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ABSTRACT

The mitochondrial genome of domesticated silkworm (Bombyx morl) was mapped with five restriction
endonucleases (BamHI, EcoRI, Hindlll, Pstl and Xbal), the entire genome was cloned with Hindlil and EcoRI.
From the end sequencing results of 5’ and 3' region for full genome set of eleven mitochondrial clenes, the
seven mitochondrial genes (NADH dehydrogenase 6, ATPase 6. ATPase 8, tRNAY®, tRNA™®, tRNA™ and
tRNA™*) of mori were identified on the basis of their nucleotide sequence homology. The nucleotide composi-
tion of NADH dehydrogenase 6 was heavily biased towards adenine and thymine, which accounted for 87.76%.
On basis of the sequence similarity with published tRNA genes from six insect species, the tRNA™, IRNA®?
and tRNA™ were showed stable canonical clover-leaf tRNA structures with acceptible anticodons. However,
both the DHU and TwC arms of tRNA™® could not form any stable stem-loop structure. The two overlapping
gene pairs {tRNAY*tRNA™® and ATPaseB8-ATPase6) were found from our sequencing results. The genes are
encoded on the same strand. ATPase8 and ATPase6 overlaps (ATGATAA) which are a single example of over-
lapping events between abutted protein-coding genes are common, and there is evidence that the two proteins
are transcribed from a single bicistronic message by initiation at 5' terminal start site for ATPase8 and at an
internal start site for ATPase6. Ultimately, this result will provide assistance in designing olige-nucleotides for
PCR amplification, and sequencing the specific mitochondrtal genes for phylogenetics of geographic races,
genetically improved silkworm strains and wild silkworm (mandarina) which is estimated as ancestal of
domesticated silkworm

Key words : Bombyx mori, mitochondrial genome, restriction map, ND6, ATPase6, ATPase8, tRNAYS,
tRNAMP, tRNA™, tRNA™®
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L2 R gt =23, AW Ee] v EEEa]e) §-
| EZ=g]e}l G214 E &) DNARC 2k51 o FHfe] ¢ A= dekslar BalaiA AmdsEs 3 DNASK: o2
&8l 2A R fAshe fFAEAL et o550 A FAAZRe] Aeld A2 WHEEA] diech(Sirachan
olzke) w mEE=Ele} FHAE HF ¥ DNA(one & Rand, 1993; Rand, 1993; Nei & Kohen, 1983; Cann e
chromosome)?] 1/8000 A o] shle] AME AA al., 1987). |48 m|EZ=elo} FAAE oeEst 7314
A 05%2] vE&E FAgot HAREE -2 (ran- A& Ztem] ¥ DNAY <dgko] didld &x A4AQ
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ol PlEFEelol f0H o) AlghdA e 2y F2 9 97|48

4 sle] F88 ABrT Ho) Ak} v EEEE] o} f3A)
7H N EAR FAE7] wiiel] "z s %13} g
71N BE Aol = {83 A e] ek (Wolstenholmnm,
1992; Clayton, 1975; Brown, 1985).

HA7HA ZF7H 45 65 [Hymenoptera ; Apis mel-
lifera(GenBank Accession, Number L06178), Diptera ;
Anopheles gambiae(L20934), Anopheles quadrimaculatus
(L04272), Drosophila melanogaster(U37541), Drosophila
yakuba(X03240), Orthoptera, Locusta migratoria (X30245))
oAl Al w]EZEeel A Fr|Mde] HuEa
2=} (Clary and Wolstenholmn 1985; Garesse, 1985; Croi-
zer and Croizer, 1993; Michell er af., 1993; Beard ef al.,
1993; Flook er al., 1995). ¢4l GO BASE databases]|
SEE 130¢ TR uEZEeel #3A FellA o
4% AR Hlo2 AALE e} BRTe] vlsiA
TF v)EZ=eel Al FUT o] o]Fe]A
A k3l 9lEE o 4 v

ol 3 23] (Drosophila melanogastery) W57}
+ s g2 A7) w2 Yol & Al2)E, 2y
g 9 EAES 5 AEt g Hobell A @] AF
el ko (Udupa et al., 1988; Datta er al., 1988 Li,
1992; Okamoto et al., 1982). et} v|EE=2]o} F-3]
Aol #Z AT AN gy o] AEE AL Ak
2 3 ATelfol= o}A7hA] FehA] Sslek(Hwang et
al., 1999). mEbr] i) of o Fsle AFE, et A
217 FFE =3, relloke] ool A s 3 S
A3k AT AA7A] wlulgt Aol B o= AEtE
& A E AR F29E B9 el v[EE=so} 54
Ao AA d7I1MdL AAslza} s on o o
3 ZaE B sz} s,
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FATFS WSFOT FEAEH AT ¥
S ol o] 58 Aol AL
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Follg] mEFEeel A 53 3UA e F3
S HEste] Zimmerman(1988) 5] Wl 4%
HEsled ohis) E=lslgdet. of 1 ugd] FR-AAMNS 15}
2 HAAae fulo]M vidt ¥ STE 43890025 M
sucrose, 10 mM EDTA, 30 mM Tris, pH 7.5y 10 ml 3
7¥sted ohA] g vl Eledot. homogenate 800 xg= 20
7t 4°CeM RAEE s A3t AE AMRES A7)

e
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I AFFAL Hated 12,000 xg& THA] HWAlEe] 8 F )
EFs=eolrt TR FHES H9ct ofA] STE ¢4
AE AHrlsled 2 Ao F oE HFE5 =0 2% HES
SDSE el & F 12,000 xg& 4°CAA 1027+ YAa18e]
&13dch. 2902] phenol (pH 8.0y% A7}k ohe- 12,000 xgZ
4°Cell A 1687 B4-Ee] shed A5NL 3)pslkn T3
phenol/chloroform -8-94-5 o] 12,000 xgZ 4°Cel|A 103
Zb Q4] sisiet A S o] Blsted s ot
1 ug/mle] E|=F RNase AZS ¥ 37°Col|lA] 147} ulx|
5}t RNaseZ 8443} A717] $18}e] 532 phenol
S ¥ 12,000 xgE 4°ClM 1087 QAR slgic. o
Al sl E #Hil] #HF St 50 ug/mlo] HEE pro-
teinase K& 93l 56°CellA 1A] 2 vEA 3t ¥ phenoltd- 713}
o] proteinase K2 A& A7}, Sol A £2F(0.15 M NaCl,
10 mM EDTA, 10 mM Tris, pH 8.0y% #Hzx F32] /20
ME WAl 2 Ao £ o, A2 1087 whR)sied)
Sol B(0.18 N NaOH, with 1% SDSYS & 22|¢] 1/54)
ol daolA 3027 B 3 v Sol C §4(1.32M
potassium acetate, pH 4.8)% #Z T3] 1/104] o]
Aol & F oA 8ol 1087 wRlstch A7)
phenol 2} #AL 23] a3 vk 2E dola] AHS
o 1710 wj2] 3 M sodium acetate?} 28§2] 100% EIQHZ
H7¥ete] -70°Coll A 308-3F WA, o] F 4°Cel A 20
2 A Ee] g F 70% EOHZ A1H 3 ok& Azs)
o n|EE=Eol DNAS Falsiq

Total genomic DNAZ| 22|

| total genomic DNAX 5% 3¢ ¥ 59 3973
AMIE 2Eet Suzuki(1990)2] 59 Wb oY Wy
&t TRt 7ol FalElgic) FRHAA ARl 2.59)9
DNA 259 (0.5% SDS, S mM EDTA, 20 mM Tris-HC],
0.1 M NaCl, 10ug protcinase K)y& #7}F8te] homogeni-
zerZ A vpdaled 37°Cel) A 30271 uhg-Eledc), 2 mi9] g
M Tris-HCI} 3 ml®] phenols- 7}3te] £35Hs1 5 418
21(5,000 xg)ated A5-& Hslar 25)2) chloroform/phe-
nol 2% 39| salted ethanol (2% potassium acetate)S
el f4l2e] & ¥ DNAS dgo) $19) =L 28
& 53338} o}2-, TE buffer (10mM Tris-HCI, 1 mM EDTA,
pH 8.0 #Etsloict

Hetga Xzxy U 824

nEZTalel fRAe] AfFEAS e BamHl, Eco
RI, Hindlll, Ps1 "0 Xbal 5 F5-2] A3+EAZ ALes)e
ZAJslel e, o8 7|22 sl EcoRIF Hindlll A)5E
A Ay oM vepbs At S pGEM 3Zi(+) &
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+ pBluescriptSK(+)8] ¢ AlgtEA F-¢lo| TFuhy
(Sambrook er al., 1989l &j5}e] FZMIs)H

Southern hybridization

471eA R v Rzl FAAY Held 95t
southern ¥-4-2- Southern light detection kit(Tropix, USA)
£ AM-3191.9™, probe DNA®] EA|L- biotin labelling
kit(GIBCO BRL, USA)E ¢|-43lqic}. #iaalel Aled s}z
2 EFHPH(Sambrook er al., 19891l F3ld Saiaieict.

DNA ¥7IMY 3 % 24

DNA 7|49 842 T7 promoter primer(5-TAA TA
CGACTCACTATAGGGAGA)2} M13 reverse sequencing
primer(S-AACAGTATGACCATG)YZE 143} BigDye ter-
mintor(Perkin-Elmer, USA)$} ABI PRISM 377 DNA Se-
quencer(Perkin-Elmer, USA)] &]3led A3t} AMEA
FAME CLUSTAL-WE o183l yakuba B melanoga-
ster?] W) EZEglol F3xF2k] pairwise alignmentel] 2]
A vlw, BA3El o DNA 971499 7122 Laser-
gene(DNASTAR, USA), Gentyx(Software development Co,
Japan) 3 DNASIS(Hitachi software Co, Japan) program
= olgsle] EAsigel.

2 1

Follell M Feld mBE=e]ol fAE 57142 Ag
g Hesie] o] ARt H 5719 & S
A=}, oF 15.5 kbt 500 bp B = Ik (Table 1). ©)elgt
Z71= "7 682 EFelM By AA| njEEEa]
of FAAY =719 HAREME 15,364 bp(Anopheles

Table 1. Restriction profile of silkworm mitochondrial genome

- el - AEA

- A

gambiael|l M =A% 19,517 bp(melanogaster)lol] T3
t ez FHEU A Qi o7 A A
A8 Zgel| ofsle] AR ATF AAE A}, BanHl,
EcoRl, Hindlll, Pstl, Xbal®} AFA F8)71 232} 270, 5
A, 40, 20, 3l Aoz BA=EgIckFg. 1). o|RA 7}
AE AlRtEA A RS EYE dlo] rof viET=2]0} £
AAE P19 AgAH O gk =2 HindllI(5.8 kb, 5.5 kb,
2.0kb, 1.9kb)s} 578e] AL P A= EcoRI(5.8
kb, 5.5.kb, 2.0kb, 1.9kb, 0.5 kb) T2 o]83}ed pGEM
3Zf(+) =3 pBluescriptSK(+) voctore] E21331%1vH(Fig.
2). o8 F A2 AE A QM UEh s g 5L
o] IEZ o} fAlA AAZ I Aow FH
=it

A71el|A ozl 97fe] rof mEE =)o} FAA ] S
E5ol AR AAsle] dL | EZ=a]o} FAA A
7idg 2EUAE #elslr] e QA Yol genomic
DNAE ol9| Algkase Huksiyr 4702] EcoRI T2
probe DNA®. 3] Southern ¥4 & 83 Z=}, £ 7
Agt mEZ ol Ao Alghty gakat 7k 3
olatHehFig. 3). o]7-2 $-2l7F 248t Algtstso] n)
EZ=e|o}l fdAlel A fallgt SEclele AS T
Zlolet,

e E&e] AAA oz A nEFZ=e} FAAS
ke AE Plsl] dsiM 2z S22] end sequen-
cingell &J3A 7+ FE2E7HY $H 9 92 2AL 43
B}, Table 204 Kol A zhe] $2)7} sl o7
A BE BEES B %, 53] AA grirdel g4
H 639 2% v|R2=r]el FAAle] 80% olAke) AN
A& Mol it neld v = FEEL n| RS}
AAelS FE AYSE & 5 Qe =8, Hindll

Restriction enzyme No. of restriction fragment

Size of restriction fragment (kb)

Sum. of restriction fragments (kb)

BamHI 2
EcoR1 5
HindlIll 4

Xbal 3

9.5, 6.0 15.5
58,55,20,19,05 15.7
5.8,55,20,1.9 15.2
6.5,5.5,40 16.0

poucHE pmtH16 [e—
pmtH154 pmtH18
L | I et e
pmtEA pmtE2 puntEL4
PHLES pmtEl

Fig. 1. Restriction map of silkworm {(Bombyx mori} mitochondrial genome. H, B, B, P and X indicate, Hindlll, EcoRl, BamH], Ps5il and Xbal,

respectively.
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Fig. 2. Molecular cloning of mitochondrial genome digested with
EcoR1 and HindIIl. EceRI clones (lane 2 to 6} and Hirdll clones (lane
7 to 10) were digested with EcoRI and Hindlll, and loaded onto 0.8%
agarose gel. Lane M and I indicate DNA size marker (kb ladder) and
linealized pGem3Zf(+), respectively.

subset ¥ EcoRI subset 250 25 F7)7} o} o=
A Zpzke] A|gHEAe] 22719 ghe] il 25 vk
Zzglo} fAA2] 27|98 fAlslrle AHOE Hel $-2
7t E295E 3L 7ol v EZ=Ee 1A AAE 2
el 7o #F =gk

Plasmid DNA®] end sequence £-9.22. tRNA F313}
PRARNAY, (RNAM, (RNA™, (RNA™™), 37]2] by 2
&35k A AHNADH dehydrogenase 6, ATPase 8,
ATPase 6y5 7712] 9313} n|EFZ =)o} f31=l7} 4 =)
9t B3] ATPase 87 ATPase 6= -2 w}gko g 77)2)
nucleotide sequence(ATGATAAY} T4 H ] A& &l
3 4~ 2% ok Fig. 4). ]2 v|EFZ =2} §0=}7} A
Hog AR AR Al B S sl Aladlolels AE
sk Al ok gzbgie} A2 ATP Ao
oJ5le= 5709) complex FollA complex 131 NADH ubi-
quinone oxidoreductase groupel sk T|EE=g]o} -
AA f=h2] NADH dehydrogenase 6 A= ojn} X
= 6329 #32] A7 vw2d o DNA £FM= 51%9)
M 69%2] AEAS Be Fglou} olm|ieal SR
3%l M 43%2] BhE ofu) Al AFEAE B Foieh(Fg.
5, 6, Table 3). W2}A NADH dehydrogenase 6 580AR=
TE EelA AREs] Welrh Ag fAlAkR & AdE

= FEcoRl

v Hindiil

== FroRl
HindIi1

0.5 kb

(4) Low exposure (B) High exposure

Fig. 3. Total genomic southern blot analysis. Each lane contains
silkworm (Bombyx mori) total genomic DNA of 10 vg. The five
silkworm mitochondrial DNA clones derived from EcoRI digestion
were used to as probe DNA. Lane 1 to 9 indicate EcoRI, Hindlll,
BamHI, EcoRV. Nod, Pstl, Kpnl, Xbal and Xhol, respectively.

ATPase8 I
AXNTIGAAAATGATARCAAACTTATTETTCTATTTTTGATCCATCAACA
N W Kl w =*

M M T ¥N L F 8 I F D P 8§ T

ATPaseb >

Fig. 4. The overlapped region found in ATPase 8 and ATPase 6 of
silkworm mitochondrial genome. The transcriptional direction is
shown as arrows. The asterisk indicate ternination codon (TAA) of
ATPase8 gene.

&} hydropathy £4]-& i8] w]EZE=z]e} NADH
dehydrogenase 6 #-1A7} e} =52 A ek 7154
FAHIE ZH-S B 4 9l9lvh(Fig. 7). ATPase8®] AM5A]
E DNA T (62%-67%) 8= oo Al F(30%-41
Tyl A 2 S 4 4= 2lo), ATPase 6 =3, DNA
PE(65%-TT%) B oo Al $5(44%-70%)0) A 4
A ES HolFg o) Adlde 2 NADH dehydroge-
nase 62} ATPase 88T}= ofm|xAl AbgAle] 382 ¢
4= 1%eh(Table 3). =3t 719 izl s FAzE 1)
&k 652 TF TolAM guadrimaculars®] F3A}; 7}
A g FAEEE VERICHMichell er al, 1993)(Table
3). 4%°] {RNA AR 825k 652] RNA -39} A
HAHLZ 50%-94%% A4S ehigien] RNA™,
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Table 2. End-sequence similurity of miDNA clones isolated from Bombyx mori

e R

BLASTN . BLASTX . Positive
Pri e Identit .
Clone rimer Subject Identity Subject BN Ydentity
. . . DROME NADH-UBIQUINONE OXI
Drosophila yakuba mitochondrial DNA  60/69 — 3331 40151
T7 " olectle, Length = 16019 86%)  DOREDUCTASECHAINZ. Length= (coy  (s0%)
pMTH3
spg  Drosophila yakuba mitochondrial DNA 1107131 DROME CHIOCHROME © OXL 5485 6583
molecule, Length = 16019 (83%) 262 ’ gt = (65%) (78%)
. . . . DROYA NADH-UBIQUINONE OXI
L.migratoria mitochondrion complete ge-  135/147 ~ 148213 170213
7 wome, Length = 15722 ©1%) L EDUCTASE CHAIN'S Length = "0 (70
pMTH15 .
SP6 L.migratoria  mitochondrion complete 153/179 DROYA CYTOCHROME B, Length = 138/214  161/214
enome, Length = 15722 (85%) 378 (64%) {T4%)
g 2 .
. . ANOGA NADH-UBIQUINONE OXI N
Anopheles gambiae complete mitochon-  }19/137 ~ 93/126 107/126
pMTHIB SPo drial genome, Length = 15363 (86%) ?HREDUCTASE CHAIN 1, Length = (73%) (84%)
. . SPOFR CYTOCHROME C OXI
Anopheles gambiae complete mitochon-  174/205 — T3/78 75/78
MTHIS4 T7 drial genome, Length = 15363 (84%) 11)4‘?,SE POLYPEPTIDE III, Length = (93%) (95%)
SP6 Luehdorfia puziloi coreana mitechon- drial  175/192  NADH-UBIQUINONE OXIDORED 97/188 138/188
ND3 gene for NADH (91%) . UCTASE CHAIN 5, Lenght = 573 (51%) (73%)
‘L.migratoria mitochondrion complete ge- 153/179 ; _ 1197177 1307177
g mome Length = 15722 85%) ~ CYTOCHROMEB,Lengh=378  “7q) 73
P Spodoptera frugiperda mitochondrial cyto- 121/131  CYTOCHROME C OXIDASE POLY  52/36 54156
SP6 p
chrome oxidase III mRNA (92%) PEPTIDE 111, Length = 147 (92%) (959%)
, BLASTN _ BLASTX _ Positive
Cl P Identit Identit, .
one rimer Subject ety Subject Y tdentity
. o NADH-UBIQUINONE OXIDO
ausonides large subunit ribosomal RNA gene, 79/87 : 30/48 38/48
7 partial sequence: Length = 1172 (o%) ~ REDUCIASE CHAINLLength  iroy (785
MTE?2 )
P Eueides aliphera isolate P-3-1 mitochondrion cy- 199/222  CYTOCHROME C OXIDASE 99/133  120/133
SP6 tochrome oxidase I and Il genes, partial cds, and - (89%) POLYPEPTIDE I, Length = (74%) (90% )
tRNA-Leu gene, complete sequence, Length = 987 228 P
o T7 Drosophila melanogaster complete mitochondrial ~— 82/92 ANQQU CYTOCHROME B, 39/62° S5l/62
genome, Length = (9517 (89%)  Length=378 62%)  (82%)
pMTE4 Spodopiera frugiperda 16S rRNA gene, Val-tRNA, 247772
SPo and Leu-tRNA genes and ND-1 protein gene, 5' (90%)
end, Length = 2236 ! °
7 Galleria mellonella mitochondrial cytochrome oxi-  238/272 SQIL]])\TAESECE(')TL(,)Y(’:I?E}:’%]\[JI)E [(I: 92/95 95/95
dase I (COII) gene, complete CDs, Length = 637 (87%}) Length = 228 > (96%) (99%)
pMTE14
. . . DROME CYTOCHROME C
SP6 E;osoph_lla yakuba mitochondrial DNA molecule, 110/131 OXIDASE POLYPEPTIDE I, 133/195
ngth = 16019 (83%) Length = 262 (68%)
. . . CYTOCHROME C OXIDASE
Spodoptera frugiperda mitochondrial cytochrome 121/131 — 52154 54156
PMTEA — T7  [idase H mRNA, complete CDs. Length = 446 (92%) POLYPEFTIDE TIL Length = (g305)  {95%)

IRNAY T (RNAME 32 fAlEE Kl ubm, (RNA™

(A thymine(T)2] o] e} 7o) Ax Frhe 7o

=

AR AR Fo Al S BYE od 5 el
(Table 4). T8k, (RNASCAN 27188 o238} (RNA
At Fx25 B8 A3l (RNA™, (RNAY 2 (RNAM
A A= oFA 3l clover-leafd] A3Ael 23} 7325 By
L1} (RNA™ #H2= DHUS} TwC arms 97} oA
g stem-loopE HedFA] R 24949 2272 E By
T¢lcH(Fig. 8).

% v EEE e FAAre] 5 Fol b= adenine

oHFauron & Wolstenholmn, 1980). o]&l e Edo] »
o m|lEg=glel FAAME L AgE Bele AF
3] fleiM izt Belgt 2 F 2B F7101 £ 9
EZoee} f47ke] NADH dehydrogenase 62) nucleo-
tide 3428 48 B A v]wsl 630 &5 v|EEE=
g]e} NADH dehydrogenase 6 F-3AF oA 714 &2
A+T FEH87.76%)2 Bol59] 29 cytocine(C)2] H]E-<
6.59%2M wlwa 652 o] A FollM sk 2



Bmo : ATTA---ARRTART-TTTATCTTCTATA-—--—-~ T-TARTT--ATAATAACAAGAATTATATA - -~~~ ~= TTT---TATARATCATCCACTAT--- : 70
Dme : ....TTC..T....-A....AC,.,-—.- - - N L]
Dya : ....TTC..T....~A....A...- I SR N S |
Aga : ....CAA..T....TA....AA.A- . Gu.T~==4 o T T CALACBAL ... AL TT. - 73
Aqu : ....CAA..T....TA....AACA——- -.TG..TA. .T..T.G.T~--.C..T.T- LA.ACAA.....A..C..TT.,.-—— 73
Lmi : ..G.TAR.......AA....ARAGA G-, ——————— CA..C.TA....~~...T-———, AT, T——-~——— WALARALL L LW CLL Ll A,,.--—-:+ 73
Ame : ....TATT..C...CA.C..A..A.CA.AAATTTT.A..TC.TC..T,--.TTTC...A.,T.TAACAATT.A. TTAR,...——....TTTA. .AGA 1 93
Bmo : ----CTATAGGAATAAT-AATTCTAA--TACAAACAATAATTACATGT--ATRATTAGAGGA---ATACTAGTTAARACATA————— TTGATTTTCA : 150
Dme : ----,.T.,...T...C~TT.AT...--.T.....,...TT..GT.,...==T..C.A.CT... WALl ¢ 153
L O T...C=TT.AT...-=.T........ TT..GT..,.==T..C..TC.... WAC... : 153
..... TT....=.C.AT...~=.T......T.TT.A....e.==Tou.r.uCu.. vieanT o 153
Aqu : ----..,.....T....-,T.AT...——CT..... LTLTCLALL L L. -=T..T.A.C.... ...T 1t 153
Lmt ; ----,C,.TAT.....CC.T.AT..-~=,T..... CT..T...TTA.A--....,A.C....BCA...A. ... . .G..T————- e .CLAL., 1 153
Ame : CCTT.C.,.TT.C....-~T.AT.T.AT.T.TT..TC..T...T..A.CCT....A.T.TTTACC..-A.GT.C..T.A. . TCACTA. .A..... A, : 187
Bmo : TATATTTTATTTTTARTTTTTTTAGGTGGATTATTAGTATTATTTATTTATGTTTCTAGRATTGCATCTAATGAATTATTTT-TATTTAACTTARAT @ 246
............ Y P 7. O o O W S .C. . : 250
SJACLLALLCLTL LT, ... © 250
O N . AL TC.T.AT.... 1 250
T O o ACACTCCT.AT.T..A r 250
....... TA..A....C,. CALAA..coiinann, 1 239
AA...A..... A.TA..... TC....T..AT.TC.T.A——...- i 265
Bmo : ATAAAAATATTAAATATTATTATTATAATAATTATTATTATTATAATARTAT-—-——, ATTTT--ATTAATATTAARTATAATAATTTAATTGAAARAT : 336
Dme : -,,.CTC,...TTC-T.C....A.T.——..... Te...A===T....TT...CATTT...A.AG..A. .AC, .CTTCT.CT.T....T-.ART.... : 339
Dya : -.. -A---T.T..TT...CARTA...C.TG..A..AC..CT..TACT.T....T-.AAT.... : 339
Aga : CGALLACLUTGL TG .CL. L. —..ATT... 339
Aqu : B ..CA.T...TG..C...... -.CTC.... : 339
Lmi : .-AC.BGC.TG...A..C.....C.ACAG.... : 329
Ame : B O i o Cou— ART. ... : 331
Bmo : AACTCAGAAAT-A-AATAARTTATITACAAARATATTATTTTTTAATGATGAAAACAAMATTAA--T--TTAAACA-AAATATATAATAATCAARCA : 426
Lme : ..---T..T..-,C...CT..... A T-.T..-...C..A...T.--TA.....TTC--_.T.--.CT..... T.- : 423
Dya : ..~--C -.C...CT...... G.A-.T..-...C..A...T.--CA LCT... . T.- : 423
Aga +G..A-....T.CA.T..C..~..A....BA,T.—-.C T.T--. . T.==.CB..,...T." 1 423
Agu : =G, A-T...T.CATTT..T.-..A.. ., AA.Cuv~ueusran : . A : 423
Lmi : ~C.AC.CAA.....-T.C...GA..T,.C..CC.CAC..GTA.~..T..vs.ue...C.C.... 1 420
Ame : -.A.. AL T~~~ .. T.IPG.T....TA.ATC..T.-T.T, . .A...=...T===C, .. 408
Bmo : TCATTTTTAACAATAATATTARTTATTTATTTATT TGTTAATTTAGTAGCAGTAGTAAAARTTACRAATATT TT T TATGGACCATTACGATCATCAR ¢ 523
Dme : RAT...A.T..... TT.uuun GRLALL L. RA...C... . AIT.TTA.T......oouaen ., AT.A...R.A..... TA.T...AT.AT.T : 520
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Fig. 5. Multi-alignment of nuciectide sequences of NADH dehydrogenase 6 gene of Bomibyx mori and six other insect species. The dot sites identical
to silkworm sequence, The dash sites gap for maximum alignment among seven insect species. Bmo, Aga, Aqu, Dme, Dya, Lmi and Ame indicate 5.
mori, A. gambiae, A. quadrimacluatus, D. melanogaster, D. vakuba, L. migratoria and A. mellifera, respectively.
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Fig. 6. Mulii-alignment of amino acid sequences of NADH dehydrogenase 6 gene of Bombyx mori and six other insect species. The dot sites
identical to sitkworm sequence. The dash sites gap for maximum alignment among seven insect species. Bmo, Aga, Aqu, Dme, Dya, Lmi and Ame
indicate B. mori, A. gambiae, A, quadrimacluatus, D. melanogaster, D. yakuba, L. migratoria and A, mellifera, respectively,

Table 3. Comparison of size and similarity of amino acid sequences and nucleotide sequences of three protein encoded in Bombyx mori and six

insect mitochondrial genes

Amino acid
Gene Bm L.m.(%) D.y(%) D.m(%}) A.m(%) A.g(%) Aq(%)
ATPase8 33 52030} 53(33) 53(33) 62(32) 53(37) 33(42)
ATFase6 225 225(66) 224(69) 224(69) 226{44; 226(69) 226(70)
ND 6 176 17339 174(40) 174¢40) 167(23) 174(44) 174(44)
Nucleotide sequence
ATPase8 162 159(62) 162(65) 162(65) 159(66) 162(64) 162(67)
ATPase6 678 678(74) 675(76) 675(77) 681(63) 681(75) 681(75)
ND 6 531 522(66) 525(67) 525(66) 504(51) 325(66) 525(69)

B.m, L.m, Dy, Dm, Am, Ag and A.q indicate B. mori, L. migratoria, D. yakuba, D. melanogasier, A. mellifera, A. gambiae and A.
quadrimaculatus, respectively. (%) indicates the similarities of nucleotide sequences and amino acid sequences predicted from three protein
coding genes between B.n and L.m, B.n and D.y, B.m and D.m, B. m and Am. B.m and A.g, B.m and A.q respectively. ND 6 indicates

NADH dehydrogenase 6.
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Fig. 7. Comparison of hydropathy profiles of the proteins predicted from NADH dehydrogenase 6 gene of Bombyx mori and six other insects,
Hydrophobic regions have of > 0, and hydrophilic regions have hydropathy of 0 <.

Table 4. Comparison of size and similarity of four mitochondrial IRNA genes encoded in Bombyx mori and other insect species

tRNA gene B.m(%) A.gl(%) A.q(%) A.m(%) D.m{%) D.y{%) L.m(%)
Thr 66 606(78) 635(86) T8(72) 66(92) 65(92) 64(%0)
Lys 70 71(91) 61(90) 69(69) 71{79) 71{80) 71(82)
Asp 67 68(74) 7471} 6970} 67(79) 68(80) 64{65)
Phe 66 67(78) 67(77) 69(81) 65(75) 66(78) 66(75)

Bm, L.m, Dy, D.m, Am, Ag and A.q indicate B. mori, L. migrateria, D. yakuba, D. melanogaster, A, mellifera, A. gambiae and A.
quadrimaculatus, respectively. (%) indicates the similarities of nucleotide sequences from four fRNA genes between B.m and L.m, B.m and
D.y, Bm and D.m, B. m and A.m, B.m and A.g, B.m and A.g respectively.

A7} Bt (Clary & Wolstenholmn 1985; Garesse,
1985; Croizer & Croizer, 1993; Michell et al., 1993;
Beard er al., 1993; Flook et al., 1995). e} ol &
EgEs WlE E5ME 4 vREZER]e} £33}
e B8 97149 Mde] BarEy 9lE Bo|rl(Hwang
et al., 1999). :
2 7o) A o ool 719 B9 B AF
A d7el 58 2 5 9% el AR ell2] A%
42 Helge] AL FENA FlHol EFHql X3t
RAPD(random amplified polymorphic DNA) (Lee ef al,
1998), RFLP(restriction fragment length polymomhism)

{Lee er al, 1996) 2 transposable clement -E-}'—j} {(Hwang et
al., 199955l 712E 3 stout B33 pFolre] s
-° arylphorin (Hwang et al., 1999), 12SrRNA (Hwang er
al., 1999), 165 rRNA (Hwang et al., 1999y57} & ¢
-2 %34“1'01 ol gl 9o & 92)r) 2huE) S
vl & of rAAle] AHA Q7MY AHS 239k A

MW ‘—}HIEA A 25 FlA ABRE AT E 5+ 9
= 7;§°lml 53], rell2] Adzeletar dejAe el
(mandarina)?}2| ©}ZbE<l 24(DNA B eluleAt 454,
AL 24 R 7AAL g Fe] o] Fo] A £ 9lg F

o]},



22 ol - AsdE - A8A

A T
c-G A-T
A-T A-T
T-A T=A
T-A T-A
Asp
tRNA™Y" AT ERNA AT
G-¢ A-T
AT gttt A €
[} TCTTA
Ana a 1111 N L A TTHInld
TCA AGTRHA A TTCG AGAAT
A 111 T ATT T [ A A
A
rAgT, T AAGC A
GCA Ar IT AT r-aRe
T-A TT
G-C TT
G-C G-C
T-A TG
c A
A T
cTT TGA
T T
G- T-A
T-A T-A
T-A T-A
Fhe A-T
Thr T=A tRNA
ERNA oA A-T
A-T A-T
A-T c TC
v TrerCT T ATATTCGA TATTITG
AR A | 11 T
[N TTTG AAGA 2
[ | T a T
LT AAAC A ATAGAGTT AGGAGAT
A rata T-A
T-A A-T
&-¢ A-z
GT T-A
oA A-T
c S T
T A T G
TGT TAA

Fig. 8. Secondary suucture of four putative transfer RNA genes
derived from Bombyx mori mitochondrial genome sequence. Lines
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