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Population genetic structure, phylogenetic classification and individual identification in pet
animals and useful vertebrate animals on the basis of DNA or chromosome analyses
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Abstract. Several independent studies were carried out: 1. Individual identification of cats and dogs using
hair by mitochondrial D-loop analyses. 2. Genetic population structure of the smelt (Spirinchus lanceolatus), a
useful fish indigenous to Japan, on the basis of mitochondrial D-loop sequence variations. 3. Phylogenetic
relationshiops within the Khari breed of the goat in Nepal by partial mitochondrial D-loop sequencing. 4.
Development of species-specific PCR techniques for the detection of carp and goldfish DNA.

1. Highly variable mitochondrial regions from hairs in cats and dogs were examined to ascertain the
possibility of their use in forensic identification. In dogs, 26 haplotypes based on 714bp sequence were found
from 149 samples representing 21 breeds. The haplotype diversity could not be partitioned according to breeds,
whereas some haplotypes were characteristic to small-sized dogs. In cats, 442bp of the D-loop were sequenced
for 135 individuals, yielding 47 haplotypes. Most of cat specimens showed high levels of length heteroplasmy.
In addition, some individuals exhibited site heteroplasmy. The polymorphisms of the D-loop region examined
especially in cats were considered to be highly useful for individual identification.

2. We analyzed the genetic variation in 924bp of mitochondrial D-loop among 108 specimens of the smelt
collected from 4 rivers and sea in Hokkaido. Twenty-one haplotypes were detected. Genetic distances among
these haplotypes were very low. No significant genetic differentiation was observed among 5 poplation
samples, suggesting the high genetic similarities of the smelt populations.

3. In order to help elucidate the relationships within the useful Khari breed of the goat in Nepal, a region of
453bp of the mitochondrial D-loop was analyzed. The sequencing of this segment from 27 specimens yielded
17 haplotypes at 58 polymorphic sites. These haplotypes were mainly divided into 3 clusters in the
phylogenetic tree, suggesting the existence of at least 3 maternal lineages of the Khari breed. No significant
geographic differentiation of the Khari breed was observed at six different localities in Nepal.

4. Each primer set for carp- and goldfish-specific repetitive DNA sequences was designed to differentiate
from these species at DNA level. The PCR techniques using these primer sets successfully identified DNA
sequences specific to carp and goldfish, respectively. These techniques were applied to identify the source of
the sperm from a germ-line chimeric fish (carp-goldfish).
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1. AXEXADELSNDI O KT DNA
(D-loop #RI%) H# I & B fEFEF!

1. B ®

BEL COMEME, O ORI, JLHREE
L EOBEEREBICBOWTEETH S, FICHY
MELT, Ry PELTLELHATBEINTVRSEA XL
ATFFORNRERDEEZEZONS, —fKIZ, ME
Ak OMMAEZZRNICIEZI ra2 > FY 7 DNA
(mtDNA) DZEEDSHHTH 525, 2T DENIC
DVWTOFHMEMEIHITY 2\, 22T, %
T, BE DA X &R TDEDSH mtDNA O HEAD
IR RO SOF 2l T RN N - = 3
R iEFRA O REME R B o 72
2. 5 &
MAFBROFED b2l Wi, 149D A X K
031 M, 135D A 2DHE (Fom DUTF/AHE)
5, DNAHH ¥ v b ISOHAIR (=v K> V—)
NIEDNAZFA IS 7% —FMF v b (FIGHi%)
EHWTYZ 27 VI TDNAZfIE L7ze 5
7 U8 PE L 72 D-loop FHIH DR EELFEHIZFED W
T, A2V RURATRCHERN L TI51 v —2REL,
D-loop DZE TR D % PCR THEME L 72, HEIEIX
o, FIEAZZEMEOSTC, 343, KRICEEMIST, 30
¥, 72— 750~60TC, 308, MET2T, 1
GOYA 7 NVE3BMEEDERL, EMIRRIET2T,
50DFMTI o7, BEOH A XOWH 25HEIE S
NTWLZ LT HO— A5 VERIKE) THERL -
%, BigDye Terminator v1.1 Cycle Sequencing ¥ v k
(Applied Biosystems) * W THA 2 V¥ —27 = ¥
VU TRIBEAT, RS R RE L 7.
3. BREER

A X O D-loop B I & Hls & L 72714 bp DIH
WORBERY) & e, B Lz, T0R, FHL
7221 KA 149 001, EERCTIERD G 26 HDONT
T A FIHETELD, MR NTO Y 4
TR TE L olze LA L, &FMICKRDE L
RoN/CAlAV/NERTED RN LR, CRB3BLY
CiaAD/NIRTE N &, CITBFEIZEAT, C1378
FIZET Ty Fa) —TRLI-ZERE, WD
OB RSN, T2, 26 ONT O Y £ Th
LREEEERL-EZS, KEL3DD T V—F

WZairon, FIv—"72 TII/NBROADIRD S
725

F ID4A, D-loop HHIKD PCRIZBWT, 1F&A
EDERTREDOT A X% b OWMIBEW IR Shiz,
ZHUd, D-loop BIMMICHIET % RS2 #HIR & T h
% HE5| AR EE S B O FHIK Y T OH 80bp % KAHHL
METHEINDOEY KL BEFER S length
heteroplasmy® 12X % £ # 2 b/ (RIERMORD
BELUBBIE3~70 (FL340)), BEHEHBD
%, RS2FEIRD 5% 200 bp & 3 HI# 90 bp B L O
RS2 FEI D 5 kit (#9990 bp) & 3° Fift (£ 60 bp)
D7t 442 bp 26 72 B EERBER OB EEF] % L E
L, B L7z, DR, 442 bp DHIZS56 7 FTD%
BN (527 FiDS kS vV v ay) AROLR, F
DEFERICESVTI3SHEDO X T, 470
mtDNA /N7 T % 4 7 (FCO1 ~ 47 8l) (250 &7z,
Ih b on Ty 4 7o EEF G
DDBJ/GenBanK/EMBL DNA 7 — % N— 22817 5 T
7%y va rES ABI21148-AB121194 & L TR S
N7z, FC42,43, 44 L 47D 42D Ta v £ 7Tk
FLZEARZF K O site heteroplasmy i S 17z, &
W, ENTO A4 TIIBITARBEEYFNL L, 29
oNTay A4 FE1VEET (07%) Lrsabhk
WERITHRBN TH 72— T, 15 B2 5 EVH
BEELRTNTOS L7520 (FCO7TH & FCl1
A Ao niz,
4. B

EMED O OMEFNOTREME LD 120, B
EDDHDODNA LN L7, 4 X Tld mtDNA @ D-
loop BB W] ZRFHIB % Huln & L7z 714 bp DI AT Z R
IZEDWT, 21 KFE 149 T % 26 DNT T F £ T4
HTa72z, MK ZNTOY 4 TidALH
7ehs, aAENE RN G IE AR IHER TE 2o 72,
A 2°TiE, mtDNA @ D-loop B EHIKD T E S
(442 bp) ZBRIZEOWT, 135D R I % 47 D
Ty A TG TE T, heteroplasmy b B 51,
ABFFE TN L 72 & 2 O mtDNA O D-loop fHIE IE,
BEHMEZRECEATEY, a0 ER#EN%T 5
LTCEHTHALZ B Gh o7,
5. X
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2. BHAREY Y v EICH TS mDNA @ D-loop
S DIERBSIERICED CEHEHR

1. B 8

¥ % € Spirinchus lanceolatus 1%, LBV =
WKAICERTAAREEETCH Y, 2oTWiddil
BOREME LTEETH L, AHEOEREIZHEK
ETHEBELTBY, ZONEIEZINATVDE, V¥
Y EBFEOWR 2 350121, EH, EREEN
HEITMA T, EABEICHE S 2 BEFHLOTER
EYFHMROEEPLAELEZOND, ZRET
12, dbiEE AT oM AR HAEIZL S
S R, #BI, P, FRBIIROIEI O 40
DEFICOVWTTaFAL Ak —h— & L-EME
{ZHIRRAT Y, T U mtDNA Ol BREE 5 Y i 26 R4 47 3)
DHE SN TELD, V¥ v EORENEDEEC
DWTIRERPESON TV, X, ERRE A
NH LT A2EFIZOWTOBFTIZE{fThhTw
T, FIT, AR TIE, X)L EEENR
HEATH) 72, ¥ v EmDNA O —ERIZ DV T
HEFEZREL, SHIIHERBERTH S D-loop 8
BIZOWT T IA v —%F&E L7, £LT, &ML
MR ORI A & e 5 HUS A HEREE L 7R
IZoWT, EMEEOBTEIT -7,
2. H &

¥V ¥ € mtDNA OIEEFRHIFRIZ I E TIZH
BRNTWidolzlzd, 4730 mtDNA ZEER
FRREDBIEH SN T4 ~v—ty bY ZHW
T, PCRIEIEZATV, ¥ ¥ ED mtDNA ® D-loop
EE* &L ND6 25 NDIBIET O~ FTOD
5859 bp DELHIIEIR % 15720 £ DOEFMFEHRIZE SN T,
¥ ¥ ED D-loop B EHEIBIIHHD T I 4 v — %5k
L7z W/, BN, @I, T, RO
BN D 5 HIRTIRE S N/2EFH108 ER (1 HbidY
720 20REE) ®Y Y ¥ EDOHRD S DNA Ll
L, MBS T30, BAEMEIS T30/, 55~
60C7=—1 7308, MERELT2TLITDLY

9 - 104 20044

FT30H A 7V, BEFREERICT2TSTO&EHGT
PCRIR%# 4T 572, YA NV —2 20 v FRIE
12 & 1) D-loop #HIE % Hlr & L7249 1 kbp DELH| % 3
€L, BIZEHME Y 7 » GENETYX-MAC % H\w
T L 720
3. BREER
tRNAPre ) &R 7> & D-loop D —# Tk L 72
924bp DIFEFELHN R 2 M L 724548, 108 ED >
YA EE21EONTT Y A TSR, 924 bp
DHL, VIV ardIhE, N UAN=D
a YA 6P, A (RE) D2 0FTDE 19 2T
SRITRN RO Sz, KT 08 A TRIOIEEE
WERIZO0BTBLTF &/ Eholze NTOS LT
SDO2 i, WITHDJIKRTMIIBNTH HH L E G
bolb@Ehor (333%~59.1%)0 X, Kk
CHRICEADON T 4 THEDONTH, wih
SHBEERE» 72, EVFAILOT I 2L —
a5 ZRAVWTEHEETONTT Y 4 TOHBME
FErlEmLzLlh, AEEEZROLON 2D o7,
INLDMERDPS VY v I mDNAZRDSITE A
Ehl, BEHICHIEIVNSWE—LREFATH L L
B SNz, 48, SREROGHIEERE S 5 I
2L, M FMBITZIT 572 LT, ¥ v EDEM
HEMOBREICOWTHmE R TLENH L, 1B,
ARfZECHE S NAZEHEHRIZ, DNAT— ¥ RX—2D
77 & v a s FE AB094410, AB095420, AB095998
K UFAB113318-113339 & L TRk L 7=,
4. E B
AREFET, HHBERCTH SV Y v EDHEEH
EFEEE A2, VY ¥ EmDNA D —FFIcDoWn
THEEEH & 8%E L (5859 bp), D-loop A ZEFH I
FHROTIA v —%RE LT, ZOHEBOEERS
(Fr1kbp) ZEEICEDE, WA, #I0, HBEI,
SNEEN, ALl AT = /NG o 5 #isi sk o
YU X E 108 A E 21 DHT I L 72 BENIM
oNTay A TORBABEICAEEZIRDOLNT,
BEIEWEEIBDO TNE Doz, TNHDI LMD,
LEEO Y Y v EEMIBRENICH—TH 5 W REME
BRI S LTz
5. X
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3.3 hO2 KU 7 DNADIEEERNINERICESLS
XIN—IVEX X (Kharif®) ORKELEE

1. B B

A= WICHERT AXYF (Capra hircus) DHT,
Khari (%, #Z7 300-1500m OHIB TR A SN S
METH), ZOBHMITA NN VERNTHEIN
HYFOPTHRLEL, ThY 2 CEHROEREC
FAESHBEY, F8—VdFXy b&g v NICHE
NTEY, EEEVPRESRBELRTLRATHL L
O, A= VICERT W —RIEENS RN
ICEATWVWS, Y I YEHFEOR L VEREICHED
LA R REE L S\ — T, HREE DD &
ATBY, BORGEOLDICETRENLEE SN,
4+[all%, mtDNA D-loop? (—#F) OHEFEFFIER%
R L L CY ¥ Khari O RHR EBE#IC X 2 E
VDWW TRz,

2. /5 &

/8= VEM6 7 Ft (Surkee, Udaypur, Rampur,
Jugedi, Kavre, Chitwan) 75 & 27 KD ¥ DI
#Wx H W TDNA ZHiH L, D-loop I D —
(453bp) ZPCR¥ENHL, MY —7 22 v v 7RG
24T o770
3. BREER

TRz 27T B S 1TEEONT Oy L THRHDS
N7zo 453bp D9 B, LFUEALIL 58 AT (57 7 prds
NI ary) Holzo HT6 & HTI3 D2 DD
7D&47@E%5ﬂﬁfhhbfﬁ6hth&3

L YMARRHB AR L2 A, KEL3DD
75x7~uﬁ#n,7§xy—nuimﬁﬁwﬂ
7a% 47 (HT1, HT2, HT5, HT8?HTI13, HT17)
BEL, 7I9AF¥—NIlEeBBEONTOs 47
(HT3, HT4, HT6, HT7, HTIS5, HT16) #%, 7 7 A
¥ —MZIEHT14 DADYE L 720 Khari IZIZAE <
3ODRRREND L LPHBEINT, 7 TR

— It Surkee (HT1,HT2), Udaypur
(HT8,HT9,HT10,HT11), Rampur (HT12,HT13),
Jugedi (HT17) D4 £ 5 MBH 5 0¥ F THEK
ANz, IS OH-BIITHHRERIE > T D7z

DIANOBELRICYF LB L, BEIE{L
oltbkEZIbNL, 7T AY —I1IZIE Kavre
(HT3,HT4,HT6,HT7), Chitwan (HT6), TAAS farm
(HT15), Jugedi (HT16) 7 HAER S, Kavre DfE
FiZ—E (HT5) 2BRV72E2THIDT T AT —
IZ&E N7z, Kavre iIZMEOMIR L W EFmLsE {, £
DHIER Gl A & B L 72 IS TH % 72012,

ZIT—oDRME LTEELWRENIREIN
Ho LWL, 7IFAY—NIZBEBTAFDMDONT O

& A4 FIZoWTIE, Kavre IZfi D Mg 6 v F A5
LIAEFNTRENPEE L 72D D, #IZ Kavre 5 S At
DHIBAFF LB SN0 L) FIZDWTRGH
Shrolz, 79 A% —11 (Rampur @ HT14) 3/H
VLT RE AR L Twizd, HIEREzES L
THREZITILEVH S,
4. B 1
FN—VIZERL, BEHADEEICET ZYFO

Khari O ZRHEREH O NIZT 5720, F /85— )VE
M6 7 FTH S DFF 27 KD W T, D-loop D—ED
tﬁ@wﬂuﬁmﬁ%%&toﬁO#otnﬁﬁ@
HT &, RO REL3D2D7 T A —II5HS
., Khari I3 KE {3 DDEREIFEMDH B L3
I N, HELZIBRREREO N2 072,
5. X ®k
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4. 7FBH LU0 BIEEA DNAKTH % 18I5 3
% PCRZEDRAE

1. B &

AR N Y g vRHEEIE, BEH - EEBT
FTIVHAWE LTACHBEEIR TS, L2 L, 7
F LRV TOFERBENERS L VLI TV
Vi, #2TC, DNAGRI<—# — 2L 28E - £EBE
7V H A OO &R L A O e B VT R BRI 247 )
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—RLELT, 7HEL I BDOKIEDNAEY % FH
L7zl 2 A7z,
2. F &

34 DNA 7/ HAHICHFTE T 5 SR BEHES | AR R
DAFRMEFIER Y R OEE 512 & - THICHE
ENeT7F (Fr¥Fazg&d) DNAY  LBICHER
T 5 BV IR ELH O IR BAL R B Y 123
DWT, T4 DNAREWKRIEHR 774~ —-RUF* ~
¥ a DNARENKREA 791/ v —%2 & 4HE LT,
4°/ 1 DNA100 ~ 150ng % 851 & | CrTag (Fili%)
THWT, 95 T3 T, 95C304%, 58T
308, 2CT13DOF A7 VvE20EEVEL, &K%
1272 CT1 3 DT MR 247 ) R4 T, PCR 24T
o720 THU—=ATXVTERKE LTV, NV FE
M L7z,

3. BREER

LSRHELLETIA<—ty % HW/2PCR T,
A TIEH 250 BE OREHA & 2 DEHE»S
%BHRKEZER D OFHEDNARBKF A, ¥ aTlddh
2T0 MG N KA WAL & Z DEBREI O A KRESE
HbOFHEDNAMF PRSI NS L 2 FER L7120 X,
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F ¥ gl afoFEnNEEMEENSDDNA ZH
T, ¥ FaDNARGRE L L7-a1 DNARER
S 4<—|2L % PCRTIL, Mg/ Ny FaHE SN2
W2l FEOHEOIALDNATERE L F
a DNAMHH 79 4 < —12 & % PCR Ti3, BEIEN
YEPRIEEIN W L bR L, T o,
mEAMMR L ECEBMICL 3/ F 0 Fao
HEFERHF A KD D5 TRBNCFIE L7z,
4. E 8

Fr¥a 27 TERRENBLIV I/ BRY
DNA Z g+ 5 PCRIEXFHE L, TOHME 2
AL F ¥ a OEFEF X FHEAED DNA IZ L B3R5I
JoH L7z,

5 X #®
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