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D N A D - l o o p

Two Distinct Phylogenetic Groups of Formosan Serow
(Naemorhedus swinhoei Gray) Population in Taiwan:

Based on Mitochondrial D-loop Region Sequences
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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

population genetics of the Formosan serow.      
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DNA

proteinase

K/phenol/chloroform (Kocher et al. 1989)

(total DNA) DNA

1.2% (agarose gel) 

(Beckman DU640) 4

Localities Sample number

HL096

HL097

HL366 

HL375

HL374

TD376

TD377

TD378

TD364

TD365 

TD306 

TD315 

NT121

NT413 

NT134

NT412

NT417

NT135 

NT394 

NT416 

NT420 

NT421   

WL383 

WL384

WL418

Haplotype

HL1

HL1

HL1

HL3

HL2

TD1

TD1

TD1

TD2

TD3

TD4

TD5

NT1

NT2

NT3

NT3

NT3

NT4

NT4

NT4

NT5

NT5

WL1

WL2

WL2

1. D-loop

Table 1. Sample numbers and collection localities of the Formosan serow and the

haplotypes of their D-loop (495 bp)
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PCR (primers)

( a m p l i f i c a t i o n )

(sequencing) DNA D-loop 

(Anderson et al. 1981)

(Anderson et al. 1982) DNA

t-pro ( 5' -TCACCATCAACCCCCAAAGC-3' )

t-phe ( 5' -TCATCTAGGCATTTTCAGTG-3' )

D - l o o p ( c o m p l e t e

sequence)

HD1 ( 5' -GCTGGTTTCACGCGGCATGG-3' )

LD3 ( 5' -GTCAAATCCATCCTCGTCAACA-3' )

HD4 ( 5' -TGTTGACGAGGATGGATTTGAC-3' )

(PCR)

D-loop DNA

PCR (Kocher et al. 1989)

AmpliTaq Gold reagent kit(Applied

Biosystems)

PCR 5 l 10X PCR

buffer 5 l 25 mM MgCl2 solution 1 l

10 mM dATP dCTP dGTP dTTP

0.25 l AmpliTaq Gold(1.25 unit / reaction)

5 l 10 m 5 l template

DNA(1 g) 20.75 l ddH2O

50 l 

PCR Applied Biosystems

Thermal Cycler 9700 95

10 94 1 50 -55

1 72 2 40

PCR 0.05%

1.2% 

DNA

PCR QuickStep PCR

Purification Kit (EdgeBio Systems)

PCR DNA BigDye Terminator Cycle

Sequencing Ready Reaction Kit (ABI) ABI

Thermal Cycler 9700

ABI 310 DNA

DNA

Lasergene

(Dnastar, Wisconsin 1999)

DNA (alignment)

(sequence genetic distance)

MEGA 2.1 (Kumar et

al. 2001) Kimura's two-parameter genetic

distance 

MEGA Neighbor- jo in ing

method(NJ)(Saitou and Nei 1987) 1000

bootstrap replicates, Maximum parsimonious

with heuristic search(MP) PAUP 4.0 beta10

(Swofford 2002) random

addition sequence, the tree-bisection-

reconnection (TBR), 100 bootstrap replicates

50% majority consensus unroot

DNA

P C R

t-pro/HD4 t-pro/HD1 LD3/t-phe

25 14

DNA D-loop (HL096 HL097

HL366 HL374 HL375 NT121 NT134

NT135 TD315 TD364 TD365 TD376

TD378 WL383) 1122-1124

bp 14 94

D-loop 5'

(hypervariable regions)

201-300 22 401-500

18 3'

851-950 15 ( 1)
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(pairwise comparison)25

DNA D-loop 5'

(493-495 bases)

DNA D-loop (

) 25

14 3 (5 )

4 (7 ) 5 (10 )

2 (3 ) ( 1)

14 Kimura's two-parameter

( gap ) 2

0.24% (1/495 bases) 

(TD1 TD2) 6.85% (27/495 bases)

(HL2 NT1)

19% 495

60

1-5 transversion ( A-T, A-C and G-

T) transition (A-G, T-C)

transversion (1/60)(Loftus et

al. 1994) (1-2 )(Nagata et

al. 1999) transversions

8-11

14

Genebank Accession

numbers AF547433 AY139642 AY149638

AY149639 AY149640 AY149641 AY149642

AY149643 AY149644 AY149645 AY149646

HL096 HL097 HL366

TD376 TD378

14

MEGA 2.1 Neighbor-joining DNA

1000 bootstrap test

2 PAUP 4.0 maximum parsimonious with

heuristic search 100 bootstrap test

(phylogenetic tree)( 3)

1. DNA D-loop 50

201-300 401-500 851-950

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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5.53%(4.21%-6.85% 17-27/495)

1 . 5 8 % ( 0 . 7 2 %-

2.45% 3-10/495) - 2.45%

(0.24%-4.47% 1-18/495)

18.19%

( 2)

mtDNA D-loop

Kocher Wilson(1991)

mtDNA D-loop

mtDNA D-loop

3'

mtDNA D-loop

DNA 5 (Aquadro and Greenberg

1983) mtDNA

cytochrome b 12S rRNA

0.3%-2.0%

0.3%-0.8%( 2001) D-loop

0.24%-6.85%

mtDNA D-loop

cytochrome b 3.4

mtDNA D-loop

OTUs   HL1   HL2    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    19/2    16/3    17/2    10/0   22/2    58/10

HL2     1.70                9/0     24/3    18/5    21/3    18/3    24/2   21/2    20/2    19/3    18/2     3/0      21/2    57/10

HL3     2.45    2.20               21/3    17/5    20/3    17/3    21/2   20/2    19/2    18/3    15/2    10/0     20/2    56/10

NT1     6.58    6.85    6.04                9/4     16/2    10/2     0/1     13/1   12/1    11/2    12/1     23/3      7/1     59/9

NT2     5.49    5.75    5.49    3.18               10/4     0/2      9/3     7/3      6/3      1/2      8/3     19/5      8/3     56/11

NT3     5.77    6.04    5.77    4.47    3.43               10/2    16/1    7/1      6/1      9/2     11/1     22/3     13/1    57/9

NT4     4.98    5.25    4.98    2.94    0.48    2.94               10/1    7/1      6/1      1/0      8/1     19/3      9/1     57/9

NT5     6.32    6.59    5.79    0.24    2.93    4.22    2.69               13/0    12/0    11/1    12/0    23/2      7/0     59/8

TD1     5.52    5.79    5.52    3.45    2.43    1.94    1.94    3.20               1/0       8/1     11/0    22/2     14/0    60/8

TD2     5.26    5.52    5.26    3.20    2.18    1.70    1.70    2.95    0.24                7/1     10/0    21/2     13/0    59/8

TD3     4.72    5.51    5.25    3.19    0.72    2.69    0.24    2.94    2.19    1.94                9/1     20/3     10/1    58/9

TD4     4.73    4.99    4.21    3.20    2.68    2.94    2.19    2.95    2.70    2.45    2.44               17/2      7/0     57/8

WL1    2.45    0.72    2.45    6.58    6.02    6.31    5.51    6.32    6.05    5.79    5.77    4.73                20/2    58/10      

WL2    6.05    5.79    5.52    1.94    2.68    3.45    2.44    1.70    3.46    3.20    2.69    1.70    5.52                 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

2. 14 D-loop Kimura ( )

Transitions/Transversions ( )

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) 
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2. neighbor-joining mtDNA D-loop 14

(JSD)

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  Kimura's two-parameter  genetic distance

and  the haplotype of  the  Japanese serow (JSD)  as an outgroup (the bootstrap values  derived from

1000 replications is indicated as a number at each node when the value is >50%).

3. maximum parsimony mtDNA D-loop 14

(JSD)

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).  

JSD
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(moose) D-loop 3.9%(Mikko

and Anderson 1995) (Japanese

monkey)D-loop 0.6%-4.3%

Hayasaka et al. 1991 (Japanese

brown bear) 2.0%-3.7%(Matsuhashi et

al. 1999) (Sika deer) 0.2%-

5.0%(Nagata et al. 1999)

mtDNA D-loop (0.24%-6.85%)

Loftus (1994) mtDNA

D-loop 5' 375 bp

(American bison)

mtDNA D-loop

10.6%

-

5.53% mtDNA D-loop

(10.6%/Myr)

55

(18.19%)

(Pleistocene)( 55 ) mtDNA

( l a n d

bridge) 2

2(NJ) 3(MP)

2 3 D-loop

bootstrap 

-

cytochrome b 12S

rRNA NJ 

( 2001) ( 3 NJ

98% 73% 4 MP 100%

90%) -

(

)

-

(1.58%)

-

(

14 D-loop

)

(5.53% )

(

)
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( 4)

(

)

( )

(
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(biogeographic boundaries)

(IM096 IM097)

( I M 3 7 4 I M 3 7 6

IM377 IM378)

2001

DNA 12S rRNA cytochrome b

4. -

( )

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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