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Progress in research on the comparative mitogenomics of insects
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Abstract Animal mitochondrial genomes are widely used in evolutionary and phylogenetic studies because of their stable

gene content, relatively conserved gene arrangement, maternal inheritance and infrequent recombination. 356 insect

mitochondrial genomes have so far been sequenced from 28 of 33 insect orders. The progressive works on comparative

genomics enrich our knowledge of the characteristics and evloationary pattems of insect mitochondrial genomes. Here we

review progress in this field, including features of genome structure, base composition, characteristics of the control

region, gene rearrangement and its possible mechanisms,

genomes in phylogenetic research.
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1 B Rk EHN iR

FIRTE 28007 356 A~ B d 2ok AL I 4117 31
(GenBank (1L %] 2011 429 H 6 H) ,BRgi L H
Fol H BOH H L EH AR H AN, 5428 AN H
A AR R AR IR L R 20 3 81 il o o I
e ENISPIMIS IR SREREIG S SN S AEN
JESH B H AT H o FRE e B H Aok A
LU P B0 I0 E AR T ECR BTRR, 0 9
14 AH 115 DMERRIE N A, Hoh B H 8

x1 HRNEENENERENEERNAHELE
Table 1 Comparison on the quantities of the presently
sequenced insect mitochondrial genomes world widely

and in China

5 R &
VT s
H oy AR RE WEI(%)
Order %, . World China Proportion
Scientific name .
of China
X H Diptera 59 8 13.6
LiggeRs| Coleoptera 58 2 3.4
L H Hemiptera 53 34 64.2
i H Lepidoptera 40 21 52.5
Hi#H Orthoptera 38 26 68.4
e H Hymenoptera 32 12 37.5
Umr Y E| Phasmatodea 17 1 5.9
MEH Collembola 9 0 0
I Wi H Ephemeroptera 5 4 80
L H Isoptera 5 0 0
Jii# 5 Neuroptera 5 0 0
HIFE Archaeognatha 4 1 25
W5 E H Odonata 4 1 25
@l H Phthiraptera 4 0 0
2 H Blattodea 3 2 66.7
EH Diplura 3 0 0
Is2AE Megaloptera 3 1 33.3
S AE Strepsiptera 3 0 0
EH Thysanura 3 0 0
g H Grylloblattodea 1 0 0
g B Mantodea 1 0 0
i H Mantophasmatodea 1 0 0
K#H Mecoptera 1 1 100
HimH Plecoptera 1 0 0
JREH Protura 1 1 100
mi i H Psocoptera 1 0 0

T ok B GenBank , #(13) 2011 429 A 6 H , & %A
56 4 38 1 LR RS R 2H 737
Data from GenBank by the end of September 6", 2011,

including the nearly complete mitochondrial genomes.

FUAF 3 H 22 DL A 2O A R A 22 oy 3 1
FAGMER (R,

2 EHRENEERANEHSEEAMN

2.1 EHEHNEERANEN

B R JE R 20 1y IR AT 4 WUE DNA |, K
JE R 16 kb Zidy, i R B9 L 13 AN S i
FER 22 MB35 RNA (tRNA) Al 2 S BER RNA
(rRNA) JE[, 3 37 DB, 534 — B K iy
FEGmA X, FR 4 X 3 A + T & & X (Boore,
1999) o DEGFR S 25 H B [W] — > BE PR 2145 T
B 2P DX, H 3 2 i A e R sl 42 o DX T g
2[R AR 2 % T e (Shao, 2003a; Castro
et al. , 2006 ; Cameron et al. , 2008) , BFRET H#P
SIFR I ZORLAR LD 4H th 24> /N AL (Shao
et al. , 2009 ; Cameron et al. , 2011) , HAB T A E
R TE A0 S A L A R 24 67 T ] — A PR AR JE ]
b, REERIAEERNEAKANS T, 5K
Z [ [1] oy DX 2658 /N B 48 5 R 22 ) A o 28 IX 3
(Boore, 1999) , ZekifR 3 I 4 i R/ 3232 A S
T DX A5, I 0 Y R KA B H ok A 5 ]
203k B BLHE W Drosophila melanogaster , 1 19 517
bp , B2 125 B Diadegma semiclausum , 1
18 728 bp, " HWHA B KIEHI X (Lewis et al. ,
1995 ; Wei et al. , 2009)

2.2 BRHRZHEER

L R AR SE PR 20 | Y 22 B8 DR 7E ] — 45
RS IZEEFR R T 5% (majority strand ) |, ZDF R A
TE7— 455k L i, #X A N 4% ( minority strand )
(Simon et al. , 1994 ) . & 5t 4 i JE X 73 531 Sk 240
Mot 28 C EAbBE I 3L 111 11 coxl .cox2 .cox3) , 4l
ML 2R b AT SE R (cob) , ATP 5 BRI HE 6 F1 8
(atp6 F1 atp8) ,NADH Jit (i .3 1-6 (nadl-6) i
4L(nad4l) . 22 4~ tRNA Z: K A5 18 4~ (trnA,
trnR trnN | trnD | trnC | trnQ | trnE | trnG | trnH | trol |
trnK trnM trnF trnP trnT traW trnY 1 trnV) 43 5|
XF I 18 AN [] F) 2 KRR , R Ok 1) 2t 22 2 1R ( Ser )
L& iR (Leu) B t(RNA 2351 2 4, 4372 trnll
(CUN) 1 trnl2 (UUR) DL J% trnSI (UCN ) Fil trnS2
(AGN) . tRNA Z i ghthil s & =t g, 5 —
A7 bp MESEMRE 2, —A> D M D 3, —4
A R R0 B A ER, — A TYC B TWC
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W, DR AR S, 2 B AU onS2 (1) D R Gk
I — KK D 3R (Sheffield et al. , 2008, Wei
et al. , 2010c) ., U} BB} Sciaroidea H1 tRNA [
TWC FFR LG FIZ IE R4 52 1Y 3" X Ak 2k
(Beckenbach and Joy, 2009 ), 2 [4] 25 B i %
Diadegma semiclausum FE7 tRNA LA 3 Ky nf
ARX (Wei et al. , 2009) , TRNA & rrnl F1 rrnS
35 g A% I 3 16S (16S rRNA) /N £ 128
(12S rRNA) i it G-C F A-U, 2 R K E iy
G-U BCXITE B — G454, 15— LE R WE K 2R 1 5
456 B —BI W =R .

3 StriEERARFEEAN

F RZRL R B R A 4 FpidiEE (A T .C.G) Y
MBI A, Bl A F T B & & T G Al
C,MHRZEHE R LR AFERA A &R T
T,CHEREST G TEHMEFMEFEHA+T
T AT AR GC A} 4 SRR JE T
IR FFHIH A T 1 L, 5 A3 R A R
TEHEMZERUL G CEENZER, HiTkH
A+ T &8 ARy R d 2k iR JL P 41 0k 3 07 0
Parafronurus youi , A + T &8 R 57% (Zhang
et al. , 2008b) , fi = 1K H 2 ] 25 2 i e (s
H Rl ) , o~ 87.4% (Wei et al. , 2009) , 7%
SRERA+T Sl Em, KPS EH & T H
b HAYFP2E (Gotzek et al., 2010) . f3H H N ER
JURENY. H R RARFE R A A + T & 38 H I T 40
WH , W7 ENE ¥ Evania appendigaster (ZHIEV. H .
TN IER)) SRR LRI A + T 57 BSE H iy
FARARL, 150 W] R vl el 5 26 i 2 b A 7 4
WHPTE NE LR (Wei et al. , 2010¢)

X 120 A~ B Ht iy Zehr A 5 DR 20 4 47 X6 L
AT, A BLES L rp sl H ARt | mUH KA P R
PR R EURE 3 S0 0 ZoRL A ik PR 24 o 1k
21 R A ] 1 5 R 22 BB A Fe A T HARL, A Y
HET T,CERINT G, #—PaiGHHH
SR AU A R R HE S LA e 4ok A 52
Fe s ) m o3, BB G 5 C Z [ AR & i
SRS I ASE, T A 5 T Z 8] B A X &
s PRRE DR 5 ) S S R T T LA R 7 Y
AT o B2 O 1] P o B 0 G A B ]
HEH N R A EESFENE (Ve
et al. , 2010a) ,

4 GrEERAREHRX

B Ha 7 A RE DR 2 A 4 o X8 8 62 T rrnS D
ornd ZJAIA N B b, BT EHE, 7 — 2
FEM DAL B2 R R AR, B3 H 2 2800 5E 1 Fh
KR H XN T renS B ernQ 22 18], {H HAE A
b gy AR AL B A K EE (Gong et al.
2011) o Sl ShACRARIL PRI ZH A 2 A4 X, 3]
i F cob Fl cox3 PIMAN atp6 F1 nad5 P ( Shao,
2003a) . JR# H AR mLH 09 A P EURE AR
A H R ERF 3 AN Y SRR R PR 2] 4 ] X
Vg E TREMALT ) B B, R ER b R
VR AR T TRER {23 v = P SRS R
(Wei et al. , 2010a) ,

2 ) DI A LA R PR 2 v e K Y AR G i
Xo 2 X B BETEA R ) LA KOS [ A~ A 22 1)
iS5, B A daE iy n il X 1A 70 bp
(Zhou et al., 2007), FR MR Mgy 4 601 bp
(Lewis et al. , 1995) , 7F—S6 I du A das il X K5k 9
~13 kb (Zhang and Hewitt, 1997), B{fi 3¢ %%
FRARH UL 0 ) Fh 22 18] B[R] — Py A AN 8] &R Z 08D
FE DY 25 52 0] BB 2 AR W K. BF R 4 Bombyx
mandarina 75 M il Z& W45 ] XA 495 bp, 17 4
(Tsukuba) it Z2H9K 747 bp, M 5 R AR E 55K
AL (Hu et al. , 2009)

P DA B AR S FR B R A T R B
BB g W, HEHRKhE S AMT, 55
DXIBRH B, JHE AT A A i) B e i 2R AL A BR, i EL
AR &R R /D e G HCrlRES R IREAY B il 2
— DRI e Y 23 DR b o DX e 5 A 4 ik
IR — 2 o T GORL A Bk PR A v % At DX I
(Zhang and Hewitt, 1997) , X — %55 E &AM N
il DX 55 A A JE DR 261 ) JH Al DX s B 4 DL A
(Y HLER R S FIBUE (Vila and Bjrklund, 2004)

s i) DX A A e R 4 1) 52 1) R S 2 LA
FEIX (Taanman ,1999) , 1 T4 X A2 RABR,
ARMEIE 3 7 4] [R) 5 1 LU XoF >k 43 B He Ak 5 D e .
I He A AT, TR B SR A R PR 2 1% 45 ] IX
BRI 5 A5G A F A KBRFICR (Zhang
and Hewitt, 1997) . X B8 H v £ 07 {4 JE R 40 1)
P XA T LA o0 B A B, 428 il XA R PRSP T &R
Z— WY FUR G5 A TR N A B A — 5 B LR SF 1
(Zhao et al. , 2010, 2011) . {H R, i 5 LY Hp
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FE DI 2 5 P A, & B B H rh 4 o] X 1Y 45 4
FEARSE (Duenas et al. , 2006) , 5 EFEFLFZE
HER IS A e B S 4% — 5 U RS i PSP T R
(Wei et al. , 2010c) ,

5 EBH&HNEEEREH

AR AL DR 20 v B R HE S AR SR rh AR £
ST, W2 B SR Drosophila yakuba 2857 4 EL R it HE
FIPN Ry 2 B A rp e s R g HEZ 7 20 (1), R
R R GOR AR EE R 4 e 7 SCHES o FE R AL i
Frrp SRR v L A 2 B DT m & T E
HE A A A (Boore, 1999; Dowton et al. ,
2002) .

SRR ) HE2R AR Z2 R0 it AR

P H HE L DDA 28 B o O R R B E HE (major
rearrangement ) , HJl 25 [ J57 g % 56 X 50 rRNA &
I HE, UL A B BB HE ( minor rearrangement ) |, H[I
tRNA £ &EHE ( Cameron et al. , 2007a) ; /R #E &
HEJ5 B A7 B AT L4y R (1) #2437 (translocation) |
BV DA B B 1 ol TRINA 366 R F 3 55 b — A
AL, FEPIY 7 T AN 5 (2) 48] 5 48] B (Tocal
inversion ) , B BE DR AR XS 3 B AN AR {HL 7 1) 22 AR 2k
A5 TERESH B b g g W] DL B A 13
(Dowton and Austin, 1999); (3) & K ¥k 8 ( gene
shuffling) , BV SE 1 1A 3 15 2 24 P L, 1
HE; (4) B 138 ( remote inversion ) , B 3& K44 7 1)
FVRHR AL B #4222 (Dowton et al. , 2003)

1/OM nad2 F/("Ycox] L2\cox2 KD wp8 latp6 kox3 (i [nad3 4 RNS2H

|
A+T rich
region

ad5 H nad4 nad4 T ad6  cob SY padl 11| rml H‘nm

B1 BR&ENEEEREFEHHETATX
Fig.1 Putative ancestral mitochondrial gene arrangement of insects

T RERE IO ML A S 5 4 T N %, R DMLY 4 i T T B o

Box with bold underscore indicates that the gene is encoded on minority strand while that with normal

underscore indicates that the gene is encoded on majority strand.

A 14 4~ B 0y R Gk (5 R 20 A AR i AE
HR IS FHE A2 N A (R 00 38 B v B 31 i)
PRI, AT LR R b e AR B HER B 40 3
(1) EFEERERAENH , X H A 24
SERIFR Y e A T B R R, K AR R
AR Z bR T tRNA R SMA AT BEvS M 2R 11 5T g
ASHED A0 hRNA JE A R H aUH 28 H
H H IR H 25 (Dowton and Austin, 1999, Shao
et al. , 2001b; Dowton et al. , 2002, 2003) ; (2) %t
RIrh B HERY B, X 28 H il o3 Fh 2 e A B R
HE, BB A2 A D BO LA BE R A EE, -
ERVSEREINES GRS IN RIS = INE Sy E R U
H (3) EmHEE A AR B, X 8e J b i
R e Az 1 AR TR] %) B P B HE 4, RS R ]
REAR R 2 A 1 AE, an i3 H A bk H o
FER v FE E R H EE AR PR RS ()
H TR TR R H A O — i B HE R H—
H — ST R 8 2 1) JH R A PN 328 28 18 k3 o
B TENJEEA, e PR E HE R AT A& H A

BEAL A A= 1Y, 5 2 HE 0 R A OC R I B AH O
£ (Cameron ef al. , 2006)

51 EFRSEEHNE

Chen £ (2011) M7 125 1 AR HE R4
RARIERA TS, I AR A B g 5L N 2 A4~
rRNA 711 8 4~ (RNA FefH &A= diflE, @i X)) 4h 3
AR H AP HEATARIN , 2 B ernd.2 35 i SRR 467
T coxl F cox2 Z A7 EHHEF rrnl Fl nadl 2
[&] o

A\ H 2 5k A E R B H ., Heterodoxus
macropus "1 T A Y tRNA F1 9 AN 1 Jox 4 i JE A
KA T HEHE (Shao et al. , 2001a) . % H 4 T
N £ b iy 56 PRl RS ) 8. Campanulotes
bidentatus compar ZFHEIG , B tmQ AMNITA R
IifiLT J 5% (Covacin et al. , 2006) ; Bothriometopus
macrocnemis 2 BHHEI , T A L Y dn it T ) 4%, X
S B B R I A —— > T Lok A TR 4 ) T
[F]— 458 B Fh2S (Cameron et al. , 2007a) , & H
(14 ] — 7 A B DR HE By 1A 22 S s 22 R 3/
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ANFNE B 2Z [ F B HES 07 25 5% 5K, JLPANHE
TEAH R HE S 1 X 358, ( Covacin et al. , 2006) ,
A T\ 1 A A PR 2o T P i — e ST
#9/NER (minicirele ) , 7E B 2 RIERY 10 NFh2E 6
NP /NAFE RN H , NI FE L] L4y R 3
XS 5 R B AL ORI B SR AR B R Y
FERHEAE 0 /NI /NER b 0 55 TR 55 50 3 1) TR
HEMEREE A F KRS 2 EEM
— L ] FRLAEE R DR N IR B = 2R R A — A
BN Z AL LA S — K 52 45 X /N, X
L /NI DR 2 19 7 A= R e A R R 2 v 2k G
2RI AR BB 45578 1 ( mitochondrial single-stranded
binding protein ) fJ %t A % ( Cameron et al. ,
2011)

255 H b E B MR YN E 6 I Thrips imaginis
LARARFE R 24 DB A T HHE, AFE 2 A
FEHIDC, Horp 2 4> rRNA 284 1 S48 & HARER
L (Shao, 2003a) . T 2HH H ip A0 & T —
AT LR L R 2 7 81, 2 H A 385 I o HE
(A 25 S ST ) 79 2 S P v AR T

NS b s RN R S RSB S i T i
1%, H 2 AN H Bl 28 22 ) 25 R HE I 4 AS A
[d (Shao, 2001b),

FEE B r A7 DU e 1Y 32 SRR L R 4 3 &
AT IR EHE, ORI PR 4 A8 43 X s
DA K A2 PR 20 2] 1) B A X 2 WY A4 ST Y s P o
HegRH B = T W H (Dowton and Austin |,
1999; Dowton et al. , 2003; Castro and Dowton,
2005) . PR H R E AR SRR |, BAL
T AR B S ) e AL PRI R R4 A & A (Dowton
and Austin ,1999; Dowton et al. , 2003) . J&E## H
Hh kAR EEHER) 2R (RNA A 35561 X 5 nad2 |
nad2 5 coxl .cox2 5 aip8 1 nad3 5 nad5 B)3HH
HEHE TR 2 (RNA EHE 2 & X, RZHRNA %t
DALl 0 A S i AR 1, A T Al 7
HARZIRPEAE IR . BR T (RNA RSN, )
gk 5 G ER e Cotesia vestalis F1 3 Fh 4 /N1 B
EIL A EHE (Oliveira et al. , 2008 ; Wei et al. |
2010b) , X {5, 3 W& Melifera bicolor H1 % A= T tRNA
B8 & (Silvestre and Arias ,2006)

5.2 ER+BEEHNA

0 H 2R 5 09 B RO T ORSF I 0
HARFE B WA BA B 1k, B2 2 SRR
BEN B B HER A I i fa #e, X T2E
73563 A H, 3 H R B B B, D
tRNA R FTEH N E, Mk H Sternorrhyncha
D5 Y 6 A L 2 ANEF HURT 1 SR EU A Zeobr (A Bk
PRIZH b g e KRR 2 oty sl P 2 2R T 1 ~2 4
tRNA T fE, 75 /b 4 Fpo EUHER T tRNA JE A 8 HE
A, A — B AR 5 4 A 2 [ X8 (cox3 — trnG -
nad3) KA T S B e, HARS] T oS Fl nad2 Z
6] o By EURHN 7R B G2 & B o3 A & B, BE RLHES) I
JP AR DR ST B T 20 T B AL ', T B HE AR AR A
E A A TR O AL AL (Thao et al.
2004 ) ; 7 B W H Archaeorrhyncha 4 A~ i i 5 )
Fulgoroidea it 28 (1 £k i 4K B A 41 o, K K &L
Laodelphax striatellus /) 5 4~ tRNA 13 ™5 o 2
ML A A= T HHE (Song and Liang, 2009) ; i
MV.H Prosorrhyncha H il 5 (1) 40 /> £ 4 4 35 [K 241
H, i B S BE Aradoidea 1A Fft I 41 #% S AL
Pyrrhocoroidea 2 PR LR ARSI 20 1 e A T
tRNA FEHEBLG:, Horp ornT F1 ernP P EEHESZ R TR
2145 Rl Largidae F1ZT 858} Pyrrhocoridae Y 4H i Ff
% (Hua et al. , 2008, 2009) ,

Hi# H W H Caelifera 1 Acridomorpha i 5
FhZEH trnK-trnD kA B HEE 1 trnD-trnK HEF 5
3, IZ R RE P — AL AT AR ( Sheffield
et al. , 2010; Zhao et al. , 2010) . BAM, EHIGIHHE
75 Teleogryllus emma 7 4 tRNA B HETE i trnA-
trnR-trnE-trnS-trnN-trnF HiF) 530, €IEW H g
FpZEANENY H o F SR Tridactyloidea [ 1 /4 Ff
FBA AR R A

XU H e A B PR E HE ) b 28 4 AR A K A I
H Nematocera /7, JEIEJE Culicoides PNE/r P2
KA RNA B EHE B EHES RN RS A T AL
B A M XM (Matsumoto et al. , 2009) ; I Bl
Culicidae frE B2 ME T R trnd F1 trmR %
HBEHEE B trnR-trnA HEF 52 (Krzywinski et al. |
2006) ; # i G Rl Sciaroidea Ir A FRIS Y K A LA
HHE (Beckenbach and Joy, 2009) ,

B H U R AL %% Mordella atrata tRNA B
HEIE R trnA-trnN-trnR-trnS-trnE-trnF #) HE %) 75 5
2009 ), & B Naupactus
xanthographus tRNA F HEFE 1l trnR-trnA-trnN-trnS-

( Cameron et al. ,
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trnE-trnF B)HEF) 72 (Song et al. , 2010)

1 H 1Y 3 AFNETE nad3 T nadS 2[5 1Y
tRNA X &4 TR EHE (Carapelli et al. , 2006
McMahon et al. , 2009)

L VIS B Rl I 1) 5 A 2 NS S I
Pedetontus silvestrii =T trn(Q) {38 (Zhang et al. ,
2008a) .

s B 0 2R A A2 T tRINA R IR 4
KAk SRl Entomobryoidea [ 2 Fp¥&H &4 &
HE; 1k R} Onychiuridae 2 ASFh2E trnQ FI trnS1
RAEHE, F— SR 3 5k 4 AR & AR HE
R BkRF Sminthuridae 1 A~SFPH trnF F1 trnD %72
ko

5.3 EHEHAHBLTENE

ik 5 BT D E Y S ASFRZEH nW F i C
KA T EHEIE R T tmC-trnW-rnY HE %1 J5 =X
(Beckenbach and Stewart, 2008 ; Haruyama et al. ,
2010; Negrisolo et al. , 2011)

83 L b Jir A5 000 S 1Y 40 S SORLABE PH 4H 1Y
BT M EAHEJERLT trnM-trnl-trnQ B HES T7
2, (HE H AT 200 5 19 88533 5 2ok {4 5L K 40 14
J& T XALYUK H Ditrysia , 57 I 4 2 H Sk AR HE A
AIHEFNF TSR AT (Gong et al. , 2011) {145 B
i e BB P X Y tRNA 758K O 88 T 4 HE 5
o (Fokam, 2010) , trnM-trnl-trnQ 2 JAHE— 2%
RETF R BEAL R AT 5 R AT XS B 22 [t b il H b
KA F ( Yukuhiro et al. , 2002)

5.4 EFEZHHNE

iR DR e A HE B ML T A R R P
HE A 00 Al 2 A 90 B PR 20 Ak Y T SN A
HHT 2 4 i Zons A5 DR 8 HEAIL 2 (0 455 4
SR #: (1) H &2/ AL £ KA A ((tandem
duplication followed by random loss model, TDRL) ,
RIS R S i s, e — A48 DL BE AL ER (San
Mauro et al. , 2006) ; (2) H1 tRNA JERANTE 45| &
A4 % il (illicit priming of replication by tRNA genes)
( Cantatore et al. , 1987) ; (3) E 2H ( recombination )
(Lunt et al. , 1998 ; Dowton and Campbell, 2001 ) ;
(4) & &E/4F B ¥l = 2% ( duplication/nonrandom
loss) (Lavrov et al. , 2002)

— I Ay B PRI e o e D ) A/ BE AL
R R, X A O 38 F T DL R 2 R F)

PN B FE PR A B A 17 91 % 2 D) e Y B A KR XL 1Y
4 (Macey et al. , 1998; Dowton and Austin,
1999) , JEH H v & A i HE Y 3 PR 03 o 2 A
AR T 5 DA ) oy X 77 Y8 A A A e vy 66 AT o A
F14) i) s DX 368 5 A58 /1N SR 48 35 TR 2 W] AR E B & X
(Wei et al. , 2009) , g3 H 7 & A THERY trnM /Y
DX (A A A7 AR B R AE S i X (Gong et al.
2011) 3 LR RS A 10 S DA a] REAT 22 b, — i
B H B/ BENLE R X P O T 5 E A B KPS
VIR PN R R S DR 31 S
WM, KA R R BeFE R 52 R IR 7/, K
WH AT K2y 4 kb B9 & & A B iDL X
B EE P A), R R Horb & A K BesE IR )
BHE Z A HERY (Beckenbach and Civetta, 2011)
PR 2H Y3 2H A tRNA 5] 0% 52 i I i A 5 |
St 238 8 F8 v (Boore and Brown, 1998 ; Dowton
and Austin, 1999) . &5 @\ HFESH B & ER
K SER M B, B AT A B i R S N A N
ZH ( intramitochondrial recombination) ( Dowton and
Campbell, 2001 ), {o; {5 # f2 fpe X i 86 0% F 1l g
3 X SRR SR ernH SHEAT 50 A I S5
PrEE ] RE S 220 2 M S, A F A
(Wei et al. , 2010b)

5.5 EEZHMEMNEREE

A SR v 23 e A v A AR 1 e A i HE
FfEme?

RS R e R 5 vy L e R
o s, —H A B gt W R, TR
HoA AR Y B o v, i DY o HE 3 22 (1 Fh 2 vh IR A7
TEAH I, 7 EE HER D i A 26 vh B AN AE A G
P£ (Shao, 2003b) . X1 B Eh ¥y s Hr LB, 241
TR0 i PR i) Bl 5 ey 2 A B A R (Xu
et al. ,2006) , TR AR R R FEAT oA A, E
He™ AR 2 B B s i R H R AR
e R 3R ) Ao A B P R R RO —E R (Wed
etal., 2010b ). [6] #£, 3 @ H ) % & H
Pentatomomorpha H7 | 35 [R] 5 HE 3 3R 5 hl 3L B o i
RZAIAEA AN (Hua e al. , 2008)

T 2 28N 38 10 2 A A 5 DR 20 1 B3 i 4 /D B
WA Ry R R B HE S A A S A W2 I R G 1Al
e A= BE DR B HE 09 B T R H R R AR
HA %4 2% (Dowton and Austin, 1999; Shao
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et al. , 2001a) . Bf7E T 2 Az B DX E R LRI
FEDIZH O, e PR B PR i S Ry EL S A
BE LN EHEE R (Shao, 2003a; Thao et al. |
2004) . JEEEH , BARLAAY A F R AEIEE H b
D HE A A 2 S T DO B 0T
EZ 20 BN H vt A7 7 i B o HE A3 230 A I Y o
25, PR, B B rh BE PR R HE R 5 A AR I PR ]
NEAEVIRIEE R (Dowton et al. , 2009b)

6 SREE RN RS

FEit & 30 24 HLERL AR SE IR 22 BT LAt A i
165 AR a2y FhRg, R
PR A TR i) it Al A BRSSP kA D)
G 0 7 B R L SE R PE (Brown et al. , 19795
Curole and Kocher ,1999) , #XiMi, 20585 2k
P 5L IR ax S Ry PR 4R 4 T BT BE ( Ballard and
Whitlock , 2004 ; Hurst and Jiggins, 2005; Galtier
et al. , 2009) . Bl K ik LR A R 20 5 41 g
S8 LA SR T4 B PR A 22 T ) L 3803 A, FRATT X 2
KRS R AL BRA T AT AR,

T LORLARE N 1) R AR R T AR B
FER 2R H 3 Bz /NEJE Nasonia FYFPZE, H
LR A B DR A ) Ak B AR A% B Y 30 £
(Oliveira et al. , 2008 ) ; /A [F]ZEH [A] L A7 14 ik P 3E
EHARAFAE 2 e, RO H T B e s R 5
Hotl 427 2525 B sOARARL, 7 40 NI H 1% 2 A 3
SETEWHB 2 ~3 £ (Dowton et al. , 2009a)
Xof S H R 7 AN SRR A R Y LSBT Kk
B ARR R R S R P T B/ 128 (Wei et al.
2010b ) 5 AN [V A A4 5 [K] A B 2 11 5 2 i 255 DAL 1)
AR Gt A s AR R e 22 v, T2 8
S5 R IRNA JEAE A e i, UG rRNA
R REY R E B AL, 7R 13 AR E B S
(B SvN R SO Vi DR iR SO = P01 2 = AP i A T )
NADH [l S0 e 5L PR AP, 7628 1 o 2 ) ik
BRI 3 A o s v, 265 3 057 i o7 i A i 8
PRTFE 1 F%H 2 /7 (Cameron and Whiting, 2008 ;
Hua et al. , 2008 ; Negrisolo et al. , 2011)

7 BEAERAERARGEREHRHM
gz

7.1 Sk ERA RS FHRC
LRI P& 2RI T RERE 7

FriorFhRic. IR IF 51 M Z LR 7 9 2 ol |
ZIHRIARIC AL, 5] X 45 4L | D HE 2 I
MATRE S A X ARG LB RFR S IA HE R
(Dowton et al. , 2002 ; Zhao et al. , 2010, 2011),
Xf B H 4 AT o3 A B, S R g Al T L)
REF B N RHR B R LB KR HTE
R e BB B e KBt M R EEH KR
(Zhao et al. , 2011) , BARGER BAP AR T KE
SERE A, BT e &% W, B AR
TRELHCH Z A R G0k & Q&R J7 A Red A H]
{5 S (Cameron et al. , 2006) , {H 2B H it %
LR R AT RE Dy H N R Rl RS R B XA
BORE 5T 2L 55 22 {5 B ( Cameron et al. , 2006)
rRNA — 9% 25 #4 7] LA 45 5 J7 %) Bk B ( Cannone
et al. , 2002; Gillespie et al. , 2006) , [F] i, & A
HEMTHEMEFRWRELTLANGER
(Wei et al. , 2010b) , {54, 7E533 H AR 7 4
SER, rrnS S5 S5 AR 1 AR A R 5 T AR 1A
ENHAFIHENRERET LRTEEVE (Wei
et al. , 2010b) .

7.2 ZHNGERABENREEZEINHE

TEN LR A B A R GE kB R R,
BB DL K R G R B i B B R
B, W5 B H A AR A B b i
I, Bt 18 1T 1) 58 R M FD R G R B As B 5 TR
PR A5 H S [R] ) 4538 ( Castro and Dowton
2007) .

o TR B AL K 4 3 AL 45 5 kA
EAIARLA, KA 73 BT I 5 2 B3R B3 T W ey R 1 e o
e e T/ L VAU B S O e oty =N £ 2
Hi#FAT R G0 L 8 40 A sk, PR AR 317 12 4] DL
HHZRLA KL HN EEERRF RN R G KT RLRD
IIHTER (Wei et al. , 2010b) o X5 H 34753
BTt , 2B 88 1 Jo 2 £ 6 PRI 5 3 9% i o 1Y) Bl
BEMRGELBHAER S A AANRGERE LR
B il — 3 ( Castro and Dowton, 2007; Dowton
et al. , 2009a) , X% A B A H #4750, f)
B 3 B AR A IR R R KB AR
n5EPE (Fenn et al. , 2008; Hua et al. , 2008,
2009) , MXT NG H N EZERBFNRAERE LRAD
W9 RNT, BRI BT g i B R 55 3 1 1
Bl L R AR T R G K B 4y b 45 R AT 5 1
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( Cameron et al. , 2007b) ,

T3 A0 — PRI R R A B 1 R B 1 B
FER P IR Y 51 o X AR AR B Uk AT 4
BB, J2 T 85 11 5T gt it 56 D] 1 2 1R 7 91 ) 2 Y
DU R 50k B R T a8 5 R T A% R T 9145
IR L5 RIEAR —F (Wei e al., 2010b) , Tiij F3H
H e T2 W2 e 9 15 B i R S el ) h AR e AR 2
IR RGKE KRR (Fenn et al. , 2008) , T
BT Z IR IF I ) o iz A BOK, I, 28t
FEALGE G AT R 20 rh A% R S 9 2R 4 T 43 HT

A BIF AR RS A P I X AN [ R PR i A T
Wy, 0P B H 04 R B, 2R 5 G A R 6
RYRB B AR B EBAE N, GRS i i o
FPTICHI RS KA . RNA Ml tRNA
HT ARG LT ATt 15 28 1 45 R 4B % A A, 52
RGERKE o Hrad 7 b BT I 280052 w300, i 5
A5 g i B PR [ P P 7T DUKS 5 R 58 K & 0 b
SES AR E (Fenn et al. , 2008; Zhao et al. ,
2010) , WU H Hf [F)#F A BLAE 25 5T g 5 55 PR 1Y)
SR b vRNA AT CRNA T L 15 550308 A6 1 fi
G R KRR ) 52 8 43 S I SR 32 (B
JG U HE R ) ( Cameron et al. , 2007b), KM H i,
B AR 1 TT 4 R R 5 G i cRNA T tRNA
B RES 2IA R 0 R G & B 451 (Hua
et al. , 2009) . X5 i gh ¥y L AR L R 4T 53 A
RI 3 AEE B BRI R L T o Hras R
() DT R 38 A5 1Y), 2 ik e R 2 T b 1) A R 4
Mefip itk RS L H RABIBES (Cameron et al.
2004) , kI LR AR FE R A T cob cox] Fl cox3
IR G R T AR 7 i, ok J& atp6 | cox2  nad4
nad5 N nadl , £ 2 W & nad2 ., nad3 F nad6
( Negrisolo et al. , 2011) ., HEJ, Z 5057 18 5 1k
513 AN B I R A SE 1R 2 S b i)
PRI T RGURE 43 HT o TR SR 1AL R 20 A4
HRG KB RFRE, @A 8 F g 5 S A
tRNA F1 rRNA ZE£[K (Cameron et al. , 2006)

X 2 kL A R PR 2H B B R BE AT O3 IX
(‘partition ) 38 ¥ 1] LLOG A AL s 22 (8] i LU AR (EL, 5K
PRAge VR s AT LIAR IR AN [] fr) 3 A 52, 11 Joi 4 i 56 ]
HIAN R Gt o7 s AT 53 X, FE B H SUHE H
W H SR RS 4RSS 13X — s ( Cameron
et al. , 2007b; Fenn et al. , 2008 ; Dowton et al. ,
2009a) o {HJE R AR IX S B AR S PR T %8

B R P ) T R R A1 R0 2 B 7 s KA 53 DX
RER TR BER . XATREER it £
(153 X i 1502 F kB ol LA 24 /N1 43 X 2
BOHATHER A5 (Fenn e al. , 2008) ,

AR PR AL 2 X R G2 K B 4 R 3 U
(Cameron et al. , 2004 ; Castro and Dowton 2007 ) ,
RS 2 UL E RSN LR S R R K E 5
s Rt EE (Cameron et al. , 2007b; Dowton
et al. , 2009a; Wei et al. , 2010b)

DU S5 AR SR 125 T i K T 249 15 S ) 2
RGERKERFZNRE HBRIE, RRTE—&
HKRENGEH H N, 3 Fhiz B ks B i ety
FE4—3 (Cameron et al. , 2007b) ,{HZEZEMT5E
P D134 B A 45 SR A0 T S R AR AR R AR K
fiif 29 ¥ ( Dowton et al., 2009a; Wei et al. ,
2010b) o DU Hirk AR AT DAFE — o 72 B L o JIR Bk
R B o P 5 ), {EL R 45 RATS 9K 25 32 B A
[i] 25 S 3 R S B ME A 52 (Song et al. |, 2010)

7.3 MAZNGEEREAMENERRZEZTX
ES

ARRFER A B2 T B e Besh b
g R AR H CERE LT REEAN [R] 3 2
Wt Z2IK I RGEK T KRR

T B M) B AR S AR S I sh W b i o 7
f7 , Boore 45 (1998 ) AR 4fg — 1~ tRNA (1 5 HF 2 1 B
OGN NIRRT R , X — W R3] 150+
RS B8 19 S Hf (Giribet et al. , 2001) o %
TLRAREERNHFEL R T I R R KT KRR
WA R B E—IF &8 (Nardi et al. , 2001,
2003, Cook et al. , 2005; Carapelli et al. , 2007
Chen et al. , 2011) , Nardi Z£(2003) ] 35 MNE
MR TR 20 3 B 2 B A T 2 40
B b, Chen 55 (2011) W) & B3 H AL T B
Hopyis s R H AT B AR AR R coxl-trnl2-
cox2 HEH J7 FAE 72 B 5% 2% Pancrustacean ( F 5% 2%
Crustacea FI7N /& S 4X Hexapoda) H AR5, A K
IR H coxl-cox2 HEF I 2, HEMZS S 40 Y L R
PEAS BT, 1 i e H T g S BT Az W 5e 28 m
PR — >33 (Chen et al. , 2011), T
AR FE R 4k 7 2 52 2 Pk, 16 % 4 4b 3
FGI AT T3 00 SR BRAE A KAy 2 22 42 8 ol 1)
FRFPEISHE 1 Jg R 55 D[R], 6 T o (A R 21
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P2 T B R S e — A B R o T i — 2P 5T
(Delsuc et al. , 2003 ; Cook et al. , 2005) ,

FERUL B K ICH M RGE KT KR
o SRR TR E (R S H ) A e H ) GH ik
BEXZR (Zhang et al. , 2009) , &R ILEE R (N
) A O B B bR O e A R R RO B R 2R
R HNERS HZH M RGE KB LR PR,
BT LRI BE R A 1 2R 52 & & WF9E SRR H A7
TRLERLEE B EIRAE (Wei e al,
2010b) , 5 F HAMZE R0 43 bR 10 15 0 4518
FH—3 (Savard et al. , 2006; Misof et al. , 2007 ;
Wiegmann et al. , 2009) , 85% H H# H | fp
ENSISINES RS I SRS RIS AN R VAT RN
%€ (Cameron et al. , 2009; Wei et al. , 2010b) ,
5 F I HAWSE AL 537 FRic 45 th 1 4518 Z AT 9K
e S (Wiegmann et al. , 2009)

HATC 23 TR R R A e T R 24
HNEZEEHH N R R T KR, a5 5
THAARCHENRER T RREN W EA
H#H (Fenn et al. , 2008 ; Zhou et al. , 2010) ¥
W H (Cameron et al., 2007b) . ¥ #¥ H ( Hua
et al. , 2008, 2009) FIE# H (Kim et al. , 2011)
S XIS H 3BT SRR B 2 — AN IR
LA AR, H i) B 22 M (B2 0B H N BB 2
I R G K B X RN ALE (Dowton et al.
2009a; Gotzek et al. , 2010; Wei et al. , 2010b) ,
X AT BE5 R PN A5 SR LR AR Ik PR 4 1) Ak ik
RERIEE KA R (Dowton et al. , 2009a) . i H
SRR AT R A A7 AE B 2L 1l S o P D B A7 A5 Tl 4y
ek 3 5 v, DA ) RS R B C R 2 E
A FRANIEE T PR (Song et al. , 2010)

8 HLitERE

FI I AR A (K 20 7 51 i o 1 B He v
N2 QMDY S-SRI S SN SRS IN 3NN
FHE XCH H LA MR E 20 H R 322
Jeto XEEFPS O AR N A A 4R B T 42 W i
PEHERE SR, A T R BRI — PR 26 A, X 2
R A 2ok R 5 DA A R ST AR AR A BR . il
55 ) v I ) 2 A TR A 2 i T RLFL TR H
Ditrysia , 0GR D3 K 5 285 H el 19
— RIS RY LR AL N 20 2R 1 A B A0 DY
FAF T A HE SR LR E R R ATEAR R A

PRI , A 4T3 5 X — L6 i B A R B b 2R i 2k
KT D A5 00 e R0 23 A

A I TE 1 SRR KL R 20 550 I, BF 58 5 A
XTI A (18 5 PR 2H AT 25 0 R RRAE F iR i
AR B R — 2 Rl R — B R Y A
42, TS S A B8 DR 20 1) 98 Ak i 35 R e iR A
THIIRAR T i A, 757 5100 2 D F R
LA HE ™ A A D DR B 2 A AR A
J7 T DR, e — 28 5 3 B BTS2, EAT R 4L
(4 HLEE T o

FUR RIS O 283 W 2ok (A58 TR 2 e A ot B
WAL KR ERZTTHEA BRI . R HR&
RLARE DN LR IR A AL T7 3, B RE 20 105 e |
AR (] 3 PRI TR LUK 57 i Th] A 3R A e o i
SR ZSHR A8 Y 2 DR B HE S R A, — T T 45 AORE
PRIEDN LT 22 58 4 B WE5E P B I Il ok T HLas,
RIP R Z A R R AE T BRI, 55—
T A9 TE A ) T ok R DR A ok T Bk Rt
TERA T R ERE (A N 21 Ak J7 X5 A B9
b EEREEIE B R G T M 5 R R T A
E W as PN IUPS 8
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Advances in molecuar regulation of insect circadian clock

CHEN Wen-Feng HE Chun-Xia AN Chun-Ju ZHAO Zhang-Wu ™
(1. Department of Entomology, China Agricultural University, Beijing 100193 ,China)

Abstract Insects display a wide range of circadian rhythms in their behavior and physiology, such as locomotor activity,
sleep, learning and memory, mating and smell. Almost all animals have conserved circadian systems. Animal circadian
systems include input pathways, a core clock system and output pathways. Input pathways are the means by which
circadian oscillators receive information from the environment, such as light signals and temperature changes. This allows
the oscillator to remain synchronized with the environmental day-night cycle. The core clock system is an oscillator that
contains the molecular mechanism that generates self-sustained rhythmicity. Output pathways transmit signals from the
oscillator to produce observable rhythms in behavior and physiology. Early genetic studies, which focused on molecular
mechanisms of circadian oscillators and neurobiology, clarified the main molecular mechanism and neural networks
involved in circadian rhythms. More recent research focuses on how the clock receives signals from the input system and
transmits signals to the output system. In this paper, we summarize research on the insect circadian clock’ s input and
output pathways and oscillator.

Key words insect, circadian rhythm, clock, clock genes, neural network
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