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A comparative study of mitochondrial protein-coding genes in the Gamasida
YANG Hui-juan, YANG Zhi-hua, CHEN Ting, DONG Wen-ge (Institute of Pathogens and Vectors, Dali

Uniwversity sand Yunnan Provincial Key Laboratory for Zoonosis Control , Dali 671000, Yunnan , China) *™*

Objective Analysis of 13 protein-coding gene sequences of 20 species from 9 families of the Gamasida.

Methods The complete mitochondrial genome sequence of Parasitus fimetorum of the genus Parasitus of the family
Parasitidae in the Gamasida was determined, and combined with the complete mitochondrial genome sequences of 19
species of gamasid mites of 9 families of the Gamasida available in GenBank. The sequences of 13 protein-coding genes of
20 gamasid mites were extracted using Geneious 11. 1. 5 software,and the base composition, start and stop codon usage
frequencies of protein-coding genes were counted. The informative sites and codon usage of protein-coding genes were
counted using MEGA X. The DnaSP 6. 0 software was used to calculate the non-synonymous substitution rate (Ka),
synonymous substitution rate (Ks) ,and Ka/Ks values of protein-coding genes, from which the nucleotide evolution rate of
each gene was analyzed. The rearrangement phenomenon of protein-coding genes of 20 gamasid mites in 9 families was
analyzed by using the arrangement order structure plot of 13 protein-coding genes. Limulus polyphemus was selected as
the outgroup,and a phylogenetic tree of 20 gamasid mites in 9 families was constructed using MrBayes 3. 1. 2 and Mega X
by Bayesian inference (BI) and maximum likelihood (ML) methods, respectively,in order to study the affinities of the
Gamasida. Results The A+ T content of the Gamasida mitochondrial protein-encoding genes was 75. 0% , showing a
strong AT preference. The nad6 gene had the highest A+T content (82.1%) and the coxl gene had the lowest A+ T
content (69.3%). The frequency of using ATN as the start codon was significantly higher than that of GTG and TTG,
and the nadl gene used the most abundant start codon species;among the stop codon usage, the complete stop codon TAA

and incomplete stop codon T were used more frequently, TAG was used less frequently,and the cox2 gene used the most
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abundant stop codon species. Analysis of sequence information and evolutionary rate showed that the coxr1 gene had the
highest number of conserved sites and the slowest evolutionary rate;the atp8 gene had the least number of conserved sites
but the fastest evolutionary rate was the cytb gene; and the nad5 gene had the highest number of variant sites and
parsimony information sites. Five protein-coding genes (cox1,cox2.nad3,nad4L and atp6) had Ka/Ks values <1 and
were subject to negative selection. Both ML and BI phylogenetic trees showed consistent results and high node support,
with branching relationships of [ (Parasitidae+ Ologamasidae) +Macrochelidae+ (Laelapidae+ Dermanyssidae+ Varroidae
-+ (Rhinonyssidae + Blattisociidae) + Phytoseiidae) |. Five of the 20 gamasid mites of the Gamasida have conserved
protein-coding gene order and 15 gamasid mites do not have conserved protein-coding gene order, among which
Phytoseiidae species have a high degree of protein-coding gene rearrangement and all genes of Ptilonyssus chloris have
Conclusion This study explored the phylogenetic relationships of different families of the Gamasida

been rearranged.

using the sequence characteristics of 13 protein-coding genes, and provides a reference for Acari evolutionary genetics

research and molecular marker selection.
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Table 1 Sequence information of species of the Gamasida used
in this study

g pa W Genbank % 5 5
Suborder Family Species Accession number
LR R TREH - MK270528
Gamasida Parasitidae Parasitus wangdungingi
283t 75
Ab&%m% . OK572962
Parasitus fimetorum
B R e LR .
MK270525
Macrochelidae ~ Macrocheles glaber
F 0 BB
Macrocheles MK270526
muscaedomesticae
It i
IS RIERS MK270527
Macrocheles nataliae
5 0 il PN A
e MRS GQ222414
Phytoseiidae Phytoseiulus persimilis
R4
RRAZE KM999989
Euseius nicholsi
i Il 22
MW729377
Amblyseius swirskii 97
A 1| 4ifi 27 e
HIl G , MW729376
Amblyseius tsugawai
Neoseiulus womersleyi MW762685
e e N
LA . Stylochyrus rarior GQY27176
Ologamasidae
FLWh R K3 B .
Varroidae Varroa destructor AJ493124
& 4 B 5 i o 56
L T WOLLSLS
Dermanyssidae ~ Dermanyssus gallinae
5 Y
Wﬁwﬁ* . Tinaminyssus melloi MN557820
Rhinonyssidae
Prilonyssus chloris MN557819
}Tj%ﬂ Coleolaelaps c. f. liui MK270524
Laelapidae
WETES MK270530
Hypoaspis linteyini
GES i
i MK912042
Stratiolaelaps scimitus
A 0
) MK27052
i 56 Bl Blattisocius tarsalis 0529
Blattisociidae e 1 W MH120211

Blattisocius keegani Fox

g R
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Table 2 Nucleotide composition of the mitochondrial genome
of the Gamasida

HE

Gene A% T% GY% C% ATY% GCY% AT-skew  GC-skew
PCGs 36.8 38.2 10.8 14.2 75.0 25.0 -0.02 -0.14
PCGsJ 31.9 42.1 11.6 14.4 74.0 26.0 -0.14 -0.11
PCGs-N 44,2 32.3 9.6 13.9 76.5 23.5 0.15 -0.18
coxl 29.5 39.8 14.5 16.1 69.3 30.7 -0.15 -0. 06
cox2 33.7 38.8 12.5 15.1 72.5 27.5 -0.07 -0.09
cox3 33.5 38.6 12.9 15.0 72.1 27.9 -0.07 -0.08
nad 1 39.9 34.9 10.4 14.8 74.8 25.2 0.07 -0.17
nad 2 38.6 41.3 8.4 11.7 79.9 20.1 -0.03 -0.16
nad 3 35.4 42,1 10.1 12.4 77.5 22.5 -0.09 -0.10
nad 4 42,3 34.8 9.5 13.4 77.1 22.9 0.10 -0.17
nad 4L 44,2 351 8.0 12.7 79.3 20.7 0.11 -0.23
nad 5 11.5 35.4 9.6 13.5 76.9 23.1 0.08 -0.17
nad 6 37.2 44.9 7.0 10.9 82.1 17.9 -0.09 -0.22
atp6 34.7 40.6 10.4 14.3 75.3 24.7 -0.08 -0. 16
atp8 38.3 41.4 6.5 13.8 79.7 20.3 -0. 04 -0. 36
cyth 32.6 39.2 12.2 16.0 71.8 28.2 -0.09 -0.13
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Fig.1 Start codons usage of the Gamasida protein-coding genes
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Fig. 2 Stop codons usage of the Gamasida protein-coding genes

TEZ B RS F R T b SE R RS T TAA
i P b v AE T A 1 B IR b (s HL nad 2 3
P T TAA /R 28 11 %1 1 e 58 B i 2 1k
Hi T TAG FIARER L IEEN T T(TAG 7 9 4
FEFEME AT 4 8 MIERM ) . 7 cox2 I cox3
FEH IR e A 58 B iy 2 AL TA, B cox?
AR 2608 % 7 R 2R 0 B, S TAAL TAG,
TA.T,
3 EORBERNSERERFIMRETREKFT
ERARSH

AHEFE X B H 9 BE 20 AR 13 4 PCGs
AT IR ER IR P 71 R B R AR K T 40 A DR ST LR
B8 TR 2945 B AL R HEAT T 20 B (3R 3) . K B cox1 Sk
PRI R <F 7 1 B 22 5 at p 8 DRI R 7 A o B0 0
nad 5 FH 728 S0 8 R R 2005 B AL S B i 2 748 AL
SRR A5 BAL S B D & arp8 K. BR coxl
Hb s BT AT BE R B DR ST AL R B /N T S o e RO 7] 2
5 BBk
4 EARBEERZEBRAUERSN

M3k X AT R A [R) SO 4 A (Ka) | [m] SO 4 56
(Ks) il Ka/Ks B 717 G811 70+ b 850 2eoh A 5k P 20
13 4> PCGs 755 i 0. H v i Ak 52 10 22 5 (8] 3) . &5
SRR AL R AR 3 2 cyvth s nad4 Fl nad 1
FERR Z o A 3R 5 18 1 B R coxe 15 X I [A] S
PR Ka K it .atp8 Al nad 6 I H BYH Fe K »cox 1 FeH
PRI B3 /1N 5 00 ) SO 4 %8 Ks Dk 3 co 1 1Y {BL e K
ceyth BB /M. BT coxl, cox2., nad3. nad4L
atp6 BRI M) Ka/Ks {5>1, 53 40 8 A8 14 5T 4 B F K]
i) Ka/Ks (H#<<1.

3 EARBERSERNZERFIEEMLR

Table 3 Amino acid and nucleotide sequence information loci
of protein-coding genes

A

Nucleotide tandem sequences

AR T

Amino acid tandem sequences

e LA ERRA HARAALA
Conserved  Variant

RFfig ZRAE HARFLMA

Parsimonious ~ Conserved ~ Varlant ~ Parsimonious

sites sites  informative sites sites sites  informative sites

coxl 547 993 868 240 271 224
cor? 161 510 449 24 198 176
cox3 181 621 541 8 257 239
nad1 195 742 630 21 287 252
nad? 61 912 768 0 315 262
nad3 51 200 177 ! 80 72
nad 4 180 952 800 7 363 323
nad 4L 20 203 163 1 71 61
nad 276 1461 1282 31 539 474
nad 6 56 428 382 9 148 130
atpb 80 273 241 8 107 93
atp8 5 175 147 0 56 47
cyth 253 851 736 3 362 340

25

2

1.5

—

TN
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Fig.3 Nucleotide evolutionary rates of 13 protein-coding genes
in the Gamasida
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Fig. 4 Alignment order of 13 protein-coding genes in the arthropod
ancestors and Gamasida
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