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Long-PCR  Primer Walking
: mtDNA 18858 hp, mtDNA 18493 bp,
MtDNA :
, ,  ND3 174 (©).
mMtDNA : 3288 bp,
2926 bp, : 37
' Mt5
Bl : 342
, DNA(mitochondrial DNA, mtDNA) mtDNA : ,
111. GenBank mtDNA 29
PCR DNA (Struthioniformes) (Rheiformes)
, DNA (Casuariiformes) (Dinornithiformes)
24 1981  Anderson (Tinamiformes) (Apterygiformes)
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(Sphenisciformes)
(Charadriiformes)
(Galliformes)
(Falconiformes)
(Passeriformes) 15

(Ciconiiformes)
(Anseriformes)
(Psittaciformes)
(Strigiformes)

15~19 kb,
(Gallus gallus)mtDNA
16775 bp, (Rhea americana) 16714 bp,
mtDNA , (Buteo
buteo) 18674 bp. 1996 el
(Asio flammeus) 14
MtDNA .
DNA o
(Falco peregrinus)® |
MtDNA , 18 kb ,
: «C )
tRNA™  tRNAP®

, tRNASY  tRNAPM

(Ninox novaeseelandiae)
mtDNA 5 tRNA

mtDNA

(Asio flammeus)

(Asio otus) ,
MtDNA ,
mtDNA
1
1.1
(Asio flammeus) (Asio otus)

' , -80
1.2

(1) mtDNA : mtDNA
Arnason [0 , mtDNA 20

(2) MDNA

: mtDNA
, [m 12S rRNA, COl,
ND4 Cytb , .
4 , Long-PCR 12SrRNA-
COI(5 kb), COI-ND4(4.6 kb), ND4-Cytb(3 kb) Cytb-
12SrRNA(5.8 kb)4 , 1.
Primer Walking 4
, mtDNA
80~120 bp.
1
( )

TaKaRa Taq™ Cycle Sequencing Kit,
ABI377 (PE Applied Biosystems).

. DNA «( )

3) : mtDNA
GenBank (Ninox novaeseelan-
diae; AY309457) (Gallus gallus; X52392)
(Vidua chalybeata; AF090341)
buteo; AF380305) mtDNA ,
Clustal X1.8 1 :
DNASIS DNASTAR

(Buteo

Editseq

RNAstructure3.5

2

2.1

MtDNA 18858 bp, 18493
bp, DNA, 2.
, mDNA 22

rRNA, 13 1

tRNA, 2

[13]

(tRNA™/control region/tRNAP/ND6/tRNA®"/nonco-
ding)™4.,
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4.6 kb
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a)
(5=37
1 12S-F CAAACTGGGATTAGATACCCCACTAT Sorenson, et al. (1999)
2 125-R TTGCGAGGACGCTGACGGGCGGTATGT Sorenson, et al. (1999)
3 Col-F AACAACATAAGCTTCTGACT Sorenson, et al. (1999)
4 Col-R CTACGTGCGAGATAATTCCAAAACC Sorenson, et al. (1999)
5 NDA4-F TTCGAAGCAACCCTAATCCCAAC Sorenson, et al. (1999)
6 ND4-R GGTGCTTCTACGTGGGCTTTAGG Sorenson, et al. (1999)
7 Cytb-F CCACCAAACATCTCCGCATGATGAAA Sorenson, et al. (1999)
8 Cytb-R GCCCCTCAGAATGATATTTGTCCTCA Sorenson, et al. (1999)
9 S-12S-738F ATCAAGCTTGAGGTGGAAGAGATGGGCTACATTCT
10 S-Col-103R CTCGAATTCATTGCTAGGTCTACTGAAGCTCCTGC
11 S-Col-364F GGTGACCCTATTCTCTACCA
12 S-ND4-53R GGGTGTAGAATAGTAGGTAA
13 S-ND4-192F ATCAAGCTTACTTAACTCCTCATGAACCGACCTCC
14 S-Cytb-182R ATCGAATTCATGTGAGACGGATGTGAAGGCTAGGG
15 S-Cytb-13354F GCTGACTACTCCGCAACCTACACGCAAATG
16 S-12S-256R GAATGTAGCCCATCTCTTCCACCTCATAGG
17 L-12S-738F ATCAAGCTTGAGGTGGAAGAGATGGGCTACATTCT
18 L-Col-103R CTCGAATTCATTGCTAGGTCTACTGAAGCTCCTGC
19 L-Col-258F GCAATCAACTTCATCACCACCGCCATCAAC
20 L-ND4-366R GGCTATTGTGAGGAATGGGTAGTGTAGGTG
21 L-ND4-155F ACTCAACACCTCATGGGCTGACCTC
22 L-Cytb-141R GAAAAGCGAGGCTCCATTTGCGTGG
23 L-Cytb-185F ACATCGGACGAGGACTATACTACGG
24 L-12S-112R TGGTTGGGTGTATCGTGGGTTATCG
a) 1~8 ,9~24 7S , L 9 10
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2 (Asio flammeus) (Asio otus)
Asio flammeus Asio otus
Ibp /bp
1~3288 3288 1~2926 2926
tRNA-Phe 3289~3359 71 2927~2998 72
12S rRNA 3360~4349 990 2999~3972 974
tRNA-Val 4350~4421 72 3973~4044 72
16S rRNA 4422~6004 1583 4045~5651 1607
tRNA-Leu(UUR) 6005~6078 74 5652~5725 74
ND1 6089~7048 960 ATG AGG 5736~6695 960 ATG AGG
tRNA-lle 7047~7118 72 6694~6765 72
tRNA-GIn* 7130~7200 71 6777~6847 71
tRNA-Met 7200~7268 69 6847~6915 69
ND2 7269~8309 1041 ATG TAG 6916~7956 1041 ATG TAG
tRNA-Trp 8308~8384 77 7955~8029 75
tRNA-Ala* 8386~8454 69 8031~8099 69
tRNA-Asn* 8456~8530 75 8101~8175 75
tRNA-Cys* 8533~8601 69 8178~8246 69
tRNA-Tyr* 8601~8672 72 8246~8317 72
co 8683~10233 1551 ATG AGG 8319~9869 1551 GTG AGG
tRNA-Ser(UCN)* 10225~10298 74 9861~9934 74
tRNA-Asp 10302~10370 69 9938~10006 69
co 10373~11056 684 ATG TAA 10009~10692 684 ATG TAA
tRNA-Lys 11062~11131 70 10700~10770 71
ATPS 11133~11300 168 ATG TAA 10772~10939 168 ATG TAA
ATP6 11291~11974 684 ATG TAA 10930~11613 684 ATG TAA
co 11974~12757 784 ATG T-- 11613~12396 784 ATG T--
tRNA-Gly 12758~12825 68 12397~12464 68
ND3 12826~13177 352 ATA TAA 12465~12816 352 ATA TAA
tRNA-Arg 13180~13248 69 12819~12887 69
ND4L 13250~13546 297 ATG TAA 12889~13185 297 ATG TAA
ND4 13540~14917 1378 ATG T-- 13179~14556 1378 ATG T--
tRNA-His 14918~14988 71 14558~14628 71
tRNA-Ser(AGY) 14993~15057 65 14633~14697 65
tRNA-Leu(CUN) 15062~15132 71 14705~14775 71
ND5 15133~16953 1821 ATG TAA 14776~16596 1821 ATG TAA
Cytb 16958~18100 1143 ATG TAA 16601~17743 1143 ATG TAA
tRNA-Thr 18100~18169 70 17743~17813 71
tRNA-Pro* 18185~18254 70 17820~17889 70
ND6* 18261~18782 522 ATG TAG 17896~18417 522 ATG TAG
tRNA-Glu* 18786~18858 73 18421~18493 73
*
mtDNA 3( 10 bp, (Strigops habroptilus) 9
Slack, et al., 20031%)). bp 1bp CO  tRNAYS
tRNA™  CO 8 bp, 10 bp,
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3
Emu GSKiwi Rhea Ostrich GiantMoa Tinamou Penguin ShortOwl LongOwl Morepork Kakapo Buzzard Duck Turnstone Stork Indigobird Rifleman  Range

tRNA-Phe/12S rRNA - - - - - - - - - - - - - - - 0
12S rRNA/tRNA-Val - - - - - - - - - - - - - - - - - 0
tRNA-Val/16S rRNA - - - - - - - - - - - - - - - - - 0
16S rRNA/tRNA-Leu (UUR) - - - - - - - - - - - - - - - - - 0
tRNA-Leu (UUR)/ND1 8 9 11 9 11 9 5 10 10 13 7 9 4 16 17 8 19 2~19
ND1/tRNA-Ile 3 1 11 1 4 19 1 1 1 1 1 1 1 1 1 9 1 1~24
tRNA-IIe/tRNA-GIn (L) 6 9 14 11 8 7 9 11 11 9 8 13 8 8 8 5 8 5~14
tRNA-GIn (L)/tRNA-Met 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap; 12
tRNA-Met/ND2 - - - - - - - - - - - - - - - - 0;1,8
NADH2/tRNA-Trp 1 1 1 1 1 1 1 1 1 1 2 1 1 1 2 2 1 1~5
tRNA-Trp/tRNA-Ala (L) 1 1 1 - 1 1 1 1 1 1 1 1 3 1 1 1 1 0~10
tRNA-Ala (L)tRNA-Asn (L) 3 1 2 4 1 1 2 1 1 1 1 2 2 3 2 9 4 0~10
tRNA-Asn (L)tRNA-Cys (L) 3 2 3 1 2 2 2 2 2 2 2 2 - 2 2 - 13 0~13
tRNA-Cys (L)tRNA-Tyr (L) 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap
tRNA-Tyr (L)/CO 1 1 1 1 1 1 1 10 1 1 9 1 1 1 1 1 1 1,9,10
COI/tRNA-Ser (UCN) (L) 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap 6 overlap
tRNA-Ser (UCN) (L)/
{RNA- Asp( )L 2 2 2 3 2 2 4 3 3 4 3 4 2 2 2 5 3 2~5
tRNA-Asp/CO 1 1 1 1 1 1 2 2 2 2 4 2 1 1 1 10 7 1~10
CO /tRNA-Lys 1 1 1 1 1 1 4 8 10 4 4 4 4 4 4 14 4 1~14
tRNA-Lys/ATPase8 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
ATPase8/ATPase6 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap 7 overlap
ATPase6/CO 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 8 2 2;8~12
CO /tRNA-Gly 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
tRNA-Gly/ND3 - - - - - - - - - - - - - - - - - 0
ND3/tRNA-Arg 4 4 5 4 4 3 7 5 5 4 2 7 4 7 7 4 5 2~7
tRNA-Arg/ND4L - - - - - - 1 1 1 1 1 1 - 1 1 1 1 0~1
NDA4L/ND4 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap 4 overlap
ND4/tRNA-His 4 10 4 4 4 5 2 1 2 1 1 1 1 1 1 1 13 1~13
tRNA-His/tRNA-Ser
(AGY) - - - - - - - 4 4 2 - - - - - - - 0,24
IS“QEZL((%%YN))/ 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 1 overlap 4 7 4 1 overlap - 1 overlap 1 overlap 1 overlap 1 overlap 1 1 overlap-7
tRNA-Leu (CUN)/ND5 - - - - - - - - - - - - - - - - 2 0;2
Cytbh/tRNA-Thr 7 4 8 5 4 4 6 2 2 4 3 5 5 4 4 6 8 3-8
tRNA-Thr/tRNA-Pro (L) 82 83 9 55 27 85 9 15 6 11 6 N/A 10 7 11 12 6 0~85; N/A
tRNA-Thr/CR N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A - N/A N/A N/A N/A N/A N/A; 0
CR/tRNA-Pro (L) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A - N/A N/A N/A N/A N/A N/A; 0
tRNA-Pro (L)/ND6 (L) 23 30 18 13 14 12 16 9 9 15 12 9 13 1 13 29 23 8~30; N/A
ND6 (L)/tRNA-Glu (L) 3 3 3 3 - - 3 3 3 3 2 3 - 3 3 1 2 0~3
tRNA-Glu (L)/CR # - - - - - - - - - - - - - - - - - 0
CR/tRNA-Phe # - - - - - - - - - unknown unknown - - - - - unknown 0
Total Length of Genome 16711 16816 16714 16591 17070 16703 17611 18858 18493 >16223 >15599 18674 16616 16725 17622 16895 >16069 16589~8858
; tRNA-GIU/CR# CR/tRNA-Phe#: (Buzzard) tRNA-GIlu/Additional Noncoding Region

Additional Noncoding Region/tRNA-Phe; Emu = Dromaius novaehollandiae, GSKiwi = Apteryx haastii, Rhea = Rhea americana, Ostrich = Struthio camelus, GiantMoa = Dinornis gigan-
teus, Tinamou = Tinamus major, Penguin = Eudyptula minor, ShortOwl = Asio flammeus, LongOwI = Asio otus, Morepork = Ninox novaeseelandiae, Kakapo = Strigops habroptilus, Buzzard =
Buteo buteo, Duck = Aythya americana, Turnstone = Arenaria interpres, Stork = Ciconia boyciana, Indigobird = Vidua chalybeata, Rifleman = Acanthisitta chloris.
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1 bp, (Vidua chalybeata) , Co
14 bp 4 bp : tRNAMS GTG. TAA,
tRNASE(ASY) 4 bp, (Ninox '3 ND2 ND6 TAG,
novaeseelandiae) 2 bp, ; ND1 CO AGG, Co ND4
tRNASEACY) RN ALEUCUN) 4 bp, T. , ND5
7 bp, 4 bp, (Acanthisitta AGA.
chloris) 1 bp , 1 bp 54
; Cytb tRNA™ '
3288 bp,
2P, 3bp. 2926 b tDNA
; m
tRNA™"  tRNA®Y P
2 bp,
L ) . AT : :
3 :domain ~ 1718
2.2 , domain domain
-4 ,  domain .
G , AT , , domain
) ETAS1, ETAS2 CSB1-like , domain
mtDNA B-box, C-box, D-box, E-box, F-box Bird similarity
AT _ 13 box, domain CSB-1 1o
2 IRNA 22 tRNA : domain
4. H
(On) (LSP/HSP)
2.3 i
, 13 , 126 bp 7
, ND1 , 78 bp 14 99 bp ,
319 : ; 127 bp
324 , 324~326 . 8 78 bp 7,
, ND3 174 55 bp )
(©), 5.
[16]
13 , 126 bp(127 bp) 78 bp
ATG, ND3 ATA.
4 (Asio flammeus) (Asio otus)
mtDNA Asio flammeus Asio otus
%A %C %G %T %WA+T %A %C %G %T %A+T
30.79 32.08 13.06 24.07 54.86 3035 32.75 13.32 2358 53.93
13 29.76 34.47 11.92 23.86 53.61 29.27 36.00 12.34 22.39 51.66
2 IRNA 32.69 28.57 19.12 19.63 52.31 32.39 29.52 19.33 18.75 51.14
22 tRNA 32.54 26.78 17.36 23.32 55.86 31.88 27.27 17.86 22.98 54.87
D-Loop 32.42 28.44 10.52 28.62 61.04 32.30 25.09 9.81 32.81 65.11
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5 (Asio flammeus) (Asio otus)
5 “TAACATCGGCGCCCAAATTCCGCTAACAATTTTGATCCCATCTATCC
126 bp ATTTTTCTATTCAACTTTCATC AAAACTTCTAGGCAAACTCTAACTGTT
Asio flammeus TGCCATTCGATCTTATCACTCACCTTACCC-3~
28b 5 “TAGGCAAACTATAACAATCAATTATCGTCCACCATCAAAAATTTTAC
P CGATCAATCGAACGAACGATCA AAAACCTTC-3 7
5 “TAGGCAAACTATAACTGTTTGCCAATCAACTTTATCGTTAATTCTTAT
127 bp CATAATATCGGCACCCAAATCCCGCTAATAAATCTATCTTTTATCCATTT
Asio otus ATTTTTTATCCAAATTTACTCGACACTTC-3~
18b 5 “CAAACGAACGATAAGAAACTTTCTAGGCAAACTATAACAATCAATT
P ATCATCCATCATCAAAAATTTTATTGATCAAC-3~
) ND3
78 bp 90% , (©, ;
126 bp (127 bp) 75% , RNA
3 , ND3
18] ND3 174
3.1 ©
mMtDNA ' :
13
2Myxine glutinosa, 18909 bp) ND3 5
. [16.23]
(Eurypharynx pelecanoides, 18978 bp); '
18674 bp. , :
MtDNA ND3
, , 6, : 3
(Met) ATR(ATG ATA) (1le) ATY
(ATT ATC) (val) GTG, 5
: ATG ,  ATT ;
, [14.21.22] 3 . AGR(AGG AGA), TAR
(TAG TAA) T TA-, 6 , TAA
3 TA_ y
, ND3 (Eudyptula minor) ND4
, (T- TA-)
tRNAHiS tRNAser(AGY) ( 4 bp ) mRNA 3 -~ PolyA [ﬂl
tRNASACY) (RNARCUN (4bp 7bp ) , *
»[25]
: , tRNA G ) 6 )
@ .3 )
[26]
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6 2

Asf Aso Nin But Fal Gal Ayt Hae Smi Vid Rhe Str Eud
ATG 12 11 11 10 11 12 10 11 11 12 10 9 10
GTG - 1 1 2 1 1 3 1 - - 2 3 2
ATC - - - 1 - - - - 1 - - 1
ATA - - 1 1
ATT - - - - - - 1 - 1 -
TAA 7 7 6 7 8 9 7 8 8 7 6 6 7
TAG 2 2 2 2 1 1 2 1 1 1 3 2 2
T-- 2 2 2 2 2 2 2 2 2 2 2 2 1
AGG 2 2 2 2 1 1 2 2 2 1 2 2 2
AGA - - 1 - 1 - - - - 2 - 1 -
TA - — — — — — — — — — — — — 1

a) Asf = Asio flammeus; Aso = Asio otus; Nin = Ninox novaeseelandiae; But = Buteo buteo; Fal = Falco peregrinus; Gal = Gallus gallus; Ayt = Ay-
thya americana; Hae = Haematopus ater; Smi = Smithornis sharpei; Vid = Vidua chalybeata; Rhe = Rhea americana; Str = Struthio camelus; Eud =
Eudyptula minor

27
3.2 ’ '
MtDNA
1~1.5 kb, ,
1227 bp, 1295 bp. ,
3628 bp , 3 kb : ,
17.4%, 15.8%, ,
(16.7%), [28.29] mtDNA
6.3%~11.7% | ( mtDNA
(Alligator sinensis) (Ovis 1,
aries) 6.2% 7.1%. ,
— M5B
3~ ( 2, Mt
mtDNA , L3 : Mt5
, , , Mt5

Asio flammeus (126 bp )>AAACTTCTAGGCAAA
Asio flammeus (78 bp ): AACCTTCTAGGCAAA

Asio otus (127 bp ): ACACTTCTAGGCAAA
Asio otus (78 bp ): AACTTTCCAGGCAAA
Human: ATGCTTACAAGCAAG
* * * * * k% * *
2 (Asio flammeus) (Asio otus) Mt5
* (Human)
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RNAstructure
, 126 bp 78 bp
DNA 8]

1 L 5’
37 ( domain  domain )BT

[38] [20,33]
mtDNA . !
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