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Mitochondrial cytochrome b fHAE ol&3te] oA AFPE 558 X
38 2w o]} (Strigidae) &) 124 31Z 9 AZFEAE 3tgth Maximum like-
lihood 43, Kimura two-parameter® p-distanceE o] &3] §H7F <4
HAE 2AsYTE. B Aol o] &d 959719 A7IME 7heH, 459709 M
A WolE s, 3987 MEL AETH HRE 7M. EwWudes
Clade 1{Aegolius), Clade 11 ( Athene, Micrathene, Glaucidium, Surnia), 1
2] 7 Clade UI{(Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, Ninox) 5
A e 2w YHAAHY T3 OtusE2 XYgdoz g&E T /e 1§58
2 s Aol A
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L] v] & (Strigiformes)2 Tytonidae?} Strigidae 5 #HZ U3 d&d], I 712 true owlsE &8}
L) v] 2} (Strigidae)l| = A M AZHOZE 244 195F0] 7|25 0] Ut} (Konig et al., 1999). 2w 1)
+ FEHES AL A dFol A5t AR FXol ©]|27]71A] thdgt MAAe| £
ch X g7bA -t e 84 1159 2wju} FEo] HAHYUH S5 EEF 3], 1997).

Swjr) g 2R/ EF AAE 2R5d =89 tiide] HI 3128 (Ford, 1967; Cracraft, 1981;
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Sibley et al., 1988; Rebholz et al., 1993; Bleiwess et al., 1994) -*lnuﬂ vlze)] AZAAZ W37 A8 F
NZE A (Ford, 1967), allozyme (Randi et al., 1991), 3} 3£ 4] (Rebholz et al., 1993), 18] 7. DNA-DNA
hybridization (Sibley and Ahlquist, 1990) 52] T}¥sE 4 o"%‘ o] AT HLN= nEFZE o}
DNAS] E71MYE £4& 53t A53 FA3AE Weladls A%7F ALEA At (Dunham, 1996;
Mindell et al., 1997; Wink and Heidrich, 1999}.
ABTA SR BAAFH ATNNE 22 FuolAol 48 oklelst tFel A48
E2 gaoZ ol2ojz o, 2L X ERolA| ol MAFE 25 FHARE A
HA AA Gtk IYER B AoAE T3 FHokAotel A4 skE Zwin] Bubo bubo (F°
B.o) o)), Otus sunia (A M), O. semitorques (Z 48 ), Ninox scutulata (&5 ¢)), Strix aluco (&)
} 59} mitochondrial cytochrome b (mtDNA cyt b) G2 2}2] REG7IME S HxZ EAstd =4t
Zujn)F 5% BFRH AXNE A Swju]AfAA e AFFABAE APEHRLA 3t

HE J_uo

1.
JERCTT
1. ;&
skl A A - E Bubo bubo (58] %9 o)), Otus sunia (2B AY), O. semitorques (Z 4 A}), Ninox scu-
tulata (&5-2) o), Strix aluco (2w 1))o) 5] mtDNA cyt b F+HAE sequencing &t th 24 B A5
stz A &St YE BiE TES o] &3l

2. )]E2=2|0} DNA (mtDNA) =& o HJMYE HH

Total DNAE 5&9] Luw|n]F 28§ ZZF oA DNeasy tissue kit (QIAGEN)E ©]&3la] F&31% )
mtDNA cyt b FRAAE ZZ3|7] 95t oFS-2] primer setsE A5 TH mt A (L-14995; 5'-
CTCCCAGCCCCATCCAACATCTCAGCATGATGAAACTTCG-3Y), mt F(H-16065; 5'-CTAAGAAGGGT-
GGAGTCTTCAGTTTTTGGTTTACAAGAC-3') (Desjardins and Morais, 1990). PCR2 2 ule] 10X reac-
tion buffer, 20 mM MgCly, 1 unit®] Taq DNA polymerase, 2 ul2] 10 mM dNTPs, 1 ul®] <F3F3F primer 9}
genomic DNAS ¥ 3 total volume2 20 pulE 95 th PCR Wh2 27-& 94°CollA] denaturation 142,
52°Coll A annealing 1%, 72°Col| A extension 10 2 dtod & 353 whE&¢ict 2 PCR WHS-& 2l
£ 1% agarose gelo| A 7199 %3+ Z ethidium bromide 2 ‘Q*—H gt band¢] % =L E Q3
& PCR HF2E2 QlAquick PCR Purification kit (QIAGEN)Z A A3} 27, automatic DNA sequencer (ABI
310 model, Perkin Elmer)ol] 4] direct sequencing & 3t}

S 93t GrAMEE B AY A Genbankol A A0 2.1, Gallus gallus ()& outgroup
Ak Ad *}*&'5]- Z 9] &} 3} GenBank accession numbers= Table 13} 7t}

& CLUSTAL X (Thompson et al., 1997; version 1.81, 2000)& ©]&-3}od alignment3} 53 37,
A7) e EA12 MEGA 2.1 (Kumar et al, 200)Z2IH& o] &35%th AFEA S PAUP
4.0b10 (Swofford, 2002)Z 2 1WA L o] &3l Falsldct 2zt EFF 7+ #4373 7 g (genetic dis-

tance):= Kimura two-parameter (Kimura, 1980)2} uncorrected model (p-distance) 2 - A1 8} 94 37, Maximum
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Table 1. Species names and Genbank accession numbers of the family Strigidae and outgroup used in this

study.

Species Common names Genbank numbers
Aegolius funereus Tengmalm'’s owl AJ004353
Aegolius acadicus Northern Saw-whet owl U89172
Athene noctua Little owl AJ003948
Bubo africanus Spotted eagle owl AJ003952
Bubo ascalaphus Pharaoh eagle owl AJ003953
Bubo bengalensis Rock eagle owl AJ003954
Bubo magellanicus Magellan Horned owl AJ003971
Bubo nipalensis Forest eagle owl AJ003972
Bubo virginianus Great horned owl AJ003974
*Bubo bubo Eurasian Eagle owl AY422976
Glaucidium gnoma Mountain pygmy owl AJ003994
Glaucidium hardyi Amazonian pygmy owl AJ003997
Glaucidium nanum Austral pygmy owl AJ003999
Micrathene whitneyi Elf owl Ug9170
Nyctea scandiaca Snowy owl AJ004011
Otus bakkamoena Indian scops owl AJ004020
Otus lempiji Sunda scops owl AJ004027
Otus longicornis LLuzon scops owl AJ004031
Otus petersoni Cinnamon screech owl AJ004034
Otus roboratus Peruvian screech owl AJ004035
Otus sanctaecatarinae Long-tufted screech owl AJ004036
Otus scops Common scops owl AJ004038
Otus atricapillus Black-capped screech owl AJ004013
*Otus sunia Oriental scops owl AY422979
*Otus semitorques Japanese scops owl AY422980
Ptilopsis leucotis Northern white-faced scops owl AJ004030
Pulsatrix perspicillata Spectacled owl AJ004044
Strix rufipes Rufous-legged owl AJ004061
*Strix aluco Tawny owl AY422982
Surnia ulula Northern hawk owl AJ004069
“Ninox scutulata Brown Hawk owl AY422981
Outgroup
Gallus gallus Chicken NC001323

*Species newly sequenced in this study.

-likelihood (ML) tree<= transition (Ts)/transversion (Tv) = 22 3}3. HKY 85 variantZ AM2-&fa] 4t ML
treeol] A += quartet puzzling (1000 steps)S- 4 -3} Tk
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HZAF Swju] B 523 Genbanko| A A& 26%9] Luwju 2EE TIElY EE 12& 3129
mtDNA eyt b G 71 B o) L3lo] AERAS 28T

a7} 3129 miDNA eyt b 971 QS alignment A3 2 AHR 9507)2] H7|M QS Hes)
o] AERAM o] a3ttt MA 959719 A7INA 71eH 50079 AEEe BE ez £
39T, 459709 Aol Welrt olg Yt 450719 wWolr Q= AE 7pLu 398712 A Qo)
AL ARE sRTh G7AGY MR A Hrje B HTl= 2 o)d vEd G
zAol 71 AATHA = 26.4%, C = 35.8%, G=13.9%, T =23.8%). G7} 12.2%3] FFu]F (Krajewski

_,

Gallus gallus
Aegolius acadicus
b 72 goliu Clade |
A. funereus
37 Athene noctua
! l: Micrathene whitneyi
6 ] e [ Glaucidium gnoma Clade Il
[ " i_{: G. hardyi
—‘ G. nanum
—————————— Surnia ulula D
(—Ll: Bubo africanus —
1
64 B. bengalensis
‘i Lo B. ascalaphus
| ; 66 B. bubo
]
1 l | Lz B. magellanicus
! 50 4 96 B. virginianus
‘ Nyctea scandiaca
69 61 B. nipalensis
20 Pulsatrix perspicillata
9 E Strix rufipes Clade Il
66 St. aluco
] Otus atricapillus
| 51 . g |
t 18 ——— -- O. petersoni =
{ 67 J | 51 [ O-roboratus §
78 [ L 0 sanctaecatarinae| &
| L Ptilopsis leucotis
100 [~ O. bakkamoena
99 O. lempiji o
42 o7 ‘'——— O. semitorques a
- 81 [: O. longicornis §
100 O. scops &
S O. sunia
Ninox scutulata —

Fig. 1. Maximum likelihood tree (Quartet puzzling tree) showing the relationships among owls based on 959
bp mitochondrial cytochrome b sequence with Gallus gallus as the outgroup. The numbers above branches

indicate quartet puzzling values (1000 puzzling steps).
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and King, 1996), 12.3%¢! 3}8A] 7 (Kirchman et al., 2001), 13.2%%] A 4] F (Whittingham et al., 2002)
59 v x2He vwsded SwuFe GRETE 25 A4 vebwth Ts/Tves ¥4 1912
ek,

Kimura two-parameter (Kimura, 1980)0l] 2]} genetic distancetr= U] 24.2%014 A 1‘5%7/}1]9]
WeE VT, p—distanceh A 19.8%o)4 HA 15%717¢ B2 YehiA) 714 g
A7l =& F =& B. magellanicus®} B. virginianusE Kimura two-parameter (Kimura, 1980)2} p-dis-
tance =5 7HA B 1.5%=Z JEFRETH(Table 2).

L-alo hFol WA B3l B bubo (FElRejo)= o= 2|7} BEo) A28t B. ascalaphus
9} 71A FHHAAV L Ao 2 YT, Strix aluco (EH-Qo))E £33 Strixd2 Pulsatrix 43}
74 7k Ao vEbgTh @4t O sunia (RAAM)E 3 otxelgte] WA EE3bE O
scops®t 7HE SAF AL 7179 A (p-distance = 6.8%), O. semitorques (2B M= A= iS5l
A2 8t= O. bakkamoena®} 10.1%2] p-distnace ZF2 7FAHEA 71 772 FABAIE Bt
(Table 2).

Sujm 2 ZFo] mtDNA cyt b RS o &3 EAdAEs MLEA0] =79 EF A%S 7t
A A "G sle treeE LA 9lo] Wink and Heidrich, 1999), B AF oM E MLEAN S £40F 7

=902 22

7N1EY SwvZ 2R AFTEAMNA Ford(1967)= FHZe Fejdty Aol 2wrHs
Striginae (Bubo/Strix/Otus), Surniinae (Aegolius/Ninox), ZLE] 3. Asioninae (Asio) 52 Al 7§2] o}zt& 1}

Faoith 3 Randi et al. (1991)& allozyme #4-2 E3}a] Bubo, Strix, 18] 3 Otus<:0] 39 clade
E FYAFE HAF T, Sibley and Ahlquist (1990)¢] DNA-DNA hybridization 23} 9 Al Bubo/Strix/
Otus cladeS A A8t B 2240 A Zuwjrzts= A A 2522 YH A Clade I Aegolius
1£0 7 o]Fo]FH 01, Clade 1= Athene, Micrathene, Glaucidium, SurniaZ;¢] E3% Q1, Clade I+
Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, Ninox<4:0] EE Y} (Fig. 1). 71 7F2-8] BuboZ:, Strix
£ 797 Ostg THE cadel /129 oz AFlA et Anst 2ol BAFOZ Fad
4 o} (Ford, 1967; Sibley and Ahlquist, 1990; Randi et al., 1991).

B BE3lE Nyctea scandiaca (31wl n))= 145 122] monotypicsr 22 HE|F OS2 Bubod
= 2o)7d YR T, Bubod:she] 174 A7) 8.2-12.8% (p-diatance) 2 -+ A 7T 717HY] (Table
2) 2o Bubo% o2 RE Estd 1F0E FHH

Wink and Heidrich (1999)%= mt DNA cyt b 532 248 £33l Otusgro] GAIEY-S AF3A
o)) 718 LA O. sunia (2 O. semitorques (22 M= 712 2] O. scops, O. bakkamoe-
na, O. lempiji £5 = E‘]%Cﬁ Old World Otus clade®] 43+ Zo] EelH R, BvlAk O, atricapillus,
O. petersoni, O. roboratus & New World Otus clade® ¥ 2] E 1=, Otusg-2 miDNA cyt b £4] 0
A AEAHCE AR ‘:‘rE MY aAFo R FAdse] ole Zol st

2ol OtusZ=oll A PtilopsisZ Z<4:o] H (Konig et al., 1999) Pt. leucotist= Old Worldgl o} = 2] 7}l
A28k A% Ao M= New World Otus 9} 7H7hE fFABAE A Th

A8AOE Otusg2 Old World Otusoll A 7] 45 0] New WorldZ Auts| 2, X H o2 R=w
A 283 S B3 ME o2 £52 dojd Z1o® FAHEY Otust o] F&vt New World
29 A3 A2 9 BEIETE 79Y37] AdMe o B2 Otwsdol 50 g F3A £42
Az A7 879k



Ryu and Park—Molecular Phylogeny of the Family Strigidae 303

|

i
Ho
re

Bleiwess, R., J. A. W. Kirsch and F. J. Lapointe, 1994. DNA-DNA hybridization based phylogeny for “higher”
non passerines: reevaluating a key portion of the avian family tree. Mol. Phylogenet. Evol., 3: 248-255.

Cracraft, J., 1981. Toward a phylogenetic classification of the recent birds of the world (class Aves). Auk, 98:
681-714

Desjardins, P. and R. Morais, 1990. Sequence and gene organization of the chicken mitochondrial genome: A
novel gene order in higher vertebrates. J. Mol. Biol., 212: 599-634.

Dunham, S., 1996. Phylogeny of owls (Strigiformes) based on mitochondrial cytochrome-b sequences. Univer-
sity of Nevada, DM Thesis, pp. 1-58.

Ford, N. L., 1967. A systematic study of the owls based on comparative osteology. University of Michigan, PhD
Thesis, pp. 1-139.

Kimura, M., 1980. A simple method for estimating evolutionary rate of base substitutions through comparative
studies of nuclectide sequences. J. Mol. Evol., 16: 111-120.

Kirchmen, J. J., S. J. Hackett, S. M. Goodman and J. M. Bates, 2001. Phylogeny and systematics of ground
rollers (Brachypteraciidae) of Madagascar. Auk, 118: 849-863.

Kénig, C., F. Weick and J. H. Becking, 1999. OWLS: A guide to the owls of the world. Yale University Press,
New Haven, pp. 1-462.

Krajewski, C. and D. G. King, 1996. Molecular divergence and phylogeny: Rates and patterns of cytochrome b
evolution in cranes. Mol. Biol. Evol., 13: 21-30.

Kumar, S., K. Tamura, 1. B. Jakobsen and M. Nei, 2001. MEGAZ2: Molecular evolutionary genetics analysis soft-
ware. Arizona State University, Tempe.

Mindell, D. P., M. D. Sorenson, C. J. Huddleston, H. C. Miranda, Jr., A. Knight, S. J. Sawchuk and T. Yuri,
1997. Phylogenetic relationships among and within select avian orders based on mitochondrial DNA. In
Mindell, D. P., ed., Avian Molecular Evolution and Systematics . Academic Press, San Diego, pp. 213-
247,

Randi, E., G. Fusco, R. Lorenzini and F. Spina, 1991. Allozyme divergence and phylogenetic relatiohships with-
in the Strigiformes. Condor, 93: 295-301.

Rebholz, W. E. R., L. E. M. De Boer, M. Sasaki, R. H. R. Belterman and C. Nishida-Umegara, 1993. The
chromosomal phylogeny of owls (Strigiformes) and new karyotypes of seven species. Cytologia, 58: 403-
416.

Sibley, C. G. and J. E. Ahlquist, 1990. Phylogeny and Classification of Birds: A Study in Molecular Evolution.
Yale University Press, New Haven, pp. 1-976.

Sibley, C. G., J. E. Ahlquist and B. L. Monroe, 1988. A classification of the living birds of the world based on
DNA-DNA hybridization studies. Auk, 105: 279-292.

Swofford, D. L., 2002. PAUP*. Phylogenetic analysis using parsimony and other methods. Version 4.0b10.
Sinauer Associates, Sunderland.

Thompson, J. D., D. G. Higgins and T. J. Gibson, 1997. CLUSTALW: improving the sensitivity of progressive
multiple sequence alignment through sequence weighting, position specific gap penalties and weight matrix
choice. Nucleic Acid & Res., 22: 4673-4680.

Whittingham, L. A., B. Slikas, D. W. Winkler and F. H. Sheldon, 2002. Phylogeny of the tree swallow genus,



304 Korean J. Syst. Zool. 19(2), October 2003

Tachycineta (Aves: Hirundinidae), by Bayesian analysis of mitochondrial DNA sequences. Mol, Phylogenet.
Evol.,, 22: 430-441.

Wink, M. and P. Heidrich, 1999. Molecular evolution and systematics of the owls (Strigiformes). In Kénig, C., F.
Weick and J. H. Becking, eds., A Guide to the Owls of the World, Yale University Press, New Haven, pp.
39-57.

S ERFITE, 1997. SFFEER. oA A, A&, pp. 284-298.

RECEIVED: 21 August 2003
ACCEPTED: 24 September 2003

Molecular Phylogeny of the Family Strigidae (Aves) Based on
Mitochondrial Cytochrome b Gene

Shi Hyun Ryu and Hee Cheon Park*
(Department of Biology, College of Natural Sciences, Kyungpook National University,
Daegu 702-701, Korea)

ABSTRACT

Phylogenetic analysis of 31 species representing 12 genera in the family Strigidae (Aves:
Strigiformes) including 5 species (Bubo bubo, Otus sunia, O. semitorques, Ninox scutula-
ta, Strix aluco) collected from Korea has been undertaken using nucleotide sequences of
the mitochondrial cytochrome b gene. Maximum likelihood analysis was performed and
pairwise genetic distances were calculated with Kimura's two-parameter and p-distance.
Among well-aligned 959 bp used for this study, 459 sites were variable and 398 sites were
informative for the phylogenetic analysis. The family Strigidae was divided into three sub-
groups, Clade I (Aegolius), Clade Il (Athene, Micrathene, Glaucidium and Surnia) and
Clade 1l (Bubo, Nyctea, Pulsatrix, Strix, Otus, Ptilopsis, and Ninox). Also, two separated

subgroups in the genus Otus were confirmed by the geographical distribution.



