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Axolw dtte] AAE HA FHAA 05%9
H-&-& AA)Zh AALEE 74} (transcribed gene)
A}o]¢] intervening sequence$} AR} Aleo] 9] spacer
sequences W EZE=go} FAAME dtEe
2 9AYA geoh B3, IYPEY nEES
got frAAE gdstn s A dEe 3
DNA%= o2 A fAAY g Ao A
FA] ¢k=T} (Strachan, 1996; Nei, 1983; Cann, 1987).

olMY mEZE=Zo}l FAAE @& FAA
T/4E& 7HAH 3 DNAY] g&o] uiAlg AN &
A FAFAE Zerh wEA, BB 24
U3te dFsted o 83 AE7F ok A
0t vEZEEor FAA AxdE FHEHT
HEol] H-AHEF ko] F35 s 2 J)d #
g d7ol= 83 FAol Stk (Wolstenholmn,
1992; Clayton, 1975; Brown, 1985). Table 12 ¢I
79 ¥ DNAS wEZEzel e 574
Bl Aotk

Table 20l AXF ZF Zo] AR ZF7
U 45 7% [Hymenoptera; Apis mellifera (GenBank
Accession. L06178), Diptera; Anopheles gambiae
(L20934), Anopheles quadrimaculatus (L04272), Droso-
phila  melanogaster (U37541), Drosophila  yakuba
(X03240), Orthoptera; Locusta migratoria (X80245),
Lepidoptera; Bombyx mori (AF149768)|914 A A 1
EZsgol fAAe @riMge] BRuHa ot
(Clary, 1985; Garesse, 1985; Crozier, 1993; Michell,
1993; Beard, 1993; Flook, 1995; Lee, 1999). o]#A
£ GOBASE (http://megasun.bch.umontreal ca)dl] SZ
135579 mEIZ=gol F3A T 44%
& AAste 2o AdFHoR g ERT M
A 25 vEZ=Eol FAA Y FHAT B4
o] o]fo|AA ¥ UFE & F At
B =olMe AZA HA Frixdel 2F
g 2F rEZ=gel fAAY ¥ kA E4E
7|8tz gk
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Table 1. Comparison of human nuclear and mitochondrial genome

Nuclear genome

Mitochondrial genome

Total size

Total no. of DNA molecule per one cell

3,000 Mbp

Associated protein

Repetitive DNA Large fraction

Intron Found in most genes
% of coding DNA About 3%
Recombination

Inheritance Mendelian mode

23 in haploid cell; 46 in diploid cell
Several classes of histon and non-histone protein

16.6 kbp

Several X 10°
Largely free of protein
Very little

Absent

About 93%

At least once for each pair of homologs at meiosis None

Exclusively maternal mode

Table 2. Comparative analysis of A+T-rich region, two rRNA genes and protein-coding genes of insect

mitochondrial genomes

. Total Total A+T LrRNA gene SrRNA gene A+T-rich region
Oreani Accession . No. of
rganism N size A+T 4 content of —_ ) )
0. (bp) %) 09N peGr (o) Size (bp) A+T (%) Size (bp) A+T (%) Size (bp) A+T (%)
B. mori AF149768 15,643 81.3 3,714 79.5 1,375 84.4 783 85.6 499 95.4
A. gambiae  L20934 15,363 77.6 3,733 75.9 1,325 82.5 800 79.6 519 94.2
A. qadrima. 104272 15,455 774 3,728 754 1,321 82.2 794 80.5 625 93.5
D. yakuba X03240 16,019 78.6 3,727 76.7 1,326 83.4 789 79.3 1,077 92.9
L. migratoria X80245 15,722 75.3 3,713 74.1 1,314 78.9 829 76.0 875 86.2
A. mellifera  L06178 16,343 84.9 3,675 83.2 1,371 853 786 814 827 96.1
* PCG indicates thirteen protein-coding gene of mitochondrial genome.
2. 2= n|EZce2|of |EAML A7 7% & &= A+Trich region® tandom repeat

% vEZ=gol FAAE 15 kbolA 20 kb
2 gwtzoz 48 EHEES TEE A4
Aoz RuEY. ue)
A olyg Ave] FAMIE THEH AEdA

MEzedel $AAY 2 15 27 A% A

£ AR Hsd 2719

e 271z diEE + Aok

sequence (TRS)2] 59 oJalA = =719 =
0|7} &= ¥t} (Moritz, 1987; Clary, 1987; Cornuet,
1993). Fig. 1o)X X Drosophila melanogaster2]
A+T-rich region2- tandom repeat sequence (TRS)7}
1078 &3V Drosophila yakubae 2717} )38}
o] 4,584 bp L 1,077 bp2 FAEHH oA AHA
A7) (Drosophila melanogaster; 19,517 bp, Droso-

v EE=gol f44 Z7] Wg R phila yakuba; 16,019 bp)e] wWolo] Wl =& A
314, AESH dBAHL Qe AL B o2 JARA 2}, Bombyx moris 4ZNAE

Ak olAe e BRF WM 279 wol

w2 34 fEES

ol TRSE WAHA P&

oF fA e 27

7} dA3 =}o)E RolE Drosophila melanogaster
(19,517 bp)e} Drosophila yakuba (16,019 bpyoll A =
Aoz 29 & U

TF nEZ=gol FAA 27|18 v|EE Ao
£t 9¥tH o2 deletion, addition 2 X HWHE .9
of osiA LAGE RAoR 53, TREEY &
A M2 Q! Displacement Loop (D-loop)$} "-§-A}3¢
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3. 25 N|EZ=2(of RHEAS] HrIxd |

A+T-rich region

2% MEscael 4449 A3 BT 57
& adenine (A)¥} thymine (T)9] & o] & 7T
o] AR A =oh=d| Ut Anopheles mellifera
(84.9%) B Bombyx mori (81.3%)= AF7IA] X1
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Fig. 1. Comparison of A+T-rich region of insect
mitochondrial genome. The arrow heads
indicate tandom repetitive sequences. The
bent arrows indicate transcriptional direction
of flanking mitochondrial genes of A+T-
rich region.

g AE FAA /Mg #FE AT F2e 7Y
o)L THFEY 55%)X 60% AT BlmF
SAA FEF) Aoz d¥ATm Sl nE
of FAAW WA Hol U= FHA 9
A8 A+T-rich region, & 7§¢] rRNA &3
Z}(16S tRNA, 12S rRNA) 28]y TiaS x|
St 484 £02 AT 249 Holg wald
Anopheles  gambiae®] 73% A+T-rich region-&
93.5%9] AT & 2tz gloy ol #HA &
AL AT &3 (77.6%)3 wad o 7bd H23
AT S S ¢ 5 Aok (Table 2).
A=, &% vEZEgor fAA 9 EAE gy
e B9 A+Torich region® 7} 28 A9} T
9] selectiono] Z-8-3 92 B} ojg 2
& olfE Js ZFolre] Ex H9E D-loop
(ERAEEY A8 3 ¥ A+T-rich region
olgtx Uz +=t} (Fauron, 1980; Debruijn, 1983).
A+T-rich region®] T8 BEH A+TY ZAL
EIRHEE TN daHe EAAR B9 5 o
@9l motif (H-strand promoter; HSP, L-strand pro-
moter; LSP, Conserved Sequence Block (CSB) I-III;
CSB -} (Clayton, 1984, 1991; Fisher, 1992 Parisi,

o
S
2

#1472 240 o@7] 4ROl o8 Su
Anopheles gambiae®] A+T-rich regiono) A& 10 bp
loop2} 20 bpe] steom FRE Z+= FAAFHoZ 9]
AHe B4 #¥E R0t SRR g2 2
ZolAE ol 2o nEZ BEY Ado] E5)
A et getA, 2F vEE=gol fAA
S ¥A) 713 % )9 BAY B BY AF
£ obd Be FRolA ola|=A Faln ok

4.

S DIESE2|ot fHM el |HR 7Y
H

o O

|
el

%8 H

i

n

AYHEY v|EZ=zol A4 3ky <
Ak 3474 (OXPHOS)o] a7l 5708 &4 &
FTE 7ML gen 8 DNACA o
homodimerZ &} 3}+= Adenine Nucleotide Trans-
locator (ANT)E  ¥3rsle] 90 9] wlizS o]
O 9] complexE o]Fo] ATP @A &, &
#4-& 433t} (Anderson, 1981, 1982). Complex
12 3970¢] subunitZe] A 77)¢]1 NDIi, ND2, ND3,
ND4, ND5, ND6 % ND4Lo| w|EZ=go} §A
Ao WAHS glon, Umze 3 DNAY Z
gte}. Complex 11 470¢] subunit7} 3] DNAo) &
A8t, complex 1= 25 10709 subunit® T4
=5y vEZ=gol FHAE cytochrome BYHE:
533t} Complex IVE AA 13709 subunit®
TAEY Al je] FHA(COL I, T gho] nE
Z=go} Aol EAgr). vpreto 2, Complex
Ve 12709 subunitZ FAH B 0|5 ATPase67}
ATPase8 Tho] mEZ=glol fAA A wAY
o Eg, vEZEF fFAANN fHde &
WAl HAGA ] 22709] (RNA F-A=} e} 2749
tRNA (12SrRNA, 16SrRNA)7} ¢t} (Strachan, 1996;
Clayton, 1975).

2% MEZ=dol fAANE 4719 3749 &
FHES EFsA gk wEbd, 15 [ A
MEZEge FAA N WAHY e wAHA

TR e

fo o

FE R 22X 254
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> <> > 4« » » > » > b < < > 4 | 4 <
ND3 lle GIn Met ND2 Trp Cys Tyr COI Leu COLI Lys Asp AT8 AT6 COIII Gly ND3 Ala Arg Asn Ser Glu Phe ND5 His ND4 NDAL Thr Pro ND6 CytB Ser ND1 Leu LrRNA Val STRNA A+T
Drosophila melanogaster

»> < > <« » > > < < > < > -«
ND3 {le Gln Mct ND2 Trp Cys Tyr COI Leu COII Lys Asp AT8 AT6 COIII Gly ND3 Ala Arg Asn Scr Glu Phe ND5 His ND4 ND4L Thr Pro ND6 CytB Ser ND1 Leu LrRNA val SrRNA A+T
Drosophila yakuba

» <) > 44 | » > > >p > 4 < > < » < )
ND3 Ile Gin Met ND2 Trp Cys Tyr COI Leu COII Lys Asp AT8 AT6 COIII Gly ND3 Arg Ala Asn Ser Glu Phe ND5 His ND4 ND4L Thr Pro ND6 CytB Ser ND1 Leu LrRNA Val STRNA A+T
Anopheles quadrimaculatus

& ld > <4 » > > aqr « < > < <
ND3 It Gln Met ND2 Trp Cys Tyr COI Leu COII Lys Asp AT8 AT6 COLIL Gly ND3 Arg Ala Asn Ser Glu Phe NDS His ND4 ND4L Thr Pro ND6 CytB Ser ND1 Leu LrRNA Vai STRNA A+T
Anopheles gambiae

> <> > a4 » »rrrr 4

» -« » <«
ND3 {l: Gin Met ND2 Trp Cys Tyr COI Leu COIL Asp Lys AT8 AT6 COHI Gly ND3 Ala Arg Asn Ser Glu Phe ND'S His ND4 NDA4L Thr Pro ND6 CytB Ser NDI Leu LrRNA Val STRNA A+T
Locusta migratoria

»r « > <« > | » »rr>rr < « »
ND3 Met [le Gin ND2 Trp Cys Tyr COI Leu COI Lys Asp AT8 AT6 COII Gly ND3 Ala Arg Ast Ser Glu Phe NDS His ND4 NDAL Thr Pro ND6 CytB Ser NDJ Leu LrRNA Val SrRNA A+T
Bombyx mori

» > > > <4 4> >y 4> 4

> > > < < <
ND3 Glu Ser Met Gin Ala Ile ND2 Trp Cys Tyr COI Leu COII Lys Asp AT8 AT6 COIII Gly ND3 Arg Asn Phe NDS His ND4 NDAL Thr Pro ND6 CytB Ser ND1 Leu LrRNA Val STRNA A+T

Apis mellifera

Fig. 2. Comparative analysis of arrangement of insect mitochondrial genes. The arrow heads indicate transcrip-

tional direction of 22 mitochondrial tRNA genes.

og wAdd 23y F3ze wWEe g 2 inversion¥]o] Utk webA, Apis mellifera$t Bombyx
o]H& 7 AT EFA nEZE=g o} fHAte mori®] HEZCcgol Az WAL 433 o)A
Hgde FEuIY ¥ FHUE T VAR UE el Aoz wiuglth ayy o9 2L IF
% otk FEW DL 13719 protein-coding A=} nEZ=gol §AAe Aujd, 3], (RNA 7
52 AgFoR RE ZEM 2 uds 3 Ao Aujdel] #g £A4 2ol Aujd
o) v ZEEEL 22709 (RNA FHALe}E 270 do® EA R dig dFe obF BiEHL
o] RNA {7 =}e]tt, AR Tt
2% vEZ=ol fHxA wide EAHS

Anopheles gambiaeS} Anopheles quadrimaculatus ©] 5. 2% 0|EZ=z2(0f REKL| H=SIHAl R
tRNASerf-Axte] 99 2 wigE Asd F s34 A=

2l QolE Tge wge e AL
% 4 Ak 2U BRedE AP oUR

e

=2 nEZcg o} AR A A, triplet

A Auldol dojdrh (Fig. 2). 531, Apis ATNo|] 2%9] 8% HA ZES=Z o]gHrt o
mellifera$t Bombyx mori&] R|EZE o} §-HxE 29X Drosophila & THH-EL ATN ¥yt ol
AF7A LA 59 A viays o 2 g, TIG, GTG7} A&Ew, E3| Drosophila
g9l wW3}7} inversiono] opd translocationol] ©] &k yakuba®] COLE 7IAZES T ATAAZFE qua-

gl grhe W 2@ wath dF 59, duplt ZEo] MEHLUE FEsFE g
tRNA §AAT FNAE 71 2 FHx Fo2 ANZES ARSI ©3F, Bombyx moriv COl

F238  tRNAAIa-tRNAArg-tRNAAsn-tRNASer-tRNAGlu-
tRNAPhee] vl8& Apis mellifera® A Ystis
7Y 2L FAEA wEe g =E=F 128
RNAS} 168 tRNA -7} Alolo] 2% tRNAVal
FAAE 5% EFME BF 22 wEgsh B
48 z+or} Bombyx moridl A= it WEko R

FAAN A CGAZ TLHSY HARZESR A
8™ Anopheles gambiae?] ND5E GTGE A2
EOR AMES & 4 Ut (Table 3). o]AH &
nEZcglo}e] protein coding FAAE Fol
COl % ND5i= F3bo] Sold ZES A3}
Sty 2¥AY o]E) #3 BAF dF=

fir 2 ofw
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Table 3. Comparison of initiation and termination signals in protein-coding genes of insect mitochondrial

genomes
Initiation Termination

PCG

Bmo Aga Aqu Dya Ame Bmo Aga Aqu Dya Ame
ATPase6 ATG ATG ATG ATG ATG TAA TAA TAA TAA TAA
ATPase8 ATA ATC ATC ATT ATT TAA TAA TAA TAA TAA
COl CGA* TCG* TCG* ATAA* ATA Taa Taa Taa TAA Taa
colt ATG ATG ATG ATG ATT Taa Taa Taa Taa Taa
coll ATG ATG ATG ATG ATG TAA Taa Taa TAA TAA
CytB ATA ATG ATG ATG ATG TAA Taa TAA TAA TAA
ND! ATT ATA ATT ATA ATT TAA TAA TAA TAA TAA
ND2 ACA ATC ATT ATT ATC TAA Taa Taa Taa TAa
ND3 ATA ATA ATA ATT ATA TAA Taa Taa TAA TAA
ND4 ATG ATG ATG ATG ATA TAA Taa Taa Taa TAA
ND4L ATG ATA ATG ATG ATT Taa TAA TAA TAA TAA
ND5 ATT GTG* ATT ATT ATT TAA TAA Taa Taa TAA
NDé6 ATT ATT ATT ATT ATT TAA TAA TAA TAA TAA

TAa and Taa signify incomplete termination codons. Bmo, Aga, Aqu, Dya and Ame indicate Bombyx, Anopheles gambiae, Anophele
quadrimaculatus, Drosophila yakuba and Apis mellifera, respectively. * indicates incomplete or unusual termination codon.

ob4 wnsol A Ak FAZEY B9
pRze) MERE AAAANNAY B
AAEO) TAA ZES SV Lol A% 2
AT TE FE(T, TAELS FAFHAY F= HA
A o] polyadenylation 3ol 2lsjA FHALFHoZ
AFAdE0] AHg TAAS 3/dgch (Clayton; 1984,
1991; Ojala, 1980, 1981; Shadel, 1993)Table 3)
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(L-strand promoter)$} HSP (H-strand promoter)]| 4]
o e FAX7E e AALEE polycistronic
process ©AE Az LTHEY (Chang, 1987; Doda,
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£2 297} BAHAD. Fig 3914 2E0) BF
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™ Human 5’ TGGCAGAGCCCGG
Cow 5’ TGGCAGAGCCCGG
Mammals Rat 5/ TGGCAGAGCCCGG
Whale 5/ TGGCAGAGCCAAG
Seal 5/ TGGCAGAGCCGGC {RNALeu(UUR)
L_ Mouse 5/ TGGCAGAGCCCGG 16S rRNA
Fish I: Loach 5/ TGGCAGAGCATGG
Bird [Chicken 5’ TGGCAGAGCTCGG
Amphibia |: Xenopus 5' TGGCAGAGCCTGG
Crustacea l: Arthemia 5/ TGGCAGACAAATC
RN Leu(CUN)
Drosophila 5’ TGGCAGATTAGTG t A
16S rRNA
Locusta 5’ TGGCAGATTAGTG
Insects
Apis 5’ TGGCATAATAGTG
Bombyx 5’ TGGCAGAGTAAAT
CONSENSUS TGGCAGANNNNNG

COIl1
Echinoderma [: Sea Urchin 3’ TAGCAGAATCAAC 16S IRNA
Caenorhabditis 5’ TGGAAAAATTCAA ND3
Nematodes 16S rRNA
Ascaris 5’ TGGTAABATTCAG
Mollusk [Mussel 5’ TGGTAGATTTITAG 16S rRNA

Fig. 3. Conservation of the termination signal of 16S rRNA genes in insect mitochondrial genomes. A
heptanucleotide sequence with high similarity to the first seven nucleotide of the insect transcriptional
signal can be found 3 downstream of 16S rRNA genes in a variety of mitochondrial genomes
representing different phyla. The gene or region of the mitochondrial genome 3 adjacent to the large
rRNA(16S rRNA) is schematically shown at right; the position of the conserved sequence is boxed
hatched. A consensus sequence has been deduced for vertebrates, arthropod, and echinoderm; the first
seven nucleotides are maintained in other phyla with one to three mismatches.

29 BAZ A8| Anophele gambiaS} Anopheles EZcgol §44 HAS YHoE ¢ ge B
quadrimaculatus®] W EZ =)o} AR FrIAEe] g & ke dY dAFQ] 248 #§ 5
AR3HATE ddME & & drk g, 2F e AFoE AE 3 3 olae FE
o] Azte} AFLAE oldst SHAA PEE Ha 9,17] ol a2y dEse AE

A Z9 YREg AAsE TFolgke AT &F

sajol 484 WA BPAG BN we
B AsE AN ¥ oz Adun oje & 4718 W A 242 759 £3 o
Azte] §87 Bz oldHE A9L Yol v EEsedel 4¥Ad oY F840h} Be4e

!
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