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Abstract

To investigate genetic variation of the Formosan serow (Naemorhedus swinhoei Gray) population ,
the nucleotide sequences (1122-1124 bases) of the mitochondrial DNA D-loop region was examined for
14 of 25 samples collected from Nantou, Taidong, HualienTaroko and Wulai areas of Taiwan. Fourteen
haplotypes were detected from 25 samples with a pairwise comparison of the partial sequences (493-495
bases) of the D-loop region . Genetic distance divergences were estimated to be 0.24%-6.85% among the
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14 haplotypes. The phylogenetic trees constructed by the sequences indicated that the Formosan serow
was separated into two highly genetically variable groups: the Nantou-Taidong group and the
HualienTaroko group. The separation of the two groups was estimated to have occurred over 0.55 million
years ago, resulting from repeated colonization from the Asia continent to Taiwan. The rivers in the
Central Mountain Range were probably a geographic barrier for allopatric differentiation of the two
groups. Our result provided an insight into the understanding of the evolutionary history, phylogeny and

popul ation genetics of the Formosan serow.
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Table 1. Sample numbers and collection localities of the Formosan serow and the
haplotypes of their D-loop (495 bp)

Localities Sample number Haplotype
A 3 I R At HL096 HL1
A E3HE I R HL097 HL1
A IR R HL 366 HL1
A E3H I R HL375 HL3
A S ] B i HL374 HL2
& SR TD376 TD1
5 BT i TD377 TD1
15 BRRR L b [ TD378 TD1
B BRI A TD364 TD2
o BRAE P il TD365 TD3
=R 2 ST TD306 TD4
1= R B L i TD315 TD5
T #5 AT B NT121 NT1
RS SR i NT413 NT2
T #5 “T H B NT134 NT3
FA A FE R NT412 NT3
FA A e NT417 NT3
T #5 AT B NT135 NT4
g mwae:illl NT394 NT4
FA A e NT416 NT4
P S 2t NT420 NT5
FA A e NT421 NT5
JSZRAR LM WL 383 WL1
Jo AR AR L1t WL 384 WL2

SRR Lt WL418 WL2




= ~ PCR#ZI% 5 [ -F{(primers)

A& i (amplification) & %
(sequencing) FZ R FEDNA .2 D-loop F:KI ez
#5591 52 LLAJE(ANnderson et al. 1981) j%
-(Anderson et al. 1982) FJRIFRHEDNA A EH
—EMER Y e R TR E
t-pro (5 -TCACCATCAACCCCCAAAGC-3') Iz
t-phe (5 -TCATCTAGGCATTTTCAGTG-3')

%15 2D-loop5E ¥ 7 ¥ll(compl ete
sequence) > HAMHTERET AT T ¢
HD1 (5 -GCTGGTTTCACGCGGCATGG-3') ~
LD3 (5 -GTCAAATCCATCCTCGTCAACA-3' ) K
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Sequencing Ready Reaction Kit (ABI) F2ABI
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it HilER FIM EGA EEHEAZ 2 fik 2. L i(Kumar et
al. 2001) HFJKimura's two-parameter genetic
distance A - MIETR&RR(REEIHIE SZ[RIBR
RHAMEGA 2 R fik #% f"Neighbor-joining
method(NJ)(Saitou and Nei 1987) iifi £171000
bootstrap replicates, Maximum parsimonious
with heuristic search(MP) FIPAUP 4.0 betalOfjy
(Swofford 2002) - EH 22 # 3% & Frandom
addition sequence, the tree-bisection-
reconnection (TBR), #%100 bootstrap replicates
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HL366 ~ HL374 ~ HL375 ~ NT121 - NT134 -~
NT135 ~ TD315 ~ TD364 ~ TD365 ~ TD376 -~
TD378 WL 383) » FFHI{E K& £%51122-1124
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5T e R B2 L SR A (I A
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HEDNA D-loop /71| #15' bkt B RIS 53 741
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TR FILEE - risshl IR B AR 25 62 (L1F A
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AtE Lt [E2fE(3E) (K1) -
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HA B8 RS R B e £ st (HL 2 BENTL) > B2
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Wil AL SR A 60N B A U R - Hp
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al. 1994) k: HAHg fERERRH(1-2{[&)(Nagata et
al. 1999) > [l HAx £E£2([[2F transversionstt,
62 HIE8- 111 HA%Y -

A SN BRI E L 2 5eRE P YI e &
#kli>Genebank Z 41 & RE A - HAccession
numbersEAF547433 - AY 139642 ~ AY 149638 -~
AY 149639 ~ AY 149640 - AY 149641 - AY 149642 -
AY 149643 ~ AY 149644 ~ AY 149645 - AY 149646 >
HATHL096 ~ HLO097 FzHL 366 — £ 5[] — B £
Hi > TD376 7 TDI378 i £ 5 53— EE £ -

T~ HURRAS ST

Fas T 1A T BE 2 MURC RS R 4% - I
MEGA 2.1k *JNeighbor-joining 77721 #[DNA
FF%1)3#£4 71000 2Kbootstrap test 72 V7 #5 i 4l [E]
2K FAPAUP 4.0/ maximum parsimonious with
heuristic search /5123171002 bootstrap test 73t
N7 H B el (phylogenetic tree)([i]3) - W #ifsk
fat R 1S EAE[E RS SR - BESIR BHER IS

51= 1000

1EKE] = 184510
51-1122

1. 388 KAz L R DNA SERED-l oop PR LR 3 AmliEl - il DA dfi 2 AESOMfSL 775 Bl
A7~ Al Es f B (07 P SR E SO - [ PR 5201-300 » 401-500 52851-95011L A5 At L -

Fig. 1. Distribution of base substitutions in the Formosan serow mtDNA D-loop region. Numbers of

sequence variable sites in the data set are examined in consecutive blocks of 50 bp, and hypervariable
domains are shown at nucleotide positions 201-300, 401-500 and 851-950.
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F2 B EE2 L FEIJ14FE D-loop B & A Kimurafy 2 B8 # 15 8 (4~ AEE ) K
Transitions/ Transversions#Hasi( 2 _F A ER5Y) 2 ik

Table 2. Kimura's two-parameter genetic distance(%)(below diagonal) and the numbers of
Transitions/Transversions (above diagonal) of the D-loop (495 bp) among 14 haplotypes of the Formosan

serow and the Japanese serow (JSD)

OTUs HL1 HLZ2 HL3 NT1 NT2 NT3 NT4 NT5 TD1 TD2 TD3 TD4 WL1 WL2 JSD
HL1 7/0 10/0 23/3 17/5 20/3 17/3 23/2 20/2 192 16/3 17/2 10/0 222 58/10
HL2 1.70 9/0 24/3 18/5 21/3 18/3 24/2 212 20/2 19/3 18/2 3/0 212 57/10
HL3 245 220 2U3 17/5 20/3 17/3 212 20/2 192 18/3 1572 10/0 20/2 56/10
NT1 658 6.85 6.04 94 16/2 102 01 131 12/1 112 121 23/3 7/1 59/9
NT2 549 575 549 318 104 02 93 7/3 63 12 83 195 83 56/11
NT3 577 6.04 577 447 343 102 16/1 71 6/1 92 111 223 13/1 57/9
NT4 498 525 498 294 048 294 101 71 61 10 81 193 91 579
NT5 632 659 579 024 293 422 269 13/0 12/0 111 12/0 23/2 7/0 59/8
TD1 552 579 552 345 243 194 194 320 Y0 81 11/0 222 14/0 60/8
TD2 526 552 526 320 218 170 170 295 024 71 10/0 21/2 13/0 59/8
TD3 472 551 525 319 072 269 024 294 219 194 91 20/3 10/1 58/9
TD4 473 499 421 320 268 294 219 295 270 245 244 17/2  7/0 57/8
WL1 245 072 245 658 6.02 631 551 632 6.05 579 577 473 20/2 58/10
WL2 6.05 579 552 194 268 345 244 170 346 320 269 170 552 54/8
JSD 19.11 18.77 18.43 19.15 18.72 18.47 18.47 18.86 19.20 18.86 18.81 18.18 19.11 17.18

B RE2 (LIRS RS FEE > PR LR R P9 BURRIT) 43
A TE I BB BB — B > T i — A
SRS —BE - LRl W B 7R 5 38 19 HERHE 7
5.53%(4.21%—6.85% » 17-27/495) » Tfii {£58 A
5 B B B2 e AE EE R £51.58%(0.72% -
2.45% - 3-10/495) > FE#%— & HEFE32.45%
(0.24%—4.47% > 1-18/495) » #= | % B £=7 Bil
H AR 52 (112 A7 12 SEHE I A 5755£18.19%
(32 -

3

— ~ GBS EEZ2EMIDNA D-loopfEH: K 43
IBZIREfH]

Kocher JzWilson(1991)#z &4 [BHiFi PLAEE)
YIHIMDNA D-loopE A R = R - &
RS2 EMIDNA  D-loop B[] #% BA WaflE ik
S o AN ES b AL E S A — B R A R
[ > HMtDNA D-loop B i { G 2 & R pi i
DNA F =& Y 5% (Aquadro and Greenberg
1983) - S5 & K220 EmtDNA
cytochrome bEi12S rRNA FFI{E FEIHE PRI
R FRR FOI S B GBS R 53 731£50.3%—2.0% 81
0.3%-0.8%(#E%: 2001) - Al AHF4% FD-1oop
A {H FEREF50.24%—-6.85% » B EEiE R 2
(Ll 5= mtDNA D-loop#J £ # & 2 K &Y /3%
cytochrome b j3.4(%.2 % -

TEHEANFH PLAEEN ) FIMDNA D-loopite
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Fig. 2. A phylogenetic tree constructed for 14 haplotypes of mtDNA D-loop sequences (495 bp) of
the Formosan serow, using the neighbor-joining method with Kimuras two-parameter genetic distance
and the haplotype of the Japanese serow (JSD) as an outgroup (the bootstrap values derived from
1000 replicationsis indicated as a number at each node when the value is >50%).
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Fig. 3. A phylogenetic tree constructed for 14 haplotypes of mtDNA D-loop sequences (495 bp) of
the Formosan serow, using the maximum parsimony method (MP) and the haplotype of the Japanese
serow (JSD) as an outgroup (the bootstrap value derived from 100 replications is indicated as a number
near each of the internal branches).
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Fig. 4. The map of Taiwan showing the
locations of Nantou-Taidong group and
HualienTaroko group (elliptic regions) and a
probably existing area of biogeographic
boundaries (rectangular region).
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