 NDA4L (8319 bp) 1 T/C

HZ9 D-LOOP (13 709 bp) 1 A/G

HZ11 D-LOOP (13 583 bp) 1 A/C

HZ15 COXI1(156 bp) 1 C/T

HZ16 ND5(4991 bp) 1 A/G

HZ19 F#4[aIBE X Spacer (1610 bp) 1 T/C

5o TR, —J7 1 0] fE 5 DNAFE & Y
VEREAT G, RUE2ZE TR, AR JE B K22
SRR AR 59— T 5 AN [6)EA IT R HE Y T g
A, THRSECIE A =R T AL
S R DRV 1 Cyeb Ko 16S rRNAIX IS, & B2
FEHA Fr B SNPECH A 22 5, BIHTE o8 48
BH S TRH, #E oA b A X A
G BT — 7 T2 P 16S rRNAELA AR 85 (0 511
B S, Hooyeb LR aE L3 % L 16S rRNAR
MEFEAT P Ty — T T X R DX R ] SNP A 22 5
Pk, 6 0] RE 5 2ok A 5 DR 4 H A [ 3R DR X3
VEREME TR A P, A ST AE =R T Lk
ADNAKI cytbF116S rRNAIX 5 I %k B SNP 2= 5
PR T BRSSPI TS AT, Rt e
T SNPEL H B Eb ] AN ) B 5525 45 DX 3 iy 7R 4 1Y)
REA &, A, F2Won. AEHX AL =
PR T8 L R 4 i TR 4 22 6] SNIPAE AR L 77 7 22
5, SNPHYECE B 43 A 1 7 B 78 20 B AR rh 4
AR, i N VS B AR ) SNPECER B . 2 T
JE I VS BEAR ,  EL7E mtDNA (1% 43 75 A K 45
7o SNPAEAS[R) M DCAEAA s BRI 22 S, LR

http://www.scxuebao.cn

B 7E T 4B K DN A LA ™ 4% 11 Hb X 45 5 1)
P, B (] i B A 55 X 5 DR 4 P B AT T A
BT,

FHN, A= PERR T Lk R SE P 4 Hh SNP
e i) LE AR 79%,  Ei4 (1) L 51 4 16.6%,  SNPE: i
KA L R T 2R B ), X5 EX
2 SR USITE 7 BE K 41 W5 (Crassostrea gigas) ¥ 3k
SNPHRIC Y /3 R A —3, #4F G “transition bi-
as” JEBRC 0 B 7E A2 R A S ok Rk 3k R 44 v
SNP/F BURLAH I — B, AFAEZERE . AW
HC/T (G/A) I He B 79% . G/T (C/A)FT i Eb 1)
J8.3% . A/TRA 4.16% . G/CRAE H4.16%.
HAC/T (G/A)ZRAE FiF & 19 EL e K o AR 1Y |
rh B BB (Eriocheir chinensis)P ™55 HoAb Y b v s,
KT R, B R A RN . —
I CH 5 7 4y T 56 114 2 728 431 % 2 JHL Al i ik %
B0 AEAT, X S MBERE ) o FE5MAC, 5
RAS-HEACER ;. — 02 5 CpGEy 5-H I i w5 i
Sy K AE MR AR A OGNS 2N eAh, AR SE
SRR (R, AT R K 4 XA SNPA i
A 184, Ho[E XSNPAH 144, B 3Gy
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H, . R TR AL 4 B IR 2 A 201

ALK T 20 SNPEL H 1958.3%,  JE[F] LSNP
44>, b TR Y A L A R TR 2 R A R Y
16.7%;  H A6 2 AR 5 A T Zbi A 3k R 41 1
FEEMAS X, A B RS S A 2ok R 3 R 4l
SNP%(H 125%. H i, ARHE LU 1058 i
TN, 2920%EE TR S5 AR 4 ORI AR PR
AR E5 R B R, = Pei T8 2ok iR 3L K 4l
H R [R] SCSNPY L1 2 (5 16.7%, TR ILAS BIF 5%
IR EER] SCSNP AN 2 DA e 2 ol 2% 8 1 5 A 1
Fio i SRR SCRASM L, R 5 AR X A Yk
R e A AL T B G A 2, 8 o SR 1 %
THARNHHZHWG T, TR KEES KR
P AR 5 ok A mRINA T B35 3 g 4 ik s
mRNAFE P SoE AL 55ER, XE T AR AR LRIk
HE DR 20 2 P 5 g 0 DX & B A A1 (] SCSNIPEE AL S
o F B = YoM T8 2Ok AR S DR A1 4 5 7 ) 1Y
MU, A RS

B ARG A = AR T8 2ok 4
LR A o A AT R 2 SR T B &
oA, R A Sk = PR T Bl I 5t R 22 R 4y
M B s AE L5 A5 TAE R TP R BEE T R A7 i SE At
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Analysis of single nucleotide polymorphism (SNP) in mitochondrial
genome of Portunus trituberculatus
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Abstract: To obtain SNP mutations of mitochondrial genome in Portunus trituberculatus, a total of 179 primer
pairs were designed, nearly covering the whole mitochondrial genome in this study. Of the 179 primer pairs, 89 got
the expected specific amplification fragments by regular PCR. Then, 22 of 89 amplification fragments were found
to contain the SNPs, by testing of HRM technology (High resolution melting curve). Though sequencing, 24 SNPs
were obtained in the 22 amplification fragments. The results by statistical analyzing demonstrated that SNP fre-
quency in mitochondrial genome of P. trituberculatus was 0.15/100 bp, in which the conversion mutation rate was
79.1%, 16.6% for transvesion mutation rate, 79.1% for mutation rate of C to T (or G to A), 8.3% for the mutation
rate of G to T (or C to A), and 4.16 % for the mutation rate of G to C and A to T, respectively. Thus, the mutation
of C to T (containing the type of G to A) is the most common mutation type. Additionally, the distribution of 24
SNP mutation loci was not even in the whole mitochondrial genome. The number of SNPs was the greatest in
COX1 gene region, and the second is in D-LOOP and ND1 genes. However, no SNPs were found in some regions,
such as tRNA, 12S rRNA. Our findings will provide an analysis tool that may help further researches in genetic di-
versity of germplasm resources and enhancement in P. trituberculatus.
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