1963

Pycnonotus sinensis P. taivanus
1999
Hemimyzon formosanum (Boulenger, 1894) H. taitungensis Tzeng
and Shen, 1981 1997 Eriocheir japonica
E. formosa
Tzeng

1986

Bermingham and Martin, 1998



DNA

4-10
1999 Teng,
1990 Huang, 1995 Huang, 1997
Guenz 150-137 Mindel
120-105 Riss 40-32 Wierm 11-1
140 Emery et a., 1971
Boggs et 4d.,

1979

1966

Invasion



i. Dispersal

ii. Vicariation

Tzeng 1986 57

H. formosanum

H. taitungensis

Microphysogobio brevirostris ~ Gunther, 1868 M. alticorpus
Béanérescu and Nalbant, 1968 2001 Gobiobotia cheni Banéarescu and
Nalbant, 1966 G. intermedia Banarescu and Nalbant, 1968 1997



DNA

Adenosine triphosphate, ATP

DNA

1982 DNA

DNA  tRNAP® tRNAT™

On DNA
Displacement loop D-loop D-loop
central domain ETAS
1997
promoter HSP

CSB1 CSB2 CSB3 Walberg and Clayton, 1981 ETAS

termination associated sequence

TAS element Dodaet al., 1981 D-loop

D-loop

cytochrome b

1140 bp

Brown et al.,

DNA

Saiba et al.,

Extended

ATP

D-loop



alignment

D-loop

D-loop
E. japonica E. formosa

COIl Cytochrome oxidase subunit | COl

Nonsynonymous substitution

Synonymous substitution Pesole et al., 1999

(Brower, 1994; Knowles, 2000) Col

Knowlton et al., 1993; Knowlton and Weigt, 1998

COl

Zuckerkandl and Pauling, 1965

Avise, 1994; Stepien and

Kocher, 1997

Phylogeography  Avise et al., 1987

Molecular genetics



Population genetics Ethology Avise, 1998

D-Loop
1. Rhodeus ocellatus  Kner, 1867
2. Tanakia himantegus Gunther, 1868
3. Pseudorasbora parva Temminck and Schlegel, 1842
4, Aphyocypris kikuchii  Oshima, 1919
5. Soinibarbus hollandi Oshima, 1919
6. Onychostoma barbatulus  Pellegrin, 1908
H. formosanum H. taitungensis Wang et al., persond
communication Rhinogobius candidianus Regan, 1908

R. gigas Aonumaand Chen, 1996 Lin et al., persona communication

vicariance speciation



P. taivanus P.
sinensis 1999 Takydromus stejnegeri Takydromus

sauteri E. japonia E. formosa



95%
0.1

DNA

. DNA

0.5ml digestion buffer, 10mM Tris-HCI pH8.0,

2mM EDTA, 10mM NaCl, 1% SDS, 10mg/ml DTT, 0.5mg/ml Proteinase K

37 8 16 Kocher et a., 1989
/ phenol/chloroform DNA
12000g 10
phenol: chloroform: isoamyl alcohol=25:24:1 120009
10 chloroform:isoamyl
acohol=24:1 12000g 10
110 3M pH=4.7~5.2 2 100%
-70 15 10 12000g 30
70%
20001 TE

10mM Tris-HCI, ImM EDTA, pH=8.0 50~60 10



-20

. PCR
Polymerase Chain Reaction, PCR 50
20~100ng DNA 0.2mM  dNTP
dATP dGTP dCTP dTTP 10 pmole 1.0 Super
Tag DNA HT Biotechnology Limited
94
3 DNA Denature 40
94 30 DNA 50 30
DNA Anneding 72 1 10 DNA
Extension 40 72 10
Final extension PCR
Crossostoma lacustre
Steindachner, 1908 L H

Tzeng et al., 1992

D-loop

L16504 5 -GTCGACTCTCACCCCTGGCTCCCAAAG-3 16530

L00321 5 -CTATTACTGGCATCTGGTTCC-3 00341
H00442 5 -AACGCY CGGCATGTTGGGTAA-3 00422
H01046 5’ -GGGCATTCTCACGGGGATGCG-3 01026

L15230 5" -CCAGCGACTTGAAGAACCACCG-3 L15251



L15239 5 -TGAAGAACCACCGTT-3 L 15254

H16435 5 -GACTAAGCTACTAGGG-3' H16420
H16472 5 -CTTCAATCTTCGGATTAC-3 H16452
D-loop L 16504 C. lacustre
Tzeng et al., 1992 Cyprinus carpio Linnaeus, 1758 Chang et al.,
1994 H1046 Acanthopagrus schlegeli Bleeker, 1854
Jean et al., 1995 HO0422 M. brevirostris 2001
L00321

L 15230, L15239, H16435
H16472 C. lacustre Tzeng et al., 1992 Cyprinus

carpio Linnaeus, 1758 Chang et al., 1994

Elution

Gel extraction Kit, Viogene

corp.

Automatic sequencing PCR
Direct sequencing Big Dye

terminator sequencing Kit, Applied Biosystems

Automatic DNA sequencer, Applied Biosystems model
377 DNA

10



Segman Dnastar, Lasergene
MegAlign Dnastar,
Lasergene Multiple Alignment MEGA
Molecular Evolutionary Genetics Analysisver. 1.02  Kumar et a., 1993

Tamura-Nei model Tamura, 1993

Neighbor-joining 500 bootstrap
2.

GenBank NC_001778, Polypterus
ornatipinnis AF_074863, Anguilla marmorata; AF_267913,

Ariosoma shiroanago major; AB_038381, Conger myriaster
NC_000860, Salvelinus fontinalis NC_000861, Salvelinus alpinus;
NC_001717, Oncorhynchus mykiss NC 001960, Salmo salar; AF_ 125213,
Brachymystax lenok; AF _ 165078, Oncorhynchus keta; AF 125211,
Oncorhynchus masou NC_001606, Cyprinus carpio;
NC 001727, Crossostoma lacustre; NC 002079, Carassius auratus,
AF_307452, Aphyocypris chinensis AF_051878, Spinibarbus denticulatus
cytochrome b 8
A. kikuchii n=2, S hollandi n=2, and O. barbatulus n=4

Snogastromyzon puliensisLiang, 1974 Wang et

11



al., personal communication cytochrome b

Poisson model Neighbor-Joining

branch length  topology topology Poisson model

Euteleostei

(Patterson 1993; Forey et al. 1996) branch length

Linetal. 2001 Fitch and Margoliash Fitch and Margoliash, 1967

12



6 71 D-loop

3 8
cytochrome b
D-loop AT tandem repeat
GenBank D-loop AY017149
1 10
D-loop 913~914bp
Tamura-Nei 0.55
5.49~5.86

D-loop D-loop

13



931~933bp D-loop 447op

Tamura-Nei 2.99 22
2.48~4.01
6
Tamura-Nei 2.32
D-loop

TamuraNei

2.33 Aphyocypris chinensis

0.83
D-loop TamuraNei 0.55
6 TamuraNei
9.3~10.18
D-loop AT tandem repeat

939~946bp TamuraNei 3.34
46 TamuraNei

9.3~10.44

14



D-loop 420bp

AT

clade

D-loop

D-loop

1.09

15



cytochrome b

transition isolate 3
transversion
2.

Fitch and Margoliash 1967 Linetal. 2001

Poisson distance

Tamura-Nei
Tamura-Nei distance
cytochrome b, 1140bp

Poisson

0.294 Tamura-Nei distance

16
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Founder effect

Genetic drift

Bottleneck effect
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Aphyocypris chinensi s
Tamura-Nei 0.83

2.33

Tzeng 1986

T-N distance 2.2

T-N distance 0.5

21



1996

EST-2

GPI-A

EST-2

GPI-A

22



GPI-A

DNA
2001
D-loop 0~0.5
transition
D-loop 0.27~0.55
transition
Cytochrome b

23



Second invasion

Genus Takydromus T. sauteri T.
stenjnegeri Endemic
species T. sauteri
T. stenjnegeri

Genus Takydromus 13

Lin et al., personal communication

24



T. stenjnegeri T. septentrionalis

T. sauteri T. drosalis
T. smaragdinus monophyly
barrier
T. drosalis T. sauteri
P. taivanus P. sinensis
P.
taivanus P.
sinens s
P. sinensis
P. sinensis orii P. sinensis hainanus
1999 P. sinensis orii P.
sinensis hainanus P.
sinensis
Sexual selection 1990
1999
DNA

25



DNA

Bohonak, 1999

P.sinensisorii  P. sinensis shirogashira P. sinensis orii
P. taivanus P. sinensis
shirogashira
P. sinensis shirogashira 1970

P. sinensis orii

Brazil, 1991

P. sinensis
P. sinensis

P. taivanus 1990

26



E. japonica E. formosa

P. taivanus P. sinensis

E. formosa E. japonica
E. sinensis E.

japonica E.formosa COl Cytochrome oxidase subunit |

AF279269, AF105245- AF105250
Tamura-Nei 4.7
13.7
1997

27



Toda, 1999

multiple invasion
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