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Sequence analysis of the complete mitochondrial genome
of Psychoda alternata
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Abstract [Objectives] Myiasis is a widely distributed kind of parasitic disease mainly caused by fly larvae. Psychoda
alternata is one of the most common species of psychodidae that can trigger human myiasis. Determining the complete
mitochondrial genome of P. alternata is valuable for general molecular and evolutionary studies on the Diptera, as well as for
providing a theoretical basis for the prevention and treatment of myiasis. [Methods] DNA sequencing and cloning
technology were used to obtain the complete mitochondrial genome sequence of P. alternata. [Results] The complete
mitochondrial genome contained 15 908 nucleotides, consisting of protein coding genes, tRNA genes, rRNA genes, and a
non-coding A+T-rich region. Two strands, the J and N strands, transcribed 37 genes. Genomic base composition was A 39.6%,
T 40.3%, C 11.8%, G 8.3%, and A+T content comprised 79.9%. [Conclusion] The genetic organization of the P. alternata
mitochondrial genome sequence is consistent with that of typical insect mtDNA. The J strand transcribes 9 protein genes
whereas the other 4 genes are distributed on the N strand. The phenomenon of A+T composition asymmetry was not obvious.
Phylogenetic analyses based on 13 protein-coding genes from mitochondrial genomes in 26 dipteran species demonstrates that
the Psychodidae and Tanyderidae are sister taxa.
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Tablel Listof L-PCR primers

Primer name

Sequence (5'—3")

Position

Temperature (C)

IF ATAATAGGGTATCTAATCCTAGT

IR ACCTTTATAAATGGGGTATGAGCC
2F GCCTGATTAAAGGGTTATCTTGATA
2R TATACTTCTGGATGACCAAAAAATCA
3F AATTGGTGGATTTGGAAACTG

3R CCACAAATTTCTGAACATTG
4F* CCCAGCTTTAGGAGTAAAGATT

4R ATCTACAAAATGTCAATATCA

S5F GTTGATTATAGCCCATGACC
5R* GCTTTTAAAGAGCATTACATTGAAG
6F TTTAATTGAAACCAAAAAGAGG

6R AAGTCTTTAATTGCTTATTCTTC

7F CCAGAAGAACATAAGCCATG

7R TGTCAACAGCGAAGCCTCCTCA

8F* TTCATATTGATGAAACTTTGGATC
8R GTTGCTTTTTTAACTTTATTAGAACG
9F AACTTCATAAGAAATAGTTTGAGC
9R GTGCCAGCTACTGCGGTTATAC

14375-14397
160-183
9-34
2109-2134
1625-1645
3595-3614
3507-3528
5390-5409
4703-4722
6235-6259
6009-6027
8566-8588
8461-8480
10848-10869
10436-10459
12418-12443
12060-12083
14536-14557

51
57
55
51
52
49
48
47
52
50
50
48
53
53
54
53
57
62

Specific primers.

®2 RBEREITHEROYME GenBank BR S
Table2 The speciesand their GenBank accession numbers used in the phylogenetic analyses
Species Family Accession number Reference

Psychoda alternata Psychodidae KU994885 This study
Phlebotomus chinensis Psychodidae KR349297 Yeetal., 2015
Phlebotomus papatasi Psychodidae KR349298 Yeetal., 2015
Lutzomyia umbratilis Psychodidae KP702938 Kocher et al., 2015
Trichocera bimacula Trichoceridae IN861750 Beckenbach, 2012
Paracladura trichoptera Trichoceridae IN861751 Beckenbach, 2012
Protoplasa fitchii Tanyderidae IN861746 Beckenbach, 2012
Tipula abdominalis Tipulidae IN861743 Beckenbach, 2012
Ptychoptera sp. Ptychopteridae IN861744 Beckenbach, 2012
Bittacomor phella fenderiana Ptychopteridae IN861745 Beckenbach, 2012
Chironomus tepperi Chironomidae IN861749 Beckenbach, 2012
Culicoides arakawae Ceratopogonidae AB361004 Matsumoto et al., 2009
Anopheles gambiae Culicidae NC-002084 Beard et al., 1993
Aedes albopictus Culicidae AY 072044 Unpublished data
Culex pipiens Culicidae NC-015079 Unpublished data
Cramptonomyia spenceri Pachyneuridae IN861747 Beckenbach, 2012
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43 2 (Table 2 continued)

Species Family Accession number Reference
Arachnocampa flava Keroplatidae IN861748 Beckenbach, 2012
Sylvicola fenestralis Anisopodidae IN861752 Beckenbach, 2012
Cydistomyia duplonotata Tabanidae DQ866052 Cameron €t al. 2007
Ceratitis capitata Tephritidae NC-000857 Spanos et al., 2000
Smosyrphus grandicornis Syrphidae DQ866050 Cameron et al. 2007
Cochliomyia hominivorax Calliphoridae AF260826 Lessinger et al., 2000
Dermatobia hominis Oestridae AY463155 unpublished data
Drosophila yakuba Drosophilidae NC-001322 Clary et al., 1982
Haematobia irritans Muscidae DQ029097 Unpublished data
Bittacus pilicornis Bittacidae NC-015118 Beckenbach, 2011

jModelTest Posada 2008 Cco ]]I‘A___‘A\TP6 D,FCOHL

MrBayes ver.3.1.2 Ronquist
and Huelsenbeck 2003 RAXML ver.7.2.8
Stamatakis et al. 2005
ML BI

2 HER5HSH
2.1 EBIEM mtDNA EEHEH

DNA 1 15 908 bp
Phlebotomus papatasi 15 557 bp 351 bp
Phlebotomus chinensis 16 277 bp 369 bp
GenBank
KU994885 3
mtDNA
J 23 N
14 3

2.2 EBiEM miDNA EHESE

403% T 11.8%C 39.6% A 83%G A+T
79.9% A+T J
A T 32.9%
43.6% N 32.6% 47.5%
3 A+T 93.1% 3
>71.5% 1 >69.2% 2

Psychoda alternata

Q=1
15 908 bp

Cytb

W ST (BRGNS — A RN S )
Complex I (NADH dehydrogenase )

B EAKI (HHERD)
Complex Il (cytochrome b)

O Z8&N (4E6aR o ALE)
Complex IV (cytochrome c oxidase)

W RERS A = BER S BB ATP synthase
B FEE MR Transfer RNAs
W PHAZ BT Ribosomal RNAs

1 ETEHINZR K DNA EARZEE

Fig.1 Circular map of mitochondrial genome of
Psychoda alternate

23 EBARGBEERMNFES
11 166 bp
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Table3 Theorganization of the mitochondrial genome of Psychoda alternata

Gene Position Strand Start codon Stop codon Anticodon
tRNA-Ile 1-67 J GAT
tRNA-GIn 67-135 N TTG
tRNA-Met 134-201 J CAT
ND2 202-1210 J ATT T
tRNA-Trp 1211-1278 J TCA
tRNA-Cys 1277-1339 N GCA
tRNA-Tyr 1340-1404 N GTA
COI 1410-2948 J TTG TAA
tRNA-Leu-UUR 2944-3008 J TAA
COII 3013-3702 J ATG TAA
tRNA-Lys 3705-3775 J CTT
tRNA-Asp 3775-3839 J GTC
ATPS8 3840-4010 J ATC TAA
ATP6 4004-4669 J GTG TAA
ColIl 4673-5458 J ATG TAA
tRNA-Gly 5469-5532 J TCC
ND3 5533-5884 J ATT T
tRNA-Ala 5885-5947 J TGC
tRNA-Arg 5947-6009 J TCG
tRNA-Asn 6007-6074 J GTT
tRNA-Ser-AGN  6076-6139 J TCT
tRNA-Glu 6141-6205 J TTC
tRNA-Phe 6204-6268 N GAA
NDS5 6269-7997 N ATT T
tRNA-His 7998-8062 N GTG
ND4 8063-9398 N ATG T
ND4L 9398-9685 N ATG TAA
tRNA-Thr 9692-9757 J TGT
tRNA-Pro 9758-9822 N TGG
ND6 9825-10352 J ATT TAA
Cytb 10356-11489 J ATG TAA
tRNA-Ser-UCN 11492-11557 J TGA
NDl1 11575-12512 N TTG TA
tRNA-Leu-CUN 12513-12576 N TAG
LrRNA 12577-13875 N
tRNA-Val 13876-13944 N TAC
SrRNA 13945-14729 N

A+T-rich 14730-15908
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Table4 Codon usagefor PCGs
Codon Count RSCU Codon Count RSCU

UUU(F) 347 1.85 UAU(Y) 166 1.89
UUC(F) 28 0.15 UAC(Y) 10 0.11
UUA(L) 470 4.97 UAA(*¥) 0 0
UUG(L) 14 0.15 UAG(*) 0 0
CUU(L) 63 0.67 CAU(H) 62 1.75
CUC(L) 1 0.01 CAC(H) 9 0.25
CUA(L) 18 0.19 CAA(Q) 59 1.84
CUG(L) 1 0.01 CAG(Q) 5 0.16
AUU(D) 400 1.95 AAU(N) 206 1.82
AUC(®I) 11 0.05 AAC(N) 20 0.18
AUAM) 228 1.77 AAA(K) 70 1.41
AUG(M) 30 0.23 AAG(K) 29 0.59
GUU(V) 92 2.06 GAU(D) 55 1.64
GUC(V) 7 0.16 GAC(D) 12 0.36
GUA(V) 77 1.72 GAA(E) 71 1.92
GUG(V) 3 0.07 GAG(E) 3 0.08
UCU(S) 112 2.64 UGU(C) 38 1.90
UCC(S) 7 0.17 UGC(C) 2 0.10
UCA(S) 86 2.03 UGA(W) 87 1.93
UCG(S) 2 0.05 UGG(W) 3 0.07
CCU(P) 84 2.73 CGU(R) 6 0.47
CCC(P) 2 0.07 CGC(R) 0 0
CCA(P) 36 1.17 CGA(R) 44 3.45
CCG(P) 1 0.03 CGG(R) 1 0.08
ACU(T) 84 2.17 AGU(S) 23 0.54
ACC(T) 4 0.10 AGC(S) 1 0.02
ACA(T) 65 1.68 AGA(S) 107 2.53
ACG(T) 2 0.05 AGG(S) 1 0.02
GCU(A) 85 2.39 GGU(G) 41 0.80
GCC(A) 10 0.28 GGC(G) 12 0.23
GCA(A) 44 1.24 GGA(G) 129 2.52
GCG(A) 3 0.08 GGG(G) 23 0.45

ATPS ATP6 7 bp 10

Phlebotomus chinensis ~ Phlebotomus papatasi ATN GTG

TTG 3
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Fig. 2 Theinferred secondary structures of mitochondrial tRNA genes of Psychoda alternata
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Fig. 3 Phylogenetic tree of mitochondrial PCGs gene sequences

BI BBP MI

First values at the branches indicate Bayesian posterior probabilities while the second values

correspond to ML bootstrap support in percentages.
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