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Abstract: The complete sequence of Atractomorpha sinensis mitochondrial genome was determined using long
PCR and conserved primer walking approaches. The results showed that the entire mitochondrial genome of A. Sinensis is
15558bp long with A+T content 74.3%. All 37 genes are conserved in the position observed in that of Locusta migratoria.
Genes are closely assembled one after the other, leaving a total of 64 bp (excluding the A+T rich region) in intergenic
spacers, ranging in size from 1 bp to 16 bp. The extremities of some genes overlap with each other by a few nucleotides,
of which 15 overlaps range in size from 1bp to 8 bp, giving a total of 51 overlapping nucleotides. In the 13 protein
coding genes (PCGs), six types of start codons were identified, in which TAA and TAG were used in 12 PCGs as stop
codons, except ND5 (TA). Most tRNA genes could form typical secondary structures except tRNAST (AGN), which had
an absence of the DHU arm. There are six domains, 49 helices and three domains, 33 helices in the secondary structures
of IrRNA and srRNA, respectively. In addition, there is an A+T rich region with 778bp in length containing a
polythymidine stretch that may be involved in replication and/or translation initiation.
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Strategy for sub-PCR and sequencing of Atractomorpha sinensis
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Tab.1 Primersused inthe amplification and direct sequencing

ik RiTEEY

Forward 5191751 Sequence (5—3" Reverse 19751 Sequence (5'—3")
primer primer

LPAO3 CATTTATTTTGATTYTTTGGWCAYCCAGAAGT LPAO6 TGATTAGCTCCACAAATTTCTGAACATTGACC

F16 TTTATTCAATGATAYCCWYT R16 ATCTAAGWGMATAWCCTACA

F03 ATTGAYGCAACACCMGGACG RO4 TAGGGTCCCTGGCCGAATWA

F18 AATWCCTCAAATAKYACC R30 TATGCTTGAATTATWGCTAC

F04 AATGTTATTCGGCCWGGRAC RO5 CAGTAATACGCCTCTYTTTG

F19 TTATTTATTRYWTCAGAART R20 TCAACAAARTGTCARTATCA

F21 GAATGAAATCAAGGAGYWYT R21 TTGATYWTGGTTGARKWGA

FO5 AGAGAGGCGTATTACTGTTA RO6 TTTRAAGGATTCTCAGGATA

F23 TCACCTCAACCAWAATCAA RO7 GCACCTACTCCWGTTTCTYC

F24 CCAGCAGTAACWARAGTRGA R23 GCTTATTCTTCWGTWKYTCA

FO7 ATTAATAATCTACGRCTWYS R24 ATTTTKGGKTGAGGKTAYCA

F26 GGAGCTTCAACATGAGCYTT R25 TTAAYTTTTTBWRTTTGTGA

F27 TAAACWWAWAGGGATYAA R26 GATGCAATTCTTGY WAYRTA

F28 CATTCCTAGGAGGYATAHTA R27 CCATAATAWATWCCTCGTC

FO8 AGTACACATTTGCCGAGACG LPAO4 AAAATWGCRTAWGCAAATARAAAATATCATTC

LPAOS WACACCAGTTCATATTCAACCAGAATGATATT R11 GAAACTAATCGWACWCCWT

F33 TTATCATAWCGAAAWCGWGG R32 TGCTCAAACWATTTCTTATG

F10 GGAGTTCGRTTWGTTTCWGC R12 GATTGCGACCTCGATGTTGG

F11 GCTCACGCCGGTYTGAACTC R15 CGCCTGTTTAACAAAAACAT

F12 TTGCACAGTCAWAATACC R13 TACACATCGCCCGTCRCTCT

F29 TTTAWTTTADAGCTTATCCC R14 CGGTATTTYATTCCATTCAGAG

F30 CTGATAACGRCGRTATAYAA R28 AAAGTTTKATTCTKGCTTA

F13 GCGGCTGCTGGCACGAAA R31 GGGGTATGAACCCAWTAGC

F32 TAAAGGRTTAYYTTGATAG RO1 AATCCTAGAAATGGTGGYAR

N2-J AATYAAGCTAWTRGGTTCAT N2-N ATAGGCGWTARAYTGTAAAT

FO1 GGACTACCACCATTWHTWGG RO2 GGGTCAAAGAATGAWGTATT

F31 GGAGGATTYGGAAATTGATTAGT R29 TACTGTAAATATATGRTGDGCTC

LPAO3. LPO4FILPO5. LPO6%r 7t &K BEA. BIIFI4 (LPA03. LP04 and LPO5. LPO6 are the primer pairs utilized in long-PCR).

Ruspolia dubia (Zhou et al, 2007) Fl1% #% Apis
mellifera (Gillespie et al, 2006) [#] IrRNA Al srRNA
TR AR R BRI AR S A N, rTRNA R 2 45
HEAT T 100

VTR IN CES AR NS S PSEZE WA o 7 I ool |
GenBank, J#41%57%: EU263919.

2 HRE5HM

21 HEAEWN

AWFFILIA 114 T P8, PHEE — 807
G ) 15680bp, JFAIE 5% 4.24 15, Rk
PR ity 5 7 1) 45 1) e A L A S R S5 DR A1 11
BAEE N 15558bp.

W SR IR ALk R R R ATt R, wfe
TS by PRI D 2 gAY 13 ANER TR AL 2 A
rRNA JE[AL 22 4 tRNA JEK K —N AT £EIX,
A+T rich region) . F& FIHEF T 5 4591 &2 — 2L
SEPR T HEFI AR %5, B A+T 5 XA A 64bp
(RIERaIRE, Heol 11 &b, TR EEM 1~16bp A
s A, 15 XN AR R IE S, S
FEHAE 1~8bp 2 (0], it S1bp. HHA MR L 4
SERIAL 5 2 s
22 WEAEMKREBTFER

o A0 A L R R 5 TR AL A AS ) DX 3% 1Y TR
MG N 2. 2TFHI AT &80 74.3%, 778
bp 1 A+T £ X (81.4%). 3713bp HIHE FH KL
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Atractomorpha sinensis
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Those genes encoded by the N strand are underlined. The tRNA genes are
designated by single letter amino acid codes; L1, L2 and S1, S2 denote the
RNALCN RNAL VR0 d (RNAST AN (RNAST VN Numbers inside
the circle represent the size of the fragments separating two adjacent genes

(+) or the amount of shared nucleotides between two overlapping genes (-).

5374 (85.0%) M 64bp FEAAIBEIX. (84.4%)
BT AT FEE X, TR 1. 2 67580 A+T
TERBKT 2K

FIFH MEGA3.0 X R4 £ 08 ) 13 AN 2 1 5t 2
SR AR ORE TR S S F- Ad ] &R (relative
synonymous codon usage, RSCU) BT T 4l (&
3)e MERIATTLLE tH, X TAPIAN A S
EIERR, o 3 A0mch A LU (31l AR
s AT 4 ASRDSCEM T ARk, T B
Gl H DR b ) A5 3 47 50k A TRERST, 1 N
B ) TAEFHEE 3 A7 50k U I3RS 1.
23 ERRwIEER

TERIAARI 13 ANEE A Pigm s FE N 4R 2] 6
A RER IR -, COIl. ATP6. COIIl. ND4.
ND4L. ND6 1 Cyt b 7 AN A BER 4 ATG
ViR 1 ND1 F1ND5 BL ATT 14 4 ah %
i1 ATP8. ND3 F1 ND2 JE[K 437 L ATC. ATA.
GTG fEAEIHHILF; CO T iR 7 b dr
Bk, M CCG.

13 AN AL AT 12 DIERZEIER 37 i
Rek B 5841 TAA 5% TAG & 1%415 7, HA5 ND5
LR RE R B s B £ L3S 1, W 5k EE NDS

FER P LEX e NDS JERAE B, PIERATA
) ND5 R [ 26 1 B3 - AN S8 24 (1) TA 2610305
T
2.4 #355 RNA (tRNA) EH

13 tRNAScan-SE FAF Tt Jz 55 % i 2k 44
FERAFHI LR T 22 A (RNA JEF 47 &
(B 2) K kst (B 3). B t(RNAS (AGN)
Ab, FoAx 21 /N (RNA SERI6) g 4514 8 g A4 ) =
FgEH . t(RNAS (AGN) ) DHU B, TEAMN
IR AE R S SSI 5 R ps 7
25 #%#E RNA (rRNA) EH[H

oL A B W 2 R R L DR AL IR AN TRNAL 3 [
(I'LRNA F1 stRNA) 73 B4z T tRNAMECUN
tRNAY M RNAY VF1 D-loop 2. [i] (& 2). P
rRNA JE ) A+T E 84 75.7%, T8R4
(1744 A+T &8 (743%), G && (15.5%) JLF
& CHE (8.8%) MIWifi.

Plaslli (Zhou et al, 2007) FlI% % (Gillespie et
al, 2006) [ IRNA 1 stRNA 2 45y Ay FE Aty i
BRI R SR IEAT T TN . RS IlRNA
WA RDILE 6 MNEIEL (SERERITTE), 49 4
ZEIRGER (& 4A). stRNA I &8 3 NG
F3g, 33 ANZERGEHY . RA R IrRNA I stRNA
TREEREAR S SRR B AL, DR
BAAELE S
26 A+T £FBX

AR A+T F'H X AL T stRNA &
tRNA"OZ ] (& 2), 42K 778bp, A+T S8 N
81.4%, W m T AN SR AL PR A2 R
FUE ) A+T & X RIL—B Poly (T) (T stretch),
HAETE A 223850 (5D,

3 i i’
31 EREAEBZENEFERRIF

T 43 AT 6 300 A7 L 8 s A 6 IR 20 W 2% 1 2 1
1) 2 0T 2% A I L I IR I I i 3 - 7Y
A 225, R T B A 3L DR dng 1) T-A8E 28 3 47
MO A TREERS T, N B 1) TAEFH 2 3 A0 U
(P2 (B A DU F) SO S () 2 55 1R
R R A AN FRAEIT FL3)Y) mtDNA 14,
fF1E (Reyes et al, 1998; Saccone et al, 1999).
Francino & Ochman (1997) #EMIZERG 04+ N
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Tab.2 Thebase composition of different functional sites of the mitochondrial genome of Atractomorpha sinensis

HERIZHA R Dy e TR H

Annotated genome feature Number of nucleotides A T ¢ G AT
Whole genome (J strand) 15558 0.431 0.312 0.150 0.107 0.743
All protein genes 11139 0.317 0.419 0.132 0.133 0.736
1¥ codon position 3713 0.338 0.356 0.118 0.188 0.694
2" codon position 0.197 0.465 0.193 0.145 0.662
3" codon position 0.415 0.435 0.084 0.066 0.850
J strand protein genes 6858 0.372 0.353 0.155 0.119 0.725
1¥ codon position 2286 0.388 0.290 0.136 0.185 0.678
2" codon position 0.210 0.440 0.217 0.133 0.650
3" codon position 0.518 0.330 0.112 0.039 0.848
N-strand protein genes 4281 0.228 0.523 0.094 0.155 0.751
1¥ codon position 1427 0.256 0.463 0.088 0.193 0.719
2" codon position 0.177 0.504 0.156 0.164 0.681
3" codon position 0.250 0.603 0.039 0.108 0.853
All tRNA genes 1462 0.376 0.360 0.115 0.149 0.736
tRNA genes-J 925 0.406 0.343 0.121 0.130 0.749
tRNA genes-N 538 0.325 0.388 0.104 0.182 0.713
rRNA genes-N 2130 0.300 0.457 0.088 0.155 0.757
A+T rich region (J strand) 778 0.423 0.391 0.100 0.086 0.814
Non-coding nucleotides 64 0.500 0.344 0.109 0.047 0.844

DR 52 S i T A A R R R R N R 2, AT
C MW L&A U B LA I, A 320N 85 B
T D)t o 0 BT % B A2 e AR 0 SR 2k
LA 5 DR A1 117 2 o A X 3 B 5 T BB AN R R 1)
BRI 7 B HIER 99% L B, N BEA TG 5 )
(Goddard & Wolstenholme, 1980). XA 5 A
AAFAT N B EAUR T 2 RIS, DRI S B
FEMImESE R 7 P (Reyes et al, 1998).
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T, FHSR A WIIE A RS 1 — AR .
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Fig. 5 Stem-loop structure found at the T stretch in the
A+T rich region of Atractomorpha sinensis
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A: IrRNA; B: srRNA. The differences between our structure and previously published Ruspolia dubia structure (Zhou et al, 2007) are within boxes.



6

TOT R FAUIE 2R ASE N 2 K B IIRNA I stRNA

AR T

587

* 3mSR AR RAERRERR X EHETFERER

Tab.3 Thecodon usage of Atractomorpha sinensis mitochondrial genome

a ¢ All ] N a ¢ All ] N
uuu 278.0(1.54) 108.0(1.23) 170.0(1.84) UAU 140.0(1.61) 56.0(1.40) 84.0(1.79)
F uuc 83.0(0.46) 68.0(0.77) 15.0(0.16) UAC 34.0(0.39) 24.0(0.60) 10.0(0.21)
UUA 337.0(3.88) 186.0(4.07) 151.0(3.67) UAA 0.0(0.00) 0.0(0.00) 0.0(0.00)
- UuG 63.0(0.73) 5.0(0.11) 58.0(1.41) ) UAG 0.0(0.00) 0.0(0.00) 0.0(0.00)
Cuu 53.0(0.61) 26.0(0.57) 27.0(0.66) CAU 49.0(1.46) 34.0(1.33) 15.0(1.88)
cuc 7.0(0.08) 3.0(0.07) 4.0(0.10) CAC 18.0(0.54) 17.0(0.67) 1.0(0.13)
- CUA 57.0(0.66) 51.0(1.12) 6.0(0.15) CAA 58.0(1.78) 47.0(1.84) 11.0(1.57)
CUG 4.0(0.05) 3.0(0.07) 1.0(0.02) CAG 7.0(0.22) 4.0(0.16) 3.0(0.43)
AUU 323.0(1.66) 203.0(1.57) 120.0(1.85) AAU 137.0(1.55) 85.0(1.37) 52.0(1.96)
' AUC 66.0(0.34) 56.0(0.43) 10.0(0.15) N AAC 40.0(0.45) 39.0(0.63) 1.0(0.04)
AUA 229.0(1.70) 188.0(1.87) 41.0(1.19) AAA 84.0(1.71) 73.0(1.90) 11.0(1.05)
M AUG 41.0(0.30) 13.0(0.13) 28.0(0.81) K AAG 14.0(0.29) 4.0(0.10) 10.0(0.95)
GUU 97.0(2.11) 28.0(1.17) 69.0(3.14) GAU 68.0(1.84) 39.0(1.77) 29.0(1.93)
GUC 7.0(0.15) 7.0(0.29) 0.0(0.00) P GAC 6.0(0.16) 5.0(0.23) 1.0(0.07)
v GUA 70.0(1.52) 54.0(2.25) 16.0(0.73) GAA 65.0(1.69) 50.0(1.89) 15.0(1.25)
GUG 10.0(0.22) 7.0(0.29) 3.0(0.14) E GAG 12.0(0.31) 3.0(0.11) 9.0(0.75)
ucu 111.0(2.42) 23.0(0.91) 88.0(4.27) UGU 43.0(1.87) 11.0(1.83) 32.0(1.88)
ucc 6.0(0.13) 4.0(0.16) 2.0(0.10) ¢ UGC 3.0(0.13) 1.0(0.17) 2.0(0.12)
s UCA 120.0(2.62) 104.0(4.12) 16.0(0.78) UGA 81.0(1.64) 63.0(1.85) 18.0(1.16)
UCG 6.0(0.13) 5.0(0.20) 1.0(0.05) W UGG 18.0(0.36) 5.0(0.15) 13.0(0.84)
AGU 27.0(0.59) 9.0(0.36) 18.0(0.87) CGU 20.0(1.45) 6.0(0.73) 14.0(2.55)
AGC 3.0(0.07) 2.0(0.08) 1.0(0.05) CGC 0.0(0.00) 0.0(0.00) 0.0(0.00)
S AGA 87.0(1.90) 54.0(2.14) 33.0(1.60) R CGA 29.0(2.11) 24.0(2.91) 5.0(0.91)
AGG 7.0(0.15) 1.0(0.04) 6.0(0.29) CGG 6.0(0.44) 3.0(0.36) 3.0(0.55)
ACU 54.0(1.10) 29.0(0.72) 25.0(2.86) CCU 64.0(1.97) 36.0(1.53) 28.0(3.11)
ACC 12.0(0.24) 11.0(0.27) 1.0(0.11) ccce 10.0(0.31) 8.0(0.34) 2.0(0.22)
T ACA 123.0(2.51) 114.0(2.83) 9.0(1.03) ? CCA 48.0(1.48) 43.0(1.83) 5.0(0.56)
ACG 7.0(0.14) 7.0(0.17) 0.0(0.00) CCG 8.0(0.25) 7.0(0.30) 1.0(0.11)
GCU 66.0(1.78) 30.0(1.15) 36.0(3.27) GGU 86.0(1.60) 32.0(1.02) 54.0(2.43)
GCC 13.0(0.35) 11.0(0.42) 2.0(0.18) GGC 4.0(0.07) 1.0(0.03) 3.0(0.13)
A GCA 66.0(1.78) 61.0(2.35) 5.0(0.45) GGA 87.0(1.62) 72.0(2.29) 15.0(0.67)
GCG 3.0(0.08) 2.0(0.08) 1.0(0.09) GGG 38.0(0.71) 21.0(0.67) 17.0(0.76)

a: BUEIR; o MMM EHERIEL T Al FrE&EANG T

a: Amino Acid; c¢: Codon; All: 13PCGs; J: PCGs encoded by H strand; N: PCGs encoded by L strand; *: Stop codon.
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