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Figure 1. Distribution of 5 species of Takydromus,
numbered dots indicate location of sampling
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Table 1. Location and data of sampling of Takvdromus spp.
SPECIES R M 2 WEH B H % REAN  BKER)
Takydromus stejnegeri & & N 3 1996/07 100
A ¥ N 14 1996/11 100
AN A B C 17 1997/02 200
H R L C 8 1997/03 100
5 & C 13 1996/10 200
O} S 14 1997/01 100
i ) S 22 1996/08 50
¥ & S 14 1996/08 50
Takydromus formosanus Kb oh N 17 1996/03 700
SN N 14 1997/2 400
ik N 19 1996/07~08 600
- M 6 1996/09 1000
Takydromu.: isuehshanensis A o M 21 1996/09 3100
] KL M 11 1996/10 3100
Tukydromus sauteri x 2 E 1 1996/01 200
W S 10 1997/02 100
Takvdromus kuchnet Iy e N 2 1997/04 400
Takyvdromus septentrionalis By Al gk - 5 1997/04 50
Takydromus sexlineatus = & - 15 1997/04 50
NGRS C: PR S HESE: £5 M LkE -

I fli(Hardy Weinberyg equilibrium) i HE 531
HASE e > 22 % Hamrick and Allard (1972).2 %)
=N S

SE AR ( gcnetic structure) BY 43 #7448 h
F- 5 51 (F-statistics) 23« Py 51 U8 0 0 - fi# 48
B AT RC R E ) - Pk L*ﬁ@@ﬁd‘hﬂﬁh
(Frr) S A A AL 18 (For) o S i {84 Lk 17
fti Il (Wright, 1943, 1978) o 2% KL 1A i {di il
(Nm) HIJ 2 4% Wright (1978) B4 HY o2 55 M
Bl B R SR EA ) T Foo FR B
FIHAEITS : Nm= (1 —Fg1) / 4 Fgp o ii{d
FHALLRE (genetic identity, 1) e {di R i (genetic
distance, D) 8y @ i & ¥k H Nei (1978) i1y
unbiased genetic distance Az Wright(1978)
Modified Roger’s distance F-5% /A1 - % {H
FHAPLRE (DL R YR AT (D) T 5 o

17 R ) b A g S R R
Wright(1978) ) B% J 4> #7 (hierarchy
analysis) - DK [} F-statistics 2 i 53 A~ [ [ Jeg
WY U R 5 BEA R e 15 T - 8
i & (total) ~ Fifi(species)Fll & i (population) >
2B R B 5 T 45 #fr(Nei, 1973, 1977) o #]
H A % & Nei’s(D) i &z Modified Roger’s
distance ffi - 'L UPGMA (Unweighted Pair-
Group Method) (Sncath and Sokal, 1973) /514
AAE 17 R[] I 3FE 35 40 #r (cluster analysis) > AIf;
P AT 1S R LR S A AR T o BS4 >
Wright (1978).2 Modified Roger’s distance » 1))
L I

rooting at midpoint of the longest path }y7/: >
ST

'} distance Wanger tree

TR 5
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1t 67 B A 8 2+ 4 HE S i AT PR
[ R e ey SN 7 B PN I s
=) Rt AR S A (allele) o B AAT-2%
M GDTH* 1% ¢ [ 2 3 5 8 Pk (mono-
HfR VA A R 1S 2 AU
(polymorphic)

-+ S R R R I AR S R
S1~20 0 B E IR R B BB I PUE
W IR A (A=1.288) 0 IR GE 1 A
(A=1.275) » F AR 5 B (A=1.000) . %)
P A FELE B DL A R W o (P=
23.10%) » HREEHREHI(P=19.71%) » 1K
PR R (P =0.0%) 3 25+ 81 #) ¥2 71 )% (Ho)
K 75 S B A SLPT IS (He) ¥ DA 13 8 S 1 0
(Ho= 0.054, He=0.074) » #: KA1 E 7 185 i 8
(Ho= 0.0, He=0.0) o & i [ £ Y A Wy B 75
T L £ E R R A B 2 ASLS,
1.6 5 P=23.1%, 26.9% ; Ho=0.054, 0.087 ;
He=0.091, 0.132 (5K =) o {E S AHHEHE /04T e HE
b S (Nm) B ) - S 2 F-statistic
th iy For FHE 15 0.740 » KoL i 26%:E 14
SR RN o FREIRIGA EE T4%H 72
T W REOR B R R 2 s B2 RE E
FEHS I o LR W e N A 48 U T
Ty ST AE(FPY) o TRl R o2 R A2 S (Nm) £5
0.088 » g7z i F ) 6 48 BE R oA Ry mT e M IR
HN e

B8 AR R o AT (R ) R
by 7 B £ 98 R ) S D A A 5 [Net’s(D)=
0.733] » f5t 3UT 19 FU) i 52 4 T M B % (10 5T
[Nei’s(D)=0.174] o #& It &b i i o5 il 6 A 70
By o % 35 b g B 5 8 5 8 i 3T [Net’s(D)=
0.130) » T BT 87 HU) 2 B 1 5 50 WA B A% 6 T
[Nei’s (D)= 0.281]e ifij It B B i 5L Net’s

morphic) »

(DB 0.691(& £1) o 3 IOl g I /o RlGE
i AE ] 5L ER b o (Fay =
0.527) 35 b 7 B 1 iy ¥ 3 99 e —
R HT o FUVRE [T R 552 A M IR B 4 Fxv=
0.533)(K 7 ~ ) o 1 BRI Al Y £ BT
5 A Wright(1978;.7 Modined Rover's dis-
tance B AL BT A5~ TT 0 TS W
BEHE ¢ (1) 75 18 I BT Bl 5 75 RO A A TR
W EE(Platyplacopus group) 125 0 ~ 77
LI T R S A M A AT S AR (Taky-
dromus group) (& —)e It > 4 HI Wright (1978)
<~ Modified Roger’s distance §i4 o 1% 75 8k
R TH B A A 42
¥7 0 P 2 UPGMA i distance Wang- ner tree
REHE R » R AR T i AT SE (R
BESEFOSTRTRE 4R ) o AL 7 b L v T 9 I
53 AR B A AN Tl B W AT el -1 ~20) @

Distance from oot
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Figure 2. Distance Wagner tree of Wright(1978)
Moedified Roger’s distance showing the
phylogeny among 5 species ol Tukydromus.

lukvdromus kuchnei

Tehvdromus formosanus
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Table 2-1. Allele frequency for 24 polymorphic loci of 7 Table 2-2. Allele frequency for 24 polymorphic loci of 7
Takydromus spp. Takydromus spp.
SPECIES SPECIES

Lo R BE GH Tu 6H RF k¥ THE w6 6% S 648 LB h¥

O S e ¥ e sedr W ¥ O G e g B wd w H
N 102 11 49 32 2 5 15 N 102 11 49 32 2 S 15
AAT-1* LDH-B*
A 971 1.000 929 938 1.000 .800 .600 A 1.000  1.000 .000 1.000 1.000 1.000 1.000
B 029 000  .000 063  .000 .200 200 B 000 000 1.000 .000 .000 .000 .000
C 000 .000  .031 000  .000 .000 .067 LDH-4%*
D 000 000  .041 000 .000 .000 .133 A 995 1.000 1.000 1.000 1.000 1.000 1.000
CK-1* B 005 000 000 .000 000 000 000
A 951 1.000 980 1.000 1.000 1.000 1.000 MDH-1*
B 049 000 .020 .000 .000 .000 .000 A 1.000 1.000 .010 .000 1.000 1.000 1.000
CK-2* B 000 .000 .97t 1.000 .000  .000  .000
A 985 1.000 1.000 1.000 1.000 1.000 1.000 C 000 000  .020 .000 .000 000 .000
B 015 .000 000 000 .000  .000 .000 MDH-2*
CK-3* A 995 1.000 980 1.000 1.000 1.000 1.000
A 975 955 980 1.000 1.000 1.000 .967 B 005 .000 .020 .000 .000 .000  .000
B 025 .000  .020 .000 .000 .000 .000 ME-T*
¢ 000 045  .000 000  .000 .000 .033 A 196 .000 000 .000  .000 .000 .000
EST-1* B 333 1.000 .069 000  .000 .000 .000
A 1.000 500 951 1.000 .000 1.000 .600 C 294 000 216 .000 .000 1.000 1.000
B 000 500  .049 000 1.000 000 .200 D Jd67 000 578 969 000  .000  .000
C 000 000 .000  .000  .000 .000 200 E 010 000 137 031 000 .000  .000
EST-2% - F 000 .000 .000 .000 1.000 .000 .000
A 995 136 902 1.000 .000 .000 1.000 ME-2%*
B 005 864 010 000  1.000 .000  .000 A 912 000 039 .000 000 400 .633
C 000 000 088  .000  .000 1.000 .000 B 088 1.000 .000 .000 1.000 .000 .300
GDIH* C 000 000 520 703 000  .000  .033
A 441 682 878 125 000 400 467 D 000 .000 441 297 0 .000  .000 033
B 368 000 000 875 1.000 .000 267 E 000 000 .000 .000 .000 .600 000
C 172 318,000 000 000 000 267 MPI*
D 020 000 (122 .000  .000 .600 .000 A 1.000 182 118 1.000 1.000 1.000 .000
GPI-1* B 000 .818 882 .000 .000 .000 1.000
A 912 636 931 1.000 1.000 1.000 .967 PGM-1*
B 088 364  .039  .000  .000 .000 .033 A 1.000 .000 989 .922  .000 1.000 .000
C 000 .000 029 .000 .000 000 .000 B 000 1.000 011 000 1.000 .000 1.000
GPI-2* C 000 .000 .000 .078 000 .000 .000
A 1.060 909 1.000 1.000 1.000 1.000 .900 PGM-2%
B 000 .091  .000  .000 000 000 .100 A 1.006  .000 989 781 000 900 .000
G3PDH-1* B 000 .000 01T 219 .000  .100  .000
A 1.000 1.000 .000 1.000 1.000 1.000 1.000 C 000 1.000 .000 .000 1.000 .000 1.000
B 000 .000 1.000 .000 .000 .000 .000 6-PGD*
G3PDH-2* A 7700 1.000 863 1.000 1.000 .800  .000
A 990 1.000 1.000 1.000 1.000 1.000 1.000 B A57 0 .000 0 137 000 .000  .000 .100
B 005 .000  .000 000  .000 .000 .000 C 064 000 .000  .000  .000 .000 .867
C 005 000 .000  .000  .000  .000 .000 D 010 000  .000 .000 .000 100  .033
IDH-1* E 000 000 .000 .000 000 .100 .000
A 755 .000  .000  1.000  .000 .000 " .000 SOD*
B 225 000 1.000 .000  .000 1.000 .000 A 1.000  1.000 1.000 1.000 .000 .800 .000
C 010 .000 000 .000  .000 000  .000 B 000 .000 .000 000 000 .000  1.000
D 010 .000  .000  .000 .000 .000 .000 C 000 000  .000 .000 1.000 200 000
E 000 1.000 .000 .000 1.000 .000 1.000
IDH-2*
A 980 .000  1.000 .688 1.000 1.000 .567
B 020 1.000  .000 .000 .000 .000 433
C 000 000 .000 313  .000 .000 .000
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Table 3. Summary of genetic variability for 26 loci among 7 species of Takydromus spp

Measures of Genetic Variability*

Species N A P Ho(S.D) He (S.D)
Takydromus stejnegeri 102 1.28 19.71 0.044 (0.012) 0.072 (0.073)
Takydromus sauteri 11 1.30 23.10 0.056 (0.024) 0.088 (0.033)
Takydromus formosanus 49 1.275 17.30 0.054 (0.027) 0.074 (0.033)
Takydromus hsuehshanensis 32 1.20 19.25 0.040 (0.003) 0.066 (0.004)
Takydromus kuehnei 2 1.00 0.00 0.0 0.0
Takydromus septentrionalis 5 1.30 231 0.054 (0.0206) 0.091 (0.035)
Takydromus sexlineatus 15 1.60 26.9 0.087 (0.031) 0.132(0.045)
Mean 12.067 1.280 18.801 0.047 0.073
S.D 5.661 0.177  7.460 0.021 0.31

*N = Mean sample size per locus

A = Mean no. of alleles per locus

P = Percentage of loci polymorphic (A locus is considered polymorphic if the frequency of the most common allele does
not exceed 0.95 )

Ho=Mean heterozygosity - Directcount ( standard deviation in parenthesis )

He= Mean heterozygosity - HdyWbg expected (Unbiased estimate (see Nei, 1978))

A v9 v A AE E A M6y F-%3HE A A B A% E(Nm)

Table 4. Summary F-statistics and Nm at all loci in 7 species of Takydromus..

Locus Chl-Sle‘e FIS F[T FST Nm o
AAT-1* 78.910** 0.360 0.449 0.140 1.536
CK-1* 7.379%* 0.402 0.420 0.031 7.815
CK-2* 3.406 -0.015 -0.002 0.013 18.981
CK-3* 18.231 -0.035 -0.014 0.021 11.655
EST-1* 4190472** 0.453 0.798 0.632 146
EST-2* 557.423%* 0.274 0.898 0.860 041
GDH* 274.060** 0.752 0.846 0.380 408
GPI-1* 47.310%* 0.280 0.427 0.201 994
GPI-2* 220.663** 0.822 0.942 0.676 120
G3PDH-1* 615.330%* 1.000 1.000 0.987 .003
G3PDH-2* 195.030** 0.662 0.989 0.966 .009
IDH-1* 697.731%* 0.741 0.979 0.917 023
IDH-2* 534.317** 0.242 0.748 0.668 124
LDH-B* 615.330%* 1.000 1.000 0.987 .003
LDH-A* 2.594 0.907 0.915 0.094 2.410
MDH-1* 412.632** 0.635 0.980 0.945 .0146
MDH-2* 147.865%* 0.658 0.940 0.824 053
ME-[* 840.815%* 0.718 0.925 0.735 .090
ME-2* 882.134%** 0.324 0.730 0.601 166
MPI* 504.383%* 0.659 0.947 0.843 .047
PGM-1* 620.577** 0.727 0.985 0.945 015
PGM-2* 657.562** -0.044 0.838 0.845 .046
6PGD* 322.509** 0.0195 0.635 0.547 207
SOD* 937.710%* -0.148 0.888 0.903 027
Mean 0.450 0.857 0.740 0.088

**p < 0.05
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Table 5. Matrix of pairwise genetic distance (above) and genetic identy (below) between 7 species of Takydromus.

SPECIES  No.of 1 2
. pops.

1R Y ] kA K 0.441
2.4 B 1 0.644 ok ok o
36 Ey 4 0.747 0.563
4% 1, o 2 0.840 0.598
5.6 X RHy I 0.640 0.807
6.3t 3 1 0.878 0.627
7.4 % o | 0.645 0.755

3 4 5 6 7
0.292 0.174 0.445 0.130 0.438
0.575 0.514 0.214 0.466 0.281
ok Ak 0.222 0.733 0.279 0.502
0.801 ok kk 0.482 0.245 0.463
0.481 0.617 ARk 0.451 0.368
0.757 0.783 0.637 SRR 0.369
0.605 0.630 0.692 0.691 ok

&7~ BAE 2 Wright B8 & 547
Table 6. Vanance components and F-statistics combined
across loci of 5 species of Takydromus

kA~ A8 HF 2 Wright BB o 47
Table 7. Variance components and F-statistics combined
across loci of 7 species of Takydromus.

Z—1 > 4 #i4E H = Modified Roger’s distance
(Wright, 1978) 2 & » 47 (UPGMA) #1#% B
Figure 3-1. UPGMA dendrogram of Wright (1978)
Modified Roger’s distance showing the
phylogeny among 7 species of Takydromus.

Comparison Comparison
Variance Variance
X % Fyy X Y Fyy
component component
POPULATION- SPECIES 1.334 433 POPULATION- SPECIES 1.329 415
POPULATION- TOTAL 4.765 731 POPULATION- TOTAL 4.982 727
SPECIES -TOTAL  343] 527 SPECIES - TOTAL 3.653 533
Genetic distance Distance from root
60 S0 A0 30 20 10 .00 00 05 » 14 AR 23 27
T ' 4 3 [T N R + ——
Takvdromus kuehnei Takydromus kuehnei
Takydromus sauteri Takydromus sauteri
Iakydromus sexlineatus Takvdromus sexlineatus
Takvdromus seprentrionalis Takydromus seprentrionalis
Takydrontus stejnegeri Takydromus stejnegert
Takvdromus hsuehshanensis Takydromus hsuchshanensis
—
lukvdromus formosanus Takyddromuas formosanue
50 40 30 .20 10 .00
. . . . R S S 1 S
.00 05 .09 14 18 23 27

= —2 - A F ¥ 4E M 1R Modified Roger’s distance
(Wright, 1978) P71 2 distance Wagner tree #%
Figure 3-2. Distance Wagner tree of Wright (1978)
Modified Roger’s distance showing the
phylogeny among 7 species of Takvdromus.
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Figure 4. UPGMA dendrogram of Nei (1978) unbiased
genetic distance showing the the phylogeny
among populations of Takydromus stejnegeri,
Takydromus septentrionalis, and Takydromus
sexlineatus.
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Appendix. The English name and EC number of Isozyme

Y85 &A% XD G EC number
AAT Asparate aminotransferase EC26.1.1.
CK Creatine kinase EC2.7.3.2.
EST Easterase EC3.1.1.-
GDH Glucose dehydrogenase EC 1.1.1.118.
GPI Glucosephosphosphate isomeraes EC5.3.1.9.
GTDH Glutamate dehydrogenase EC14.1.2.
G3PDH Glycerol-3-phosphate dehydrogenase EC 1.1.1.8.
IDH Isocitrate EC 1.1.1.42.
LDH L-Lactate dehydrogenase EC 1.1.1.27.
MDH Malic acid dehydrogenase EC 1.1.1.73.
ME Malic enzyme EC 1.1.1.40.
MPI Mannose-6-phosphate isomerase EC5.3.1.8.
PGM Phosphoglucomutase EC5.4.2.2.
6-PGD 6-phosphogluconic dehydrogenase EC1.1.1.44.
SOD Superoxide dismutase EC 1.15.1.1.
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Study on Phylogeography of Lacertida

Shan Kao and Kuang-Yang Lue*
Department of Biology, National Taiwan Normal University

Taipei, Taiwan

Abstract

In this research, we used electrophoretic technique of isozyme to survey the genetic structure and the
phylogeography among Takydromus stejnegeri, Takydromus sauteri, Takvdromus formosanus,
Takydromus hsuchshanensis, and Takydromus kuehnei in Taiwan. Takydromus septentrionalis from Ma-
Zu and Takydromus sexlineatus from Hong Kong were used as outgroup species animals. Among five
species of the Lacertidae in Taiwan and two outgroup, 24 loci were polymorphic, proportion of poly-
morphic loci was 18.801%, average number of alleles per locus was 1.28, mean observed heterozygosity
of per locus was 0.047, and mean expected heterozygosity of per locus was 0.073. The smallest Ner’s
(1978) genetic distance between T stejnegeri and T. hsuehshanensis was [Nei’s(D)=0.174], and the
largest was found between 7. kuchnei and T. formosanus [Nei’s(D)=0.733]. The five species of the
Lacertidae were independent species of the same genus. The tree of UPGMA among 5 species had two
clusters which were phylogenetically closer: 1. Platvplacopus group, including T. kuehnei and T. sauteri.
2. Takydromus group, including 7. stejnegeri » T hsuchshanensis and T. formosanus. In addition, T.
septentrionalis and T. sexlineatus were subordinated to Tukydromus group and Platyplacopus group,
respectively.

The correlation of evolution between Takydromus spp. of Taiwan and mainland China, and the
dispersive direction of Platyplacopus group and Takydromus group in Taiwan still need more detailed
studies for further understanding.
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