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[14-16] GenBank  (NCO014854)!'7-%) ,
3 , Primer 5.0 19 PCR
( (NC014339) (Panulirus ( D, ,
Japonicus)(NC004251) (Panulirus ornatus)
Fz 1 ik DNA EFEFFINESIH
Tab.1 PCR and sequencing primers used in the analysis of P. Versicolor mitogenome
(5'-3") (5'-3")
1F/1IR TTTGGACACATCAATCTTTGACCCA CAGGAGCTTAAATCCTGCGCAT
2F/2R ATGCGCAGGATTTAAGCTCCTG AAAATGTCCDTARGACAACTCRAGC
3F/3R CCCGATACTGATRAAAGTGTAGGT AGGATTGAATAAYTGCAACAGCTGA
4F/4R CTAGCTGTTGCARTTATTCAATCCT GACTTTCCAYTTGGAAGGMGGAGGT
SF/5R ACCTCCKCCTTCCAARTGGAAAGT TAGAATATTGCATTGAAGCTGCAAA
6F/6R TTTGCAGCTTCAATGCAATATTCT AAGATTTTTCATTCTGGTAATAGAT
7F/TR GAATACCTTTAACTTCTTCGCTTAT ATAGWTTRTTATTYTCTTGCAGTCC
8F/8R GGACTGCAAGARAATAAYAAWCTA AAAGCTCAYGTWGARGCTCCAGT
9F/9R ACTGGAGCYTCSACRTGAGCTTT TTAATTTTGGGGATTAAAGATAGGG
10F/10R ACCCTATCTTTAATCCCCAAAATTA TTGTCCGTAGGAATCCATAGTT
11F/11R ATTAGACCCATACCTTCTAGGAGAC GTWGCWCARACTATTTGTTATGAGG
12F/12R CCTCATAAGAAATAGTYTGWGCWA GCCTGTTTATCAAAAACATGTCTT
13F/13R TGCTACCTTAGCACGGTCATRGTAC CTAAAGTGTGTACATATTGCCCGTC
14F/14R ACCTTCACTAGGACATCGAGTTTAA GATATTCTYGGAATTGGTGTAAGTC
15F/15R CTACTATTCCCAAACTCACTCACAG AATGATTGGTGCCAAGTGTTATAGTG
16F/16R GACTTACACCAATTCCRAGAATATC GARAAAAATCATCGTTGCGT
17F/17R AGATGCTAACCATATTCCGCTCAAA TGTAGCGTTTGTGACTTTACTGGAGC
18F/18R CCCCTAACATTACGAACTCTAACCT CTAATGGGTGAACTAGGCGAGTGAA
19F/19R GTCCCCGTAACTCAAATACCATAAC TAGATTACAATCCATGCAGCTACACC
Lco1490/H GGTCAACAAATCATAAAGATATTGG TAAACTTCAGGGTGACCAAAAAATC
Nad5F/R TWYTATTAGGKTGAGATGGKYTNGG TARAAKCCWGMTARAAAWGGKAWWCC
cobF424/R GGWTAYGTWYTWCCWTGRGGWGARAT GCRTAWGCRAAWARRAARTAYCAYTCW
1.4 PCR¥ ¥
PCR . 25 uL, . L6 FIPEESAN
10xBuffer 2.5 pL, dNTP2 pL, 1 pL, Lasergeneversion 7.0(DNASTAR)
Tag DNA 0.15 uL, DNA 1 uL, , Seqman ,
18.35 uL :95C 3 min; 94°C Clustal W
20 s, 48~58°C 50s,72°C 90 s, 35 ;
72°C 10 min DNA +RNA
1.5 33 7= 4 o4 sh A = iR R B tRNA : tRNAscan-SE
PCR 2uL 1% (http: //lowelab.ucsc.edu/t RNAscan-SE/)2"
, QIAquick Gel Extrac- tRNA MEGAS.0%!
tion 50 , , s DnaSP
4.10.7%%
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2 gg % 5 é} ;]:ﬁ JQ320274), 13 22
. o tRNA 2 rRNA (16S rRNA 128 rRNA)
20 £ EAFEARAB LS T 6 E A Doloop 2y w4
%/{E L) , 128 rRNA, 16S rRNA, nad 1, nad

mtDNA 15 700 bp(GenBank 4L, nad 4, nad 5, tRNA"™, tRNA" N, t(RNA™", tRNA™,

®2 RERTERIAEERBHK

Tab.2 Gene organization of P. versicolor mitochondrial genome

cox 1 H 1 1535 ACG
tRNALe H 1536 1599 TAA
cox 2 H 1603 2290 ATG T
(RNA™* H 2291 2355 TTT
tRNAAP H 2366 2428 GTC
atp 8 H 2430 2588 ATG TAA
atp 6 H 2582 3259 ATG TAA
cox 3 H 3259 4049 ATG T
tRNA®Y H 4045 4115 TCC
nad 3 H 4116 4467 ATC T
tRNA H 4468 4530 TGC
tRNA™E H 4533 4596 TCG
(RNA™" H 4601 4666 GTT
(RNAS" H 4667 4734 TCA
tRNA™ H 4734 4805 TTC
tRNATH L 4812 4879 GAA
nad 5 L 4880 6608 ATG T
(RNA' L 6609 6674 GTG
nad 4 L 6674 8014 ATG T
nad 4L L 8008 8310 ATG TAA
tRNA™" H 8313 8380 TGT
tRNA™ L 8381 8448 TGG
nad 6 H 8451 8967 ATA TAA
Cythb H 8967 10101 ATG T
(RNAS" H 10102 10169 TGA
nad 1 L 10200 11144 ATG TAA
tRNAe L 11180 11249 TAG
16sRNA L 11247 12607
(RNA" L 12608 12679 TAC
12sRNA L 12680 13541
A+T rich L 13542 14291
tRNA™ H 14292 14357 GAT
(RNA™" L 14355 14424 TTG
tRNAM! H 14433 14500 CAT
nad 2 H 14501 15502 GTG T
(RNAT™ H 15501 15569 TCA
(RNAS* L 15569 15634 GCA
tRNAD" L 15635 15700 GTA
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{RNA"" tRNA“*, tRNA™", tRNA", 23 G ,  A+T
(H) )
11 R >
1~6 bp s 10 , 1 ~36bp, )
tRNAS nad 1 nad 1 ’
(RNAM 17 bp 36 bp; , /
15 DNA 2.2 EA%HAAR
AT , A+T 67%, 4 ,
(A=34.6%, T=32.1%, C=20.5%, G= 13 (3, 11140 bp,
12.8%), , A 70.96% atp 6 atp 8 nad 4
*3 ZFERMNAEZESA 13MEARBERZBFERAER
Tab.3 Average codon frequencies and usage in the 13 mitochondrial protein-coding genes in P. versicolor
( ) (%) ( (%)
UUU(F) 239 1.35 UCU(S) 111 1.5
UUC(F) 116 0.65 UCC(S) 84 1.13
UUA(L) 196 2.01 UCA(S) 117 1.58
UUG(L) 57 0.58 UCG(S) 24 0.32
CUU(L) 109 1.12 CCU(P) 72 1.18
CUC(L) 87 0.89 CCC(P) 77 1.26
CUA(L) 110 1.13 CCA(P) 76 1.24
CUG(L) 26 0.27 CCG(P) 20 0.33
AUU®D) 245 1.35 ACU(T) 111 1.35
AUC(D) 117 0.65 ACC(T) 84 1.02
AUAM) 170 1.58 ACA(T) 110 1.33
AUG(M) 45 0.42 ACG(T) 25 0.3
GUU(V) 72 1.73 GCU(A) 56 1.45
GUC(V) 31 0.75 GCC(A) 30 0.78
GUA(V) 47 1.13 GCA(A) 58 1.51
GUG(V) 16 0.39 GCG(A) 10 0.26
UAU(Y) 179 1.35 UGU(C) 50 1.06
UAC(Y) 87 0.65 UGC(C) 44 0.94
UAA(*) 151 1.4 UGA(*) 59 1.15
UAG(*) 64 0.6 UGG(W) 44 0.85
CAU(H) 92 1.12 CGU(R) 26 0.85
CAC(H) 72 0.88 CGC(R) 29 0.94
CAA(Q) 123 1.37 CGA(R) 41 1.33
CAG(Q) 57 0.63 CGG(R) 27 0.88
AAU(N) 218 1.27 AGU(S) 58 0.78
AAC(N) 124 0.73 AGC(S) 60 0.81
AAA(K) 280 1.49 AGA(R) 87 1.17
AAG(K) 95 0.51 AGG(R) 52 0.7
GAU(D) 65 1.11 GGU(G) 37 1.23
GAC(D) 52 0.89 GGC(G) 22 0.73
GAA(E) 92 1.43 GGA(G) 41 1.37
GAG(E) 37 0.57 GGG(G) 20 0.67
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nad 4L s 7
cox 1 nad2 11
ATN nad 2
GTG, cox 1 ACG atp 6 atp 8
cox3 nadl nad2 nadd4l  nad6
TAA T TA,
Ojala
, TAA

2.3 tRNA £ H 5 rRNA £ K

mtDNA 5
22 tRNA (RNA™"  (RNAS" 2
18 1 {RNA
, 61~75 bp 12s ¥rRNA
tRNA"™  D-loop , 861 bp, 16s
rRNA (RNA*"  (RNA™ 1 460 bp
rRNA s
18  tRNA
rRNA
12s rRNA 3 , 40
R 3 ; 16s YrRNA
6 ,53
, 3
13
D-loop 2 RNA
(4 : nad
2 nad4 nad5 Cytb D-loop

3 WwEE®
31 FERITXRERLRELF T

15 700 bp,
18115 677 bp, (17
15 717 bp,

, KD ,  (RNA*"(D)

tRNA"*(K) (DK )24
DNA AT , A+T

67%, 65.6%

64.5% 4 (A=34.6%, T=32.1%,

C=20.5%, G=12.8%),

20 /2014

F4 BITBZAEERESA 13 1MEHR%KIBEE. D-loop
B2 N HZHEIR RNA 2R S 546891
Tab.4 Polymorphic loci analysis of 13 protein-coding
genes, D-loop and two ribosomes RNA gene in
Lobster (Panulirus) mitochondrial genome

*

(%)
cox 1 1530 348 1188 22.66
cox 2 688 167 521 24.27
cox 3 791 156 635 19.72
atp 6 678 151 527 22.27
atp 8 159 34 125 21.38
nad 1 933 161 772 17.26
nad 2 1000 285 715 28.50
nad 3 352 78 274 22.16
nad 4 1339 337 1002 25.16
nad 4L 303 60 243 19.80
nad 5 1729 419 1310 24.23
nad 6 516 148 368 28.68
Cytb 1135 292 843 25.73
12sRNA 855 109 746 12.75
165RNA 1343 262 1081 19.51
D-loop 724 286 438 39.50
T
, A G R A+T
, ATP
nad4 nad4l,atp 6 atp 8  cox3
, tRNA ,
tRNA ,

[23]

32 ZAR%KAKE

, atp 6
atp 8 nad4 nad 4L 7
cox 1 ACG nad?2
GTG , 11
ATN atp6 atp8 cox3 nadl
nad2 nadd4lL  nad 6 TAA
T TA,
Ojala [ ,
TAA

: Ser, Leu, Ile, Phe, Tyr,
Pro, Asn, Thr, Lys, Met, Gln, Val, His, Ala, Glu, Arg,
Gly, Asp, Trp, Cys
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, 5

(origin of minoritystrand replication) poly T(poly-thymi-
dine stretch)

tRNA" poly T (30-31],
Poly(T) , 321
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nad 2 D-loop s
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Sequencing and analysis of the complete mitochondrial geno-
me of Panulirus versicolor

LIU Hao, YAO Wei, LIU Hai-qing, LIU Chu-wu, LIU Li

(Fisheries College, Guangdong Ocean University, Key Laboratory of Aquaculture in South China Sea for Aquatic
Economic Animal of Guangdong Higher Education Institutes, Zhanjiang 524025, China)

Received: Nov., 26, 2013
Key words: Panulirus versicolor; mitochondrial genome; RNA secondary structure; molecular markers

Abstract: The complete sequence of Panulirus versicolor mitochondrial genome was determined by using conventional
PCR and conserved primers walking approaches. The basic characteristics and gene arrangement of P. versicolor mito-
chondrial genome were analyzed. Combined with the mitochondrial genome of P. stimposni and P. homarus, the mito-
chondrial genes encoding polymorphic loci and gene mutation of Panulirus were also analyzed. The results show that the
entire mitochondrial genome of P. versicolor is 15700 bp in length, consisting of 13 protein-coding genes, 22 tRNA
genes and 2 rRNA genes and D-loop control area, which maintained the original arrangement of crustacean animal mito-
chondrial genomes. The composition of P. versicolor mitochondrial DNA base has AT preference, with 67% A T con-
tent and the content of A, T, C, and G was 34.6%, 32.1%, 20.5, % and 12.8% respectively. The secondary structure of
18 tRNA and 2 rRNA of P. versicolor was predicted. The percentage of polymorphic loci of Panulirus mitochondrial
genome in nad 2, nad 5 gene and D-loop control region is high, which are suitable for the phylogenetic relationships,

intraspecific polymorphism and genetic differentiation research of Panulirus as molecular markers.

(A% 4 5 %)
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