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Table 1 Species examined in the present study

1

Chinese name Academic name Sex and number Time Locality
Mel anacorypha mongolica 29 1998. 4 (Ddian, Liaoning)
Corvus corone 14 1997.7 (Ddian, Liaoning)
Pica pica 14919 1997. 4 (Ddian, Liaoning)
Carpodacus erythrinus 2 9339 1998. 5 (Ddian, Liaoning)
Carduelis flammea 2 92% 1996. 10 (Ddian, Liaoning)
Coccothraustes coccot hraustes 29 1997. 10 (Ddian, Liaoning)
Loxiacurvircstra 29 1998. 10 (Ddian, Liaoning)
Pyrrhula griseiventris 131¢ 1997. 4 (Ddian, Liaoning)
Pyrrhula pyrrhula 14919 1997. 4 (Ddian, Liaoning)
if Emberiza elegans 2 93¢ 1997. 10 (Ddian, Lisoning)
1.4 DNA
14 Apa BamH Hind , 5 ,
Bgl EcoR EcoR Hind Hpa Xba
Kpn Pst Pvu Sal Sca Xba [
Xho , 3 ),
2041, 37 6 8h (26 )
1.5 8 ) ( 2)
0.8% . Tris 2.2
(TAB) ) 3V/cm, 3
10 12 h, ADNA/ Hind (P=0.0184) ,
) (P=0.1641) , P=
1.6 0. 0852 2 ,
Nei et al. (1979) , ) )
F P: ,
F = 2N/ (Ny + Ny) ,
P=1-[(- F+ (F+8PY?)/2]Y° : Kpn
P , , 12 ,
, F ; , Xba ;
, Ny Ny X Y 2 3 )
» Ny
2 3
2.1 3.1
mtDNA 1, 10 , 10
DNA 2
mtDNA , mtDNA
mtDNA )

' , Hind
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-i

1 mtD NA
Fig.1 Hectrophoretic pattern of mtDNA from some birds
A. :ADNA, Kpn , Pt , Pvu , Sal , Sca , Xba Xho  (Regtriction fragments
of mtDNA from M. mongollca Left toright: marker, Kpn , Pst , Pvu , Sal , Sca , Xba and Xho )
B. ‘ADNA, Apa , BamH , Bg , EcoR , EcoR , Hind Hpa  (Redriction frag-
ments of mtDNA from C corone. Left toright: marker, Apa , BamH , Bgl , EcoR , EcoR , Hind and Hpa )
C. , :ADNA, Kpn , Pt , Pvu , Sal , Sca , Xba Xho  (Regriction fragments of
mtDNA from P. pica. Left toright: marker, Kpn , Pst , Pvu , Sal , Sca , Xba and Xho )
D. , :ADNA, Apa , BamH , Bgl , EcoR , EcoR , Hind Hpa  (Redriction fragments
of mtDNA from C. erythrinus. Left to right: marker, Apa , BamH , Bgl , EcoR , EcoR , Hind and Hpa )
E. , :ADNA, Apa , BamH , Bgl , EcoR , EcoR , Hind Hpa  (Redriction
fragmentsof mtDNA from C. flammea. L€t to right: marker, Apa , BamH , Bgl , EcoR , EcoR , Hind and Hpa )
F. , :ADNA, Apa , BamH , Bg , EcoR , EcoR , Hind Hpa  (Redriction frag-
mentsof mtDNA from C. coccothraustes. Left to right: marker, Apa , BamH , Bgl , EcoR , EcoR , Hind and Hpa )
G H. :ADNA, Apa , BamH , Bgl , EcoR , EcoR , Hind , Hpa , Kpn
, Pst , Pvu , Sal , Sca , Xba Xho  (Restrictionfragmentsof mtDNA from L. curvirostra. Left to right : marker ,
Apa , BamH , Bgl , EcoR , EcoR , Hind , Hpa , Kpn , Pst , Pvu , Sal , Sca , Xba Xho )

, :ADNA, Kpn , Pt , Pvu , Sal , Sca , Xba Xho  (Redriction fragments
of mtDNA from P. grisdventris. Left toright: marker, Kpn , Pst , Pvu , Sal , Sca , Xba and Xho )

J. , :ADNA, Kpn , Pt , Pvu , Sal , Sca , Xba Xho  (Restriction fragmentsof
mtDNA from P. pyrrhula. Left toright: marker, Kpn , Pst , Pvu , Sal , Sca , Xba and Xho )
K L. T , :ADNA, Apa , BamH , Bgl , EcoR , EcoR , Hind , Hpa , Kpn , Pt

, Phu , Sal , Sca , Xba Xho (Regtriction fragments of mtDNA from E. elegans. L€t to right: marker, Apa
BamH , Bgl , EcoR , EcoR , Hind , Hpa , Kpn , Pst , Pvu , Sal , Sca , Xba Xho )
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Table 2 Molecular size (kb) of mitochondrial DNA in 10 fecies of Passer if or mes
Enzymes
Sedes Apa BamH Bdgl EcoR EcoR Hind Hpa Kpn Sal Sca Pst Pvu Xba Xho dze
17.96 10.32 20.30 18.27 15.05 12.09 12.82 0 20.30 11.55 13.52 9.42 20.30 18.15 20.30
(M. mongolica) 2.34 4.37 2.03 525 3.98 4.17 6.56 5.37 7.94 2.15
3.16 2.32 3.31 2.19 1.41 1.58
2.45 1.91 1.36
9.04 14.74 14.60 8.34 16.45 4.68 5.75 16.45 11.88 16.45 16.45 6.61 14.97 16. 45
(C. corone) 501 1.71 1.8 3.00 3.70 3.98 4.57 4.46 1.48
2.40 2.00 2.71 3.72 2.75
1.70 ? 3.10 2.63
1.41
9.04 9.37 16.45 6.03 13.29 6.56 9.80 16.45 8.93 16.45 0 16.45 9.40 14.16 16.45
(P. pica) 7.41 7.08 4.31 3.16 3.70 3.10 4.57 4.17 2.29
3.00 2.71 2.04 2.95 2.88
1.70 2.03 1.51
1.41 1.4
6.81 10.41 10.04 6.31 13.97 9.33 10.09 10.07 8.43 5.97 10.72 17.28 8.51 0 17.28
(c. erythrinus) 4.68 3.63 7.24 4.36 3.31 4.00 3.72 6.56 5.13 575 6.56 6.61
2.40 3.24 ? 3.95 3.47 ? 372 3.24 ?
2.51 2.32
?
20.81 23.13 23.13 18.12 23.13 7.94 23.13 23.13 23.13 9.16 23.13 21.57 20.38 23.13 23.13
(c. flammea) 2.32 5.01 4.27 7.08 1.31 2.75
2.69 4.75 1.25
2.51 2.14
1.58
?
16.73 16.73 13.19 19.73 13.42 9.24 8.17 10.17 16.73 8.79 16.73 16.73 8.51 0 16.73
(C. ococoothrar ustes) 3.54 3.31 3.30 3.47 6.56 7.94 4.57
2.45 3.00 3.16
1.74 2.09 ?
9.50 10.31 19.37 12.00 16.37 7.08 13.00 16.37 10.06 9.12 0 16.37 13.80 16.37 16.37
(L. curvircstra) 4.67 6.06 4.37 4.20 3.31 6.31 7.25 2.57
2.20 3.00
2.09
6.41 11.25 16.85 9.77 8.57 7.08 16.85 10.29 8.51 8.59 16.85 16.85 8.32 0 16. 85
(P. grisdventris) 4.68 3.40 4.37 8.28 4.20 6.56 5.40 3.16 6.31
2.40 2.20 2.71 3.00 3.02 3.05 2.22
1.78 2.09 2.05
? ?
6.41 13.18 16.42 12.05 8.57 5.94 16.42 9.8 8.00 8.16 16.42 16.42 9.86 0 16. 42
(P. pyrrhula) 5.33 3.24 4.37 8.28 b5.57 6.56 5.40 3.16 6.56
4.68 ? 3.02 3.05
2.05
b 15.90 14.50 15.51 12.03 18.20 6.61 13.11 18.20 18.20 9.36 18.20 9.98 8.51 0 18. 20
(E. elegans) 2.30 3.72 2.69 6.17 3.30 3.00 6. 60 6.60 6.81
2.40 2.09 2.24 1.62 2.71
1.74

“« g

(“ 0" represents no redriction ste)

“

(“ ? represents undetected fragments)
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X I 1K 4 (P.griseiventris)
R4 (Ppyrrhula)
& 4#(C.erythrinus)

% W§ 4E(C.coccothraustes)
A IE R4 (C.flammea)

4 3T ME 4 ( L.curvirostra)

# W 39 E.elegans)

— /NEE A8 (C.corone)
E # (Ppica)

KW EHR (M.mongolica)

2 P , UPGMA 10
Fig.2 Phylogenetic tree of 10 species of Paszr if or me using the UPGMA method with P-distance

3 10 DNA ( ) ( )
Table 3 Mitochondrial D NA genetic distances ( below diagonal) and shared fragments (above diagonal)
it
M. morr C.ery C. flanmr C. oo L. curvi- P. gri- P.
C. corone  P. pica E. elegan
adica thrinus mea othragtes  rotra s ventri pyrrhula

— 0.1270 0. 1563 0. 1846 0. 3448 0. 1404 0. 1429 0.2188 0.1034 0. 2668

(M. mongolica)

0. 1264 — 0. 2857 0. 1875 0. 2105 0.1786 0. 2545 0. 1905 0. 0702 0.2712
( C. corone)

0.1132 0. 0750 — 0. 2462 0.1724 0. 2456 0. 2500 0.2188 0.1724 0. 3000
( P. pica)

0.1026 0. 1016 0. 0844 — 0. 1017 0. 3448 0. 2456 0. 4923 0. 4407 0.2951
(C. erythrinus)

0. 0632 0.0943 0. 1069 0. 1406 — 0. 2353 0. 4400 0. 3103 0. 1923 0. 4444
(C. flammea)

0.1200 0. 1047 0. 0845 0. 0632 0. 0872 — 0. 2857 0. 3509 0.2353 0.4151
( C. coccothraustes)

0. 1189 0. 0823 0. 0884 0. 0845 0. 0482 0. 0750 — 0.3214 0. 2000 0. 4615
(L. curvirostra)

0. 0918 0. 1006 0.0918 0.0413 0. 0698 0. 0622 0. 0676 — 0.7241 0. 4000
( P. grisdiventri)

0.1395 0. 1641 0. 1069 0. 0481 0. 1000 0. 0872 0. 0975 0. 0184 — 0. 2593
( P. pyrrhul)

i

0. 0793 0.0783 0.0719 0.0730 0.0476 0. 0518 0. 0453 0. 0540 0.0811 —
( E. elegans)
3.2 mtDNA 16.3 17.3 kb, Dittman et al. (1991) e

MtDNA 10 MtDNA 18.2 19.3
Shidds et al. (1988) 3 40 kb, Zenaida macroura MtDNA

, 19.3 20.7 kb (Bdl et al., 1992) ;
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(1998) # ( Eocene) ,
, % (Asio flammeus) ( 3 500
23.5 kb, mtDNA ) :
: 6 kb , s ,
DNA ME®A 2.1 ,
23.13 kb, 20. 30 kb, P , UPGMA
DNA ,
57 % ) )
6 7kb , , Sbley DNA/
DNA DNA , DNA RFLP
) , 120
, ( , 1994) :
DNA RFLP
3.3 )
(Oloon, (Brodkorb, 1978: Ol®n, 1985)
1985) Harlid et al. (1997) DNA Shieds et al.  (1987)
b 6 DNA RFL P , ,
, mtDNA 2%
Sbley et al. (1988) , mtDNA
DNA/DNA , 2.5% ( , 1998, 2000)
— B ) ( DNA 2%
) : 300
, 400 , ,
4000 4500 DNA “ "
) 4 000 4500
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(Abstract)

MOL ECUL AR EVOL UTION AND VARIABILITY INMITOCHOND RIAL
DNA IN 10 SPECIES OF PASSERIFORME "

L1 QingWei = LI Shuang TIAN Chun-Yu WANG YongJun GUO Yu-Me
( College of Life Science, Liaoning Normal University, Dalian 116029, China)
( Shenzhen Hongshulin National Research Administration, Shenzhen 518040, China)
( School of Pharmacy University of Southern California, Los Angeles, CA 90089, USA)

The mitochondrial RFL P analyzing method was used to study the phylogenetic relationships of ten gecies
from three families of passeriformes, including Melanocorypha mongoalica, Corvus corone, Pica pica, Carpo
dacus erythrinus, Caduelis flame, Coccothraustes coccohraustes, Loxia curvircstra, Pyrrhula griseiventris,

Pyrrhula pyrrhula, and Emberiza elegans. Fourteen restriction enzymes were used in this study. Based on the
dectrophoretic patternsof mtDNA in ten gecies, phylogenetic trees were constructed usng the computer pro-
gram MEGA 2. 1.

Mitochondrial genome polymorphism. mtDNA fragmentsfrom different gecies showed different restriction
endonuclease maps. The length of the mitochondrial genome of Carduelis flamme, Melano corypha mongalica
and other eight gecieswas 23. 13 kb, 20. 3 kband 16 17 kb, regectively. The mtDNA genome enlargement
observed in this study has never been previoudy reported. It wasinitialy thought that thisresult was due to the
opposte replication of the norrcoding region, but this requires more detailed sequence anayss.

Intergpecific heredity and mutation. Though the Alaudidae were represented by only one ecies
( Melanocorypha mongolica) inour study , Alaudidae ~ was obvioudy different from the other two familiesin
restriction endonuclease type: al gpecieshad 1 2 Kpn  dtesexcept Melanocorypha mongolica which had no

Kpn  stes; Melanocorypha mongolica had 1 Xba  dte whileother gpecieshad 2 3 Xba  dtes. From a
morphological pergpective, the scale of the tarsometatarsusin the Alaudidae was dgnificantly different from oth-
er families. Furthermore, the karyotype of the Alaudidae a0 diplayed sosme unique features. Asfar as Cardu-
elis f almme was concerned , there were two gpparent characters of restriction endonuclease type: one was that
57 % of restriction stes belonged to a single site; the other was that genome length waslonger (6 7 kb) than

* This study was supported by the Nationa Natura Science Foundation of China (No. 39670394)
** Corregponding author. Liqw @yghoo. com. cn
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the other geciesin the Fringgillidae family. Condstent to a study of the karyotypesof 120 passeriforms gecies
by other researchers, we found that the gecies demonstrating unique karyotypes showed the the same unique-
nessin mtDNA RFLP.

Phylogenetic analyss. The mitochondria gene tree constructed in this study suggests that the Alaudidae are
a single branch separate from the other two families, and the Fringgillidae are more related to the Corvidae than
the Alaudidae. It has been reported that mitochondriad DNA evolves at a rate of 2 % per million years. Udng
thisevolutionary rate, our resultsindicate that these taxa diverged 4 million yearsago , which isidentical to what
is suggested by the fosdl record. This suggests that mitochondridd DNA may provide an gppropriate molecular
clock for research on the evolutionary history of birds.
Key words Passriformes, mtDNA , Molecular evolution



