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ABSTRACT

Electrophoresis methods were used to examined the degree of genetic relatedness and
divergent times on the 4 genera 4 species of the family Corvidae and 1 species of the Family
Cinclidae. Genetic relatedness between two families and between 4 genera of Corvidae showed
similar to those reported at comparable taxonomic levels in other birds. But it appears to be
considerably less than that of non avian taxa. Genetic relatedness between Garrulus glandarius
brandtii and Corvus corone orientalis was the most close related(S=0.81), whercas Pica pica
sericea(3=0.72) and Cyanopica cyanus koreensis(S=0.68) were showed less close relatedness
respectively. The presumed divergent time between two families was 3.9 million years before
present. Whereas among the 4 species of Corvidae, the presumes divergent times of Cyanopica
cvanus koreensis and Pica pica sericca were about 1.9 and 1.6 million years before present
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respectively, and between Garrulus glandarius brandtii and Corvus corone orientalis was showed

recently about 1.0 million years before present.

KEY WORDS : SYSTEMATIC EVOLUTION, ELECTROPHORESIS, ISOZYME, CORVIDAE

ME

F5 ¥ (Aves) 2 7B Triassici ol A
Jurassicf(el 291 3dvhd ~1¢] 8dvhd giAd) A
oo A& WA AActm delzl Mgl & 24
PN A e Rabslo] #a) 272l 8.000 6
Frel d& 287 BEaE A 2 (Perrins and
Middleton 1984), o= F 18H 638} 420

ARk 9 gifEe R HHEo] Yok e 1981).
*}H 25 Y84 Hol7) teketo] FRVIE HE
o] ofjufsted gtatol wpep E-FA Aol 2ol 7t 2ot
(Wetmore, 19510 Vaurie, 1959 Greenway.
1967 Kang. 1962: Won and Gore. 1971: &
H81990), fEdeze wlf 7Sl (Avise,
1980 Avise et al., 1980a, 1980b: Gutierrez
et al., 1983. Barrowclough et al.. 1984 Zink
and Johnson, 1984: Johnson et al., 1989) %
ol £ 2AR7) ek F P ERFe e =
£ o}EH Barrowclough and Corbin, 1978)¢]
?_?349} FArelch A EEel gy 9 /fHd F
ot £ro g B datEe] va A7t 2

AT T dA el g
2 Zl?%%vloﬂ vlste] 7hd weln szr/P 747
wE geysl £uE e Ao Havol v
{(Wilson et al., 1974: Nolan et al.. 1975). ©]
He 2He FgepFzrh opgg M2ze] Ay =
7d°ﬂ ﬂﬂl HgstwA 3ot gabsl gl E o
(Yang and Patton. 1981: Zink, 1982) wh&- A
{tel thekgl gHAo] gt adaptive radiation)
glo] als v Wiez Ho 5ol A EiF
o] Afe W] Eaan], #2799 L
{foot muscle)®] @8 & Ful720 Heold Wi
of 7ol A 4¢E 4 2ol FtE 71HE dS
EAANAE Ao "ra“‘LHRdll\(m 1986). &%
of theh ei=ne] 2 o defi o) 7] A
ol (Cracraft, 198.) b(hnoll et al.. 1985;
Seutin et al.. 1992). FEAAA 2] FH3g}
Parkin and Cole, 1985 Baker and Moeed,
1987: Baker and Grand, 1990), &&40]84
(Horn et al.. 1992. Lougheed and Handford,

1992: Whittingham et al., 1992) Zejil WY
Ay e 8o Hel7) A (Swierczewski and
Raikow, 1981: Dial. 1992 Briskie and
Montgomerie, 1993) &2 A7 ¥ o},
isozyme #7194l 23 AT Baker, 1992:
Degnan and Moritz, 1992: Johnson and
Marten, 1992 Love and Deininger, 1992:
Pratt, 1992 Zink and Dittman. 1993)¢] 91+
= gs) W3Eel YangTh Patton(1981)2 @l
Galapagos® % o % ¥ 8t & & 4 |
%< Galapagos finch

el g AE F4& vk sl

1. Gutierrez €(198312 E(G alllfolmcs) z
#. Johnson % ( 1‘389)L, Hawaiist 8 A
(Kringilidae)®l ASAHE dalar, oftel=
we At st Avise, 1980 Avise et
al.. 1980a. 1980b: Barrow-clough et al..

L
{(Passeriformes) /¢ &
o AEH FADA B FTE3
Yo
&

el &% (numerical taxo-
nomy & A& A3rE sl 3
Ael 3 doh(Farris, 1981, 1986 Felsenstein,
1986). eyt of #ielA o] &she @de F2
dgdad dejgd e dgoe A9HA LF77
7F5dta 8923 (convergence) Yt H a2 3}
(parallel evolution)e] A9 H&e AZE7as
FHo] ogivt, vk G EAE FF AELH
AebA AP mtDNAEA 30 A7]dgel o
isozymet* 5 Azt 3 PAEEEA A8
< gugdve® P Sw B2 F v oF
2 Rk oola b F o9 A Aeyurte A
st vt b 0?"4 F el ol & o] &8 AG%
gt At e ¥R dallAn

) A \ﬂ}hﬂ 9_ o]
Gy

i

l

0!
T

SERRLIE:
Chyl = Fo f-AFo] L tiokst f A ol
=23 Az 2 2835 A3l A se
ale)7ha] 7)&e] §x1A 2Ae Bas 52 glA
o] 2l F(cryptic species
of v o)Al o] &



koA MG H) S5tde] AlE st 279

Paik et al., 1979 Avise et al.. 1980a. 1980h:
Yang and Patton., 1981: Kim et al.. 1986
Park, 1988: Yang and Min, 1989, 1990:
Dowling and Brown. 1989: Shim et al.,
1990), fAFE Atolel #EF#E4HYang and Min,
1988 Paik and Yang, 1989: Kim and Yang.
1993)e) i3 BA= sl sof Agg a7
o g% WAL AL dwe] REEe A
2lx FEOoZ Hol tiiFeo] Fuifd Lelm
aA e Al efo} el &ghch
adBE Fme] 2R4E F93 FE5E gon
Aol AtopFol itk ghA A T}

]

(SF 90%), e
FERE LB} FEFo| Yol TE WY )
shel Fe| FHo] chopsht BAFE Atkn ¥ 4

[e]
Ak, At 2Fd B3 AP Aust1n(l948)°]
b gk ol &g A7} A FE o]
19001t Zollz dEakzte) ela] =it 2FHo
gt Pt sl A (Kuroda, 1917: 1918
Mori, 1929. 1956), 1969+ <A1 8 A ellA]
A EHFEEEE G WA o] 419%9)
Z2HE 71&8A HAG. £& wWondt
Gore(1971), ¥¥9(1981) % #FX(1990) %
o olatod ghmro] Fio g m7to “LZ}E]MH
_1_11—01] J,].zﬂ Mxlx%o oif. o] ;\];5]- 9_‘,}
Al H (Passeriformes)? & %‘r A A
Vaurie(1959) 3} Greenway(1967)2] 7] Fol %0
G2 Wl Efehd dEs esitn 2o
T A4S 5(1986), ¥l S(1990) 7 A ZH@
(1994)9] isozyme H7|FEEM 3} %‘9.94 g
8H(1984), &13H(1986), Y 2(1987), &4 %
(1987), Park® Yang(1988), #71#% 2 &7
(1992) 2@ vr2194(1993) S 23t &84 2
Aejahs A77p @rebAl zleis|z 9lo okt
A A7l Fo) 28 279] isozyme A0 w}pE
AZEHTA A7 23 nxg dygdeor
Yang(1980)2 vl &3} ofAlol Ak o 2l
{Conturix)o] #&k 179} A4S 5(1986)2) 2
A (Passer montanus) % A (Parus major) @l
obF AFBRF AT 18]z AW (1989) 9] St
A B (Parus) e A EEE A Fo
AAlE 9l Wity WEH 2/ 24 #4& 3§
st AT oAl F obF o) song®eoldl 3l
A (Park and Yang. 1988)7F slsley, #A7|4
ol elg FAFEoAe NifiBAle] FHoRE
AMEH R gFsky 2Fe] BHAAE v gy st
Aol ato] & gapg 7hol] Bittol] thEt 7l H o)

S FlV Ui‘i

)

253 AT Yo (1971)9 °]6} A 2}
(Muscicapidae)@] 4ol# & z}7] =99 J"qLE., 3
EFol = Al B (Paridae)el 2 % %ol R

(AegIthd]os o2 ke S AR Fringillidae)
of WA (Emberiza) 22 EHaleicrl 19804

B osely AFe RRAAZ WHs An 3
NG5 E o g7 Ashery Bl Agiaod

del AHEE T 9o (Ferguson, 1980), dd 3
5

guk-g FAA w Ak ERAAe HAY o 5E
FEE 7 Udn, 4 F 2 Hete] fd3 A9
g gtetstd Fol Mg A2 2 BIAUE 4
F e Mz o r g BREFH et
(o] f: Park, 1988: Min. 1991 Kim, 1992: <k

M % Hedges, 1986: 3% % Paik et al.,
1979: Paik and Yang. 1989 2%: Kim et
al. [ 1986: Hyun, 1989: Z#%: Johnson and
Selander, 1971: Selander et al., 1971:
Patton et al., 1975, 1976, 1981 Patton and
Yang, 1977 Shim et al.. 1990).

= dgo B Hu|d ey YEE o8 &
Azt Mo 2 g4t 2l H (Passeriformes) 2§
% 7k ARHCorvidae) 27 4% 4%, 71X (Pica
pica sericea)., X (Garrulus glandarius
brandtii), & (Cyanopica cyanus koreensis)
9 74ot9 (Corvus corone orientalis) @l &% % T°r
AaA B AZEFEY fel4d g rEsluA
oul oluf ZtutAft 2Fo} e oz fale 2
ANHe EAvEAF B2k (Cinclus pallasii
pallasin) & Wastel Ad& dAs9dc}.

SERTETT
1. dexiz

HEARE 1986 SYFE 19909 24742 A
12702 HellA] 133)d] HAA 28788 E 2B
©x15m) 7 FE 7 Aol g5 *}%OM
Azl skl ch(Table 1),
2. 89184 (Isozyme) B4
1) Al8 Al 3]
EHEAL M Yang(1980) 9] Wl <] ahed
AN = A FA dry ice(-70TC)o FEEA]
A AEgHR Ewrstd o Asle Algd 27



280 R R R S gha ekl 7] 11(3) 1997
Table |. Number of specimens used for this study
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Table 2. Buffer systems and stains for electrophoresnb for this study

281

Buffer E.C. No. Enzymes Volt / Time
((mtmuuus tris citrate 1

(TC I 4.2.1.3  Aconitic acid{Aco) 170V/1 bhrs

pH:8.0
5.3.1.9  Phosphoglucose isomerase(Pgi-1, 2)
1.1.4.42 Isocitrate dehydrogenase(Idh-1, 2)
4.2.1.2  Fumerase(Fum-1, 2)

Continuous tris citrate II 1.4.1.2  Glutamate dehydrogenase(Gdh)

(T.C 1D 1.1.1.37 Malate dehydrogenase(Mdh) . _
pH:8.0 2.6.1.1  Glutamate oxaloacetate transaminase(Got-1, 2) 100V/3hrs

1.1.1.8  a-Glycerophosphate dehydrogenase (e-Gpd)
1.9.3.1 Indophenol oxidase(Ipc)

1.1.1.40 Malate enzyme(Me)

5.3.1.8 Mannose phosphate isomerase(Mpi)

Discontinuous citrate 1.1.1.27 Lactate dehydrogenase(Ldh-1. 2)

{Poulik) 3.1.1.1  Esterase(Est-5) 200V/3hrs
pH 8.2 3.4.11.11 Peptidase(Pept)
thhlumhydmxlde 3.1.1.1 Easterase(Est-1. 2, 3, 4)

(LiOH) 1.1.1.1  Alcohol dehydrogenase{Adh) 300V/3hrs
pH 8.1 General protein (Gp-1. 2, 3)

Tris-maleic EDTA 1.1.1.44 6-phosphogluconate dehydronase(6-pgd) . ]

(T M) pH:7.4 1.2.3.2  Xanthine dehydrogenase(Xdh) 100v/4hrs
PGl-phosphate 2.7.5.1  Phosphoglucomutase(Pgm:1, 2) 120V/2 5hrs
Phosphate(pH:6.7) 1.1.114  Sorbital dehydrogenase(Sdh) 130\7/7 25hrs
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Table 3. Allele frequencies for polymorphic loci obtained by electrophoresis of the family Corvidae and
Cinclidae in Korea

Locus Allele 1 2 3 4 5 Locus  Allele 1 2 3 4 5
Aco-2 a 1.00 Idh-2 a 1.00 1.00 1.00 1.00
b 1.00 b 1.00
C 1.00 1.00 Ldh-1 a 1.00 1.00
d 1.00 b 1.00 1.00 1.00
Adh a 1.00 1.00 Est—4 a 0.37 1.00 1.00
1.00 1.00 1.00 b 0.63 1.00
Est-1 a 1.00 1.00 1.00 d 1.00
b 1.00 Est-5 a 1.00
c 1.00 b 1.0¢ 1.00 1.00
Est-2 a 0,94 1.00 1.00 1.00 c 1.00
b 0.06 Got-1 a 1.00
c 1.00 b 1.00 1.00 1.00 1.00
Est-3 a 1.00 Gp-1 a 1.00
b 1.00 1.00 1.00 b 1.00
c 1.00 c 1.00 1.00 1.00
Idh-1 a 1.00 Gp-3 a 1.00
b 0.06 0.25 1.00 b 1.00 1.00 1.00 1.00
¢ 0.94 0.75 1.00 aGGpd a 1.00 1.00 1.00
Mpi a 1.00 b 1.00
b 1.00 c 1.00
C 1.00 1.00 1.00 Pgm-2  a 1.00
6Pgd-1 a 1.00 b 1.00 .
b 1.00 1.00 1.00 1.00 c 1.00 1.00 1.00
6Pgd-2 a 0.06 Sdh a 1.00
b 0.94 1.00 1.00 b 0.12
1.00 1.00 c 0.19 1.00
Pgi-1 a 1.00 d 0.81 1.00 0.88
b 1.00 1.00 1.00 Xdh a 1.00 1.00
c 1.00 b 1.00 1.00 1.00
Pgi-2 a 1.00 1.00 1.00 1.00 Pegm-1 a 1.00 1.00 1.00 1.00
b 1.00 b 1.00
1. Pica pica sericea . Garrulus glandrius brandtii 3. Cyanopica cvanus koreensis

2
4. Corvus corone orientalis 5. Cinclus pallasii pallasii

Table 4. Rogers’(1972) genetic similarity coefficients(Above diagonal) and Nei s(1972) genetic
distance coefficients(Below diagonal)

Family Species 1 2 3 4 5
Corvidae 1. Pica pica sericea 0.77 0.65 0.67 0.38
2. Garrulus glandrius brandtii 0.25 0.72 0.81 0.48
3. Cyanopica cyanus koreensis 0.41 0.33 0.67 0.50
4. Corvus corone orientalis 0.39 0.20 0.40 0.50
Cinclidae 5. Cinclus pallasii pallasii 0.96 0.75 0.69 0.69
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Rogers (3)

Pica pica sericea

Garrulus glandrius brandtii
Clarvus corone orientalis
Cyanopica cvanus koreensis
Cinclus pallasii pallasii

species of the two families Corvidae and Cinclidae based on Rogers (1972)

genetic similarity coefficients(S) and UPGMA method

1.0 0.0
A1 (MY)

1.97{ 1;)"7* Pica pica sericea )
[ Garrulus glandrius brandtii
{”*f—f Clorvus corone orientalis

('vanopica cyanus koreensis

Figure 3
the family Corvidae based on Nei'
$(1972) genetic  distance coefficients (D)
and Nei' s formula(1975)
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vheputeh ghA 77}””1”@ wobepkA el WA
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Table 49l Tor'ﬂ‘—q 4 [A 2 712 58
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19030, ok 1008k il o x| e} 7upe] 7} H-alEl
A "ﬂ—“ﬁ}(l'lgure 2), ¥ A8 Axp ool
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el F

. Estimated divergent times of 4 species of
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Af 2H=
A 2olx= §
species?te]

thHYang and Mm, 989v 1990).
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T Aa e F2 FEdAe dMd (g
(protein evolution)$} A&w+2lo] Wizl {is

.

= g 49l & (morphological evolution)#]
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Fhe MR BEAor dolur o] ol
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(Brodkorb., 1960: Moreau, 1963: Perrin and
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Y% (Baker and Fox, 1978: Sherman, 1981)
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Ahlquist. 1981, W9arx ¥4 (Ryttman of
al.. 1980) % #71dE(Avise. 1980a: 1980h:
Zink. 1982 Gutierrez et al., 1983) %o|
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X7 wevty R usdded (Prager et al.,
1974 Prager and Wilson. 197
clough and Corbin, 1978 Avise et al..
1980b), whelal Hglst ) g ol fi F & A A
o Hfabi sl AlEd DNA%o) 3%_, Tk 2%
ol A& EfsE HEtd 3~10C7) Eob 2%
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S AR By mg R o Py Fx
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5:5L 7]&4/«1! ) 7]Ho] 51_00}% fz\;}ﬁ.g} Agé}xj] 211

5. Barrow-

o

i

218 FdA7lE T 9] 99 (Johnson et
., 1984), 7tzhe) B Ao) wigle 72?5% e gt
gz fFHxEHdeR 44 vwd & dyg

{Lewonton, 1984). £3] Wyse 0(1983)-— = 9]
A719 | &3 =3l (anatomical evolution)Alel
o] 4% AdWgE AN =r 93 F(song bird)
A oA IA Bk P EFao] 715k driving
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Sagrt A HAo utel Fu) Wdde] w3
{Marler and Tamura, 1962:. Bitterbaum and
Baptista. 1979. Trainer. 1983), A3l vkl
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flowd A3 }'4 ol Hwkzkel premating
isolating mechanism(Baker and Mewaldt,
1978 Baptista. 1977)0] #&sle] M= E;—Ol‘e:;}
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