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(00 140805000/001501029000)

00 : 0000 (Cervus nippon yesoensis) 00000 -00000000, O00D00O0O0OOOOOO
000000, 0400000000000000000 DNA (mtDNA) O 12SYRNA OO0 (957 bp),
coxnooo (687bp) OO0 D-loopd O (1,110bp) O DNAOODODODOO, ODODOOO (OO -,
Cervus unicolor ; 00 00, Cervus elaphus ; 0000000, Muntiacus reevesi ; 110000, Odocoi-
leus virginianus ; D0 000, Odocoileus hemionus 1) 0000000000, I2SY* RNAOOOOOO
oo0oooooono, 000 cCervus 3000000 —-0000, DOOODODOOO-0D0000000O0O
0o0ooog 29000 35% 0000000000, 00000, ODOO0Ooo0oo—-0o0ooo, ooo
000000000, 00 Cervus 00 Muntiacus 00000, Odocoileus 000000000000,
coXnoooopoopoo, 00000000 —-00000000 42% 000, 000000000000
00 118%0000.,00000, I2*RNADDDDDDDODDODODOD-—-00000, 000ooo
0000000, Dloopd 000000, D000DO0D0OOO0OO0OOOO0OO0OO (Cn. centralis) DOO0O
0000 52%00000000,000, 000000000000 0000O00O0O (Coa pulchellus 00
O00)00o0000o0ooooo0oooooooooooooooooon (166~168%), 00000, O
goooooooboooboogooob—-0ooooo, oboooboog, boboooooooo -0, O

gbo-00b000bobobobobob,

O—-0-—-0:0000, 12SyRNA 00O, coxXxnO0O0d, DloopdDO, OODODDOD DNA

O00000O0O0oOooooO (Cervus nippon) O 600
o0oooOg, Dooooooon (Ca. yesoensis) 00O
0000000, 00Do00oooooooooogy,
gooooooo oo ooooooood
ooooodd,

ogdooooboobooono, ooboboooooooo
000000000000 00000O000O0DoO
goooooo, doddoooooooooooooogd
gooboboooboododooooooooooooooo
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0o TfOdoOOdoO PTFODOODOODOOOOOOOO, OO
gooooooooooods,

OO0, 0000000 DNA (mtDNA) ODO0OOO0O, O
0000 Axis, Dama 000 Cervus 0 30000 —00
o0oooooo, oboog, ooo0 (Cervus elaphus
sibelicus-nelsoni) 0000000 (Cervus elaphus) O,
000000000 000o0O0o0ooooooY, 000
gooboooboooobo, bboobooboooooo
ooooos

goooOooobooooa, 12S"RNA0D0DDOO0O00
Ob (Cyth) 0OODOOOOOO, OOOOOOOOO
goooboooboooobooooo, boobooo 2d
000000000000 000000% Ccyrb0O00O0
gooo, doddooooooooooo 20000 —
0000000000 000O000O0o0O0™, 000
DloopO OO0 OO0OOODOODOOODOOODOODOOO
0o,

J0o00d, 000000000000 mtDNAODOO
gooobooboooboboobooobobooob, Ooboo,
0000000000 mtDNAODOOOODOOOOOO
O (Muntiacus reevesi) 00 0000000000000
00, 000000000000 D-loopdO%*®, Cytb
0oos™, coXxnoooYoooooo -0 RNAOO
O'YO0OooOo0ooOoooooo,.

00, mtDNAOOOOOOOO-—-0OOODOOOOOO
000o0o0o0bo0o0o0obO0o0bDbO0oooO0d, mtDNA O
goobooboooo4~00bobooboooboooooo
00%, mtbNAOOOOOOOOOOOOOO0OOO -0
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goboooobboogbo, ooobooooobobooobo
oobooooboogobonog,.

ooboo~0, bOooobooooboooooboboooo
goooooooobooobobboboooog, gooobo
mtDNAOODOOOOODOOOOODOO., 000 12
SYrRNA O OO, coXnoooood D-lecopOOODOMO
gooobob, bobobooooooooobobobo
gbooboobobobds

goooogn

gooo :

goooooog, boobboobooooooooa
00000oooogogogdd,

oo :

1. 0ODOODNADOODO

000 DNAO, DO00OO0ODOO0OOoDOOooDOOo-0o00oa
00000 —-00000o00ooggd,

2. pPCROOOOOOOOOO0OOO

12SYRNA, COX 11000, D-loopd 0000 Cytd O
god0o pPCROODOO, OO0ODOOODOOOOD4D000
Ooo-o0ooo (@ D,

PCRO OO, QUICK THERMO PERSONAL (NIPPON
GENETICS) O OO PCR Sprint (HYBAID) OO0,
I2SYRNA 0 94°CO 15000000000, 55C 10,

Table 1 Primers for amplification of genes for
the 12SrRNA, COX II, D-loop region
and cytochrome b sequencing in the
Cervus nippon yesoensis

Primer name
12SrRNA-SW

Sequence (5'—3")
CTTGGACTCAGCTATGGCCGTC

12SrRNA-ASW  CGTTCCCTTGCGGTACTTTCTC

12SrRNA-S1 CCCCAGTGAAAATGCCCTCC

12SrRNA-52¥!  AAAAAGCTTCAAACTGGGATTAGATACCCCACTAT
COX2-SW GAATCGAACCCCCTACTATTGG

COX2-ASW GCGGCATGTCACCAAGGAGAGTAT

D-loop-S 2 CCATTTTCAGCGCCTTGCTTTGGGTTAAGC
D-loop-AS 2 AGTCTCACCATCAACCCCCAAAGCTGAAG
cyt—b-S% CAAATCCTCACAGGCCTATTCCTAGC

cyt-b-AS*3 TAGGCGAATAGGAAATATCATTCGGGTTTGAT

% 1:Kocher et al. 1989."
32:Harumi et al. 1993."”
3:Chikuni et al. 1993."

72°C20, 94C100 3BOI0000O000O, 55C 10,
72C 100010000000, coX HoooOo, 94C
1500 10000, 47°C 10, 72°C20, 94°C 100 35
gooooooo, 47Cc 10, 72°Cc 100010000
OO0 Dloopddd, 93C200 10000, 62°C 30
O, 72°C20, ¥ClOoOo4000000000, OO0
62°C 300, 72°C 100 10000000, Cyt b0 OO
0, 93CO 20010000, 60°C10O, 72C10, 94°C
1004000000000, 60°C10, 722C10000,
3. PCROOOOO
PCROODO 1-2%000-000 (DOO0OO0O0O0OOO
0)00000D000O0D0OO0ODOODOOOO0 100V 30~40
ooooo, booboboobooobooooboooo,
gooooobooooboo, boobooobooooo
O, 00000000 JETsorb Gel Extraction Kit
(VERITAS) OO O GenElute MINUS EtBr SPIN COLU-
MNS (SIGMA) 000000000000000O00O0,
4, DNAO-—-0OOOOOO
12SrRNA, coX 1000, D-lcopd OO OO CytdO
000 PCROODODODOOOODOODOO, CEQ2000
(BECKMAN) 0000 Dye-terminator 000 Q0000
oooodd,
5, mtDNAOODOOOOODOOODOOOODOOOOO
dodoooooooo
mtDNAOOOOOODODODOODOOoDOooooan
000000000000O0o0o0o0, DDBJ (OO DNA
O—0000) O SRS (Sequence Retrieval System) O
000000 DNAOOOOA00000 DNAODOOO
GENETYX-MAC/malign version 1.0.2, DNASIS-Mac
version 3.7000 Clustal W 1.74 00000000,
0000 DNAOOOO Clustal W 1740000000
go0ooodboo0oooo0.0bo0booooog, Mr
CHAEL et al. (1990) O0OO0OOOOOOOO (O 23,4,

gobogoog

00000 12SrRNA (957 bp), COX 1000 (687
bp) 000 D-loop 00 (1,110bp) OOOOOO0ODOO,
000000000000O00O0O0o0o0O0gd,.

1) 12SrRNA 00O

00000 I2SY'RNADDOODOOD 9%7bp0000

Table 2 Pairwise comparisons of the 12SrRNA gene sequences in Cervidae and Bovidae

Species Base Substitutions %
compared BP TS TV TS/TV__ Gaps Divergence

C.n.yesoensis/Cervus unicolor 955 17 5 3.40 6 29
C.n.yesoensis/Cervus elaphus 955 22 7 3.14 5 35
C.n.yesoensis/Odocoileus virginianus 953 54 14 3.86 6 77
C.n.yesoensis/Odocoileus hemionus 955 59 14 421 6 8.2
C.n.yesoensis/Hydroptes inermis 957 54 20 2.70 6 83
C.n.yesoensis/Muntiacus reevesi 957 47 7 6.71 10 6.6
C.n.yesoensis/Bos taurus 955 85 20 4.25 8 11.7
C.n.yesoensis/Ovis aries 958 86 17 5.06 13 11.9
BP:base positions shared by both seq TS: itions. TV:trar ions. Gaps:insertions and deletions.

% The percent sequence divergence was calculated as {(TS+TV-+Gaps)/(BP+Gaps)} X 100%'"
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Table 3 Pairwise comparisons of the COX II gene sequences in Cervidae and Bovidae

Species Base Substitutions %
compared BP TS TV TS/TV__ Gaps Divergence
C.n.yesoensis/Cervus unicolor 684 26 0 0 3 42
C.n.yesoensis/Muntiacus reevesi 684 71 7 10.14 3 11.8
C.n.yesoensis/Odocoileus virginianus 684 71 7 10.14 3 11.8
C.n.yesoensis/Bos taurus 684 83 12 6.92 3 14.3
C.n.yesoensis/Ovis aries 684 83 20 4.15 5 15.7

BP:base positions shared by both sequences. TS:transitions. TV:transversions. Gaps:insertions and deletions.

% The percent sequence divergence was calculated as {(TS+TV-+Gaps)/(BP+Gaps)} X 100%"'"

Table 4 Pairwise comparisons of the D-loop region sequences in Cervus nippon

yesoensis and other Cervidae

Species Base Substitutions %
compared BP TS TV TS/TV__ Gaps Divergence

C.n.yesoensis/Hka(Hokkaido) 825 0 0 0 2 0.2
C.n.yesoensis/ Gyol(Iwate) 825 0 0 41 52
C.n.yesoensis/ Tmal(Tushima Island) 828 35 3 11.67 121 16.8
C.n.yesoensis/ Ymal(Yamaguchi) 828 34 3 11.33 121 16.6
C.n.yesoensis/ Myal(Miyazaki) 799 32 2 16.00 83 133
C.n.yesoensis/ Ykul(Yakushima) 814 38 3 12.67 120 17.2
C.n.yesoensis/ Kral (Kerama Island) 817 31 1 0 85 13.0
C.n.yesoensis/C.n.kopschi 814 33 1 0 122 16.7
C.n.yesoensis/C.n.taiouanus 1102 38 4 9.50 146 15.1
C.n.yesoensis/C.n.pseudaxis 1104 50 4 12.50 123 144
C.n.yesoensis/C.n.dybowskii 1102 43 4 10.75 123 13.9
C.n.yesoensis/Cervus elaphus 1038 75 95 0.79 23 18.2
C.n.yesoensis/Cervus unicolor 1034 51 13 3.92 125 16.3
C.n.yesoensis/Dama dama 903 80 69 1.16 15 17.9
C.n.yesoensis/Axis porcinus 923 64 43 1.49 54 16.5

BP:base positions shared by both sequences. TS:transitions. TV:transversions. Gaps:insertions and deletions.

3 The percent sequence divergence was calculated as {(TS+TV+Gaps)/(BP+Gaps)} X 100%'”

(01, 02,0000000000 (Cervidae) DOOO
00 (Bovidae) D0OOOO0OOODOOOO, DOOOO
ooooDo0-00o0o000oooooooo 29000
35% 0000, Odocoileus] (DOOODOOODOOOO
0oo)ooooo, 17~82% 0000000000, 00
0000 (Hydroptes inermis) 0000000000
(Muntiacus reevesi) 0000000000, OOOO 83
000 6.6% 000, Odocoileus 00 0O Hydroptes 0 0 0O
O Muntiecus 00D DOO0D0000O0OOOODODOOO, O
00, MicaaeLetal (1990) 000000000 OOOO
0—-00ooDoopooooooooooooooon,
Odocoileus 0 O O Hydroptes 0 O O O Muntiacus O O
Cervus 0D O00O0O0DODOODODO, OOODODOODODOO
000, 00, Corvous000D00O00O00O0O 29~35% 00
ooooOg, 00 I12SY*RNADOODODOO Cervus 000
00oo00oooooooooooooooooooon
O, 00, 0000D0000OO00OO0DOOODOOODO
11,7000 11.9% 0000,

ooooooo, oooo, ooo-o0oooooo
Cervus 00O O0O0OO0—0000, OOOOOODOOO

0000000 —-0o0ooo (@ 2), Odocoilews 00 0O
gbooooobooobooo-—-oboboocoo-000o00o
Uo

2) coxrnoon

ooooocoxnaopoDOoDOe87TbpO OO0, O
go0ooooo-00o0o0ooooob 42%00004d, O
000000000000 11.8%0000 (O3, 0 3.
oooooooDbDoOoo0O0ob0oOoobo0oDoD 143000
157% 0000, 000000, cCOX Noooogiz
SYRNAOOOOOOOOOOO0O0o0Oo00o00oo0ood.
oo, 12S"RNAODODOcCoOX NOOoOooOoonDooonn
goooooooog, oooooogoog, oogog
goooooodg, ooooooo-0-00000a0d
OO0

OO, coxnuopoooooooezzsnoouooogn
0000, ooooooooog 1~3%0000000
ooooodoodd, oooooooooooagod
ooooooog, oooooooooooooog, 1
00000oooooOo (Ile) DOOO (Vab O, 900
0000000 (Thr)OOOOO (Ala) 0000000,
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3) D-loopOdO

Ooodd D-lecopd OO L,110bpOOOOOoOO, O
ogdoooboooobooooboooooooboooa
0, 0400000000000 —-00-000000
O/HkaOOOOOOOO 02% 0000, 00, 0000
000 130bp0dd 408bp 00000000000 OnO
0O0-00, 0000/HkaOODOOOOOOOOO (@
4, O 5)o
O000000o0o0o0oO0g/Gyol0OOODOOOO
52% 00000000, 00, 0000000 (0000
0) /Tmal, 0000000 /Ymal, 00000 /Kral O
o0o0o0o0oooooOo/MyalODOOOO, ODO0OO 13.0
~168% 000000000000, DOOOOOODOO
O (Cn. kopschi), O0OOOOO (Cn. taiouanus), 00O
0000 (Ca pseudaxis) 00O DO000D0O0DOO000O
(Cm. dybowskii) DO 000000 139~16.7% 000
O, 0000000000 —-000b000b0ob0o 18200
0163% 000, 000D00O/Tmal 000000000
O/YmalOOOOOOOOOOOODOOOODOO, OO
00 (Dama dama) 000000000 (Axis porcinus)
00000 179000 165% 000000000000,
odoooooboobooooooooo, booooao
0000 Nacataetal (1999) 00O00O0O0O00O0OO
00 (0e™™w,000000000000o0o-0o00
0000000, 000 Erroreetal. (2001) OO0O0OO
gooobooboooobooobo—-o0o0oboooooao
0% 00, 0000000000-0000-0000
Ogooo, doddooooooooooooooog =
gooobooboooob., obbooboobooooo
O0-0bodooooobooboooooooboooo,
gooboboboddodooooooooooooooo
Ogooood,

OO0, Cybp00000000O (644bp) OOODO (OO
0), 0000060000000000000, Kuwa-
vama and Ozawa (20000 000000000007,

O O

1) 0O0O0, 199%. 0000, ooood, 50 (1), 139-144.

2) 0000 -0000, 1995, 0000 (Cervus nippon
yesoensis) 0000000 (Rangifer tarandus tarandus)
000ooo0ooooooooooooogag, J Anim.
Genet, 23 (2), 49-50.

3) 00000 -0000oQg 0o Oo-00 o -0
O-0000, 199 00000o0000oooooon

)

5)

6)

(0]

8)

9)

10)

1D

12)

13)

14)

15)

0000o0o0o00000ooo, oood, 67 (6), 574-
578.
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C.n.yesoensis
C.unicolor
C.elaphus
O.virginianus
O.hemionus
H.inermis
M.reevesi
B.taurus
O.aries

C.n.yesoensis
C.unicolor
C.elaphus
O.virginianus
O.hemionus
H.inermis
M.reevesi
B.taurus
O.aries

801 :
801 :
801 :
801 :
801 :
801
801 :
801 :
801 :

901 :
901 :
901 :
901 :
901 :
901
901 :
901 :
901

GTAAACTAAGAATAGAGTGCTTAGTTGAATTAGGCCATGAAGCACGCACACACCGCCCGTCACCCTCCTCAAGTAGGCAC-AATACACTCAAACTTATTT

.......... Ac=Govvennn Tl

- T...T...A..
TJoAL mereerases T...T...A..
........ A GLTUL T LA
......... AT -G TG viiviinnnns

.. ATT.AGTGCAT.-T..C.C.....

.............................. Y Y L T RS I (PN
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Fig. 1-3 Variation in the sequences of the mitochondrial COX II gene (687 bp) in Cervus nippon
yesoensis, other Cervidae and Bovidae
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Fig. 2 Neighbor-joining tree of 12SrRNA gene in Cervus nippon, other Cervidae and Bovidae.

The bootstrap value (persent occurrence of nodes in 1,000 bootstrap replicates) is
indicated as a number at each node if the value is >50%



0000 (Cervus nippon yesoensis) OO0 ODOOOOO DNAOOOOOOO 305
Cervus nippon yesoensis 1: ATGGCTTATCCTATACAATTAGGTTTTCAAGATGCAACATCACCTATTATAGAAGAATTGCTACATTTTCATGATCATACATTAATAATTGTTTTTCTAA
Cervus unicolor (U62570)¥ 1:
Odecotleus virginianus (U18816) 1:
Muntiacus reevesi (AF527537) 1:
Bos taurus (V00654 J01394) 1:
Ovis aries (AF010406) 1:
Cervus nippon yesoensis 101 :
Cervus unicolor (U62570)* 101 :
Odecoileus virginianus (U18816) 101 :
Muntiacus reevesi (AF527537) 101 :
Bos taurus (V00654 J01394) 101 :
Ovis aries (AF010406) 101 :
Cervus nippon yesoensis 201 :
Cervus unicolor (U62570)* 201 :
Odcoileus virginianus (U18816) 201 :
Muntiacus reevesi (AF527537) 201 :
Bos taurus (V00654 J01394) 201 :
Ovis aries (AF010406) 201 :
Cervus nippon yesoensis 301 :
Cervus unicolor (U62570)* 301 :
Odeoileus virginianus (U18816) 301 :
Muntiacus reevesi (AF527537) 301 :
Bos taurus (V00654 J01394) 301 :
Ovis aries (AF010406) 301 :
Cervus nippon yesoensis 401 :
Cervus unicolor (U62570)% 401 :
Odcoileus virginianus (U18816) 401 :
Mountiacus reevesi (AF527537) 401 :
Bos taurus (V00654 J01394) 401 :
Ovis aries (AF010406) 401 :
Cervus nippon yesoensis 501 :
Cervus unicolor (U62570)’( 501 :
Odecoileus virginianus (U18816) 501 :
Mountiacus reevesi (AF527537) 501 :
Bos taurus (V00654 J01394) 501 :
Ovis aries (AF010406) 501 :
Cervus nippon yesoensis 601 :
Cervus unicolor (U62570)§‘ 601 :
Odcoileus virginianus (U18816) 601 :
Muntiacus reevesi (AF527537) 601 :
Bos taurus (V00654 J01394) 601 :
Ovis aries (AF010406) 601 :

Fig. 3 Variation in the sequences of the mitochondrial COX II gene (687 bp) in Cervus nippon yesoensis,
other Cervidae and Bovidae
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306 oo -00 -00

0.01
0.071 _
Bos taurus
Bovidae
0.071 . .
Ovis aries
0.055
08 Odocoileus
virginianus
2
0.059 )
Muntiacus
reevesi
0.017
|Cervidae
0.018 .
Cervus unicolor
0.036
100
0.020 .
C.n.yesoensis

Fig. 4 Neighbor-joining tree of COX II gene in Cervus nippon, other Cervidae and Bovidae.

The bootstrap value (persent occurrence of nodes in 1,000 bootstrap replicates) is
indicated as a number at each node if the value is >50%
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C.nippon yesoensis

C.n.yesoensis/Hka (AB012365*
C.n.centralis/Gyol (AB012371)
C.n.centralis’Ymal (AB012379)
C.n.centralis/tmal (AB012378)
C.n.nippon/Myal (AB012378)
C.n.yakushimae/Yku (AB012384)
C.n.keramae/Kral (AB012377)

C.n.kopschi (AB012382)
C.n.taiouanus (AF291879)
C.n.pseudaxis (AF291881)
C.n.dybowskii (AF291880)
C.unicolor (AF291884)
C.elaphus (AF016972)
Dama dama (AF291895)
Axis porcinus (AF291897)

C.n.yesoensis
C.n.yesoensis/Hka
C.n.centralis/Gyol
C.n.centralis/Ymal
C.n.centralis'tmal
C.n.nippon/Myal
C.n.yakushimae/Yku
C.n.keramae/Kral
C.n.kopschi
C.n.taiouanus
C.n.pseudaxis
C.n.dybowskii
C.unicolor
C.elaphus

D.dama
A.porcinus

C.n.yesoensis
C.n.yesoensis/Hka
C.n.centralis/Gyol
C.n.centralis/Ymal
C.n.centralis/tmal
C.n.nippon/Myal
C.n.yakushimae/Yku
C.n.keramae/Kral
C.n.kopschi
C.n.taiouanus
C.n.pseudaxis
C.n.dybowskii
C.unicolor
C.elaphus

D.dama
A.porcinus

101 :
101 :
101 :
101 :
101 :
101
101 :
101 :
101 :
101 :
101 :
101 :
101 :
101 :
101 :
101 :

201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :
201 :

e e e b b e e b e b e e e
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Fig. 5-1 Variation in the sequences of the mitochondrial D-loop region (1110bp) in Cervus
nippon yesoensis and other Cervidae
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C.n.yesoensis 301 : A-TAAATTAATGTATTAGGACATACTATGTAT-AATAGTACATAAAT-TAATGTACTAGGACATATTATGTATAATAGTACATA-AA-TTAATGTATTAG

C.n.yesoensis/Hka 301 :

C.n.centralis/Gyol 301 :

C.n.centralis/Ymal 301 :

C.n.centralis/tmal 301 :

C.n.nippon/Myal 301 :

C.n.yakushimae/Yku 301 :

C.n.keramae/Kral 301 :

C.n.kopschi 301 :

C.n.taiouanus 301 :

C.n.pseudaxis 301 :

C.n.dybowskii 301 :

C.unicolor 301 :

C.elaphus 301 :

D.dama 301 : ..CTC.AC.TCCA...TAC.TT.TA...CC..T...TAC...

A.porcinus 301 : CC...... T.CA.T...T---...GC,.T.CC-C.C.CG......
|

C.n.yesoensis 401 : GACATACTATGTATAATAGTACATTATATTATATGCCCCATGCTTATAAGCATGTACCCTCTACCATTTACAGTACATAGCACATGATGTTATTTATCGT

C.n.yesoensis/Hka 401 :

C.n.centralis/Gyol 401 :

C.n.centralis/Ymal 401 :

C.n.centralis/tmal 401 :

C.n.nippon/Myal 401 :

C.n.yakushimae/Yku 401 :

C.n.keramae/Kral 401 :

C.n.kopschi 401 :

C.n.taiouanus 401 :

C.n.pseudaxis 401 :

C.n.dybowskii 401 :

C.unicolor 401 :

C.elaphus 401 :

D.dama 401 :

A.porcinus 401 :

C.n.yesoensis 501 :

C.n.yesoensis/Hka 501 :

C.n.centralis/Gyol 501 :

C.n.centralis/Ymal 501 :

C.n.centralis/tmal 501 :

C.n.nippon/Myal 501 :

C.n.yakushimae/Yku 501 :

C.n.keramae/Kral 501 :

C.n.kopschi 501 :

C.n.taiouanus 501 :

C.n.pseudaxis 501 :

C.n.dybowskii 501 :

C.unicolor 501 :

C.elaphus 501 :

D.dama 501 :

A.porcinus 501 :

Fig. 5-2 Variation in the sequences of the mitochondrial D-loop region (1110 bp) in Cervus nippon yesoensis
and other Cervidae
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C.n.yesoensis 601 : GGCAGGGATCCCTCTTCTCGCTCCGGGCCCATGAACCGTGGGGGTAGCTATTTAATGAATTTTATCAGACATCTGGTTCTTTTTTCAGGGCCATCTCACC
C.n.yesoensis/Hka 601 :

C.n.centralis/Gyol 601 :

C.n.centralis/Ymal 601 :

C.n.centralis/tmal 601 :

C.n.nippon/Myal 601 :

C.n.yakushimae/Yku 601 :

C.n.keramae/Kral 601 :

C.n.kopschi 601 : C
C.n.taiouanus 601 : C
C.n.pseudaxis 601 : C
C.n.dybowskii 601 : C
C.unicolor 601 : C
C.elaphus 601 : C
D.dama 601 : C
A.porcinus 601 : C
C.n.yesoensis 701

C.n.yesoensis/Hka 701 :

C.n.centralis/'Gyol 701 :

C.n.centralis/Ymal 701 :

C.n.centralis/tmal 701 :

C.n.nippon/Myal 701 :

C.n.yakushimae/Yku 701 :

C.n.keramae/Kral 701 :

C.n.kopschi 701 :

C.n.taiouanus 701 :

C.n.pseudaxis 701 :

C.n.dybowskii 701 :

C.unicolor 701 :

C.elaphus 701 :

D.dama 701

A.porcinus 701 :

C.n.yesoensis 801 :

C.n.yesoensis/Hka 801 :

C.n.centralis/Gyol 801 :

C.n.centralis’Ymal 801 :

C.n.centralis/tmal 801 :

C.n.nippon/Myal 801 :

C.n.yakushimae/Yku 801 :

C.n.keramae/Kral 801 :

C.n.kopschi 801 :

C.n.taiouanus 801 :

C.n.pseudaxis 801 :

C.n.dybowskii 801 :

C.unicolor 801 :

C.elaphus 801 :

D.dama 801 :

A.porcinus 801 :

Fig. 5-3 Variation in the sequences of the mitochondrial D-loop region (1110 bp) in Cervus nippon yesoensis
and other Cervidae
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C.n.yesoensis 901 ; CCATAATGGTAGGCATAGGGCATTGCAGTCAATGGTCACAGGACATAATTATTATTTCATGAATCAACCCTA--AG-ATCTATTT === cnmmmmanan=
C.n.yesoensis/Hka 901
C.n.centralis/Gyol 901 :
C.n.centralis/Ymal 901
C.n.centralis/tmal 901 :
C.n.nippon/Myal 901 :
C.n.yakushimae/Yku 901 :
C.n.keramae/Kral 901 :
C.n.kopschi 901 :
C.n.taiouanus 901 :
C.n.pseudaxis 901 :
C.n.dybowskii 901 :
C.unicolor 901 :
C.elaphus 901 :
D.dama 901 :
A.porcinus 901 & i [ FEI [T e BT Toveirnns T...T.Too. TTCCCCCCCCCATTA
C.n.yesoensis 1001 @ ===--- CCCCCCC-TTCTTAT-TTTT--CCCCCTTATATAGTTATCATCATTTTTAACACACTTTCCCCTAGATATTATTTTAAATTTATCACATTTTCA
C.n.yesoensis/Hka 1001 :
C.n.centralis/Gyol 1001 :
C.n.centralis’'Ymal 1001 :
C.n.centralis/tmal 1001 :
C.n.nippon/Myal 1001 :
C.n.yakushimae/Yku 1001 :
C.n.keramae/Kral 1001 :
C.n.kopschi 1001 :
C.n.taiouanus 1001 :
C.n.pseudaxis 1001 :
C.n.dybowskii 1001 :
C.unicolor 1001 :
C.elaphus 1001 :
D.dama 1001 :
A.porcinus 1001 :
C.n.yesoensis 1101 : ATACTCAAATTAGCACTCCAGAGGGAGGTAAGTATATAAACGCCAATTTTTCCCTAA
C.n.yesoensis/Hka 1101 :
C.n.centralis/Gyol 1101 :
C.n.centralis’Ymal 1101 :
C.n.centralis/tmal 1101 :
C.n.nippon/Myal 1101 :
C.n.yakushimae/Yku 1101 :
C.n.keramae/Kral 1101 :
C.n.kopschi 1101 :
C.n.taiouanus 1101 :
C.n.pseudaxis 1101 :
C.n.dybowskii 1101 :
C.unicolor 1101 :
C.elaphus 1101 :
D.dama 1101
A.porcinus 1101 :

Fig. 5-4 Variation in the sequences of the mitochondrial D-loop region (1110 bp) in Cervus nippon yesoensis
and other Cervidae
% (DDBJ Accession No.)
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Fig. 6 Neighbor-joining tree D-llop region in Cervus nippon and other Cervidae.
The bootstrap value (persent occurrence of nodes in 1,000 bootstrap replicates) is
indicated as a number at each node if the value is >50%
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Determination of the mitochondrial DNA sequences

in the Yeso Sika deer (Cervus nippon yesoensis)
—I12SrRNA gene, COX II gene and D-loop region—

By
Kenta Wapa*, Chisato Havakawa™ and Michinari YokoHAMA™*

(Received August 5, 2002/Accepted January 29, 2003)

Summary : Accumulation of genetic information is important in order to efficiently utilize and
preserve the Yeso Sika deer (Cervus nippon yesoensis). We analyzed DNA sequences of the I2Sr¥RNA
gene, Cytochrome ¢ Oxidase II (COX II) gene and the D-loop region of the mitochondrial DNA in the
Yeso Sika deer. The sequence divergence of mtDNA was compared in pairs between other Cervidae
(Cervus unicolor, Cervus elaphus, Muntiacus reevesi, Odocoileus virginianus, Odocoileus hemionus, etc ).
Moreover, phylogenetic analysis was also done between them. The complete sequence of the 12
STRNA gene of the Yeso Sika deer was 957 bp, and the sequence divergence between the Yeso Sika
deer and Cervus unicolor (Samber) or Cervus elaphus (Red deer) was low in value at 2.9 and 3.5%,
respectively. In the phylogenetic tree, the Yeso Sika deer and the Samber were joined first, and
following the Red deer was connected to them. Finally, Muntiacus reevesi (Reeves'muntjac) was
connected to the genus Cervus. As a result of the phylogenetic analysis, we see that the
Reeves'muntjac had a closer relationship to the genus Cervus than the genus Odocoileus. The complete
sequence of the COX II gene in the Yeso Sika deer was 687 bp, and the sequence divergence between
the Yeso Sika deer and the Samber or Odocoileus virginianus (White-tailed deer) was 4.2 and 11.8%,
respectively. In the phylogenetic tree of the COX II gene, the Yeso Sika deer and the Samber were
most closely related as well as the I12SY¥RNA gene. The next closest relationship was of the
White-tailed deer and the genus Cervus. The D-loop region of the Yeso Sika deer was 1110 bp, and the
sequence divergence between the Yeso Sika deer and the Cervus nippon centralis/Gyol (from Iwate
Prefecture-Honsyu Sika deer) showed the lowest value (5.2%). Furthermore, the sequence divergence
of the Honsyu Sika deer/Ymal (from Yamaguchi Prefecture) and the C.n. pulchellus (Tushima Sika
deer ) was high in value (16.6-16.8%). In the phylogenetic tree, the Sika deer in Japan was classified
into two groups of North and South. In addition, the Sika deer of Asia, the Red deer and the Samber
were close in relationship to the South group of the Japanease Sika deer.

Key Words : Yeso Sika deer, 12S¥RNA gene, COX II gene, D-loop region, mitochondrial DNA
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