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(KF557652) which had been published in GenBank, six PCR primers were designed to amplify the mtDNA
sequence using 3 muscle samples of H. trimaculatus (Table 1). The purified PCR products were sequenced
directly or cloned into pMD-18T Vector and then sequenced. The structure and gene order of H. trimaculatus
mtDNA were determined by referring to H. kuda mtDNA. The complete mitogenome of H. trimaculatus was
16 529 bp with the GenBank Accession No. KJ956892, and it consisted of 13 protein-coding genes, 22 tRNA
genes, 12S rRNA gene, 16S rRNA gene and 1 control region (D-loop) (Fig. 1). The heavy DNA strand
(H-strand) carried most of the genes: 12 protein-coding genes, 2 rRNA and 14 tRNA. ND6 and 8 tRNA genes
were encoded on the L-strand. The lengths of 22 tRNA genes ranged from 66 to 76 bp, and all of them could
fold into the typical cloverleaf-shaped secondary structure. The lengths of intergenic nucleotide ranged from 1
to 14 bp with 7 overlaps inside (Table 2). Four of the seven overlaps (ATP8 and ATP6, ATP6 and COIII,
ND4L and ND4, ND5 and ND6) were typical overlap sites of the teleost. The overall base composition of H.
trimaculatus was 32.7% A, 29.3% T, 14.6% G and 23.4% C, with a slight A + T rich feature (62.0%). Codon
usage bias was found in mitochondrial-encoded genes of H. trimaculatus (Table 3). The gene order and
composition of H. trimaculatus were similar to those of most other vertebrates. Two phylogenetic trees
constructed by Neigbour-joining and Bayesian methods showed basically the same result (Fig. 2). Seven
species of genus Hippocampus clustered into a branch, which supported the existing classification of these
seahorses. The availability of mitogenome of the three-spot seahorse will shed light on understanding
evolution and provides clues for conservation in this species.
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Table 1 Table of primers used for amplification of

the three-spot seahorse mitochondrial genome
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F1 ATTAAAGCATAACHCTGAAG
R1 TAGATAGAAACTGACCTGGA
F2 GTTTACGACCTCGATGTTGGATC
R2 GCGGTGGATTGTAGACCCATA
F3 GGTGAAAATCCCTTAGTCCC
R3 TCAACTCCTCCCTTTCTCG
F4 CTAAGCCATCCTACCTGTG
R4 AACCAAGACCAGGTGATTGG
F5 TTAGAAGCAGCCGCMTGATACT
R5 TAGCTGCTACTCGGATTTGCACC
F6 AAGGATAACAGCTCATCCGTTGG
R6 CTCAGAATGACATTTGTCCTCA
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Fig. 1 Gene map of the mitochondrial genome of Hippocampus trimaculatus
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Table 2 Organization of the mitochondrial genome of three-spot seahorse

159 AL KJE (bp) Y U A S S P ES b

Feature Position Base length Start codon Stop codon  Intergenic nucleotides Strand
tRNA™™® 1 71 71 0 H
12S rRNA 72 1009 938 0 H
tRNAY 1010 1082 73 0 H
16S rRNA 1083 2788 1706 0 H
tRNAR (VUR 2789 2861 73 0 H
ND1 2862 3836 975 ATG TAG 2 H
tRNA"® 3839 3909 71 -1 H
tRNAC" 3909 3979 71 1 L
tRNAM 3981 4050 70 0 H
ND2 4051 5091 1041 ATG TAA -2 H
tRNA™P 5090 5161 72 1 H
tRNAM® 5163 5231 69 1 L
tRNAM" 5233 5305 73 0 L
O, 5306 5341 36 0 L
tRNASS 5342 5407 66 0 L
tRNA™ 5408 5474 67 1 L
COX I 5476 7029 1554 GTG TAA 0 H
tRNASer (UeN 7030 7100 71 14 L
tRNAAP 7113 7180 68 4 H
COXII 7185 7875 691 ATG T— 0 H
tRNAY 7876 7951 76 0 H
ATPase8 7952 8119 168 ATG TAA - 10 H
ATPase6 8110 8793 684 ATG TAA -1 H
COXIII 8793 9576 784 ATG T— 0 H
tRNASY 9577 9646 70 0 H
ND3 9647 9997 351 ATG TAA -2 H
tRNAM 9996 10064 69 0 H
ND4L 10065 10361 297 ATG TAA -7 H
ND4 10355 11735 1381 ATG T— 0 H
tRNAS 11736 11804 69 0 H
tRNAS (ACY 11805 11872 68 2 H
tRNALe (€U 11875 11947 73 0 H
ND5 11948 13783 1836 ATG TAA -4 H
ND6 13780 14301 522 ATG TAA 0 L
tRNAS" 14302 14370 69 4 L
Cyth 14375 15515 1141 ATG T— 0 H
tRNA™ 15516 15588 73 0 H
tRNA™® 15589 15657 69 0 L
D-loop 15658 16534 877 0

AN ES: IFBERRTERER MR XA T REE , AN E S X RESA AEH . Wi0hE: H AL 2R R R 5
ERERRRE.

Intergenic nucleotides: Positive numbers indicate the number of nucleotides found in intergenic spacers between different genes. Negative
numbers indicate overlapping nucleotides between adjacent genes; Strand: +H and L indicate genes transcribed on the heavy and light strands.
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Table 3 Codon Usage of all protein-coding genes in the mitochondrial genome of three-spot seahorse

w7 TR B A (%) ST FER Kok i (%)
Codon Amino acid Quantity Frequency Codon Amino acid Quantity Frequency
UAG * 1 0.0 AAC N 79 1.6
UAA * 8 0.2 AAU N 61 12
AGA * 0 0.0 ccu P 65 13
AGG * 0 0.0 CCG P 8 0.2
GCU A 90 1.8 ccc P 59 12
GCG A 7 0.1 CCA P 77 1.6
GCC A 70 14 CAA Q 94 19
GCA A 127 2.6 CAG Q 2 0.0
UGU C 12 0.2 CGA R 54 11
UGC C 12 0.2 CGC R 6 0.1
GAU D 40 0.8 CGG R 0.1
GAC D 31 0.6 CGU R 0.1
GAG E 13 0.3 AGC S 32 0.6
GAA E 87 18 UCA S 120 24
Uuu F 119 24 ucc S 29 0.6
uucC F 104 2.1 UCG S 8 0.2
GGU G 60 12 Ucu S 65 13
GGG G 26 0.5 AGU S 18 0.4
GGC G 25 0.5 ACA T 139 2.8
GGA G 125 25 ACU T 69 14
CAC H 60 12 ACC T 83 1.7
CAU H 43 0.9 ACG T 11 0.2
AUU | 191 3.9 GUU \Y% 72 15
AUC | 111 2.2 GUG \Y% 16 0.3
AAA K 82 1.7 GUC \Y% 21 0.4
AAG K 2 0.0 GUA \Y% 97 2.0
UuG L 26 0.5 UGA w 107 2.2
UUA L 235 4.8 UGG w 15 0.3
CUA L 191 3.9 UAC Y 70 14
cuc L 49 1.0 UAU Y 47 1.0
CUG L 21 0.4 NNA? 1708 449
Cuu L 105 21 NNT? 1061 27.9
AUG M 33 0.7 NNC? 841 221
AUA M 165 3.3 NNG? 197 5.1

* ZOPERD T a W T AR AT B C 3 G T # I T

* Stop codon; a. Refers to all codon which the third codon is Aor T or C or G.
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Gf G=C), MKW 3L, R
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{EIEFRATELES T tRNA-Ser (UGA). tRNA-Val
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1E1E DHU &,
24 RGNS

FIFHLRIAAIE N ] 12 & A5 511
5, N MEGA 6.0 48875 (NJ) 4y 8 Ff
I3 R 5 g Je A i R AR, e =D
Ay (& 2a). EHL GenBank T
ST IR 8 Fhifs T R 5 Bl Ju 1 ZeRifA 12
At 8 R A, R DU ki g R 4
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Tl Sy RG R T — N PR RIS
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() N, S Pl H v 15 Jeg 2R A G ERT 20 A A BT
TRy

3 g

AR SO AR08 T = B0 1 (R bk 435k
A FFIME R, Bdmsar i, JLait S5HE
BN BRI R 2 I SR 2 R A — B, IR HA
FAAEFE N EHEILG . CURIE (LR T i 2 ki
IRFE R 4= K AR AE 16.5 kb A2 47 (Wang et al.
2014, Zhang etal. 2015a, ¢), AWM=
POy b A N 41 4K 16 529 bp, AL FE 4

X FAEgmtS X (D-loop, H & HIRIEX)
IRy, Guid T 2 Bl rRNA ZE[H (12S rRNA Fl
16S rRNA). 22 4~ tRNA LLJ 13 B2 5 2k iA
Rem AR IS A . — BRI I 2ok (R L R 41
SERAEH R, ARSI R AR 5 (A% T IR AR
DLW, AR R A E I TS
MG, XSGR AR U 5 1 8k R A
AL 45 R AEF AL (Wang et al. 2014, Zhang et al.
20152, ©). —BEHE hLRIAR IR 2 P A1 K
L Zhang %% (2015b) 3k 75 (1) 35 5 ol i %
(Corythoichthys flavofasciatus) £k {4455 A
HrFIE A LLEE, 7E D-loop X F1 16S rRNA
I35/ 7 188 bp Al 253 bp MR TR, IX A fig 2
T8 A A 2 e ) i R

AR = B T 1 SRR SR R A 41 5 3
TSI 5 LA S 0 AT R A Lexy, W T
RGHEUR, WS RS gy —4
R, b, 6f K (Hippocampus
barbouri). J&/E#F 5 (H. comes). B (H.
histrix). =B LR —3, MLkLuss (H.
erectus). K (H. kuda) FIRFHERED (H.
ingens). #if#F 5 (H. spinosissimus) 2k —3,
XAEER Y Casey 25 (2004) FeT-2biiAhgi iy
B3 b FEPDN I 5 & AT RGEUEAL S BT i)
GER e, =B S DL AR
R0 = 5 BP9 528 5 VA A A K 5 A
(R, P DAEIg K g B rh, =Bl m)
Al 2 2 i 22 S A R I AT 7 A e (B
FA % 20100,

TR R ) 532 ) — AR FATT
ZORVE, MRS & 2R — RS S IR 2
Pk, I Ul R R e E by b
BRI . H AT, ST R AL
H FIHSEGE R M UIEAS—, AR FIRHT
FHOLRR T — L LIBAY . SRR Ik
KA 2R Bk, (HIXSERF 5% -3 MLtk
FEDSIZH 4 4 1) A1) FEADEC A vt B 8 ) R4k
HRHR. DME—Lept5TRY], g ainr
R, PrikFen B s X AN ], 45 34T
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100 Hippocampus barbouri
a 100 Hippocampus comes
100 Hippocampus histrix
100 Hippocampus trimaculatus

Hippocampus erectus
Hippocampus spinosissimus

100 Hippocampus ingens
|: Hippocampus kuda

Corythoichthys flavofasciatus

Syngnathus schlegeli
Phycodurus eques

100 Doryrhamphus japonicas
Microphis brachyurus

0.05

100 Hippocampus barbouri

Hippocampus comes
b 100 Hippocampus histrix
Hippocampus trimaculatus
100 EHippocampus ingens
Hippocampus kuda

100

100

100 100 Hippocampus spinosissimus
100 Hippocampus erectus

Corythoichthys flavofasciatus

Syngnathus schlegeli

Phycodurus eques

T Microphis brachyurus

Doryrhamphus japonicas
0.1

Bl 2 BT 12 Mg R KA TR 5 K =50 D R G BN
Fig. 2 Phylogenetic tree of Hippocampus trimaculatus based on 12 protein-coding genes

a. ABEERERE; b, DI LM . a. Neighbor-Joining method; b. Bayes method.
a B bR R LB B, b B RS AR SR G BEAR 0S5 B B AR SRR 3
Scale bar in figure 2-a refers to genetic distance, scale bar in figure 2-b refers to substitution number of nucleotide per site; The numbers on the
branch node refer to support values.
Hippocampus barbouri. #fi fG#5 5 (KF712276); Hippocampus comes. ik (JX970973); Hippocampus histrix. Hl#E (KJ123693);
Hippocampus trimaculatus. =B (JX682713); Hippocampus erectus. £k4(ifE D (KF557652); Hippocampus ingens. A1

(KF680453); Hippocampus kuda. Kif§X (AP005985); Hippocampus spinosissimus. i (KJ123693); Corythoichthys flavofasciatus. #%
Wb % (KJ139455); Syngnathus schlegeli. f¥ [Giik (AP012318); Phycodurus eques. M-k (AP012313); Doryrhamphus japonicas. [
A (AP012309); Microphis brachyurus. i 2# i (AP005986).

HERZ BB (HRZ4E4% 2005). H T, H A RS Ik Kawahare %5 (2008)
LRARERA PP Caw) ZN B R &Rk 5 WA 4 7 g ) H
KRG REWITH, Lavouéss (2005) FiJH 2k (Gasterosteiform) ] 11 ANEL [l () R Gedk4k
FLARIE AL 450 REE H AT T TR LRIT TS Lavoué®s (2007) 4k
Giop oA, S5, WA R, RiEta AL TH T T HeE s H o (Teleoste)
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1) BR R b A7 R B 2 R R G AL O R
Yamanoue % (2007) J&T- 44 Pl 4741 %f
fis J¥2 | 0 AR R oA A EAT T D
MRG0T, AT, &btk DNA
AN 12 ANEEEGGE LR T RS
REGEEHT TES)E 2R kR KRS
ALK R, HWYTilES)E 8 il SN RAKE
KE, KA T A R a] Rk A D¢ R B 1L
oG B BT 32 Bl T A SRR B
BASBIFE AT LR, ST o BH Y 8 PN R R
BRBRRMATEE, LR EEERA TG
SURISRAF AT LS BhBA T HE W 5 B N AR 2
RO R, A SIS B e 5
FEHAIEYE (Wilson et al. 2001). PAHIFST b 5
fith, FATHARLLERITZRIE DNA 2551 &
MARGKEEE, WidHE 25 M R R
BRI RGN R A EE .

AL FTRIE 1) — B T (1) 26 Rk DNA 4>
JE 51 A B ol L DR 2] sl RN 45 R4 10 23 BT # =
B 5 () SRR S o T AR 2 AR
Pokl. BTRENE S REHC R N = BEE
RGAAHAT IR T — e A =%, R
N HEAN G By R A R AL AR AL T 28R

Z % X M
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