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Abstract: [ Aim] To sequence and analyze the complete mitochondrial genome of Armigeres subalbatus ,
and to explore the phylogenetic position of Armigeres in Culicinae based on mitochondrial genome
sequences. [ Methods] The nucleotide sequence of the mitochondrial genome of Ar. subalbatus was
determined by using PCR amplification and DNA sequencing. The general features and base composition
of Ar. subalbatus mitochondrial genome were analyzed, and the phylogenetic relationship of Ar.
subalbatus with seven other species of Culicinae was constructed by using maximum likelihood method
(ML) and Bayesian inference ( BI) based on the nucleotide sequences of concatenated protein-coding
genes (PCGs). [Results] The complete mitogenome of Ar. subalbatus is 14 891 bp in length ( GenBank
accession no. ; KY978578) , and contains 37 genes, including 13 PCGs, 22 tRNAs and 2 rRNAs. Iis
gene organization is consistent with those of the known mitogenomes of Culicidae. The mitogenome has a

clear bias in nucleotide composition with a positive AT-skew and a negative GC-skew. All 13 PCGs use
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the ATN as the initiation codon except COI with TCG, and TAA as the termination codon except COII

with the incomplete T. All tRNAs could form the typical cloverleaf structure except tRNA® "N whose

DHU-arm is lacking. The phylogenetic relationship of eight species within Culicinae based on the

mitochondrial genomes presents as Culex + ( Armigeres + Aedes).

[ Conclusion ] The phylogenetic

relationship of Culicinae constructed based on the mitochondrial genomes shows that Armigeres is closer

related to Aedes than to Culex, which is consistent with the result of the traditional morphology-based

taxonomy.
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1.3 RERESH

I 9 A5 P Sk A o g 28 e A 56 DR 201 1 2 11 I
Y HE R 2 FE IR , EHU GenBank 41 1 7 A
I A IS B AR AR S PR 20 v 13 S 2 1 B i
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Fig. 1 Structure of Armigeres subalbatus mitochondrial genome
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S FE N A TRNA ZE DY, R oA BB P B P DX . IR RZL @
FBRIC I A FEIR  rRNA JE R R 5 1 DX 20500 62 T BE R N
#% -, The color-filled blocks indicate tRNAs, while the unfilled white
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indicate unsequenced control regions. The protein-coding genes, TRNA
gene and control regions with black name are located on majority strand ,

whereas those with red names are on minority strand.
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Table 1 Composition of Armigeres subalbatus mitochondrial genome

HH fi# (bp) K (bp) St BT RIREGF  ZR%EF  JEFEEAERE(bp)
Genes Position Length Coding strand Anticodon Start codon Stop codon Intergenic length
tRNA"® 1-69 69 J GAT 0
IRNA S 67 - 135 69 N TTG 3(-)
tRNA M 135 -203 69 J CAT 1(-)
ND2 204 1232 1029 J ATC TAA 0
tRNAT™ 1234 -1 302 69 J TCA 1(+)
tRNA G 1302 -1 368 67 N GCA 1(-)
IRNA™" 1369 -1 434 66 N GTA 0
coi 1433 -2974 1542 J TCG TAA 2(-)
[RNAMeu(UUR) 2970 -3 036 67 J TAA 5(-)
coil 3039 -3 723 685 J ATG T 2(+)
IRNAM 3724 -3 794 71 J CTT 0
IRNA P 3 806 -3 873 68 J GTC 1(+)
ATP8 3 874 -4 035 162 J ATC TAA 0
ATP6 4 029 -4 709 681 J ATG TAA 7(-)
colil 4724 -5 513 789 J ATG TAA 15(+)
IRNACY 5513 -5579 67 J TCC 1(-)
ND3 5580 —5 933 354 J ATT TAA 0
tRNA ™ 5933 -5 996 64 J TCG 1(-)
IRNAM: 5997 -6 064 68 J TGC 0
(RNA A 6065 -6 131 67 J GTT 0
LRNASer(ACN) 6131 -6 207 77 N GCT 1(-)
tRNACl 6208 —6 274 67 J TTC 0
tRNAP® 6273 -6 339 67 N GAA 2(-)
ND5 6 347 —8 090 1743 N ATG TAA 8( +)
IRNAM 8 084 -8 151 68 N GTG 7(-)
NDA 8 155 -9 498 1344 N ATG TAA 3(+)
NDA4L 9492 -9 788 297 N ATG TAA 7(-)
tRNA T 9791 -9 855 65 J TGT 2(+)
tRNA™ 9 856 -9 921 66 N TGG 0
ND6 9924 — 10 446 522 J ATT TAA 2(+)
CYTB 10 452 — 11 588 1137 J ATG TAA 5(+)
tRNASer(UeN) 11 587 =11 652 66 J TGA 2(-)
ND1 11 676 — 12 620 945 N ATA TAA 23( +)
[RNA (€U 12 627 - 12 694 68 N TAG 6(+)
16S rRNA 12 695 — 14 028 1334 N 0
tRNAYY 14 030 - 14 101 72 N TAC 1(+)
128 rRNA 14 102 - 14 891 790 N

CHREAE] A IR — 3 b, IR S R FE IR ] fE B, 71 S RN FE N S B JE . In the column of intergenic length, the positive sign indicates the

interval base pairs between genes, while the negative sign indicates the overlapping base pairs between genes.
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Table 2 Nucleotide composition of Armigeres subalbatus mitochondrial genome

FLH T3 Genome sequences A% T% GC% C% A+T% G+C% AT-skew GC-skew
L FEP4] Whole genome 39.7 39.1 8.4 12.7 78.8 21.2 0.01 -0.20
H TR IS RA Protein-coding genes 32.9 44.8 10.8 11.5 77.7 22.3 -0.15 -0.03
J 4 A 1 B g S R
Protein-coding genes on J-strand 33.6 43.0 10.1 13.3 77.6 22.4 -0.12 -0.14
51 (%5 1st codon position 34.5 35.5 16.1 13.9 70.0 30.0 -0.01 0.07
25 2 (%51 2nd codon position 44.7 48.3 1.0 6.0 93.0 7.0 -0.04 -0.71
%5 3 (%5 3rd codon position 21.6 45.2 12.4 20.8 66.8 33.2 -0.35 -0.25
N B b8 E S g i R
Protein-coding genes on N-strand 32.0 47.7 13.4 6.9 79.7 20.3 -0.20 0.32
51 (%51 1st codon position 31.7 42.9 19 6.4 74.6 25.4 -0.15 0.50
55 2 7B 5T 2nd codon position 20.3  50.1 16 13.6 70. 4 29.6 -0.42 0.08
% 3 (%51 3rd codon position 43.9 50 0.8 5.3 93.9 6.1 -0.07 -0.74
tRNA JE[A tRNA 40.5 40.3 11.0 8.1 80.8 19.2 0.01 0.15
JBE ) tRNA JE[K tRNA genes on J-strand 41.0 39.3 10.0 9.6 80.4 19.6 0.02 0.02
N % [ A9 tRNA FE[K tRNA genes on N-strand ~ 39.8 41.6 12.4 6.1 81.5 18.5 -0.02 0.34
rRNA [ tRNA 42.2 40.6 6.1 11.2 82.8 17.3 0.02 -0.20
16
14 F = XV5%E Double strand
u J 4% J-strand
12k u N %% N-strand

A4
Percent age conlent
o
T

6F
4tk
2k
0
Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
KR
Amino acid

P2 BRI BT cEoR R R PR 2 B 5 2 ) 5 PR A BRI 1 L

Fig. 2 Percentage content of each amino acid of protein-coding genes in Armigeres subalbatus mitochondrial genome

v O
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Bl 1l
2 i
1
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BN I TN EETE RN “ocu ] cav g RoU] PUCOY ccu JoRcu ] ucu B Acy | TN RET

Pl 3 R BT A i R 2R X () S it el F A% (RSCU)
Fig. 3 Relative synonymous codon usage (RSCU) in Armigeres subalbatus mitochondrial genome
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HE tRNA" ™ 1 (RNAY [i] , K BF 1 334 bp; srtRNA 7
BEHRB ISR R BE AL & A 2 4 RNA R, (RNAVURIE ] X ], K 790 bp, AT & 43 & 4y



14

ANOARET « BRI L A 4 L LR 20 )3 5100 1 43 A

119

2 83.7% F1 81.3% AT M tkAk T,
TRLIAT e i 22 4~ tRNA L K /INTE 64 ~ 77 bp
ZJa], A 1497 bp, 78 N &EH1 J 5% L3945 5045

SRR BG4 Eh Y —FE BRI BTI Y 22 S tRNA i
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() =B 0 225 (K 4) (Negrisolo, 2011)
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Fig. 4 Predicted secondary structures of tRNA in Armigeres subalbatus mitochondrial genome
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PL% WO R ( Anophelinae ) Hr 4 X L I 4% B
Anopheles gambiae HMNEE il FHEHRIE 1Y 7 T ZE IS0
Tt K ARG 0 A5 14 B A BT 5 ) AR AR R PR 21 1Y)
13 AN 1 B G 5L DR A R e 37, 43 ) >R e KA
SR (ML) 1 D1t ( BT) #4 8 P OWB  He i) &
BRBW . SR MR RN ER AR B AR N
—H, B RSO R 38 2 3, — S0 P B I
J& Culex (boostrap {H 100% ) , 57— 4% T IR
Aedes FIF] i J& Armigeres ( boostrap {H 90% ) , £
NZRGR B R, 5E BT i 2 2R A A D UE Aedes

R, SGHURE Aedes 21 UAH IR G F , LB (5 1HY
KT 80% o TEAMFH, JRIL TS FE B & Culex
e A st PR 25 4 0. 08 (0.03 +0.05) , 8 K T4k
LB ise 5 4 I E Aedes (1)t A% B 25 (0. 00) , R BH R
PSRN B Aedes WO AT R L KR, R
e SR Aedes WALy WV & Finlaya 56 Z i
o 3ANBZIEI RS KA KR NERIR Culex +
(BT Armigeres + LR Aedes) , 25 J& N & 4156
H—3Z, HEGER R, REE T X R EER .
X 5B B AR 53 255 85 M — B0, AR B b S R
T Harbach Xt R 89325 2 58 (Harbach, 2007)

90/85 0.00/0.00 3 BEML Co. pipiens from Turkey HQ724617.1
70/68 [ 0.00/0.00———
VRAD WL Cr. p. pallens KT851543.1
100/100 [~ 0.00/0.0 0.01/0.01 i

100/100 | 0.02/0.02] 0.00/0.00
1007100 | 0.02/0.02) 0.00/0.00
0.05/0.05 0.03/0.03
0.06/0.06
0.02/002
90/84 0.08/0.08
0.03/0.03 92/89 0.08/0.08

0.00/0.00 98/93
0.06/0.0¢
0.01/0.01 0000

0.08/0.08

0.14/0.14

Y3 FEML Cx. p. pipiens NC-015079.1

A FELL Cx. quinquefasciatusfrom USA HQ724617.1
HUBPEIL Cx. quinquefasciatus NC-014574.1

AWK FERL Cr. tritaeniorhynchus KT851544.1
BRI IL Ar. subalbatus KY978578

SIS Ae. notoscriptus NC-025473.1

2 B AP Ae. aegypti NC-010241.1
FASLHHIL Ae. albopictus KX809762.1

JEWOT J& Culex JEWJE Culex

PTUSCV J& Armigeres B[S J& Armigeres

YISO & Finlaya

. HPHiJE Aedes
O & Stegomyia

5 SETEORMIENLLRY 13 AEE 52 PR PR 1R e 81 ) R SO R 2R 8 6 7 W (R R AR AR TR A DL IS )

Fig. 5 Phylogenetic tree of Culicinae based on the nucleotides of 13 protein-coding genes of mitochondrial genomes
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