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Abstract: The complete sequence of Teleogryllus emma mitochondrial genome was determined using long PCR and
conserved primer walking approaches. The results showed that the entire mitochondrial genome of T. emma was 15660
bp in length, with an A+T content of 74.3%. The most distinct feature of this mtDNA is that the tRNA genes of Glutamic
acid, Serine and Asparagine are located in the minor strand, and thus constitutes the third type of gene order of
mitochondria in Orthoptera. The intergenic spacers range from 1 to 24bp in size, totaling 73bp. A total of 54 overlapping
nucleotides exist among 14 genes, ranging from 1 to 11bp in size. The TAA and TAG codons are used as stop codons in
all the protein coding genes (PCGs) except COIl, ND5 and ND4. The COI gene has an unusual start codon, TTA, instead
of ATN or NTG. Most of the tRNA genes, except tRNASer (AGN), form typical secondary structures. An A+T rich
region of T. emma mitochondrial genome with 940bp in length exists as an ubiquitous secondary structure found in the
Orthoptera and other orders of Insecta, such as Diptera, Lepidoptera, Hymenoptera, but not in Collembola, which is
considered the basal group of Insecta.
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TERHESI Y, A+T &R R X,
YRR DNA BaEI S 20 (O, JF HAEE
B AU B A — SR, X LRSS A
Z 5 T 2kifk DNA BHER Rk, BN
SRR NI 06 TR R e = Z AL E

(Tapper & Clayton, 1981; Hixson etal, 1986).
HARARIERIZH 1) A+T & X AR A, H.
F A TR A R Sl N BE R S A R

(OO T A+T E4EIX N, HA 20bp 2247 11 Poly(T)
ZEH) (Tostretch) VE IR O MIbRA, [RIRZE Oy
FR P 0 3 E AT — BB R AT S50, O NS T N BER
S R FEE R (Brehm et al, 2001; Tsujino et
al, 2002; Saito et al, 2005). fHi1FRE1) A+T
=5 RN IUESY ARSE S N N I EST A et oy = /)
DA B R IE R N () A+T B X it
Ui A ik — 2 T

H T R (Teleogryllus emma) 3@ T B
H (Orthoptera) BEREEE} (Gryllidae), &3 HH W
) — PR . WRIRRL H AL B — M R AR R 41
A, M7E GenBank H, 34N I H 3 A
H 4 MERARIER A 2P 5 i dRiE, BIEPH s

(Locusta migratoria) (Flook et al, 1995) Z:Jyigk
B (Gryllotalpa orientalis) (Kim etal, 2005) %t44y
%z (Ruspoliadubia) (Zhou etal, 2007), LLKJEE
IJ& it (Anabrus simplex) (Fenn et al, 2007). iX
LG W L 1) SR A I DT 4 1 35 DR HE 91 R AN AR
AN H 2 (847 7E 5518 RNA 5ER K A D [HESI T
ZE e

AL E T Kt e AR R R DR 2 4 4

(GenBank accession No EU557269), 7%} - 51| 14T
PHE. VERATEAE AT SRR B, RIL T HEH W
MR AR R HE A T A, R TR
A+T 5 AR DX 3 F1 20 BURE RURTRERS TE G AR ST 1)
TR o A B I 0] v K AR A4 R KT 1)
W5 5047, TR R LA ELIBZRAE I R
SR B RARBEHIIE
1 RS
11 #RAKIR

TR PR A U TR T 2005 4F 8 H
K AWACERE T, BT 100% 8T, TEUKA]
T 4CIRAT
1.2 DNA B AE

A SIS 3 R i A BT L PR A S B A kL, SR
FH Ry — S0 — S R 922 L DNA
1.3 PCR #i%

M GenBank T3 T 20 R R A2k
FrARIE R 2H 42 )7 51 9F K A ClustalX (Thompson,
1997) HEAT HEXT, LA s R AT I XA, i PCR
1Y, FBZH Simon et al (1994) K 3 K14 44k
5147583 7% PCR 5[#J(Rychlik, 2007) .

HAEA PR (LP03 5 LP04, LPO5S 5
LP06) K kifh DNA 5 4 W5 5 AH B8 & 1) Fr B
A F1B. L-PCR 5. MNAKRFZGAM N, Liu et al

(2006). ZEERAALI L-PCR F=44E b 5 4 PCR
(Sub-PCR) [FJ#H . Sub-PCR 41 T A L F S H.
T AR AAFE ALK 28 N B BT PCR 7%
WY 1.0% 11 Bt i B 458 o rEL KRS DN B 24k, A 22
B & (U-Gene) 2w IR B R £ 251 T DNA
Eiflia
1.4 DNA M

X} Sub-PCR 44l ™4, K H M 7> 5 b
B 7 1) TR R AG P A5 B o e Ay Takara
PMDI18-T . | )ik 7 & & ABI PRISM BigDye
Terminator v3.1, FELHET R MNIF519)5 PCR 54
FAIR o RGP TAEFEASZG = AT #AE, )7
R ABI 2w 3100-Avant %9 35 4% 43 #1412

(3100-Avant Genetic Analyzer), MK 1 A Bk
AR BB EYEA A A AT o
15 F5IHHE

J7 5918 i Staden Package (Ver.1.5.) (Bonfield
et al, 1995) [ Pregap 4 5S¢/, HILBEE H M
B T8 TR AR R A . AL TS RS LL * seq #%
2t TR0 R I R 217 970 1R R
16 ZnikEEAFIIERSEREN

SR T A DR A B 2 2 AR O R 2Ry i
LRI AARRE R A 4 7 ) R 45 L, H Staden package
P ) Spin HEATVERE, [F] 2% ClustalX1.83 F1 NCBI
(1) Blast Lo RAffiE i BRI (RNA BEPA
IrRNA JER, stRNA JEPRRT A+T & 2R IX AR 2k f4
B AT E . Horp t(RNA TR K &4 (1) 7
W = % T tRNA- scan-SE  ( verl2l )

Chttp://lowelab.ucsc.edu/tRNAscan-SE/) (Lowe &
Eddy, 1997) MR 455, 5> t(RNA it tExt,
F L T e A . A+T &R LR 2]
g T, {8 A RNAdraw1.10 (Hofacker et al,
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1995), EHBINSEOATIIE . 1AL, FPAIEEA
AR H MEGA3.0 (Kumar et al, 2004) 521

2 #R

21 ERERSERHT

B R R AR R 414K 15660bp, A+T
RN 13.1%. X—RAAE NG NEERH &
KRB P HI AT — A AP 30 15766
bp (Fennetal, 2007); $E#%aE 14971bp (Zhou et
al, 2007)]. FEANIERAGCFE 13 NMEE LR, 22
A RNA BERL M Z RS RNA JER, oA
AT tRNA L K AT 12S rRNAKE 2 8] (1 4R i X,
Bl A+T B4R (1 Fk 1o FEFE SR €

1 OM

AT rich

vey ~

o2

3 Teleogryllus emma
= K
s2 Mitochondrial DNA —"
~ 15 660 bp ATpg
‘; Coy,
. Vo, J G
% /A
2'[ T“Qy l\sj‘
Ay ND2 E

H

BT SRR LR AR DR 2 PR 5 4
Fig. 1 Gene map of the mitochondrial genome of
Teleogryllus emma

HH N SR S B N RN, (RNA B T g i 2 ik 1R () B0 7
BFRIRL1, 12, ST RS2 43 B 75 tRNASUCUN (RNALKUUR) (RNASE(ACN)
AT tRNATUCN,

Those genes encoded by the N strand are underlined. The tRNA genes are
designated by single letter amino acid codes. L1, L2, S1 and S2 denote the
tRNARHCUN {RNALUOUR) ENASTACN) {RNASTUCN) reghectively.

LRI HCA B4 S HUOAS TR AL 2 tRNASY, tRNASTAGN)
HRNAM [ N B4t RIS % () ARNSEF 4
4, T/ ARESNF 45tg; [, tRNAY®E (RNAP
Z A g5k, B SR KiE DK 45MMI R, S5 E
WH W H 1 KD 45k—320 (B 2). B A+T B4
X Ah, HEAS LD 2 g DA () B XK 77bp, IR
JEM 1—24bp A% 15 XFHE [ [AIAFAE L S6bp &
B, TERMIEEHE 1—11bp 208 (E 1),

B Y A P b A PR A At R R R —
B, BRI A s v, A+T S =N
73.1%, A TAEM K8 (75.3%) 55 407 ik (70.5%)
Z (). BEAh, BT GG R ) R A A A+T
i (81.5%) B m T8 — 00 58 A (43
h 68.2%A1 68.1%) (K 2), X555 155 = [k
PEIRE A 0%, () I AR A5 A 2 b 4 S BRL A rh 1Y
GC—AT AL A H  A+T FEEX 1) AT S5

(73.9%) AT KIE (86%) FFER, 1Mttt
ALK AT S EFEAM Y.
22 EHERmIEER

BRI A R AL AL 13 N R A g
FERH 124 (B CO T EERAN) I IR A
PRUERT ATN 4l (3R 1D, H 6 AN ATG (CO 17,
ATP6, CO//l, ND4, ND4L, Cyt b); 5 /N4 ATT

(ND2, ATP8,ND3,ND5,ND6); 1 /iy ATACNDL).
Il CO 7 [P N Rk, A TTA.

I A R AL R 10 AR R
ToAELIEEN (8 4N TAA, 2404 TAG, Lk
1), H 3L (COll, ND5 F1 ND4) 5H i
tRNA HEFES, fTH T ATELIEEET T, H
A IA N, ATEAZIEET T al gl mRNA
TN T3 2 v i 22 R I IR A T B e B I ¢ 1 3 i
¥ TAA (Anderson et al, 1981; Ojala et al, 1981;
Luetal, 2002).

2.3 tRNA #H

B G B P L RLAR (RNA KL 61—70
nt, 4381 22 4> tRNA (Leu Al Ser #-45 Piff tRNA,
HAH 18 P FEMR % Pl t(RNADH, 5 tRNATACY
AN EETE BORE ) — - RE 25 14 (6] 3), SRR IR 52

(AA stem) Ky 7 MEFEXT, 2 U FF5 (AC stem)
A5 AMWEFERT . ME——NTEVEIE = L5 R
tRNAZ AN 1 DHU B B T ) Type-9
45Ky (Zhou etal, 2007). [FIINF, [ tRNASY 2 4k,
LA 21 B (RNA (1) LR T3 (AC loop) #B
PRUEM) Tnt 458, DHU B WK EHR 3—S5bp, 1 T
B4 3—6bp: KEARMEKMZE DHU 5, T 3L
KA AZFA (V loop), KA 3—8nt. 3—11nt
F1 3—5nt.

SN (RNA ALE, ZeRifk (RNA 724
M PR Z WA IC IS . TR~ 1 22
A~ (RNA 1, A 40 X5, b 26 NELG-U i
X7 AFAE, Ao RS FE nT UId T RNA S
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HHATEZIE (Yokobori, 1995). tRNA k) HFA7AE )
IX AR S gl DA Ay A S IR AR A DTG ¥ (Takashi,
1991; Watanabe, 1994),
2.4 rRNA £HE

B A TRNA R[] oA e 5h
—FE, LT IR BLZ ], Bl 16S rRNA {7
T tRNACN B (RNAY 2 i), 12S rRNA £z T
tRNAY Il A+T 5 421X 2 1], K43 3 1293bp Al
812bp, A+T &5 IA N 75.25% H171.68%.

25 A+T E&EX

BB P AT B X 4K 940bp, 45M 5
e IR —FE, B A+T WXL 12S
rRNA B X 38 A A 1 B 52 741 Rpt1(187 bp) Al
Rpt2(188bp). PYBLHE )74 2 8] AT AN kA 1) 2
&, {BAELE 17bp 0], H Rptl 55 12S rRNA £ [A
A 57bp WES. M{EEEX UMY, fEE—
AKE K 6bp 1157 i “TA” I ZE-FRE5 46 (B 4A)

x 1 ERHBAESRREEREK
Tab.1 Mitochondrial gene profile of Teleogryllus emma

Feature Region® Size Codon Intergenic
From Stop (bp) Start To nucleotides®

tRNA'"® 1 68 68

tRNAS (66 134) 69 3
tRNAMS 136 204 69 1
ND2 205 1203 999 ATT TAA 0
tRNATP 1202 1269 68 2
tRNASYS (1262 1322) 61 -8
tRNAY (1328 1394) 67 5
COX / 1390 2931 1542 TTA TAA -5
tRNA-(UUR 2927 2990 64 -5
COX 17 2992 3670 679 ATG T 1
tRNAYS 3671 3740 70 0
tRNAAP 3741 3805 65 0
ATP8 3806 3961 156 ATT TAA 0
ATP6 3955 4638 684 ATG TAA -11
COX/I 4638 5420 783 ATG TAG -1
tRNASY 5423 5489 67 0
ND3 5490 5840 351 ATT TAG 0
tRNAN? 5840 5905 66 -1
tRNANY 5905 5966 62 -1
tRNASY (5965 6031) 67 2
tRNAST(ACN (6033 6099) 67 1
tRNAAT (6100 6164) 65 0
tRNA™® (6174 6237) 64 9
ND5 (6238 7951) 1715 ATT T 0
tRNAFS (7969 8031) 63 17
ND4 (8035 9376) 1342 ATG T 3
NDAL (9370 9666) 297 ATG TAA -7
tRNA™ 9669 9732 64 2
tRNAP™ (9733 9799) 67 0
ND6 9810 10319 510 ATT TAA 10
CcYTB 10319 11455 1137 ATG TAA -1
tRNAS(UCN 11455 11517 63 -1
ND1 (11542 12486) 945 ATA TAA 24
tRNA-H(CUN (12481 12546) 66 -6
IrRNA(165) (12547 13839) 1293 0
tRNA (13840 13908) 69 0
STRNA(12s) (13909 14720) 812 0
D-Loop(CR) 14721 15660 940 0

a: FEPRR AR AL E 455 FEte e R s 1% K (i N 4459 (Brackets denote that the genes are encoded in
the N strand); b: IGN: Intergenic nucleotides, 3& [l [F] [ B FR 751, §1 %5 3R 7= 3 R )k 2E B 5 (Numbers

correspond to the nucleotides separated by different genes. Negative numbers indicate overlapping

nucleotides between adjacent genes).
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Locusta migratoria

~_ _COI[D[KJATPS

Gryllotalpa orientalis

~ COI[K[DJATPS

ND3 [A[R[NJ[S.[E]E[ND5 _

Ruspolia dubia

~ COIJK]DJATP8

ND3[A[R[NJSJE[E[ND5 __

Anabrus simplex

~ T COI K[ DJ[ATPS

ND3 [ATR]NJS.JEJEJNDS

Teleogryllus emma

~_ COlJK[DJATPS

ND3 JATR[E[S:[NTE]NDS

Bl 2 5 Tl B SR b A R 28 1) R 37

Fig. 2 Mitochondrial genes arrangements of five species in Orthoptera

N B TS I RE R N RIZe bRt o tRNA SR LAGw i 10 B i 5 30, MR HoAT Al RIHRA T R B IR LR o
All genes are encoded by the J strands except genes indicated by underbars. The tRNA genes are designated by

single—letter amino acid codes. The broken line denotes the genes which are the same order, but not shown in here.

F 2 HEEME SRR E R AREERER

Tab. 2 Nucleotide composition within the Teleogryllus emma mitochondrial genome

T C A G Number ~ A+T  AT-skew® GC-skew!
All gene 32.6 17 40.5 9.8 15660 73.1 0.11 -0.27
rRNA genes 423 7.6 31.5 18.5 2105 73.8 -0.15 0.42
tRNA genes 37.8 9.8 37 15.4 1456 74.8 -0.01 0.22
D-Loop 322 16.1 41.7 10 940 73.9 0.13 -0.23
Protein genes 41.5 13.8 31.2 13.6 11124 72.7 -0.14 -0.01
All codens
1st 36.5 13.3 31.7 18.5 3708 68.2 -0.07 0.16
2st 443 17.3 23.8 14.6 3708 68.1 -0.30 -0.08
3st 43.7 10.7 37.8 7.8 3708 81.5 -0.07 -0.16
Genes on H-strand®
Ist 30.8 17.7 33.7 17.9 2265 64.5 0.04 0.01
2st 413 21.1 252 12.4 2265 66.5 -0.24 -0.26
3st 38.1 13.5 44.4 4 2265 82.5 0.08 -0.54
Total 36.7 17.4 344 11.4 6795 71.1 -0.03 -0.21
Genes on L-strand”
Ist 45.5 6.5 28.5 19.5 1426 74 -0.23 0.5
2st 49 11.4 21.5 18.1 1426 70.5 -0.39 0.23
3st 52.7 6.2 27.4 13.8 1426 80.1 -0.32 0.38
Total 49.1 8 25.8 17.1 4278 74.9 -0.31 0.36

a: COI, COll, COlll, ATP6, ATP8, Cyt b, ND2, ND3 and ND6; b: ND1, ND4, NDAL and ND5; c: [A-T]/[A+T];

d: [G-C)/[G+C].
3 it it

31 EWB%ARERHTIRF

B IR A P b R DR 40 e T B (R AR SR AE R
A BT ) tRNA JE R % ARNESF(Flook et
al,1995) k4= T HEH, JERT ARESNF %1, X
— e L H A H A DL M AR R TE 1R T 1) 5 A

He g g5 5o T O Bl HE A 5 S R R BT
tRNASY, tRNASACNET t(RNAM 3 = AN SL R o v
1] DNA FBURAE T HI'E . 5T DNA F B a & = 4F
IATLEE, H A5 Wi ik ) 2 Mark #11 Nick [R5
RISV BT R RN BT 45 S8 . 78 mtDNA B PIAHAS
£ AT RE R W2, ™ A2 1) mtDNA XU A Bt
FEAH IV R FH T B v 2 [ W 288467 R0, S50A 26k R 5
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CT TA TA
G~ C G T C T A
T c GA c A T A TTA e
GG T T A T T A AT A A
6 T C A T T T T A_A A_R
T—G A=T A=T T—A A=T A=T
T—A A—T T—A A=T G—-T A=T
T—A G—C A=T A—=T T—A T—A
A—T A—T T—A A—=T A=T G—C
A—T T—G A=T T—G T—A T—A
T—A A=T T—A T—A A=T A=T
TA TA TA TA TA TA
Ruspolia dubia Teleogryllus emma Gryllotalpa orientalis -~ Chorthippus parallelus  Locusta migratoria  Oxya chinensis
CCg
TT G
ATTAAT T T
B T A AAT c 5 G
A TA T A o
T A TA -
Ac  aA A A AT =
T—A A—T A—T A—G
A=T T—A T—A A—G
T—A A—T T—A A—G
T—A A—T A—T T—A
T— ? ?— l T—A C—G
A — A—T T—A
TA TA TA T—A
Drosophila melanogaster  Coreana raphaelis ~ Apis mellifera TGCCGGGG C—G TAGAT

4 BRI AT WX REEHIX A AR DR ST —ai
Fig. 4 The conserved secondary structure of A+T rich regions in insects and control region of human
mitochondrial genome

A: 6 FHEH B A+T F4EX ) 24458 (The secondary structure of the A+T rich regions in six species of Orthoptera); B: XU# H . @5 H
FEs H Bl A+T &4 ) 20 458)) The secondary structure of the A+T rich regions in Diptera, Lepidoptera and Hymenoptera); C: AJSf)
LR ASE IR USRS 55 (OL) BT A 224544 (The secondary structure at O, of human mitochondrial DNA) (Hixson et al, 1986).

‘H (Zhong etal, 2005). FREERE SLEAT R 1R, XU B R A AR
SRR LD T 2 A s TR AR T RIS F TCG (Junqueiraa et al, 2004) Fl75
H—Fr AR A P15 & (Brooe & Brown, 1998), BGEIGZME T (ATTTAA) (Beard etal, 1993), 1h
M 2 R H, MRNALys (K) AT tRNAAsp (D) 542 L DU 455565 1 () CATAA . TTAA F1 ATTA)
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