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Fig. 1. Example of DNA sequences of microsatellite loci,
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Fig. 2. Shematic diagram for principle of microsatellite polymorphism,
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Fig. 3. Shematic diagram for principle of multilpcus minisatellite polymorphism.
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DN A %479 Tl e SR oM HERER |7 7Y% —
73— (Dextrose 20. 5g/1. NaCl4. 2g/1, Citric Acid 0. 55g.
Sodium Citrate 8. 0g)] CT—5Eil (8 B &IHRAE L 72,
RAF L 72 L1k 10ml o AR AT K /EDTA (0. 9%NaCl,
ImMEDTA) %A, 1000rpm T10Z- B0 L. FRilLEk %
Sk, s, LB S A ARIER % 100ul SR L .
ToritonX-100¥4 ¥ (0.3M Sucrose, 10mM Tris-HCI pHS. 0,
5mM MgC12, 0. 8% TritonX-100) #%900ul I A MLERHE % 510
&, 1000rpm CLOHEHEL L, Bieibils 7z, L
TG BRI EDTA Iml 2BV RS 720510
O F N 3 2 VBT (0.5%N-lauroylsalcosine Sodium
salt, 10mM EDTA, 10mM Tris-HCI pH8.0) B & UF1053 01
O 7TaFF—Y¥K (I0mg/ml) 2#MATCT1LIHA >~
FaN—hL, BEHEHIEDNAZIN LA, B0TD
NADOHM A2 ROFNTH - 1o DNAJRHGE & %8t T
EMWHAM 7 = /= [TE (10mM Tris-HCl pHS. 0,
1lmMEDTA) : Phenol= 1 : 1 (V/V) , Be{bBrki e L
0. 1% 8-hydroxy quinoline 2 &is] EMAW - H &10
SEERA L%, 3000rpm TLO5M A0 L, AREE % 4 HL
t b, FHOBEE 72 /=N 28807 42 (Phenol
. chroloform ! isoamyl alchol=25:24:1 (V/V)), 7 11
374 NA AT I NT 2= )b (Chroloform -
isoamylalchol==24 1 1 (V/V)) 22V T LT, AL
P, BHEGRELL, 2LT 72/ —LRED LIRS

ROV LFLI-F L EMATRE, BORLL R~
F MG R Rz, BHROME & BT v, B ST
Zr—FVEEFEL, DNAOKRE -2, Hilsfio
DNABHEIZIOSOUEOIMEREF P Y Y A, BT T2
R0 100% - 5/ = b % A 1000rpm CLOS B0 L |
L =ik AT ODNA RS LA, R L S

Ao, LHEHETION O0% 28/~ ENITES
1000vpm10Z ML L, AT WD NADHE 21T - 720
SO¥EE LS LR EL T LB CREL, EiRT
FHYECTECE» LTRFL, ERICEDNAZ-FIC
BREELbIP L 1HUEERLAY Yy V%
JiERRY AN

DN A OIHIRIEIL] X TBE SBEHL (0. 09M Tris. 0.09M
R R 2.5mM EDTA) 2HIVL2% D7 a— A4

ey
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BOTBARBETv, ¥/ 4DNAZHW L, DNAK

P S TnLhE S Il Lz, F I DN AiAL
BLUMBEIEGERERI Lo THIE L, #BDNA®

HEFE13260nm 2BV T10D/MmI=50ug & L, DNAOHIE
(£260nm/280nm (280nm (& 7 » Xy Fihe) o op ik »
THH L.

ity M2k B 7 4D NAOHH

7 ADNAIS Y PICE o TDNAZIH L
MR L OV E S L & IR R TR L, &
ICDNA T 4 V=70 v M%7 dhiES v b ok
557 LD NAOHHIZ D WTRE L7,

Ty MOEFDRREE T (k) ODNAZFA T
7% —WBHFv |k xmwtoDNAM OB T
M ORMEBY S E & YR LB, 5 vy SRS
THIBB L UMy vty MJ)&&L\ BT (i N RNy |
ez EB LIRS ﬂ"«‘-’éﬁtéﬂx £ TaE L
Tha—-LTDNAZLERSE, OTLLECILDTH

BRI s a2 T VI, DT L 5 TRk o /.

AH]O Sl v A 209 a— 7S REROHREEN
ATIEL (an . 4T T10000rpm, 20FV3.0 L 7otk kil
Thd, 2 (rrf Rilml ZMACeA 20 Fa—T 3 &
A 'Ci’i"ii‘{'t 4°C T10000rpm, 208 {80 U L % bR
(o CO¥MEEMEL 2L, BEERIGH200w & ¥ >~
2% ST FREESE 10U 'KJJIIA'C(H,{TL 37TCTUREM A & o
N 4B, T2 & 4l MU LE#300u FIMA T
BE, HOTA V7N 7L~ %0, 5m A TRA
L. DNAZf 115'4'230 FZ I ¢10000rpm, 10’})\%;151&\[,\

FilER, PR (A) '¢’lml A TmiRea L, iR
T10000rpm, S5 HM.G L, Lilfd R E 3 0 ki

(B) #1lml A CH Hﬁ@ﬁ:f& 79, DNALB %S
B4zt 1ml O TE #MIA THEBRETH $THR{FL, %
Bzl b 1 U SR LA v T flvnis,

DN A OMARE LS RE 21T, DN ASYIN 24
ThhhES MLz, FIMDNADEESL & O
JEILGPHESEERTIC & o Tl U7ze SIS LTRTEE D 6
MM L2y ADNABLITF Y M2l T LZDN
AZFEBIZDNATZ A 2 H—71) v F#FFv, B SR
HTaELPHIEL.

2) BIRREESEIC £ B DNA OJHT

MIBWTHW S B B
BipmohciBh, B4k, 5

DNAZ 4 =71
W, o & 252080

KOMREESE A DTV D, For o 71
BRFASE % TV RN S B WS & — o R0 1
Cd b, FARCHERNTYLdH 5, 72 THITORE - 7
BRI % S TR S A DI /8 7 — > % bl L 1R

AR E L L LB IITII BT HIE 2 B REE S o it
Re iz,
AE s R I0SRIE I EH 8 M T, TRAERIC X /e

Foro—rraftEziliviz, ¥/ 2 DNAOHIMBRE
T L BWALBERD EH Y Th b, TERIFHIZE S L
TG LY /7 ADNABHSwg % v 4 7 0F a— 72
ED 08 O3MEERR > U AL B T2 5o

100% % /=L &MA, 6000rpm T57 AL/ L
) =Nk ETODNA RN L 72, s I»{w
H, EH2E im0y /- LENA

6000 pmS SRl L, W AT LR 3T )ﬂ!i'.’é L7z

L Lol

E 5

Z I K =500ul (M;h)xf;f;?z’ﬂw)n:’&«& -50 (10X
Buffer ®EHE) -HIREEEI00unit DR & 55 & 5 IZKE

KEWIIRAEL, DNA®REP LA, D70 T !|1 IREEE O
M A L 22U O 10X Buffer Z50ut A CHRAL, &
5B R A 100unit A CTHA L, 37CT—IR A ~
Fan—FLFr/LADNARBELA, 2272/~ 0
S 77 4 A {Phenol | chroloform ¢ isoamy! alchol =
25124 01 (Vv/V)) BRERMARA L. 1000rpm TS
BLAHEL, LiEE L DEEky Lo R RS I")’\l“
Tro #LT 72/ = VREDO DK E
To—F A THRA, 1000rpm, 2 4 WEGL -7
Bams, NESETREIn—F L EREL, DNA®
AT o 72, W EIT - 72 DN ABHILI05 0 1D 3M
BEEE DU o AL BV CEROI0% T8 / -V EMA
-80C IS I I L 72 ¥ > 70 % 10000rpm, 1545 %
Lol B EFRHEL LS LH2HC, Il O70% 2
J = EINA T E S 210000rpm 55 A G L, R4 47w
ROz Lz, T2 s VB ITEBPB
i (40% 770421} v 0.25%BPB, 100mM EDTA) =31l %
250 WAV DNAE L, FERICHV S FORF LA,
e B B LREIOD Hae 111, Msp I, SHIZERERE
@ Hinf 1, . Hind 11 w7z,

3) BRAH
DNA7Z 4 »# =71y Mo BuTlARI O &M
z‘i'(TJJIi‘S"-"\ WA B & U VIBEE é’?’)‘x,éuz‘: [

THBERDE T 4 v H—TY v MERED L 108+ 5

7'}‘ & @y}.m \ Jt.’l ?/kﬂ}“/’f%ﬁ K’i}hij Lflo




DNARHBA B S U X A faHo

DNA7Z 4 v H—7v MEIBIT S BEA ST
DFHFECE otz BOIF VLA IV a—0%
By P LUEMT SR TIZIXTAE #E# (0. 04M Tris,
“19mM FEEE, 10mM EDTA) F 72 1d1XTBE #1105 i (
09M Tris, 89mM Boric Acid, 50mM EDTA) & ki ng
TH I~ ABREONI21CKE 2L FEFTE— b V-7 L‘
FTHO = AT LA = b2 AT LAETI A%
LI PEFE F0HBO oD Epa i"e‘_’&ﬁff‘off’-’c"
FECAMEE (50C) T CHH 8¢5 HREECREIC
P2 b b A LICEEZ AR L, FLTT A a— 7\71’
FERTHE o TS TN O - Lz s ACER
L 72k ~F8 U IXTAE S 2 72 L > 77 & 3
FERIZT 794 L7 T 79 4% B4 2 70 DNA SGLUF
ko o MBRBAEE L L - THIE L, 2B5u o7
WAL 23 L T L 72 DN
ABED» S &0, BRI LY, TRBEIZL»T
LSRN T B MHET 5 L R RMEOR S I L - T
RFFHCHWADNARZRE L (oY v 7Lk
Tul, BT 7B LW Y 7 I210-14u OB T
ML TR S) o B THall s i o WA 2 S0 % B
SR % B L 8 S BB AT TR & L
EbDL LR /ﬁi/ImeWLLf%m
FF o F2o L F921 @ TAE SISV v, 2 c:
1000l DIF Iy L7 a4 FET10mg/ml # NL(JL (&)
f‘fi’:‘SO"‘“J TR L T2 DNA W % dets L *f}v(-
YA R B L L REDIRTE 2 RN B & BRI AT
YNk D HindI SIEF A DN Am(/klﬁ,»%% K oTH
FALDHETE % AT o 7o KT O o 227 MG e THF 7
Uy 54 EUTORECT o Va2l OBk
(0. 5M NaOH, 1. 5M NaCl) {2 L Vit 3 T H
IRE S L2 DNAZ 7L A ) 480 L ARSI L2z,
FLTYNVELL ORI UM B v &= 4.0,
03M NaOH) 128 LAIFMEIRE 9 L. 71 v 7 4 ¥ 7 igdl
SHFIEE AV OARSODNA R = !‘Uk}bm~7\} v

TE AN IV F T - T VA
Ty =L, TRy T4 T ORT LAY TS YIE R
WO &, APIEIR S 78, 80T T2~ — & >
7 L DNA

FHEBEESCNATITAE 2 a9 v 52T CREL .
AR TR T O30 ORE G IZ o0 TIRE 24T - 72,
1) 1XTBE #8456, 0. 7%, 20em O 7 7710 — A4 L% Fwv T
65V OEMWILET (31 5MEM) WAIREN L 72,2) WEB L
KRG OB £ 1) OfHmc U kB GO 35,

WE - HH Y 55 163

3) IXTAE S8, 1. 2%, 40cm D 7 H T — A4 LT0V @

TR TSR 24T » 720 2 d31) CUEIRNEE
{2 Hae I, 7" 12 -~ 712 Non-RI & Nice probe 33. 15, 2) 3
£ O9) TIEMIBREEEE S Hinf [, 70— 7ICIE RI ) YNZ22
i A AN

4y NATUELE~-L g

NATY YA Y=Y a AIBWTDNAWH
& B B R R T SIS I o i e W B $HT A
LR THLEVIMBYE D2, FHT VT4V =7k
’i« WS T — THIRGESE i I b BREERe AR e
DLRD D LEDREN DB+ CHoRME I Y
AT AV b= /%Jﬁm LT AH) Tk AT 7 v T
A 2 i - T DNA Wik &84 5 Non-RI I &
574 /;'J—— R ERE LRI E OB E T 220
EQAS TAICYA 4&&@7 =7 % Fe i e et L &
LIoFNFROT—-TEOWENE Ato?“% RIZ L2
FTU—=TDFANEIBCTE L/ 9 7F 5 Ay Mok
% J7H & BeaBEST Labelling Kit (TaKaRa #:3) 2k 5%
W Non-RIW LD TH =TT NLEFEIZDNTIEECL &
A2 PDNAINY V7T AF A (Amersham
44} & NICE Probe (CELLMARK #188) 12 &2 k% v
725

L

VYT SIAY MILB T — T O

T 7O E co); B & o 72RO 88 D

A Sug 2500ul BRO A 7 11 F 2 — TI2WIL00T 35 M
B BR KOK CEA IAS LUBHID NA % LRSS L/,
FIRI LT IAT—%20M, 7L /Iy T 7 —
#5ul & D KEIK A2 A T8O IZ A A7 v 7 L.60C T1
A v Fa XML P o9 M "—% T o)) 27387
e R A EIRICRE L?’:D"ZE'}E.U‘ ofzoBmbL. 22
W22 L/ Ny 7y — %5l dNTP (dATP, d’l"I‘P,dG’I‘P)
#2500pM TR, 520 L/ Y755 AL N Funit,
32P dCTP (50uCi) # A 42°C TG M A > % 2R~ b
L7 4~ — & 0E S 72, 75 U7100°C T4 lnak, ok o
TEEG LI DNA & Yo — 7k 25 s A0 LRI L
2o LTCLSmI O F o — TUZ AN 5 L (Bio-Rad
BIO-GEL P-60) % A#., 7o — 7 #50u =&,
750rpm CIURRER. L M AB L, ABIEANRY BT 4
IR L 7B e v — A A=y —CfllsE L, A8l
SRR N T AR 0.5 A LY LTI
DNA& L, BBANRCA I 2EUTFORETERL 72,
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1g ® Bio-ge! & (Biorad #L4%) 10ml & TE Tk S 4 4 —
o L—=TL, é%r%”wlﬁch&uLto»nﬁ
BT R A BT 220 5ml Bk < 4 2 0 F 2 — 7020, 3ml M
X.lOOOrpmlﬁ}lfi})ﬂ'L‘ N {T?ﬁ}& TE #B&ohE ANV
FhE LT, NATYTAE—Y 3 YIBUTFORETHT-
Tre TIAF IR ZIAYTIBIUN T 54
Y= a YW 0% RIVAT IR,
0. 25% skim milk) 20ml 2wy, 37CC2BEMlikE 5 L., 7
g 7Y FLE—-2ar i, ZLCRIBM70—7
BTIAF 78y FICMATCT—iRE D L, NA T
V¥ AL E—a Lto AV TS Y ELRORE (2><
SSC, 0.1%SDS) TR W &, & 6 ICHEWMHIL T
G0C30MRE I Lk 24T o o, FMOEIEE S 5 1 B
DaEL7zg R F F T AT T RO RE
LTy TICEAXMI Y FIC Aim-?O‘CTZEIZ"r%U%
W, Ay PEGREASZL, RENERICL -
2L TATT 40 LR BUETESS . Rikiesr. s o
OFMTHGEL T 4 2 —7) > MEFHB,

BeaBEST 124 % 7' 0 — 7D
HRLCHCONLZ LI Y T7I VAL MIEAFET
RSN, GCHEEMMVWHTIDNAS LW IEE
FEEEZIY B VHIDN AR WS LD ALHEIMET
THEIASH D, FOLOHIOL) BREZHV, B
fHEEHE O ¥ v BeaBEST DNA Polymerase % v 729~
YFEY ML BTO =T OB LN TY S -
a OB ERAL, TU— 7O TORET
Fote 47 0F 2— 78 DN A25ng, Randam
Primer 2ul & A4, & SIHEHREZMAER A5 L,
95°C T35 HEL Bk R TR, S }Jﬁcu 4 AhZkCHE
DNA#%—&Hi& L7z, 10XBuffer, dNTP Mixture % #2.
Sul, HEELdCTP (1.85MBq50mCi) #5ul iz, & HIZ#
KT AR #2401 12 L7z, BeaBEST DNA Polymerase
Flul R, 50-55C CLO5 M A4 » FaxX—-bL, 54
v—@fﬁi{v‘c%ﬂ”w EDTA % AR EH MM 122 5 &9
IZMMA 7z, O5CTIHMMM L 2B PTCRGL., A
AR (BEDNAS) #—AREDNA & LTHID
NADPGHES Y, ZhENA T4 E~varTa—
THE Llzg N TYFLE-T a v BPBTORBEIL
THiotze NATVF =T VHEPMVIZA YT I BLUN
ATV FALE—Ta U 0% RVAT I F, 20XSSC,
5mM EDTA. 0.25% skim milk) 20mi %\ v, 37°C T2
WeHL, T 7Yy ¥yAE¥E—arii, FLTRI

26XSSC, 5mM EDTA,

B0 — TN T =T R MICINR42°C TR
eI, NI TVFALE—-Tarliz, 20 7I 0%
FOPHIE (2XSSC, 0.1%SDS) T T &, &5I12H
Ve A200mE CE5CTR0MR E S Likv% 1T f;o B51C

(1XSSC, 0.1%SDS) #200mid T55°C 155 M EkDvE V%
Fiofe R=N— ¥ FNTAY 7Ty EREORGHKRE
EN Sy FICBRXMA LY FICAR -T0C TISHR R
JEEREGHEB L2, BT 4 2 H =7 v MO
& 20 B Do S i L 72,

ECL 9 RY VY Z Y AT LTk BT 10— T
ZOFETERICE AHHELNRY, Ta—-T 0O
ML MR AT Y S TaB Vg, BHEEIW
=7l BDNAZMIRTSLENHY, 7 m~7’
OHWEIZE P C R (Polymerase chain reaction) % »
720 PCREIZ LD 7 — 7 OWIFIL (TaKaRa GeneAmp
PCR Reagent kit with Amplitaq DNA Polymerase) % v T
UTFOHETITol, w47 0F 2 =Ty Ty —%
10ul, $FBIDN A% Ing, % dNTP % ZhFN5mM, 28
DT ITAR— % FNEFN0pM, ¥ v 7 RY AT -V %
Sunit & DK CERZI100ul 12 Lz, WERODNAK
WORBEEHCho, $ROIAXT VAL NEMZ, HIF
S TR WO4C THA M EIG & Ao, 94C 1AM, 55C2
M. 72C1 MOV A 2 L ESTHA I AT T - TR
B L 720 GBUGHEL Houl &) 2R #1,2% 70— A
BEEKB T, 7= THRIFIN T2 0HERT 5,
T = AR S DA BIGRE LT o eliRY 5,
T =N/ 7 % b4 (Phenol : chroloform |
isoamyl alchol=25:24 1 1 (V/V)) % &HMARAEL
1000rpm THHMEELAHEL, R & VEY V3o |,
BESRRE L, FLT Y2/ —VREODIIKG &
HROVIF V- FINENLTRE, 1000rpm, 2 5371
B LT—FVEERE, RESETERICL-TVER
FL, DNAOHE 2T 7o BEET-> 72D NABIHIE
W05 DR DIM EEEF P U v 4, BT CeEio100% ¥
J =N EIMA-B0C I L 7z Mo/ d % H
AL 72, 10000rpm, 1555 Msa.0 L. Thd & FREL L 4eas
5 EWAEECT, InlON0% Ly /) —NLE J]ﬂ/{.fé%
10000rpmSAF AL L, 2w e gL, &
N &50ul & ff&li]?kk(ﬁ?’)‘ Lz, 70— 708 i ECL
A L7 FDNA TN » - Y A7 AL D UToKlE
T o7zo DNABHEZISTTIMEMELL /20, KT
BEHL, AESALHES (MEBDNAS % —4#DN



DNABHEFE LI L 55

AL UCTHEIDNAD G S, B0 LB % Hd
Foo FTICHERODNABGRRIE L MARA LR, 85
EDNABBESEROIVI LT LT FIEEEINARS,
B, STCIO M A v ¥ a—Ta ¥ L, N 7Y
FAX~2a  BD Tl kol 2750875
AF v 78y FIZVR, AT T v len’dH 7 0. 25ml D
NATYFA4 X~ a PEEEML S~ L, 37CTI545
MTUNA TN FLE =g riffolth, TO—7%N
ZITCTIRE H L, NA TN F AL A LTz, LRk
77— {0.5XSSC, 0.4%SDS, 6M Urea) TI7C305-MHk&
5 LTk, S E p 2 FROB R B L A, Tk
2R/ Ny 77— (2XSSC) 1222, Hil 5O MR
ES L, B A FEROBEERVELL, AV TS
Ylem'dH 7z 10, 0625mt DRMMREEE 2 ¥ 7T VIR
V. B E S E R ORI L 2 IO MR I B A
L7

NS G FNT AV T I VREDHEDRAREE LD T v
TIBAXMA Ly M A, EMBEEEsEHRL,
T4 I =T MNMERE,

NICE Probe {24 % 7' — 7' O4E;
COFEZFTNI) 73 A7 75 —ETTCIERER
7o a—7 (33,158 & 1°33.6) (Jeffreys et al., 1985a) &
B (Lumi-Phos 530) O #iliod vy FThh, 7
O — 7 ORIES & UBERO LA % F R EMT
BSOS BER BRI D EELILNL DT 4
I =T MEPBRIME NS0 E ) PR L,
NATNFALE =Y aryBlURBIBILTORBII:
LoTiiote AV 7975 DNAMIFAMICRS LD IC
INA T EBMIZ AR, IXSSCTY ¥ AL, 50TH
TUNAL T T4 L= a VEH (0.5M NagHPO, pHT. 2
$10%SDS=99 1 1) #49100ml 2, 50C 205 MR E 5
Lize TNATNFL X~ a PBEET T, 50CHN
A7 FA Y~ a YR [Pre-hybridaisation Buffer !
Membrane biocking reagent sol. [10%W/Vsolution of block-
ingreagent {Boehringer Mannheim) in Washsolution (2)]
=91} 24ml & v & 5 1Z216ul @ NICE probe 2 1 & T
S0CC20 MR E 5 Lice N4 7Y F A ¥~ a VBl
FCHOCOPEEL (1) {0, 5M NagHPO4 pH 7. 2=160ml/1,
10%SDS=10mI/l} #§5100ml ¥ &, 50C CLOHMHRE 5 L,
WA P CHBOBEE S ) UER DR L2
(1) 2T/t SROKEH 2) 0IM= L1 VB
— k7 4L 0,15M NaOHl % #5100ml 1 &, Bl Ts%

DL - FHC BT B B9 165

Wk s 5 L, S8t 2 A TR S ) UER Y B
L7z A2 79 1em28 721 10ul @ Lumi-Phos 530% #° )b
WL, 79 AF v 2 v — MCAATRSLARES L
B, XAy M2, 33 1508 A4, 33. 6004
A6 MR TSI CEIG L, B 71—
S v MEOWRIC X Y 2 E DO BRI L .

2. BR

g EIc B3, 4D NAOHIHIAIEE DN
Aftk K URE

P T - 7 = VRIS & B o I &
VM L7z ADNA, MR (Abserbersol.) T
SHMMERAE L7, Fhai . 7o/ —Likic kbl
L2%/ADNA, 4/ ADNAMMH* Y Mz o
WMLy /7 ADNAZEBELKBL, zFYv070w
4 R L72b D% Fig. 4R, EDFHEILBVTD
FHODNANALIL, &b — SRR v79H12 DNAse
W&, 7/ LDNADPWIH LS AL <
IRBE RITFTH o 72,

FI L NE  7 xS = RIS X A oMM D N
AL B L 22D Sl BT LZZDNA, v b2
LADNARHE® v M2 XD N A O EYLE 33 & O
% Table 1 lI7RY . #UER EOFECBVTL RIFTT 4
YH TG MBI AR E B TEBA L, F
72D N ABUNE L E S X B3 D N A & 477 L 724,
WH LI LA DNACRERE TS, i+ b
EHWCHIB LADNABEW 2 B L bl L22DNA
EHBLChe B EE o,

FlonooFECL b E R TVDNA T
PREEE Hinf 112 & o THAL L, NonRI D33, 1512 & » T
MENIDNAT 4 v =72 MEE Fig. 5IZR L7,
WEFROFEIIBNTE 74 v H =7 v MBS R,
77 L DN A QIR IS B THIS TR B O AR EATRIE 8
nize

HERRERIC LB 7 4 v T Y v kS E — DK

70—y RHE (WAL 25HE O MRESE ((BIEEMm
:Hae 111, Msp 1, SHIIREEM Hinf 1, 6330
EcoR 1, Hind H) TH{LL, 72— 72 Non-RI BB 33,
5B LU 6 HWCTI Liz7 4 ¥ =7 ¥ 1 % Fig.
6IZRT, FASHEBLU o - 7128 5 #%
Table 2 {Z7RF, 2,0kbp 2523, 1kbp DT O D N A Wi
BIGHIRBEIC L > TRLZ Y, 33,1670 —TI2BWVT
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Extraction kit DNA

denaturated DNA
| Salcosinate-Phenol DNA

Fig. 4. Extracted condition of total unclear DNA.

Table 1. Comparison of DNA extraction conditions

method volume of DNA extracted Purity

{OD 260/280)

Salcosinate-Phenol method 5. 22ug/ul(red blood cell) 1.755
Abserver solution 4. 8%ug/ul (red blood cell) 1.743
(Salcosinate-Phenol method)

DNA Extraction Kit 7. 905ug/ul (total blood} 1,734

Hae 1] "C514K, Msp 1 TB7A, Hinf I T574, EcoR I T61
A, Hind I TBORTdh o 726 33.67 10— 7 BT Hae
11 C454, Msp 1 T474, Hinf 1 T384, EcoR [ TIOAK,
Hind 1} CA5AKRTH o 720 F WA /08 — > & HIREE RS
BWTH o7z 331570 — 72 BT 6 B FeoR
I, Hind HI O W 539, 4-23. 1kbp D #45FHBIZ £ A 6
N7y 33,6710 — 7B Tidd, SHEIEHE O Hae 111,
Msp [, Hinf I O W 459, 4-23. 1kbp DS FHIRIC A% <,

TR EcoR 1, Hind 111 D WK A9, 4-23. Lkbp D5
TS A B NTe T2 BeoRTIZDW T2, 0—4 30
R AR T 2 A b BEE L B L TR Ic A o
726

VIE S-S A I BBV IV AT AL A (4
BE 24T » 72 UF o300kt 1) 1 X TBE M.
0. 7%.20cm O T H 11— A4 bk BV TE5Y D 5ET ]
51k [ “3;'1’;(‘\(11&1% Lize 2) WIS X ORI MIENRORH %
1) o5 UkEr (GOEM) ¥ 5. 3) IXTAE &4

1, 2% 40em O F H T — AL C60V 0 R HEE TE5I
WA AT KB TR ERA 74 =7 ¥ b
Fig TWHRT, 1) OKRUTO74 »H—7) 0 MET
BHEL— RO L CITTR {EATEY .
DN AW G P ye Al & b i, Bk
o T 817z, 2) O&MTFTIED tlL‘IxLTH’Z’*‘ #E
Lhoaboo, WIRFEBREREL TV, 3) OFRHATT
1), 2) &S b BN A ~/)=14}=ML\ BRI B2 2&'1
DI CTd - 72,

T T OB NI LB T A Y H =T Vb
238 = DAL

RI & 5 2 HHOMRE, Non-RI &&2&?@4&
HEizowT jjﬁﬁ»ﬂw FLAY 7T 22 TRIL
Non-RI R 70— 7% FNENNA T ) FA X~ a »r
EE, T UH=T ‘) MENAT AR A S BN

Fig. Sl 7)) o oy 7, iREEIC
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Fig. 5. DNA fingerprinting of ayu. Genomic DNA, which was digested by Hinf |, hybridized with alkarine phosphatase labelled
33.15 probe. DNA was extracted by three methods salcosinate ~phenol, extraction kit and abserver solution methods.
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Fig. 6 - 1. DNA fingerprinting of clonal ayu. Genomic DNA, which was digested by Hae 11, Hinf'1, Msp 1, EcoR 1 and Hind 111,
hybridized with alkarine phosphatase labelled 33.15 probe.
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Fig. 6 - 2. DNA [lingerprinting of clonal ayu. Genomic DNA, which was digested by Hae 1L, Hinf 1, Msp I, EcoR 1 and Hind 111,
hybridized with alkarine phosphatase labelled 33.6 probe.
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Fig. 6 - 3. DNA fingerprinting of clonal ayu. Genomic DNA, which was digested by Hae I, Hinf [, Msp [, EcoR 1 and Hind 1],

hybridized with radio isotope labelled YNZ 22 probe.
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Fig. 8. DNA lingerprinting of Ryukyu Ayu. Genomic DNA, which was digested by Hae 111, hybridized with radio isotope labelled
M13 DNA probe and Non-RI labelled M13 DNA probe of the same membrane.
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¥ NERL . 2346, 6kbp D TFHOMEMO 34> TN
ZOWTHRELAESAZ LI 7T 7 Ay ML AT
TUE14-2078, ECL #3250 T3 36-38AK 0 DN A W H- A9
Hi &, Non-RIHEHD ECL D77 2% & L5 Wi $htiss
WA AR SRz, T2 ECL DA S /DN AW
Fr AL L 2o
Fig. 913% 7 Mz s u— 22548 (WALWAZ), MR

B Haelll, 70— 71233, 15% JHvy, RI & BeaBEST

VIR 28090 175

Labelling Kit (TaKaRa) 2 X % #£}
Probe (CELLMARK) 2 & %%
74— N ERR L. 2,376, 6kbp 5T RO
RO 34 v TR DWTHIB L /2 & 25 BeaBEST 120 5
HETIR Y T WALTT304, WAZTIIARD DN AWR
A B4, NICE Probe 128V TIE WALT34A, WA2T
36RO D NAWH 2RI S L, WA sEeel %
Modi, ERRUENIDNAMIEITS & b I Ch -
72o
DEIE LR v,

YA E—a vy, 43

Bhoteora—7CNAL 7))
ERTI L C A (N Sl A

Table 2. Comparison of the fragment number by restriction endonuclease detected with 33.15,33.6and YNZ 22 probes

on the clone WA-1

Restriction enzymes Hae T Msp 1 Hinf 1 EcoR 1 Hind 1l
Cognition number 4 4 5 6 6
Probes Position (kbp)
33.15 23.1
i 7 8 6 11 13
9.4
% 9 9 7 9 9
6.6
| 14 14 15 14 12
4.4
! 24 26 29 27 26
2.0
total 54 57 57 61 60
33.6 23.1
| 3 5 1 7 8
9.4
| 8 7 6 4 7
6.6
! 11 12 10 6 11
4,4
! 23 23 21 2 19
2.0
total 45 47 38 19 45
YNZ 22 23.1
! 5 9 4} 8 10
9.4
| 4 6 1 5 9
6.6
! 7 10 8 4 5
4,4
| 14 16 12 6 10
2.0
total 30 41 21 23 34
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Fig. 9. DNA fingerprinting of clonal Ayvu. Genomic DNA, which was digested by Hae 111, hybridized with radio isotope labelled
33.15 probe and Non-R] labelled 33.15 probe of the same membrane,
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Fig.10. DNA fingerprinting of clonal Ayu. Genomic DNA, which was digested by Hae l11, hybridized with alkarine phosphatase

labelled 33.15 probe and 33.6 probe of the same membrane.
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Fig.11- 1. DNA {ingerprinting of Ayu. Genomic DNA, which was digested by EcoR I, hybridized with radio isotope labelled YNZ
22 probe,
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PCR {10ng/ #1 % 721325ng/ # 1 D& HEE O DNAL #] (2
SHIDPCR A7 7 025 M) /S— AT T4 = —,
BIUMOD T 4 =T~ FBLPTYN—AT T v—, 1X
Sy 77— (10mM Tris-HC! (pH 8.3) , ImM MgCly |
50mM KCI, 0. 001% gelatin} . %1, 754 M dINTPI %0 &,
IATINAANETREELTIT o7, PCR DRESRMAE4T
T, BT T A v — 1l 7 =— ) ¥ FIRET308,
72°C TR O A 4 & N BTEAT o 2k, 90T TR, 7
Z— 0 ¥ FERESR, 72C T DY A & V% 33A4T » 720

CEsT87.1]
BERDREER) T2 INT I FEVEZHWTHT S
oo RKBORIZTEmA ERIKO TV T ¥ =¥ FE5051T
T dse AIKEYE TR I WICEY > SN EQT 3 FMHML
HIL, 1ARUC L T NE3mIBETTIIL,
75mA C 2 BEMREREIKEN L7s 2B, WIAET-0 HREE
DHED /DI T o TNy — s Ly AFIC L VR L
SUTWART Y FOMIBupl8DNAD Y =2 VAT
¥ — g @CERRB L, STEY—F—E Lz

KB RO VL 10% BElE, 10% A F LT 23— VIERT
1 EMBEEEL, AMCBLAR, YVFI4T7—TE
Bl MEBRLAZVIE X7 1A Bl seicfk,
BB L > — 7 2> AR 157,

2. #ERb L UEHH

REA TN = L ABET =AW
Lo TR SNy — 7 oy ABEIKIEE Fig. 12 1557R
Yo T aT N~y AR BEITS A, C, G,
TONY FOBRNLEFCHERN S HEsh, +— 1
Vg Iy ARFEF R GOE VTR SN O
E— 2712 ko THRERTIA e S 0, Tk e BRI
R A RETHI LN TEL,

CoATN Y=LV ABLU A~ b~ 2 Y AED
Ko 7 — & PEIC B B EEROFHEMIC O W T ER OB
ménfﬁE%Twm3 WHBELA, 1HOY -7

WEAIZBOTHLZ LA TELHREIZ>NTTHS
B, LT Ay = ABWTHG I LT E B
FEHITWEKEME Oz D £ B A%, 250bp BAEE A
DIZKLT, F-— k¥~ Ly AFETIEE00HBIRE L

2EOIE A RS T 5 2 PR TH o 72, BRI B
WTY— 7 Y AR RO T I A I FoYIW & 4
AEFAF QBB RS TH Y, b IO 75 A 3
FORMBOWEEIEZ T AV —2F NIHHE L TY —
IV AR ET RV, 420754 PEAMB L OF
NEFS LT OBERT LIRS LOTH D, 2OHRT,
FlZBE R BOE~ A 08T o4 MEREHES S
TIAT—WEBRETE0DYL 70T FEIEES
LT H DL, COTIA—HMOBF EBRETA0E
Y=y AV T ML ADTHBY, BHO TS A
T =R W) 00T T A v — OERE A
%Uﬁwkm‘it\754v~mﬁﬁwr%wﬁé%¢
WEFIO & &Ik PCR 2477 o T b BN 2 MR T
LN, EBOEIATA 2 0HF T4} mmw¢<T
WA T T £ = — R RIT B O IE Y 2 I EET 5T
IS, BT I/ 2Bl e ol s0iiv4 o
FFo A4 MEEERLE LT, TEERTo, LSOl
FOBPZHET I LRy, fHkE L T200-2500p BED
BB 500 — N TH S, I T T200-250bp B &
wa@@%@%@%@%Muﬁﬁ&%%%ﬁfﬁ@ﬁéé
FIFRAMETHS LIS, o2 Py -2 LA
wfﬁﬁb1%ﬁ%ﬁ@mf%&%oL#%mv“47»
=~ LY ADEE, A IFFI A MBI IR
Fwwwﬁ%kﬁlwﬁwﬁmﬁﬁ%ﬂMLfﬁ?h@
BEFIO SIS & LSy FEOMBE L 2 h, /
«“#@Mf%%oit\/74! %%¢~aﬁ
TR AR L, v A 2 0 F T 4 R E
TAHDICELII ST A < — @$ﬁ#%ﬁt 0., BEtEhE
[E 3/ mT\ﬁ~h/ 7Ly A BT o
Y AT LV 7 POEHBIENAT RV, 4, BETE
B IIERFIHUE500bp E BV EDBERIZT S £ v -
HERELTHLHEBW S S 4 v —DBFFEL ThH Y, il
BV, S5, —~HOY — 2y A 2BV TERRD
TAHIENTEBLIT—~2 v YT VE, w227
Y= LY ATIHA, C, G, TAHORIE:E o Fa—
T, BERDC BV TR ENEFRLES 40D L —
YT TS AT HOCHIBORWERKEE HvTH12
P TVBETCH DR LT, -+ ¥—r A
THABOEEEL I, L—P—-kBcReshg
Wkl a0, BREADOBICE 1Y Tudizy
1L=rDARLEE L, BRETVTADY—7 20 AH
TRETHD, Y22 PNy =2 A 3ESOFEMB LY
Wl T B T L AT E,
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Model Sample 26.1 Sl nal G375 A708 T:321 G242 Page 101
Version 2,1.1 G%Ac%_A Set-, A:Eyaner Fri, Oct 20, 1985 12:14
48 1747 M Thu, Oct 19, 1995 20:51
Lane 26 Points 708 to 8350 Base 1. 708 Spacing; 11,06 SemiAdaptiv

NNHNNNNTHRNNH INT TG0 AAGG T T GCAT CCCT CCASGTCAACT CT AG ABBATCUCCAACCT TGTCT TCTAACT TCAAGCTGTYCT TCTCT FTAATGECCCCAGACAAGCCAAGG AATCTGT TG,
30 A 50 €0 ki 8 $0 100 110 120

i f
WA

l

P CCACACACACACACACACACACACARACAAACTCOTCAGCACAAGAAACATT TCAACT TG TCCAGATGTCATBOT TACCARAATATCTGY ATATICTTCTAGCCATCLT TGT TAT TAATA
270 280 280 R0 10 320 330 %0 380 360

b \
’MM‘ fMRbMN dx‘ ‘ M‘H i

r>

GATCCT TAAYAAGAGTCAGACAAAT ATCCACCOCACACTCAAAGATATRCGGTAAARGT AGTCTCOTCAGT TGTATC CAACAACRACAAAAACACAAACARATT TG TAGT TOGTTAGGT &
k4 380 380 400 419 420 430 440 450 460 ATe 480

Fig.12- 2. Example of sequence in microsatellite loci with auto DNA sequence method.
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Table 3. Comparison of auto sequencing method with manual sequencing
Manual sequencing Auto Sequencing
Applicable sequencing number Short Long
in one electrophoretic run (about 250bp) (about 500bp)
Applicable sample number in Small Large
one electraphoretic run (12 clones) (36 clones)
Purity of sample DNA Enough of rapid method Necessary
Purity of PAG Not necessary Necessary
Time needed 2 days) (2 days)
Hazardness Use of radio isotope Salety
Ruaning cost Low High
1/2 of auto sequncing 2 times of manual sequncing

Facilities Need of radio isoctope room Need of auto sequencer

RO FZIEBITIRICBT SRR TS AI FDNAD %7, -~bv*71>zu##&m%ﬁwv:37»m

HEBLURYT2ILT I FAVOERICBNT, -
Fo—=2 L ATHIALOFRO B LELA, JEEREHR
EHEETALD, 2T W= Ly AOFNELEL
TDNAOHIMIZ BV T EBATHAMEME 2 0, ¥ Lk

ML TS SHERER, LeLEYS, - §
Y=gy AR BVCELARI D S FOBROMEERNO

F- A ETEHBITH Y, V= AHERIIBT S
W%ﬁ%ﬂWtL&ﬁoto

—J, EBROEEN, Rk, BB L URHicowTT
BHAM, v T —y I AR RS e v
A, ke b ) & &b R TR g R s
WL BN, b= TV AR ZLEEET,
S TE <, R 2R, FHeLHEE Lado
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JIZD%)@(DJ}’O

— ]\‘/-——y‘j:_/'}‘}‘...

'fv “3;)’«3 f:e
1 oD ECIAT B I IE
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W=y I R b %

§ fH’::}l.'c g" ZD
o jj‘% DT &
RO v TN T

FREHB LTI 2 HBEE 0D
MR DRSS b T I A v -
—T AT -
&, KEH oMb EaIREIc LAz s

Yy I ADS

£ AKDYB LU — 5 BT E L S R M

Wwﬁzﬁtb ok
Tk HHALEE LR

Z LT, RV REeTi#
T e, St —

%v~7

LB = LB Y= Ly ADhAEIL BT ERICE

E#EZ LN, BB, RINtH

FEREEIIBWT

BLUY—
R et R B RIE 2R LA

S I DR

Non-RIC & B AR, WRILEELZETHA I,



AEEMOI=YFS51C4 FDNA
SR LB ERBOTE

I RREBOBREERRER

WA OB ORESRE RO L DR, 0% 5
ARAEAC R IR BRSE, & L CE oM B L Tyvon 225001
MEIRE L Vo 2T E R LZb 0 EE 2 5N D,
Fro, BRBEE A ﬂ,é'& HABOER IS B
R & O AR Q8 Sl on T LB 508D
BYe TAZDWCE, HATE L WKL LU
BAHIG & Fsks B & oBIR, BB oL v
5 B BREE ORI & B k. T (R 0)"‘4’?}910)45’:?
Pt &I o THIEO T 2OERAH B, FHIC
KR T L& QAT 2., HA®MMw&@r0bi&g
Ry, WNE SRR GhERE) 7o & RREE (BETEMBE)

242 ZLD A RBEME, S 512, 7 2 Plecoglossus al-
tivelis altivelis & FOHERETah 5 1) = F 2% 7 2L Plecog-
lossus altivelis ryukyuensis O FEH & vy o BRI AT &

b, —JF, EEO NS & UHA &&@%Mﬂ$m
AL & b TR b0 AR A, Ok
XaLaﬂumekxé&ummmm ”m\%ﬁmm
DI & BAREOWEE, EEIEOM KA EI RO WD %
BlERILTWE, AP THHBREEMTSH L) 2w Fa
DT 2BV T ORI L BROBR#EI IR T
Vb, F gl L Ol & L“Ci—z{w BT 2w
AT 7 2 ORI AT I TB Y, RERE
b3 & ULk odr s e 907”@2%&#M°
Twb, WENALREEERoMPEERIIEL RS
IBHOBTICL 22 E2Z6NOT, 22T \wm
Lo, MNEROBEHEOBE O &1,

AmdeNA74/ﬁ~ ) v M EER T 0
oo Ot 2 lad., 1) WHEREE (g Bro
feddi (W) 7 2o ENERLE OB L 2 O
2) Fail) P L) BT AR T 20 BIEZEE
ORI ) V) 2y ¥ oy 7 2OMENEREA R &Y
SALRRIE D

1. M BLUHEE

BIE

1) #Es

ARIFZE L 22 B A B 7 2 203 i L P TR L 17 1]
HLAIL A S S N & A TN EDE i%%%)
Bedfil GRENNE) 7o%enFhe2, BEEHvL,

RIEREE LTy 2@t 7 o SRR BT
B & THE Lo 7 2% ISR 22 F 7
e LTy awday 7o BIEBEESEKEO BN
(R - RIEE) &P CBEPNE -« 3 i) i
BT L > TIRIE L 7 2k 2 h0En17, 18K
Wi, el bR Fig. 1342R L7z,
2) F&
DNAZAVH—-TY b
ﬁ&@%mﬁ%Z%K%W\%%%W%TWK%LtQ
2 ADNAEYFLI S, T a /= VB & - THIS
TR I 0 4 L 28 o> Haelll, 5%%@Mwnmﬂ
WD EcoRl [ Vizg NAT) A ¥~ ary
D—7lEMIST7 v — VD NA, YNZ22, «-Globin %
AW AN

DNATZ 4 v H—-TY v
DNA7Z 4 »#—70) 0 b OISR LIz 1 v~
fvvb%i@%1ﬁ®7~7WM&@ﬁK%w\%ﬁ%
B oEEENHEE (BS 1) #skoiz, 72, BENB X
UHEHIEO B S T I 2R FNOEHH L RO,

2. fER

T EEE Y s & UM 7 2

PRSI 4 AE O Hae I, 70— 72 YNZ 22%
B mWEER 7 20oDNA 7+ v 7 =71 ¥ b % Fig
144127R4 . DNAWIEIZ1. 4259, 4kbp OFFE TR S,
W SN W 164 519K (418, 0K) Th -7z,
MBERZDNAT 4 7= v bicdssSnTRkd %
AW o> BST & i [al s B R o BSI O % Table 4
VR, TN EE R 7 L RN 0 BST O 5130., 253 & 4
WAHER L 72,

MiREESE 12 5 HkE

b

MO Hinf 1, 79— 7IZYNZ 22
Ethmmmmm DBEUHEEN T 2ODNAT 4 >~
=71 h& Fig, 1512739, DNAWKEL 4959,
Akbp O MEER-CHUN S A, B S S 7 W F 0 0 () 2
T23H 5344 (128, 44K) Th Y, BEHEICI8 5284
(25.38) Thot, MMENLZDNATZ A ¥ H =T >
F2IET TR 7 ZRIE 0 BST & BRI B L ORHE
> BSI D% Table 5 (2R, WM ELEE 7 2 RHW
@ BSI OF-3130. 265, B RRMEH O BSI D120, 325
TH Y BT T 20 J7H BSI AR R W R R L2, 77,
KR O BSI OFIIZ0, 262 & 4K <, AN AN RSP0
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Fig.13. Sampling locations of Ayu and Ryukyu-Ayu examined, 1: Amphidromous Ayu (Tosa
Bay).2:Landlocked Ayu(Biwa Lake),3:Ryukyu-Ayu(Yanma Rivre),4:
Ryukyu-Ayu {Kawauchi Rivre).
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6.6kbp

4.4kbp

2.3kbp

2.0kbp

Fig.14. DNA fingerprinting of Amphidromous Ayu. Genomic DNA, which was digested by Hae l11, hybridized with radio isotope
fabelled YNZ 22 probe.
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Fig.15. DNA fingerprinting of Ayu. Genomic DNA, which was digested by Hinf1, hybridized with radio isotope labelled YNZ 22
probe. Counting from the left, lane 2-8: Amphidromous form, lane 9-14: Landrocked form, lane 1, 15: clone ayu

molecular marker.
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Table 4. The value of BSI(Mean=SD)between individuals estimated from DNA fingerprint pattern detected with YNZ 22

probe and Hae Il restriction endonuclease

No, of
No., hands Amphidromous
detected #10 #29 #32 #35
#10 16
#29 19 0.262 0.253+0.063
#32 18 0. 286 0.273
#35 19 0.276 0. 295 0.127

Table 5. The value of BSI(Mean+SD)between genetically different groups and between individuals estimated from DNA
fingerprint pattern detected with YNZ 22 probe and Hin/ 1 restriction endonuclease

No. of

No, bands Amphidromous form Landlocked form

detected  #20 #21 #24 #25 #29 i34 #35 #9 #10 #18 #20 #21 #27
#20 33
#21 26 0,203
#24 34 0.448  0.300 0.26540, 078 0. 26240, 085
#25 31 0.125 0.281 0.246
#29 21 0.296 0.213 0,291 0.192
#34 30 0.413  0.286 0.313 0.262 0,157
#35 23 0.214 0.245 0,175 0.300 0.273 0.340
#9 26 0.339 0,308 0.267 0.211 0,255 0.214 0.163
#10 26 0.203 0.192 0,233 0.351 0.170 0.321 0.286 0. 269
#18 27 0,400 0,378 0.295 0.207 0.250 0.105 0.360 0.264  0.264 0. 3250, 096
#20 27 0,267 0.415 0.361 0.414 0.250 0,105 0.280 0.302 0,453  0.370
#21 18 0,275 0,182 0.269 0.163 0.256 0.125 0.244 0.273 0,364 0,178 0.311
#27 28 0.393 0.259 0,323 0.102 0.327 0.310 0,196 0.370  0.333 0.291 0.255 0,578

BSI LRI L ARVl % R L7,

BUBREE L 61BN EcoR I, 70— 72 YNZ 22% [
W T EREE 7 s & BT 2O DNA T 4 v -
FY v % Fig. 16 10RT, DNAWKIZZ. 005
9. dkbp OEE T S, B S N AR B T [ 5
WCL7h 6254 (F8520.6) RCH Y, BHETI8A 528
K CEH24.08K) Thotz, MIBENADNAT 4 V-~
7 v M TR - SR o BSI & RN B &
USRI O BSI D% Table 6 2R, WNEIGER 7
T O BSI D 3E3120, 318, BB EIAKA O BSI OFY
120.442CH h, BHB 7 20Jh BSI W2 R L7z,
¥ 72, RO BSI WSRO BSI O & Ll
LC0.283& il e R L7z,

BRI 6 FEAEFZME O BeoR 1, 70 — 7iC « -Globin
G TEEI 7 2B L OBRER 720 DNAY £ >~
H—71» ME Fig 170RT. DNARFI22.02059.
dkbp OFEFITHM S v, MM & N B A 3R T e e B
T8 5234 (P15, 14) Th b, BHETI2H 613K
CEI2.64) THY, 7u— 7 YNZ22k wige
LD LTRMEE D ICWIRBOBP AL R, B & h

DNA7ZA v#H—=7Y v Modw ko 0EM
BSI & T RHA B & URHEMNO BSI O % Table 7 127R
¥ WRIEED 7 2 AN O BSI O350, 282, R
FAEA O BSI OFIIE0,333TH b Bl B 7 2 0 J5 AT BSI
FECEETR L, £/, REEMO BSI 0745130, 268&
THY, WIEENARRREOEER L

Ol PR 40 4 LR O Hae 1T, 770 — 7742 MI3
77— YD NA %R0 ERER 7 s L U7 o
ODNAT A v#H—7) ¥ b% Pig. 18128, DNAW
1. 0256, 6kbp DI THE S, Ml S AR
BRI C27h 5 3648 (1932, 04%) TH D, FEHN
TMH424 (Fi533,248) Thol, MIUENAZDNA
T4y —TY v TV TRS 2 SRk o BST &
RMA B & URHEM 0 BSI O % Table 8 I2RT . Wil
EERE 7 2 RO BSI OFIIL0, 396, BB BIRAKA O
BSI OEH130.314TH Y, FI AT o 7545 BSI %H
%R L. E1o. REEMO BSI OFH130.338TH Y,
TR BSI & F LV %R L7z,
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Amphidromous Landlocked

9.4kbp

6.6kbp

4.4kbp

2.3kbp

2.0kbp

Fig.16. DNA fingerprinting of Ayu. Genomic DNA, which was digested by EcoR I, hybridized with radio isotope labelled YNZ 22
probe. Counting from the left, lane 2-8: Amphidromous form, lane 9-14: Landrocked form, lane 1, 15: clone ayu as
molecular marker.
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Amphidromous Landlocked

9.4kbp

6.6kbp

4.4kbp

Fig.17. DNA [lingerprinting of Ayu. Genomic DNA, which was digested by FeeR I, hybridized with radio isotope labelled «
~globin probe. Counting from the left, lane 2-9: Amphidromous form, lane 10-16: Landrocked form, lane 1, 17: clone ayu
as molecular marker.
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Amphidromous Landlocked

{ 3] |

6.6kbp

1.0kbp

Fig.18. DNA fingerprinting of Ayu. Genomic DNA, which was digested by Hae III, hybridized with radio isotope labelled M13
probe. Counting from the left, lane 1-4: Amphidromous form, lane 5-10: Landrocked form.
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Table B. The value of BSI{(MeanSD)between genetically different groups and between individuals estimated from DNA
{fingerprint pattern detected with YNZ 22 probe and EcoR 1 restriction endonuclease

No. of
No. bands Amphidromous form Landlocked form
detected  #10 #21 #24 #25 #29 #34 #35 #9 #10 #16 #18 #20 #e7
#10 17
#21 19 0.333
it 24 22 0.154  0.439 0.31840.105 0. 2830, 087
#25 21 0.316 0.400  0.419
#29 17 0.471 0.222 0.103  0.211
#34 23 0.300 0.238 0.356 0.364 0,300
#35 25 0.286 0.408 0.340 0.522 0,238 0,250
#9 18 0.286 0.324 0,200 0.205 0.171 0.244 0. 465
#10 24 0.39¢ 0.326 0.217 0,08 0.244 0.255 0.245 0. 286
#16 28 0,267 0.170  0.240 0,286 0,222 0,431  0.340 0.478  0.346 0.4424: 0. 085
#18 24 0.244 0.465 0,391 0,267 0,244 0.170  0.499 0.476  0.458  0.423
#20 23 0.300 0.286 0.222 0.136 0,300 0,304 0.333 0.390 0.468 0.627 0.511
#27 27 0,227 0.304 0,367 0.250 0.273 0.360 0.385 0.444 0,353 0.545 0,392 0,440
Table 7. The value of BSI{(Mean:SD)between genetically different groups and between individuals estimated from DNA
fingerprint pattern detected with a-globin probe and EcoR 1 restriction endonuclease
No. of

No. bands Amphidromous form Landlocked form

detected  # 3 #4 #5 #8 #13 #30 #32 #36 # 14 #17 #19 #22  fa24 #25 #26
#3 18
#4 21 0,359
#5 14 0.250 0.229 0.282:4£0.114 0. 268:+:0, 108
#8 12 0.267 0.485 (. 154
#13 14 0.313 0.171 0.286 0.231
#30 23 0,341 0.227 0.216 0.343 0.324
#32 11 0.276 0.250 0.080 0.261 0.400 0.412
#36 8 0.308 0.138 0.182 0.200 0.364 0.184 0.632
#14 13 0,258 0.176 0.148 0.240 0.222 0.278 0,333 0.476
#17 13 0.258 0.353 0.222 0.320 0.296 0,222 0.167 0.095 0,462
#19 13 0.194 0,294 0.206 0.240 0.370 0.111 0.167 0.286 0.385 0.615 0.333+0. 143
#22 12 0.200 0,121 0,462 0.083 0.308 0.343 0.348 0.300 0.400 0.320 0.160
#24 12 0.400 0.303 0.385 0.083 0.154 0.343 0.348 0.300 0.400 0.080 0.160 0.500
#25 12 0.067 0.303 0.462 0,083 0.308 0.057 0,261 0.300 0,240  0.240 0.400 0,417 0,417
#26 13 0.258 0.235 0.148 0.400 0.296 0.333 0.417 0.190 0,385 0.462 0.385 0.320 0.160 0,080

Table 8. The value of BSI{Mean=£SD)between genetically different groups and between individuals estimated from DNA
fingerprint pattern detected with M13 DNA probe and Hae Il restriction endonuclease

No. of

No. bands Amphidromous Landlocked

detected #1 #2 #3 #4 #5 #6 #7 #8 #9 #10
#1 33
#2 27 0.433 0. 39640, 034 0., 3380, 065
#3 32 0.431 0.373
#4 36 0.377 0. 349 0.412
#5 29 0.258 0. 393 0. 361 0,338
#6 31 0.250 0. 345 0. 444 0.239 0.267 0. 314£0. 087
#7 36 0.319 0.444 0.382 0.333 0.215 0.299
#8 31 0.349 0. 246 0.323 0.333 0.339 0. 393 0. 394
#9 42 0.293 0.261 0. 378 0.462 0,253 0.301 0.436 0. 389
#10 31 0. 344 0.276 0.317 0.418 0.133 0. 226 0. 358 0.426 0.274
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Ypdt & 2 MR 7 2

HIBREESE 12 6 BRI BcoRl, 70— 712 YNZ22%
WhEBR S LAETAODNATZ 4 Y H =T ¥ Fig
19127RY . DNAWFAIZL. 4556, 6kbp OFERCIHRM 8 R,
B SR WA B35 521K (FHI8E) ThHho7, ¥
1o, THAERER, BB 7Ta0T7 4 2 A -7 2 L
LTC2.3% 53, Okbp OFEFHTDNAWAIUT & A LIS
NaVE VISR LN, 740 H—T) v MEldek
B IEW Ll » W 87 — Y 2R L. BRIERAD
NAT A4 =7y PzisnwTRe 8 BEMO BSI
& ¥ AR O BSI DB FE Table 9 12RY, il EE
B7 2 RmHA 0 BSI O (0.318) LIHBL THA & L
RO BSI OFI120, 586 & WV E TR L7,

JawvFavr7a

TRREE S 4 IR Hae lll, YU =TI YNZ 2%
FwUmiigE (ERE) B LoemmiegE BRE) o
Jawday PAODNATA Y H—7Y ¥ % Fig 20
2R, DNAWH1E1. 0% 56, 5kbp OFEE TR & R,
e 8 N2z R S LI C28A & 394 (135, 44%)
TH Y., TP TE24h 5354 (F1928.7K) TH o
Fro MIMENIZDNAT 4 v/ =7 ¥ M TnTike
o5 MR M o BSI & MR B £ ORI @ BSI 0¥ %
Table 10 1273 % WWHJHEFPI O BSI 130,561, i
PISEEIA @ BSI O F3120.591Tdh B, TR E bk
FISE WV BSI AR L 2. ¥ - FIM o BSI 013 4ERA
@y BSI DI & Il L C0. 366 L RV B R L 7,

WIBREEE 1 5 SIEFEER O Hinfl, 70— 712 YNZ22%
Wiz I (EHEE oY 2% 71ODNA
TAYH =Ty b Fig 21IRT, DNAMHIZLO
56, 6kbp DAL THIIE & 71, Ml S BT HE23H
537 (Fi929.78) Thotee MHENZZDNAT 4
YH =T v PTG ORIk o BST & ERA
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Fig.19. DNA fingerprinting of Ayu in the Nomura’ s population. Genomic DNA, which was digested by EcoR I, hybridized with
radio isotope labelled YNZ 22 probe. Counting from the left, lane 2-16: Nomura’ s Ayu, lane 17: Landrock
ed form, lane 1, 18: clone ayu as molecular marker.
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Fig.20. DNA flingerprinting of Ryukyu-Ayu, Genomic DNA, which was digested by Haelll, hybridized with radio isotope labelled
YNZ 22 probe. Counting {rom the left, lane 2-6: Yanma River, tane 7-12: Kawauchi River, lane 1, 13: clone ayu as
molecular marker.
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Fig.21. DNA fingerprinting of Ryukyu-Ayu. Genomic DNA, which was digested by Hinf ], hybridized with radio isotope labelled
YNZ 22 probe. Counting from the left, lane 2-13; Yanma River, lane 1, 14: clone ayu as molecular marker.
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Fig.22. DNA fingerprinting of Ryukyu-Ayu. Genomic DNA, which was digested by Hin/I, hybridized with radio isctope labelled
YNZ 22 probe. Counting {rom the left, lane 2-15: Kawauchi River, lane 1, 16: clone ayu as molecular marker.
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Fig.23. DNA fingerprinting of Ryukyu-Ayu. Genomic DNA, which was digested by EcoR I, hybridized with radio isotope labelled
YNZ 22 probe. Counting from the left, lane 2-5: Yanma River, lane 6-10: Kawauchi Rivre, lane 11-14: 3 cont.,, lane 1,
15: clone ayu as molecular marker,
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Table 9. The value of BSI{Mean=®SD)between individuals estimated from DNA [ingerprinting pattern detected with YNZ
22 probe and EcoR 1 restriction endonuclease

No. of
No. hands
detected 1 #2 #3 #4 #5 #6 #7 i#8 #o #10  #11 #12 #13  #U4 #15
#1 16
#2 19 0., 686
#3 18 0.471  0.700
#4 19 0.514 0.632 0.757 0. 58640, 139
#s 16 0.563 0.514 0.588 0.800
#6 17 0.364 0.444 0.629 0.500 0.545
#7 17 0.485 0.389 0.571 0.389 0.485 0.706
#8 19 0.514 0.579 0.649 0.474 0.400 0.667 0.667
#9 18 0,412 0,324 0.444 0,270 0.412 0.743 0.800 0.649
#10 19 0.400 0,412 0.541 0,474 0.514 0.889 0.722 0.632 0.811
#1l 20 0.500 0.513 0.579 0.769 0.833 0.649 0.541 0.513 0.526 0.712
#12 21 0.430 0,450 0,564 0.700 0,757 0.632 0.526 0.500 0.513 0.700 0.927
#13 17 0.424 0.444 0.571 0,722 0.788 0.588 0.412 0.389 0.400 0.611 0.811 0.944
#14 19 0.629 0.737 0.703 0.632 0.571 0.556 0.444 0,737 0.432 0.526 0.667 0.650 0,611
#15 15 0.581 0.647 0.606 0.647 0.774 0.500 0.438 0.471 0.485 0,529 0.743 0.667 0,688 0,765

Table 10. The value of BSI{Mean=£SD)between genetically different groups and between individuals estimated from DNA
{ingerprint pattern detected with YNZ 22 probe and Hae Il restriction endonuclease

No, of

No. bands Yanma River Kawauchi Riner

detected #38 #12 #13 #19 #20 #6 #8 14 #17 #18 #20
#8 39
#12 28 0.537 0, 56140, 104 0,366:£0.072
#13 34 0.521 0. 710
#19 38 0.468 0. 606 0.639
#20 38 0.494 0. 394 0.528 0.711
#6 26 0.431 0. 333 0. 300 0.313 0.375
#8 24 0.476 0. 385 0.379 0. 355 0.452 0.720 0.594 %0, 120
#14 31 0.371 0. 310 0. 308 0.319 0. 406 0. 667 0. 545
#17 27 0. 303 0.291 0.262 0. 338 0. 369 0. 755 0. 627 0. 690
#18 29 0. 265 0. 351 0. 317 0. 478 0.478 0.582 0. 453 0. 567 0.679
#20 35 0., 351 0. 349 0. 290 0,521 Q.493 0. 459 0,407 0,455 0.516 0. 781

Table 11. The value of BSI(Mean-=SD)between individuals estimated from DNA fingerprint pattern detected with YNZ
22 probe and Hinf 1 restriction endonuclease

No. of
No, hands Yanma River
detected #1 #2 #3 i#5 #7 #8 #9 #12 #13 #15 #17 #20
#1 31
#2 37 0. 588
#3 28 0.542 0. 431
#5 22 0.491 0. 508 0. 560 0.55040.073
#7 23 0. 444 0. 567 0. 471 0. 622
#38 28 0. 508 0.462 0. 393 0. 480 0. 471
#9 30 0.525 0. 627 0. 552 0.577 0. 453 0. 552
#12 27 0.517 0. 563 0. 400 0. 531 0. 560 0.618 0. 667
#13 35 0. 545 0. 583 0. 667 0. 667 0,483 0. 540 0. 646 0.516
#15 36 0.507 0. 575 0. 656 0.517 0. 508 0. 531 0. 636 0. 540 0. 620
#17 30 0. 590 0, 448 0. 552 0.538 0,528 0. 621 0, 700 0.632 0. 615 0. 667
#20 29 0.533 0. 455 0. 561 0. 549 0,423 0.491 0,576 0. 464 0. 656 0,615 0. 644
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Table 12. The value of BSI(Mean£SD)between individuals estimated from DNA finger print pattern detected with YNZ
22 probe and Hinf | restriction endonuclease
No. of
No. hands Kawauchi River
detected 3 4 #6 #7 #8 #10 #11 #12 #13 #14 #15 #16 #18 #21 #23
#4 27
#6 29 0. 857
#7 30 0,667 0.814
#8 22 0.735 0.824 0.692 0.586+0. 096
#10 28 0,727 0.632 0.483 0.720
#11 28 0,655 0,667 0.655 0,560 0.679
#12 25 0.616 0.667 0,691 0.638 0.491 0.528
#13 28 0.545 0.667 0.552 0.560 0.500 0.643 0,453
#14 32 0.542 0.492 0.548 0,556 0.500 0.467 0.632 0.433
#15 24 0.627 0.566 0.630 0.565 0.615 0.615 0,571 0.577 0.464
#16 24 0.431 0.528 0.519 0,522 0,385 0.423 0.490 0.538 0.536 0.542
#18 23 0.600 0.654 0.642 0.711 0.627 0.549 0.583 0,667 0.582 0.681 0.596
#21 22 0.490  0.549 0.500 0.500 0.400 0.560 0.511 0.800 0.444 0,609 0.609 0.667
#23 23 0.560 0.577 0.528 0.533 0.549 0.667 0,458 0,667 0,473 0.596 0.596 0.696 0.667

Table 13. The value of BSI{Mean:SD)between genetically different groups and between individuals estimated from DNA
fingerprint pattern detected with YNZ 22 probe and EcoR I restriction endonuclease

No. of
bands Yanma Kawauchi 3
detected  # 8 #9 #13 #20 #4 #7 #11 #13 #15 #2 #3 #6 #7
21
18 0.410 0. 364 4-0. 069 0.366::0, 113 0. 3660, 086
26 0. 340 0. 269
26 0. 383 0.318 0.462
24 0.267 0.477 0. 360 0.440
25 0.391 0.279 0.392 0.588 0. 408 0.405:£0.078 0. 380+0.072
23 0.227 0. 390 0. 449 0. 367 0.426 0.417
23 0.273 0,195 0. 367 0.408 0.511 0.208 0. 391
26 0.213 0,318 0.615 0. 308 0., 400 0.392 0.449 0.449
23 0.227 0,341 0. 367 0. 327 0, 340 0.333 0. 348 0,348 0.408
27 0.417 0.222 0.377 0.415 0,431 0. 346 0. 400 0. 440 0. 377 0. 320 0.3734:0,072
26 0, 340 0. 364 0.462 0.538 0,360 0.510 0. 367 0.327 0.577 0. 449 0. 377
28 0. 367 0. 348 0.481 0. 259 0. 308 0. 340 0.314 0.275 0. 444 0.471 0. 327 0. 296
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Fig.24. DNA fingerprinting of artifically produced red sea bream. Genomic DNA, which was digested by Hinf 1, hybridized with
radio isotope labelled YNZ 22 probe. Counting from the left, lane 2-9: S3, lane 10,-16: S2, lane 1,-13: clone ayu as
molecular marker.
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Table 14. Band sharing indices (BSI) between individuals and mean of BSI within and between groups estimated from DNA
{ngerprint pattern detected with 33.15 probe and Hinf I restriction endonuclease

No.of
No. bands S 2 S 3
detected  # 36 #35 # 34 #33 #8 #7 #5 #36 #35 1#34 #13 #12 #11 #6 #5
#36 16
#35 13 0. 207
#34 15 0.323 0.500 BSI==0, 382+£0. 144 BSI==0,298:40. 112
#33 13 0.138 0.615 0.286
i 8 13 0.414 0.462 0.357 0.231
#7 14 0.533 0.222 0.276 0.222 0.296
#5 I8 0.412 0,645 0.545 0.516 0.452 0,375
#36 15 0.194 0.214 0.333 0.071 0.214 0,207 0.242
#35 16 0.375 0.138 0.258 0.207 0.276 0.200 0.29% 0. 516
#34 13 0.414 0.154 0.286 0.308 0.231 0.370 0.129  0.214 0.276 BSI=0,301+0, 116
#1319 0.286 0.438 0.471 0.500 0.37% 0.364 0.486  0.412 0.457 0.375
#12 12 0.500 0.240 0.296 0,240 0.400 0.385 0.400 0.148 ©.214 0.160 0.1%4
#11 12 0.286 0.160 0.148 0,240 0.320 0.077 0.333 0.296 0.429 0,240 0,258 0.167
#6 11 0.296 0.333 0.538 0,333 0.417 0.240 0.345 0.308 0.148 0.250 0,467 0.348 0.348
#5 15 0.167 0.357 0.467 0,357 0.214 0,167 0.424 0.333 0.258 0.286 0,353 0.444 0.074 0.462
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Table 15 127k, FIRM & B IZRHER, RHEMTNY Fo
SATEEDMEV 720012 S 4 T0. 165, S 5 T0. 205 & kv il
AL, R 2oWTH0, 140 & KD o 72,

3157 U= T HEHWABEA LTI LB AR Y
A 5% B & W HBEIO KR O BSI o, B
BLUAY 7oy loOER LML ZRENDBSI
Table 16 1278 ¢, B4z 48 F0 o> BSTIZ R85 5[5 A 4L o> BSI
LTI o, 42, S1OBSIES4, §5
CATE A 19/ RO AN

Fh, YINZ2Z2TR— TR MWK A TI BT
I 7 A 5K B & VB AL O RO BSI O,
BHEEBLUA Y 7S HOERPWIE L LRHNO
BSI % Table 17 (27R¥ . YNZ 22711 — 7 DJF R &kinic
BSI MW, 2O 0—7IIBWTE33, 15707
FROWE oML R LADII, 381578 -T2 8
VB BARFEFO BSI bRV DANENRIZEE L o,

PhoZ b kn, 8~ 54 5 AMEED Tl 44
FIOMHZEE R & Wl 5 L Rl R K o7, &
oo S2LS3SORFENOBSIIES T, S4, S5 &Mk
LCHEBEREAER, 86128521838 LTLY
MZERIE A o 72 —H, $S2 &S5 30RBHMHD ST

INFET, W ORDOREFBHIIOWTDNA-FP
AR EN TV, = F A 2DV TIHRIBBI A 2 v, 3
AR YA, MR L Fu—S AT a~7L
DY e A (restriction enzyme/multi-locus probe
combination) # WD LEADH S (Hanotte et al, 1991) o
AR 2o v u — 7k & b IS HREEE Hinf1 C
YW LAZDNABR &g 70 54 XL, BEEDNA-
FP#sEoni, £/, #hd bRz ps1igefliors
-7k b AMORREER Lz, 2OZEE, w5 4DD
NA-F P BT, g Sh/: BSIOREERE AW
TEERLTWA,

WH ORI BST 2 LT 5123 F-—2 v 75 » N
DDNA-FPEHVLLENRH B, ShiEALTT IS
Lo ORI, REIER, PRS0 RBEAOm VI L
Y B ORI H A B OB LS 20 TH b,
L Lahs, [—fMERbo7 A7 VIZBL,
ROMIENIT L Y, BHMLT 5 2 L0 & » THEORBED
BSI LNV T 2 & LATTRECH S (Table 16, 17) 6

—H, EREOEVBIRRLEIC B W TER O/
EDDNA-FPOBSHEE L, EEEOKWIRRIRY
FicBVwTBSIIESCHB S 2 b THsn B, &
WFETH V280l < &7 4 SRS B A R & LR L T %
BSI LV Ao 2o B THMEOLEVEIRAD L
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CH1#DBH IS HIOH 2T HISHIOBIHEH 104 128 18#10#20%21C

Fig.25. DNA [lingerprinting of artifically produced red sea bream. Genomic DNA, which was digested by Hin/1, hybridized with
radio isotope labelled YNZ 22 probe. Counting {rom the left, lane 2-9: S5, lane 10,~17: $4, lane 1, 18: clone ayu as
molecular marker,
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Table 15. Band sharing indices (BSI) between individuals and mean of BSI within and between groups estimated from DNA
fingerprinting pattern detected with 33.15 probe and Hinf | restriction endonuclease

S5

#6 #3 #29 f#28  #27  #o2e #25 H24 #23 #1

No. of

No,  bands S 4

detected #21 H20 H#19 #18 #12 #10
#21 10
#20 10 0,300
#19 12 0.000 0.081
#18 15 0,160 0,240 0,296
#12 13 0,261 0.174 0.080 0.286
#10 110,381 0.180 0.261 0.1b54 0.333
#6 8 0,000 0,111 0,200 0.174 0.000 0.000
#3 120,000 0.273 0,167 0.148 0.240 0.087
#29 10 0,000 0.100 0.000 0.240 0.087 0.095
f#28 13 0,261 0.000 0.160 0,143 0.077 0.083
#27 14 0.083 0,167 0.231 0.276 0.148 0.000
#26 14 0,167 0.250 0.154 0.138 0.148 0.000
#25 16 0,154 0,184 0,143 0.258 0.207 0.074
#24 13 0.000 0,087 0.240 0.357 0.385 0.250
#23 14 0.083 0.083 0,154 0.138 0.222 0,160
#1 15 0.080 0.080 0.222 0.133 0.143 0.308

BSI=0, 1650, 114

BS1=0.140£0. 091

0. 000

0.000 0.182

0.000 0.240 0,087

0,182 0,167 0.250 0,222 BSI=0. 20540, 105
0,182 0.167 0.083 0.148 0.429

0,083 0.214 0.231 0.207 0.333 0.333

0,000 0.080 0.435 0.000 0.148 0.148 0.138

0,091 0,077 0,250 0.222 0.214 0.071 0.200 0.222

0.000 0.148 0.240 0.143 0.138 0.207 0,065 0.357 0.207

Table 16. Bands sharing indices (BSE within strains

Hinf 1 restriction endonuclease

and corrected BSI in the DNA-FP detected with 33.15 probe and

Membrane No. sl s2 $3 S4 S5 Wild
1 0.207%£0.129 0.276:0.108
*2 0.3824£0, 144 0.301£0.116
3 0,165:£0,114 0.20540. 105
4 0.315£0. 165 0,137:£0,208 0.099:40, 111
Mean 0. 349 0.289 0.151
Correct 0.226 *0. 382 *0, 301 0. 166 0. 206 0.120

*The value of the membrane was used as a standard

Table 17. Bands sharing indices (BSI) within strains

Hinf 1 restriction endonuclease

and corrected BSI in the DNA-FP detected with YNZ 22 probe and

Membrane No, S1 52 53 S4 S5 Wild
1 0.159:+0.118 0.233+0.126
*2 0.27940. 151 0.257 0. 190
3 0.1154:0. 164 0.113%0. 183
4 0.3024:0,157 0.17140. 265 0. 08940, 070
Mean 0.291 0.245
Correct 0.175 *0, 279 *Q, 257 0,158 0. 122 0. 082

“This value of the membrane was used as a standard
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FOBARBIEILENE C, BRI o Thune
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NA-FPIENTH DI LAWMTh -7z, SHRITEIE
TN OEREO G AL Y 7T A AT —T
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I REHERMERMOEREITHE

IHE TOBMFUCBIT HHEROBIREH MR L H
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BT H KRR AT, HefaRiRiRIs X 0 1 90
BHLAL M58 4 2 iR PR 4 5 & BTk e LA
Bkt B, F LT, Fho MWD S HEM:IEE 2 5K
BRI 2 EMENMR (zu-2) oD, B
BRI S o TR NS 7 0 — D REEERTHEAE
Tdh Y, @ESES D, o, —HRE O HE—II R
IS 2R 2 RS B T S E TS L 0%
FENLOTRELFHSEAFoMER LY 70— 2145
B 5 L TREFHIC BV OBRSASECEL (B
[1,1991), %, HorofiicBv Ty o—radE
HWah, Z2OHEWEDREN TS (Hanetal, 1991), L
Lid™s, SERFEEARTHLIZLETAVFILOL
5 S O lE~ — o — T 5 2 ST

bh, Ff, BHO 70— 2 FAEOBMIT 2 AR
MEFHNEITR D 2 L EFRECH DO TEOTEEIZ KV,
—J7. HHRBA R A ST ERIC T 2 X 1ET L F
TOMMB L UHEE B4 FCOERBHEF RN, F
7o AR B & USRI O R R RS B 12
BhHb, #NIH LT, DNAT A »H—71) » MER
Lo TR ENDS / 5D NAOEIIL 2 L8 % %
L. 2BRRICR LW 288 — v 2 iR d R0 T
Vi, E70, RSN AWIE A Y FLMEERYT, #0722
WDDNAT A4 »H—7Y  MISEETERBF-E, Bk
NS OF AR LTRE N TWES, 8512, DN
A7 4 v H =71 MEGHEBHIC IR o~ EoH
EWWHE L, Ny Fo A Bands sharing index

(BSI) #R¥ I & TIAEM B L RN oRENS Lo
BIERHMLTHI LN TE D,

BIICBVTOMA BHBECDNA T 2 =7 v b
PWRENTEY, BAEBEIC BV TIERO Rl
WHRLTW S (Prodohl etal, 1992), 7 W —rHiZ20nT
17 2 (Hanetal,1992) X (B 5 ,1993) & J AiZDw
T74 =7 bIRE NI,

KIFETRDNATZ A ¥ H— 7 ¥ b et flifieiz
Lo THHENIRHMD 70— 7 2OEHOMES &
U EB IR L b ey u—r REHOEEEOER
ol

1. MBS LUHE
1) #HEA

PRI IR B B 58 4 2 iR, 7 Ao 2
07k iini, 7, dBE U CRiNEEE 7
SR L7 ATTERIDIER 2 f5 kg vz, 7 u— Rl
MO 71— 2 FiE (9201, 9227), FOHEAL 2 0 — >
(WA-1), Fo0fkfb 7 1 — > 2 Bl (WA-2,WA-3) B
LUAFa s T—2 (H-1,H-5) DRIRETH » 70
M O VEHY S5 Taniguchietal,, (1988) Xy,
PE ENRBEO 70 =% Fig. 26 12RT, H—IP8RLIL
WIS 2 SR SR % A L ORI L S i T %
B, B 24T - o, SRR AT - TRl &
Rk LT L Aee #C 2 1 — 2 i — R REL b B 58
A 2 RO PSS L CRIE L 89T R IR
IR % AT o 7o, RIS X 0 85 ARk o> JioH % AL
LTl Lze MG o— 2 3l cdrra—-v A
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Fig.26. Shematic diagram for the production of mitotic-gynogenetic diploids and clones.
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HIBREEIEIC Hae 1Il, 7~ 72 MI37 7~ DNA %
WA IEH 2 R, 4 1 ORI B RO s A 2 AR, LS
U—YDDNATV A =7 Mg Fig 27 WKRT, D
N AW 21, 070 55, Okbp O AEHH CHIHE & \Lméﬂt
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TRIEER 7 2 e LT Th 5 IEH 2 R
W@BSI®$WﬂMW?%U RIRIEC B 5 T E

WERL, BB T 000,396, 0.316 (GRIEF) kLT
Mot 851 IR T S 2 I RREROBS T
I 34TH Y LT THLIEW 2 k& gL ¢
e, RBRBEHO LRV ERETH 7,

L2 o — > TR SN S TOMKRTHIE L
TWAHLHBS ITOFYE 1 L2 hliERICRETH S S
ExRFL, ~HEBEEIMOB S I O R gRH 0%
BUAN &L THED R Do T

70— 7 25RFOAEH OFER & g
70— 7 25RBI 0 TRIIREEE IC Hae 1L, 70— 7
I RIBEH O YNZ 2235 & UF Non RIAEH#33. 152 b b w»

F2DNA 7 4 »H— 7Y » & Fig 2810RY, 5 /e
TO YW — Y2 DWTHRE B4/ DNA Wi R REHIC B
WTETHBCH o7z, —~FH, TO7 o~ RIS
WT T4 Y H =T v hI3Y = LRI O 88 —
Y EFR L, 2.0-9. 4kbp OFFHT WA-1C3LA, WA-2T31
K, WA-3T304, 9201T33A, 9227 TIORTH H, #h
FNOsU—-EBNTHIENTE, £, TU—T
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0= 2 RPN B CRTHBTH Y . B T AT
BOWHEB L UMW /8% — 2R L7z,

ru— 7 asRBM OB O (BS) % Table
Jgu%ﬁasam\%ﬁ\mmw7m~7a%kmaﬂa
DFMIO BSHZE <, YNZ22 T W — 72817 B KRB
O BSI OF190.253 (GRHEHR) LILBL Thbh % #oto
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AT o1~ OMEROFER & g
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HFEIZHaelll, 7O~ T7IIMI37 7 —YDNA% 71—
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N-CONT  Mito-GZN Homo Clone
l L i l

Fig.27. DNA fingerprinting of Gynogenetic Ayu. Genomic DNA, which was digested by Hae 11, hybridized with radio isotope
labelled M13 DNA probe. Counting {rom the left, lane 1-4: Normal diploids, lane 5-8: Mitotic gynogenetic diploids, lane
9-12: Homozygous clone.
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Fig.28~ 1. DNA {ingerprinting of five clonal lines. Genomic DNA, which was digested by Hae III, hybridized with radio isotope

labelled YNZ 22 probe. Counting {rom the left, lane 1-3: Clone WA-1, lane 4-6: Clone WA-2, lane 7-9: Clone WA-3,
lane 10-12: Clone 9201, lane 13-15: Clone 9227, respectively.
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Fig.28- 2. DNA fingerprinting of five clonal lines. Genomic DNA, which was digested by Hae Ill, hybridized with alkarine phos-
phatase labelled 33.15 probe. Counting from the left, lane 1-3: Clone WA-1, lane 4-6: Clone WA-2, lane 7-9: Clone
WA-3, lane 10-12: Clone 9201, lane 13-15; Clone 9227, respectively.
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WA-1 HE-5 HE-1

M I |
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Fig.29. DNA fingerprinting of the heteroclonal lines. Genomic DNA, which was digested by Hae 111, hybridized with radio isotope
labelled M13 DNA probe, Counting from the left, lane 1: Clone WA=-1, lane 2-4: Hetroclone H-5, lane 5-7: Hetroclone
H-1, respectively.
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Table 18. The value of BSI{Mean=SD)between genetically different groups and between individuals estimated from DNA
fingerprint pattern detected with M13 phage DNA probe and Hae Il restriction endonuclease

No. of N-CONT Mitotic-G2N S. Homo Clone
No. bands
detected 2 3 4 5 6 7 8 9 10 11 12
1 30
2 29 0.508 0.527+0.12 0.363:0.08 0.4210.09
3 29 0.678  0.448
4 27 0.456  0.679  0.393
5 17 0.383  0.261  0.304  0.273
6 18 0,292  0.383  0.298  0.489 0.114 0.314+£0. 12 0.38540, 30
7 18 0.333 0.340  0.298  0.311 0.457  0.333
8 19 0.449  0.500  0.458  0.435 0.333  0.270  0.378
9 26 0.357  0.473  0.327  0.528 0.140 0,818 0.272 0.3l
10 26 0.357  0.473  0.327  0.528 0.140 0,818 0.272 0.311 1. 000 1. 000
11 26 0.357  0.473  0.327  0.528 0,140 0.818 0.272 0.311 1.000  1.000
12 26 0.357  0.473  0.327  0.528 0.140 0.818 0.272  0.311 1,000 1,000 1. 000

Table 18, The value of SI between genetically different groups estimated DNA fingerprinting pattern detected with 33.
15,33.6 and YNZ 22 probe with Haell restriction endonuclease

No.of bands

detected WA-1 WA-2 WA-3 9201 C 9227 C
33.15 56 WA-1 1. 000
49 WA-2 0,220 1.000
58 WA-3 0.226 0. 820 1,000
57 9201C 0. 308 0. 408 0,442 1.000
56 9227C 0,247 0.242 0.309 0.333 1,000
33.6 53 WA-1 1.000
45 WA-2 0. 240 1,000
47 WA-3 0. 283 0. 688 1,000
46 9201C 0.220 0. 234 0.280 1,000
47 9227C 0,184 0,217 0.220 0.196 1.000
YNZ 22 31 Wa-1 1. 000
31 WA-2 0. 145 1,000
30 WA-3 0. 145 0,607 1.000
33 9201C 0. 296 0. 255 0.109 1,000
30 9227C 0. 157 0,231 0,231 0.278 1.000
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(BT & o Tl o Foy 46RO < & 4 A G,
W, IR L S IZISERYT0) R, SROBEIZOW
THE L7z & 2A, Pmallil 20168 V{5195, Pma2
2T 2B LT A5, Pmadia oV C 23 LR T4,
PmadlZ D TS2HL A T-25, Pma 520w TI6x$ 782
TAEHEE S Nz, HMRET O S I Pma 1C
{£115~169bp, Pma 2°Ci3147-219bp, Pma 3T I1487-18%hp,
Pma 4 TI387-189, Pma 5 Tik120-160bp TdH - 7z, HHE L
Nz~ F ARSI Pma TCIEEC0.675CH D, Pma2
TUEH 0. 907 Tdh» 72, Pmalld 5 DOMIBTHED D Bk
L EREEALL, Pma 2L Pma 3EM LBETRE~AT T
BEBRIIBOTHETBYROERIZEA TV, Pmnad
RSB TRIER O b D &l o 2, AT AR
HUE0, 71 E K o oo Pma S SR AT & OSIIR F
Fr oD o 2247, ~NF O EAREOMEML
Pma2, 3&AHRETH -7z,

7 &4 3 FRYEHL R O TS TR R AT

5007 A7t T oA PETEEC B S 3R
DT A O BRET-BEE % Table 21 12333, Pma 13845
TR BTSSR ETI15TH Y, 0.57)
50, 682D MO % » 72 Pma2i BT I B Twn
NOMITHETLFOHEEFKL, HEHBvLDTho.
100750, 133Dl & 7 - 7o, WOBRFEEZ 15 Ol
mm%kb‘wﬁmmwém G5 & F0. 20045 0. 300C B
0, Pma 2BV IR S MO GRNRE T ER D
LN Y AN

5007 AT MEGETEICET S 3 REEE
DY A OGO RB S 2@, ~
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F AR Table 22 1273Y . LA ET-H 0TI,

AT IBA RO S X IR0 Em Ao
MOHBIEL, WO MI BV TRbE o T2,
AT A RER B & WITRHE OB A3 Mo S I TR
<, oM TH o 22 Pma BT IZ BT 28
Mo MmO T THEARROBEMILNEE & kL C
F ik <, ool s L T Eh o 2.

AL A FI 4 T T A= ORI OIS
THALVRB LA S DR A2 0dFIAL L TIA
RO AREHT VA, 254, AL, sy
AL FF XU Lz, Mt sz sy R84 — VEfR-—
@ PCR &2 BV CL N, BB, SR A9RI0 &
NVb DAL (Table 23), Pma LEETHE XA W
RETOMIZBWTELHNTH Y, PuadllfBTHEIE * 5
X &R BRI oW OIS SRR S R, s u
AEBVWTREBETHY, 3V 1LBVWTRILTL LN
AbN, Pmal, 3BV TEF 1 X4 IIBNTE
W Tdhod, Pma2®F ¥4 IZBWTFHFLT LLHER
BRI NFz, PmabizB v TR 7 A FHATE I B v IR
WA AR S Ll o T

3. Emed

VA atT T4 BRI AOBEE R R0

FEHBR~OBHBE>CHIEIEN R EERY

(McConnell et al., 1995: Ruzzante et al,, 1996} . $E3R 0 #i{x
7= h = TRBERO PR o R TAE BB
RO ERIT A% TH B (Herbinger et al,, 1995) 5

A 7 IYFIAL MIHALNLEREE TS 128 A
T A AR E L T vy, Taniguchi & Sugama,

(1990) X HARBRO QR LN D Sl 2 Higi935
ARz o TIGEET-HE & Bl v TIRBIMAT £ 17 4 v, #alt
{BFHIC B WCEYS, I BETTHIL I L ER LI,
AKWZE BT, kil o 2Bl cho7ob o
D, A7 OYFT 4 NHETERIIEE22. a4 RET T
Hotze TITHRS MWL VO REETRES D
Hi (Brookeretal, 1994) IZBWTHFEETI DL ) &=
Ayt s g4 MRIETHEIE Y 54 OFEBE O BEAY 5
LB L Ic B 2 BIEWELORPHCHENTH A H .

3o~ ¥ 4 ORI BT, HENEEME R

BWTIR, BBV TEWEINAS A SN, Pnal
b Pmad MIEBTEOBMO T 54 O~F OB ERROME
{120,455, 0.467 & FhF N > 7o Pmal METHED
AT DA REOHR NI & CHML A, Ll
LA, Pmad BETEONT SR ROBEMIING
EykbnEib, SOHBERIIBVWTHFVTL LA
HEHTTE S, 4%, L OFILIRET L) LEND S,

Table 20. Nucleotide sequence, allele size, heterozygosity at red sea bream microsatellite loci detected by PCR amplifica-

tion in 45 individuals

No.of Size Hetero-
Primer Sequence 5-3 Tann (C) *3 alleles (bp) zygosity
Pmal (G1)21 48 16 115-169 Ho=0.675
F*' TTCCAATGTGCCTTTATGC He=0. 600
R™ CAAATTCCCAAGGTCATCC Ho/ He=1.125
Pma 2 (GT)24 54 25 147-219 Ho=0.889
F AGAGGTGAGGAGCAAAGAG He=0, 947
R TCTTGAACACTCTCCTCACAG Ho,” He=1.939
Pma 3 {ca)20 5] 23 87-189 Ho=0,711
P GGTTTAGCAAGAGAAAGGG He=0. 905
R TAAACATGACAAACTGAGGTG Ho,/ He=1.001
Pma 4 (ca) 14 53 32 99-255 Ho=10,711
F GTTGGCTCGGTCTAAAGTC He=0. 905
R TCTCCACTCCGTATTGCTC Ho,/ He=10.786
Pma 5 (G122 49 16 121-160 Ho=0.881
F TCGGATTGAGTATCTTGGG He=0, 887

R AGGTTCTCCGTCACTGTCC

Ho/ He=0,993

*J . ®2 N w3 N Ky N . B
™= forward primer.R™ =reverse primer. Annealing temperature.  LEstimated size of the PCR fragment when compared with M31

sequence fragmants of known length,
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Fig.30. Microsatellite variation in Pma 4 with 15 individuals of Pagrus major. Genotype shown in bottom of figure. The size
standard is a sequence ladder of M13 mp18.

Tz, KRIC BT HBBLOERERERILEL, % G4 DFHMEERETE ML -T2, By
< OMfEE B, THRRPREO ABBEEC & 2845 LIEDTELTSA~Y—MOBIE~Y & 1108 Rk A
DRMEMNEIC OV T L Y B 2T R ) LEFS L EH2 %u8%<&otomwé:am?%67ﬁ el Lok
Lhd, Bz L A3, BRESE, 74 VA L9HF, RAPD-PCR

VYA LVEM LS 2w L s aYTFIA4 NTTA 'Vrﬁ- (3;'-?;1% 1995) EfOHRE LY, 754 v

AR B VL TOSATEAH Y PRI L7, FORFORFRIEOHEE T LTV ELS Lk,
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Table 21. Allele frequency of five polymorphic microsatellite loci in three local populations in red sea bream
Pma I Pma 2 Pma 3 Pma 4 Pma §
Allele Kochi Fukuoka Fukui  Allele Kochi Fukuoka Fukui Allele Kochi Fukuoka Fukui Aflele Kochi Fukuoka Fukui Allele Kochi Fukuoka Fukui
169 0.045 0.000 0.036 219  0.000 0.033 0.000 189 0,067 0.000 0.000 255 0.000 0,006 0.033 161 0.000 0.036 0.000
153 0.000 0.033 0.000 217 0.000 0,000 0,033 137 0.033 0.000 0.000 247 0.000 0,000 0.033 157 0,000 0.036 0.000
145 0.000 0.000 0.036 213 0.033 0,033 0,000 135 0.033 0.000 0,077 237 0.067 0.006 0.000 155 0.000 0.000 0.033
143 0.045 0.000 0.000 211 0.000 0,000 0,033 131 0.000 0.000 0,038 223 0.000 0.000 0.033 151 0.038 0.036 0.033
141 0.000 0.000 0.036 203 0.000 0.000 0.067 125 0.000 0.000 0,038 219 0.000 0.033 0.000 147 0.115 0.071 0.033
139 0,000 0.033 0.006 201 0,000 0.067 0,000 123 0,033 0.100 0,038 205 0.000 0.000 0.033 143 0.077 0.036 0.100
137 0.045 0.033 0.000 199 0.067 0.033 0.000 121 0.033 0.000 0.038 199 0.033 0.000 0.000 141 0.038 0.036 0.067
135 0.000 0.067 0.000 197 0.033 0.000 0.067 119 0.067 0.033 0.000 193 0,000 0.000 0.033 139 0.038 0.000 0.100
133 0,000 0.000 0.071 195 0,000 0.033 0.033 117 0.000 0.067 0.038 1¥7 0,000 0.033 0.000 137 0.000 0.107 0.067
120 0.045 0.000 0.07t 193 0.067 0.000 0.033 115 0.000 0.033 0,000 171 0.067 0.000 0.033 135 0.038 0.143 0.033
127 0.000 0.000 0.071 189 0.100 0.000 0.067 113 0,033 0.000 0.000 169 0,033 0.000 0.000 133 0,154 0,143 0.033
125 0.045 0.033 0.036 187 0.033 0.033 0.033 111 0,000 0.033 0.038 163 0,000 0,067 0,000 131 0.000 0.071 0.067
121 0.045 0.000 0,000 185 0.033 0.000 0.067 109 0.000 0.033 0,038 155 0,033 0.000 0.000 129 0.231 0.250 0.333
119 0.045 0.000 0.000 183 0.067 0.100 0.000 107 0.000 0.067 0.000 51 0.000 0.000 0.033 126 0,115 0.000 0.033
117 0,000 0,167 0,071 18F 0.100 0,033 0.000 105 0,067 0,167 0.038 149 0,000 0.000 0.033 128 0.116 0.000 0,067
115 0.682 0.633 0.571 179 0.000 0,100 0.167 103  0.300 0,033 0.231 143 0.033 0.000 0.000 121 0.038 0.037 0.000
179 0,087 0,067 0.033 101 0.067 0,033 0.077 135 0.000 0.000 0.033
175 0.133 0.133 0.100 99 0.067 0.100 0.000 127 0.033 0.000 0.000
173 0.033 0.000 0.000 97 0,067 0,100 0.077 125 0.033 0.000 0.067
170 0.067 0.133 0.033 95 0.000 0.033 0.000 123 0.000 0.067 0.033
169 0.000 0.067 0.133 93 0.033 0.033 ©.038 121  0.067 0.033 0,000
167 0.000 0.033 0.033 89 0.033 0.033 0.038 119 0.000 0.067 0.000
159 0.000 0.067 0.033 87 0,067 0,100 0.154 117 0.000 0.033 0.033
157 0.167 0.000 0.033 115 0.033 0.033 0.033
149 0,000 0,033 0.000 113 0.000 0.000 0.067
111 0,100 0,100 0.067
109 0.300 0.267 0,200
167 0.033 0.067 0,033
105 0,133 0.067 0,100
103 0.000 0.067 0.033
101 0,000 ©0.000 0,033
99 0,000 0.067 0,000
Table 22. Genetic variavility of five microsatellite loci in three lots of red sea bream
Mean
Pma 1 Pma 2 Pma 3 Pma 4 Pma § (within popilation)
Kochi
No.of samples (11 (15) (15) (15) (13)
No.of alicle 8 14 15 14 11 12.4
Heterozygosity (Ho) 0.455 0.867 0.867 0.467 0.846 0.702
(He) 0.521 0.914 0.871 0.852 0.876 0.807
(Ho/ He) 0.873 0.949 0.995 0.548 0.966 0.870
Fukuoka
No.of samples (15) (15) (18) (15) (14)
No.of allele 7 16 16 14 12 13.0
Heterozygosity (Ho) 0.667 0.867 0.933 0.793 0.786 0.798
(He) 0.566 0.918 0.924 0.882 0.867 0.831
(Ho,/ He) 1,178 0.944 1.010 0.899 0.907 0.960
Fukui
No.of samples (14) (15) (13) (15) (15)
No.of allele 11 17 15 20 13 15.2
Heterozygosity (Ho) 0,857 0.933 0.923 0,933 1.000 0.928
(He) 0.650 0.916 0.891 0.935 0.954 0.869
(Ho,/ He) 1.318 1.019 1.036 0.998 1.048 1.068
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Table 23. Detection of microsatellite loci in Sparid species using primers of red sea bream

locus
species Pma 1 Pma 2 Pma 3 Pma 4 Pma 5
P.major P P P P P
E. japonica P P P p -
D. tumifrons P P P p -
S, sarda P — — P —
A. schlegeli p — — M —
A.labus P — — o —

P=polymorphic (P50.995); M=monomorphic; P*=null allele was detected

BRI BT LYIR T AR T A LD TELT T4
T EN SOOI VWL I EHTE, FhE
WO LD A 70594 FRIETEOREECES 2
HEEPRHARC S ENTEDLEEILND,
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L., PCREEZSEREE L, M TRAZ3EBEE LRV
LG Zhh S ONERYALE M IR R R O
BIEHIZL WS R L IR THL I,

I BERROBEERRETROEL

IR GL BT 2 RFEPH R L Ry, K
RN L CRER ST E L, L L, RBREE®
RIFRMOBWIIE S\, BRAE AU IRAAE A R
HIML Tw s (FAO, 1995; Tacon, 1996) — %7, AL
PRPSFI R BT 5 B A9 CHERT o B AT S MBI 1 s

WTIThNRTwd OREFF & B, 1996), L7zd» T,

AHOMIE 2 HFHRT 2 72T 59 2 TRKER O MBI
By FIASEALE S AL MR RO REEEE L O
T O BRI R J0RS 5 & L e C R i
EloTws (FAD,1993),

INETTFLEIICBVTT 4 VAL AP bR,
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To KRB B AR AT 0 B 2089431 (Taniguchi & Sugama,
1990) 2DV TN LR ENTwaE, LaL, 74 VHFA
b2 = = E R OER O HR R R BRI O EERTIC B
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Fig. 31. Microsatellite variation in Pma 4 , in 7 individuals of Pagrus major. Stock for release (left) and Net-cage culture {right).
Genotype shown in bottom of figure. The size standard is a sequence fadder of M13 mp18.



226 FN

i

Table 24. Allele frequencies for 5 microsatellite loci in five cultured red sea bream strains

Allele
Locus (bp) S1 $2 $3 S4 S5
Pma 1 173 0.000 0.000 0.000 0.045 0.000
171 0.000 0.000 0.050 0.000 0.015
157 0.017 0.000 0.000 0.030 0.000
145 0.017 0.000 0.000 0.000 0.000
141 0.000 0.017 0.000 0.000 0.000
139 0.034 0.100 0.000 0.000 0.000
137 0.000 0.000 0.000 0.000 0.000
135 0.086 0.067 0.133 0.061 0.067
131 0.069 0.267 0.417 0.030 0.133
129 0.052 0.000 0.000 0,000 0.017
127 0.052 0.000 0.000 0.000 0.000
125 0.052 0.000 $.000 0.015 0.017
123 0.017 0.000 0.000 0.045 0.000
121 0.017 0.000 0.000 0.061 0.000
119 0.000 0.000 0.000 0.045 0.050
117 0.069 0.083 0,017 0.136 $.100
Pma 2 115 0.517 0.467 0,383 0.530 0.467
214 0.017 0.000 0,000 0.000 0,016
213 (.000 0.000 0.000 0.000 0.016
212 0.033 0.000 0.000 0.000 0.047
209 0.050 0.000 0.000 0.000 0.016
207 0.017 0.000 0.000 0.000 0.031
204 0.000 0,000 0.000 0.000 0.016
203 0.000 0.000 0.000 0.015 0.000
199 0.000 0.000 0.000 0.076 0.000
198 0.000 0.000 0.000 0.030 0.000
197 0.000 0.000 0.000 0,045 0.000
196 0.033 0.000 0.000 0.000 0.000
194 0.017 0.000 0.000 0.000 0.016
193 0.000 0.000 0.016 0.030 0.016
192 0.000 0.000 0.016 0.000 0.000
190 0.033 0.000 0.000 0.015 0.000
189 0.017 0.000 0.000 0.015 0.000
188 0.117 0.000 0.000 0.030 0.000
186 0.000 0.078 0.000 0.000 0.000
185 0.017 0.203 0,274 0.045 0.016
184 0.067 0.094 0.000 0,030 0.000
183 0.017 0.000 0.000 0.000 0.063
182 0.000 0.000 0.000 0.015 0.047
181 0.033 0.125 0.323 0.030 0.188
180 0.033 0.109 0.065 0.015 0.047
179 0.000 0.000 0,000 0.030 0.000
178 0.033 0.000 0.000 0.000 0.000
177 0.017 0.016 0.000 0.000 0.000
176 0.067 0.000 0.000 0.015 0.125

175 0.017 0,000 . 0,097 0.000 0.063
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Allele
Locus (bp) S1 s$2 S3 S4 S5

174 0.050 0.047 0.065 0.015 0.000
173 0.050 0,094 0.048 0.045 0.016
172 0.000 0,031 0.065 0.061 0.078
171 0.033 0.031 0.016 0.045 0.047
170 0.083 0.016 0.000 0.061 0.000
169 0.067 0.000 0.000 0.030 0.047
167 0.033 0.000 0.000 0.015 0.000
165 0.000 0.000 0.000 0.015 0.000
160 0.000 0.000 0.000 0.030 0.000
157 0.000 0.016 0.000 0.076 0.000
156 0.017 0.016 0.016 0.076 0.047
155 0.033 0.031 0.000 0,061 0.031
153 0.000 0.094 0.000 0.000 0.000
152 0.000 0.000 0.000 0.000 0.016
149 0.000 0.000 0.000 0.015 0.000
148 0,000 0.000 0.000 0.015 0.000
Pma 3 155 0.000 0.000 0.000 0.063 0.000
153 0.000 0.000 0.000 0.047 0.017
137 0.000 0.000 0.000 0.031 0.050
133 0,000 0.000 0.000 0.016 0.000
129 0.016 0.000 0.000 0.000 0.000
125 0.032 0.056 0.000 0.000 0.017
123 0.048 0.259 0.017 0.000 0.033
121 0.048 0.000 0.000 0.000 0,000
119 0.000 0.000 0.000 0.094 0,100
117 0.032 0.000 0.000 0.000 0.000
115 0.000 0.000 0.000 0.000 0.033
113 0.016 0.019 0.000 0,047 0.017
111 0.048 0,000 0.033 0,125 0.000
109 0.016 0,000 0.000 0.000 0.000
107 0.129 0.037 0.000 0.125 0.067
105 0.016 0.000 0.000 0.078 0.170
103 0.097 0.296 0.817 0.125 0.267
101 0,097 0.111 0.050 0.016 0.167
99 0.129 0.000 0.050 0.016 0.083
97 0.081 0.148 0.017 0.063 0.083
95 0.048 0.056 0.000 0.016 0.000
93 0.065 0.000 0.000 0.000 0.017
89 0.081 0.000 0.000 0.047 0.017
87 0.000 0.019 0.017 0.094 0.017
Pma 4 251 0.017 0.000 0.000 0.000 0,000
241 0.000 0.000 0.000 0.000 0.031
205 0.000 0.000 0.000 0.016 0.000
185 0.000 0.031 0.000 0.000 0.000
179 0.000 0.000 0.000 0.063 0.000
169 0.000 0.000 0.000 0.000 0.031
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Table 24 {(continued)
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Table 25. Alleic number and heterozygosity for five microsatellite loci in five cultured Red sea bream strains
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Pma 1 Pma 2 Pma 3 Pma 4 Pma 5 Mean
Natural population
No.of sample (29) (30) (28) (30) (29)
No.of aliele 13 24 20 26 16 19.8
Size (bp) 115-169 149-219 87-135 99-255 121-161
Ho. 0.762 0.900 0.928 0.863 0.893 0.869
He. 0.608 0.917 0.908 0.909 0.911 0.851
Ho./ He. 1.253 0,981 1.022 0.949 0,980 1.037
S1
No.of sample (29) (30) (31) (30 (31)
No.of allele 12 26 17 19 15 17.8
Size (bp) 115-157 155-214 89-129 91-251 113-151
Ho. 0.552 1.000 0.839 0.667 0.806 0.773
e, 0,705 0,946 0.918 0.876 0.900 0.869
Ho./ He. 0.783 1.057 0.914 0.761 0.896 0.882
32
No.of sample (30) (32) 27) (32) 31)
No.of allele 6 15 9 9 8 9.4
Size (bp) 115-141 153-186 87-125 91-185 123-151
Ho. 0.833 0.844 0.852 0.563 0.806 0.780
He. 0.689 0.893 0.802 0.809 0.736 0.786
Ho./ He. 1.209 0.945 1.062 0.696 1.095 1.002
S3
No.of sample (30) (31) (30) (31) (31)
No.of allele 5 11 7 8 6 7.4
Size (bp) 115-171 156-193 87-123 105-135 127-151
Ho. 0.700 0.839 0.333 (0.835 0.710 0.684
He. 0.659 0,769 0.326 0.817 0.775 0.669
Ho./ He. 1.062 1.091 1.021 1.027 0.916 1.024
S4
No.of sample (33) (33) (32) (32) (32)
No.of allele 10 29 14 16 15 16.8
Size {bp) 151-173 143-203 87-155 99-205 119-155
Ho. 0.697 1.000 0,906 0.656 0.969 0.846
He. 0.685 0,954 0.913 0.815 0,886 0.851
Ho./ He. 1.018 1.048 0.922 0.805 1,094 0.991
35
No.of sample (30) (32) (30) (32) (31)
No.of allele 8 22 14 13 15 14.4
Size (bp) 115-171 152-214 87-153 91-241 113-165
Ho. 0.833 0.969 0,933 0.719 0.839 0.858
He. 0.724 0.918 0.866 0.797 0.863 0.834
Ho./ He. 1,151 1.056 1,077 0.902 0.972 1.032
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Fig.32. A dendrogram based on the genetic distances between pairs of 5 strains of
red sea bream.
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Table 26. Nucleotide sequence, allele size, heterozygosity at ayu{amphidromous form)microsatellite loci detected by PCR
amplification in 30 individuals

No. of Size Hetero-
Primer Motif Sequence 5'~3 Tann{C) ** alleles (bp) *4 2ygosity *®
Pl D FTGTTTGGGAAGTGGGTGCGGG 52 s 104-132 1,000
R™ AGAAATCCACATCAACATCC
Pal 2 ©1) P TCACACTCCCTCACTGUCAC 52 14 158-188 0.921
R TTCAGCACACATTATCTCAC
pal3  (CT)+{(cA) F TCACCGCTTCTCCTGTTCTC 52 16 212-254 0.821
R AGTATTTATTTCAACCCGTC
Pal 4 (ca) F GTCCAGGAAGGGCTTOT 52 21 132-186 0.828
R GTCTGGTAAAAGCAAGGCGT
Pal 5 (CA) F TGGCTGTGCTTTATGTGGTC 52 2 207-213 0.414
GGTGGTAGTATGTGGTGTTC
Pal 6 ©n F CCCCACATAGACCCGCAGA 52 9 209-295 0.679
R GAGGAGTTTAGTGCTGTTT
Pai 7 ()] F CACAACACAAAGCCACAGA 52 6 137-149 0.640
R ACACAGAGAGCAGGAGAGGG

F*'=forward primer.R*Z=reverse I)rimer.“Annealing temparature.“Estimated size of the PCR fragment when compared with M31
*5 N
sequence fragments of known length, "Obsereved heterozygosity.

Table 27. Genetic variavility of 7 microsatellite loci in 2 forms of p. allivelis and 2 river samples of P, altivelis ryukyuensis
Pal 1* Pal 2 Pal 3* Pal 4* Pal 5* Pal 6* Pal 7 Mean

b, altivelis altivelis
Amphidromous No.of samples (24) (28) (28) (29) (29) (28) (25)
(Tosa Bay) No.of allele 15 14 16 21 2 9 6 11.9
Efficient no.of allele 9.09 9.09 11.24 13.51 1.67 4,48 3.41 7.50
Heterozygosity (Ho) 1000 0.921  0.827  0.793  0.414  0.679  0.640  0.753
(He) 0.890  0.890  0.901 0,926  0.400  0.777  0.707  0.784
(Ho/ He) 1.124 1,035  0.918  0.856  1.035  0.874 0,905  0.964

Landlocked No.of samples (31) (31) (28) (31) (29) (31) (30)
(Lake Biwa) No.of allele 15 14 12 22 3 5 8 11.3
Efficient no.of allele 12,05 6.13 .95 11.90 1.78 2.67 3.66 6.31

5
Heterozygosity (Ho) 0.903  0.742  0.786  0.871  0.276  0.548  0.767  0.699
(He) 0.917  0.837  0.832  0.916  0.438  0.625  0.727  0.756
(Ho/ He) 0.985  0.886  0.945  0.951  0.630  0.877  1.055  0.904
P, altivelis ryukyuens

(Yanma R.) No.of samples — 19) - (18) (19) (19) (19
No.of allele e 5 — 2 2 1 1 2.2
Efficient no.of allele 3.10 — 1.18 1.05 1.00 1.00 1.47
Heterozygosity (Ho) — 0.632 — 0.167 0,053 0.000 0,000 0.170
(He) — 0.677 — 0.153  0.051 0,000  0.000  0.176
(Ho/ He) e 0.934 — 1,093  1.079 — - 1.022
(Kawauchi R.) No.of samples — 19 - 17 (19) (19 (19
No.of allele e 7 — 3 1 1 1 2.6
Efficient no.of allele - 4.83 o 1.51 1,00 1.00 1.00 1.87
Heterozygosity (Ho) e 0.737 — 0.412  0.000  0.000  0.000  0.230
(He) - 0.793 — 0.337  0.000  0.000  0.000  0.226

{(Ho/ He) — 0.929 - 1.223 — — — 1.076
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Table 28. Allele frequency of 7 polymorphic microsatellite loci in amphidromous, landlocked ayu Plecoglossus alitivelis and
2 local populations of P, altivelis myukyuensis (Yanma, Kawauchi River)

Pal 1 Pul 2 Pal 3 Pal 4

Allele  Amphi~  Land- Allele  Amphi- Land-  Yannma Kawauchi  Allele  Amphi-  Land- Allele  Amphi~  Land- - Yannma Kawauchi
134 0,000 0,032 206 0.000 0.016 0.000 9.000 254 0.018 0.000 188 0.000 0.016 0,000 €.000
132 0.021 0,032 202 0,000 0.032 0,000 0,000 250 0.036 0.000 186 0.017 0.000 0.000 0,000
130 0.042 0.065 188 0,018 0.000 0.0060 0,000 248 0,000 0.018 184 0.017 0,000 0,000 0.000
128 0.063 0.032 186 0,000 0.016 0.060 0,000 246 0,018 0.018 180 0.000 0.016 0,000 €.000

126 0.083 0.032 184 0.000 0.016 4,000 0.000 244 0,054 0.000 178 0.034 0.000 0,000 0.000
124 0.063 £.065 182 0.036 0.065 0.000 0.000 242 0.054 0.018 176 0.000 0,016 0.000 0,000
122 0.063 0.113 180 0.054 0,032 0.000 €.000 240 0.089 0.000 174 0.000 0.018 0,000 0.000
120 0.021 0.145 178 0.018 0,032 6.000 0,105 238 0.107 0.071 172 0.000 0,016 0.000 0.000
118 0.083 0,097 176 0.036 0.000 0,053 0,211 236 0.179 0.125 170 0.017 0,000 0,000 0.000
116 0.021 0.000 174 0.071 0.000 0.500 0.053 234 0.107 0.321 168 0.034 0.000 0.000 0.000

114 0.188 0.097 172 0.071 0,000 0.000 0,000 232 0,143 0.089 164 0.034 0.000 0.000 0,000
112 0,083 0.097 170 0.107 0.097 0.105 0.105 230 0,000 0.054 162 0.000 0.018 0.900 0.000
110 0.167 0.048 168 0.125 0.290 0.158 0.132 228 0.036 0.161 160 0,052 0.000 0.000 0.000
16 0.02] 0.032 166 0.214 0,226 0.184 0.342 226 0.054 0.071 158 0,017 0.000 0,000 0.000
106 0,000 0.000 164 0.036 6.081 0,000 0,000 229 0.018 0.018 156 0,052 0.016 0.000 0.000
104 0.132 0.065 162 0.054 0.032 0.000 0.083 222 0.018 0,000 154 0.086 0.065 0.000 0.000
102 0.000 0.065 160 0.125 0.048 0.000 0.000 220 0.009 0.036 152 0.034 0.016 0,000 0.000
158 0.036 0.016 0.000 0.000 218 0.054 0.000 150 0.034 0.065 0.000 0.000

212 0.018 0,000 148 0.155 0,128 0.000 0,000

147 0.000 0.016 0.000 9,000

146 0.086 0.048 0.000 0,000

144 0.052 0.081 0,000 0,000

143 0,600 0.016 0.000 0.000

41 0.017 4.000 0,000 0.000

140 0.052 0,097 0,000 0.000

139 0.000 0,048 0.000 0.000

138 0.034 0.032 0.000 0.000

136 0.121 0.177 0.000 0.000

135 0.017 0.000 0.000 0.000

132 0.034 0.032 0.917 0.176

130 0,000 0.032 0,000 0.000

128 0,000 0.032 0,000 0.000

126 0,000 0¢.000 0.083 0.794

118 0,000 0.000 0.000 0.029

Table 28 (Continued).

Pal 5 Pal 6 Pat 7

Allele Amphi- Land~ Yannma Kawauchi  Allele Amphi- Land-~ Yannma  Kawauchi  Allele Amphi- Land- Yannma Kawauchi
221 0,000 0.017 0,000 0.000 225 0.018 0.000 0.000 0.000 149 0.020 0.017 0.000 0,000
213 0.724 0.293 0.000 0.000 223 0,036 0.000 0,000 0.000 147 0.000 0,069 0,000 0.000

2097 0.276 0.690 0.026 0.000 221 0.071 0.000 0,000 0,000 145 0.100 0.052 0.000 0.000

205 0.000 0.000 0,974 1,000 219 0.054 0.032 9,000 0.000 143 0.440 0,362 0.000 0.000
217 0.143 0.242 0,000 0.000 141 0.220 0,068 0.000 0.009
215 0.357 0,532 0.000 0,000 139 0,200 0.379 1,000 1,009
213 0.250 0,197 0.000 0,000 137 0,020 0.062 0.000 0,000
211 0,054 0.016 0.000 0,000

209 0.018 0.000 1.000 1,000
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Amphidromous

Landlocked

Fig.33. Microsatellite electrophoretic pattern of Pal 5 locus. Counting from the left, lane 1-12: Amphidromous form, lane 13-22

Landrocked form.
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DRWETLEEN B W TRENMEAFECTH B Z EHTRS
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A LGHOBREILIZIoTH b0 LR, F—il]
PHZB W CREEEROBZE 2RI A R, ToMEL L
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UENE S BRI B0 4 HROWER7 2R %2 25
ATHEELRERO—DIZh D EEX LN,
FaALDBHERATHORL s 0TI 4 MR{ETE
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<4139 bp

Kawauchi

Yanma

Pal7
M13 mp18

Landlocked

Amphidromous

Fig.34. Microsatellite electrophoretic pattern of Pal 7 locus. Counting from the left, lane 1-10: Amphidromous form, lane 12-23
Landrocked form, lane 24-32: Ryukyu-Ayu (Yanma River), lane 33-41: Ryukyu-Ayu (Kawauchi River). The size
standard is a sequence ladder of M13 mp18,
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Yanma Kawauchi
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Fig.35. Microsatellite electrophoretic pattern of Pal 4 locus. Counting from the left, lane 1-9: Ryukyu-Ayu (Yanma River). lane
10-18: Ryukyu-Ayu (Kawauchi River).
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Table 29. Comparison of average genetic variability among microsatellite, minisatellite and isozyme loci in natural popula-
tion, stock for release and net-cage culture of red sea bream

Microsatellite*! Minisatellite*? [sozyme*?
Sample No.of alleles Heterozygosity No.of bands 1-BSI No.of alleles Heterozygosity
1. Natural population 19.8 0.869 66.6 0.899 2.2 0.124
2.Stock for release 17.8 0.773 46.6 0.800 1.8 0.124
B-Nei'cage culture 7.4 0.684 38.0 0.721 1.7 0.135
Numbm of allele and heterozygosity per locus examined 5 loci.

® Number of bands detected and average 1-{(band sharing mdlcei)of DNA fingerprinting using Hinf I restriction enzyme
:'}Qd YNZ22, 33.15 multilocus probe combination.
* Number of allele and heterozygosity per locus based on 17 loci (Taniguchi et al., 1995).

Table 30. Comparison of average genetic variability among microsatellite and isozyme loci in amphidromous, landlocked
and Ryukyu ayu

Microsatellite*] Minisatellite*2 Isozyme*3
Sample No.of alleles Heterozy gosity No.of bands 1-BSI No.of alleles Heterozygosity
1. Amphidromous 11.9 0.758 80 0.735 1,64 0.048
2.Land locked 11.1 0.708 95 0.675 1.50 0.056
3.Ryukyu 2.2 0.148 75 0,450 1.04 0.011

*J Number of allele and heterozygosity per locus examined 5 loci.

*2 Number of bands detected and average 1-(band sharing indices)of DNA fingerprinting using Hinf 1 restriction
enzyme and YNZ22 multilocus probe combination

*3 Number of allele and heterozygosity per locus based on 22 and 23 loci (Seki et al.,1988).
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Table 31, Comparison of microsatellite method with minisatellite methods

Minisatelite

Microsatellite

(multilocus)

(single locus)

Required volume of sample DNA Much
(about 10 zzg)

Purity of sample DNA Necessary
Intactness of sample DNA Necessary
Applicable number in one Small

electrophoretic run {15 individuals)

Time needed Long
{one week)
Identification of allele Not easy
Locus identification Difficult
{multilocus)

Repeatability Not excellent

Data analysis Not accurate

(BSI1)

Much Little
(about 10 g) (about 10 ng)
Necessary Not necessary
Necessary Not necessary

Small Large
(15 individuals) {40 individuals)

Long Short
(one week) (two days)

Easy Easy
Easy Easy

(single locus) (single locus)

Excellent Excellent

Accurate
(heritability)

Accurate
(heritability)

L7 WAEEg (> b2 o) WNEicnisy, BiEim
Td— FL&RWIZ e IRE T, 7o MEF#IE
BERLEAERT (Oreily & Wright, 1995) o Fo, K
EHIE OB TR EN L3 LRET1E, BRI BT BT
BIEFOB GIvBETR . ~FogEarRTia (~
FUOHEEMHE) B & URIRETHE O BN B &

UMY [T 0 S A 2 AT T _e SR B > (5 B B % 5T 5
TEERD, LPLENS, The ERMOBER LR
%W%’Wﬁ&(b#@fﬁ%f FOEFE O & I

FOSEBIHZ WA E LTE, #OWRIERE 7
Nh, TOZkid, vu—rBepditm e UCHEE+1T
v, FEETLILICLY, 70— HO%ERER
BATREND & &b, BEENOERER B> v T
BT ASBORIBFRSLN DL Lithe,

R BOTTANFT— S AD I =FF 54 b DNA
LZE DNA T4 2 H—=70 2 }) OFBUIRSHE
FABNIOE s 0~ HORMTEN & R~ I H
WRICDNTTH otz HOTEHBOHEHOM/ET
HEA BRI B 2, [F—2 LI B TS 2140
FOETOMBITI AL e, SMENIZBETHL &
FZON, 20— OO ERENT LI ENTESL, F
7o, BT AMERICBWTHL AR S8 e
-y THL L IIEHIRDL, Fio, Blos O

YREEWOBEICE U FXY — 2 THBYEICIEE
—DY —/rfxa“i’n’aa?) af»m h, ResgeicEs
U— R OMNET0n )l &8 TE L, EHRIC
Taniguchietal., (1996) (i%}ifo{@ﬁ I 3 B[]~ R ]
%LJWA74>%~TU>bmn;ofam~ywm
TRV, 20— YHAB LU O HOREREO L

TYAHE L HIMEREHE L, DNA 74 =7
YRNEEZ O L) REERGNCMR TEF RSBV TS
BOBEOH /BN —THILEENLOT, O
B FUHE L 22 B RPE e B0 2 KBS0 BRI s

2 FAE 2 OWge e AR O AL OBFgE~ OIS B A5
Hahsb,

~J7, BHAOBEB BT (-BSD RERO®RE
ERRASRPRIORT R o LM LARDS, 3
ZHFFA D DNASBIZEVA M) v ¥ a v —i2k b,
[FCE  ORETEE RN T 2 0 BT L F—
7V PR AR WWWWk%$F&LﬁHhM 2T,
O &, FERICHCRBEEBY TS OMETE
PR EN S &Jﬁ‘iﬁ@i‘% b‘%ﬂ’%’"/ﬁ?ﬂ- L b, SEo
BEIERMPT L EHTCELVI LD, S TAOH
'u; EATRE L MR MU<Lf’1M”CZbé&: vz ¢

?ft‘ GOy FHPRBENDLZ NS, Ny FD
PRI A e LE e 3hb, —J7, FICHAE



242 [

T b L HISE S i3y PSR CRIETEOM Y MRER
FTehdH LA i, 2612, HEETEREETLIL
PTELWI EPG, BBLL AW BET 2RI M
ANFUBRTHLOPREHRTH B OPHEIEETSH

0, ELEHEFHIES A LB A S LT EY, AT O
R X USRI O BEAEENE & S T & Ao TR
LB 7 A TH S NGAO L ) PR & b BRI
D RER BT R AT O A B FIN O B 2 R R eY 2
BRSO N Aol LG EHEOBBIZLLL0EHEZS
b,

WAL, v/ na—HAO I Y554 DNA S8
R, BT ANREY, EEHh%EOE
DAL B TR Y Y o —h A 70— 7L
s, WRHHEA, TR T PCR # VAl 2 LD
Flbh T i, METEOBYED R ICHEL <, o
FHOL CREFRIZBOTIE—HOH (Galvinet al.,
1995) #BRVCHIEEANREETH B LT kv,

LA Lads, RAFa—FADIZYFI4 b DNA
S AT L7200 70— 7L BT M
EHRIZHVE Z W CE, BETRONHEE4T % 9 L8
BnIlh, SRS 0Ty IR NHT LU B
VAT, EIRELEY, BT ORI O R R AL T
e, < OMIi oW THIEERBARTHET2H K
Hih ke LTOMMEPHELTVWLEELSND,

i, A v atFI4 FDNASRES SR 7S
-z AoE2EY 52, 3205754+
DNA O Bk )b TILENES Ch S, £/, B
LML ER L, % O 2 W CIEMICRATC & | i
BHOSTIFITICAIBHT A e TE B, F, MET
JEAEBE LT AT LD S ENTEL L EHICERET
B LMo REIERE ) | MLBETFolhnwbo
IR AT, W RET RO Z v b O ABSENTHLD
T b & B (Wright & Benzen, 1994) . 447 L ~UV 12T
U7 BT HOBINSTIETH S, 85I, W{DhDH
EFHEE A GhE s 2 & ke 7 u— Y RBUIICHT
Bh, A 209554 DNASBICBWTRLF I~
HADNA 7 A4 =79 v b Tl oL 7 L
OTIEGER & BB 7 2 oMENESTREh, Yay
F ooy T A B TIRGE T 2 8 B e R 2 AR

FCRRALT SRR A AR MBI SARAT At o0 iR R 8T
HMW oM ERESRS i, v A udFI A4 b
DNA £312 & AREEIIRR# I owdh ) Th Y,
GDE I HF— Y BIEIRIB S NL S FOSREHRED
WE 1R, ANFOUBESORE e RTHIZI LN, TAY
A L LMD B ETF — ¥ BT b THE05, 7
A VL ATRES NG o 72 &) VO LR ET
B, ~NFOEASERRERTEETEIEL, A, o
SAETFE D 0 RO, BB ORI ILE T B
TH0, 15HBTH 2 & 5 RMETELFET 22 &b,
ROV 2 TNEHLETH LT EHFFHIHN SN G,
S, METHEI L IHA SR VEFTHI Ep
PN i IRV X X5i 1B i T L YUY PR A N I W ¢ o ) 27)
g, BLUFRICEE ) LB EREoMHEEE vo fw
A7 uadF5 4 DNA RN & BHANEETIRC BT S
Fm S T L OEESLEE B,

KRGS OMAE « FHRE 0D L~ G HERE B &
UGG, BEINORE  REe. MENEEEoH
B, BALOGEEHEEORE, AN, BTaEs &
UMAARERISE, S - Twd, SAhsE~A 7 0Y
F54 FNDNASTD, HEROT A VA LEMP I =Y
54 P EROEH 2B LFNL Y I A —h— L7
O, WL AOVIE LB - - 20T, E2iE
OSBRI L A GhESL I EIZL o T, HEOH
WATHATESL L, Hic e WEDOS LW oL b & F
Abhd, BfEo L 2 A, DE BTG R R 75
4= L A HEFHG ST VA ORI FhLI8E
AL TH D, KERBSSOWRRE~D~ 1 2
04 F 5 4 FDNAZHBHLEO R ROWIT LR > T
Lo Fi. WHER B wiliov A 0T34 7T A w—
DI B B ZDNAFERRIE I > TE T
WAL OO, PEDEMCe BB LEEEbh, Z0
SELUREWTE~RE TV BEELZLNS, &
#, wA v utF I 4 PDNAS BN ENR 2 EREE -
B LCHGWSR L 22, N0 - il o8
&L vNon-RIBLO BB L USSR LS L offiicsiy
BRAIUFFIAL VTG —OMEIRENS,




DNAKEELFIE ST & 5 0o 8z - FHCB 209 243

£ )

T B LU YA OFRKEE, SRS & O R
s LTHY, 329591 v BLUv s
7T 4 b DNA ZENC LU RRLRIB & A TS %
IS BIT % DNA LAV OB RAE B L ORI
BENSLE>WTHBET AL EDIZ, ShOEDODNAS
BOMRAT - FHERIC B RS L.

1, ®VFu—RANI=H 554 b DNASEZDWTH
e v R N R A

PRAFIME S & O DNA I & v b & RZE o DNA O
MAETR S 2 LEHATE, DNA IO MB LA Er o,

JHOL MBS L 7o — 7oA L), Rish
% DNA Wi o B n, e gafo s
WY G AR IR AL BN B L EFE R LN,

WEIRE O Sl 1260V OFELIE (1.5V/em) TE5E
OB EAE M TH L EEL LN,

Non-Rl 7 — 7% M b T A, +o9ilisdti5
HIETE, BETHN LS, TMALEL LENT
P, AHOWRAIE S i,

2, wAuYFI4L MEBOBBIIBYAY -2
A DNTY TN~ Ly Akt — b~
Al oWTHEL, MMEHomE 21T s o7, =27
Wi — g Iy AFERIC B v 00— BO
- g REBRTHE S N AR S v,
F—= o= Ly AR A TN = AL LT
FERZ o 5 2 R E P » S 00, Hon s bl
B2 HBESL, T4 RIEHVALE R, BARK
WD 7 — 7 I BT b b o, 4Hid—
b5 LEx s,

3. YAFR—-FADIZY T T4 MEIZOWTHEE
KT7LB LTS E v, 8o 7zt EniEke b o5
FHZ oW TR 21740 - 72,

TIHIEEE 7 2, B 7 212 DWTDNA 7 4 ¥ i —
TV N e hof e A, TERE L2 BSIUAHIEE L,
g o /o, —77, HEIM O BSHZER
EeHy, MEHMEEHEBCRS 2 d o

o> BSI & [Aj#E
AR

W AHO 7T LIZDOWTDNA 74 2 H =) v b %
i il EZENRA R R Bl L & 2 A KRBT 2467
L THEVCEER L, BENERBAA RIS L T

b ENRE T,

Yo daw 7ADNATZ A v H—FY 0 M efih ot
ETH T, BERNEomEEE b BN oRENE
B, BEFHIOKRE SAP ST LR L T,
=05, {RHE, BEE OO BSHIETEEFN o BSI L
AW EIRLTE L T o & B & B
TR AR 8 hrz,

ATARIRIES 26 7 2Tl F DAL L TR s
WERED WP BI, DNAT AL H—TY) > M,
WSRO E= S ) > =D~ L LT EDLOHTHY
TdHhhI EIPRBEENI,

S — PR L T 58 2 2 %R 7 Gl kRS
THIEI LD BEHEEIEASIARL, DNAT 4 3 —
T v b G-2N OB & AL,

su—y, s O—v ANFOI O T ADER
FNFNIZDWT, SR ToNRy FhfFEhT
BY, K- B0 FOEHATER S I,
Rz Eho s - REOMHMINIBVWCDNAY 1
PH- T MERTHD Z EATRENS,

2 A OURMYOUEEREEREDNA-F P+
WTHEE L 7z, BPAEIERIO BSI SRR BST & Mg L
TR D o oo BIRFHRORMEA O BSHIGIERIA L
B U CRIERR e ek o/, F—RE0S2ES
3 IO FAEM O BSTILRABA O BSI bR LRI TH Y |
S2AS 3 FWAL LML, MEAIBREHLLLOTH S
ZEEML T,

4, YT NE=HADTAL IO FIA FEIONT
WHBIIv A BLUT R B, B ol B0 2
b DB D W TIRBIT % 4T % 72,

YHADNALYSDDOY A 75T 4 b lfETHE
HEEL 2z, HUBEL BT 2N A NG R L SN A
LTz, FHMICSRIRILE O < & 1 120w TH N
A ok AR B TR ET RS L UAF
BAREDE WG TI DML, BlEEEo
P CHotz, T, ERAHIIISOOY T LA 2 04
FIA4MTIAT— %o T A, PCRIGIGHED TS
N7RETROBIZRII L o TRE o /288, v ¥ 412k
DEBESNBFTABLURY A TEh o,

v ARG R, AR MR R i
ESHEORA 70T I A b A FHCTHE LA,
Kb & CHE M b r BT B g ol LT
AR TR 3 SR ET oW P D o iz, 72,



244 %

BN RS MR & iRt 2 & %o e il (BT 3o i
AR SN, ~JF, ANFUESEFRIIOWTE, 87
METHIIRT 5 L 20OBP OB EREL o /zds, K
HREIIBVTRL S <, BRI B TR, R
AHH R FoBEOETH o o,

TADNALD 75042095794 FEETHEZHE
BEL 7o BUMEL 22 M{ETHREENENETOBEIETR T -
Too THENELEEL, MEEB LTy Fay7aizonT
LB 2T o728 2 AT 2BV CHTRETRB LU
ANF EBARENE L, VayF oy TCIRFOEPME,-
7ro BHLOMBTHROWME T L L MET 2B VT, T,
oo & a0y 7 AN B T SRE TR B e

_/k

AT b AL, FMIE oy M & KR EE S & B sl
AR B 7,

YA 7uHFI4 PDNASRGHVEEAEERL, £
< OER % SN CIERC AT © & . RO 2 BIRHT IZ
LIBHTE L, /4, BEFEZHELIOWETE) 2
EHTELID, SREORIENRL 5 M{ETFHEE ML
NVIE L CHIRT 5 2 LA RETH B, EHIT, (D
P OBIETIE X A G5 2 & TRk s o — iR
BHTEBZ &b, KEOME - FHATICBNTL
A704%754 NDNASEN, EROT7T 4V 4 4%
B, 32957954 PDNAZBORREHABL2EN LS
I A==l abEELLNL,



DNARRAM LI & 5 B80S - BRI »0e 245

Genetic and Breeding Studies on the
Variable Number Tandem Repeat of DNA in
Fish

By
Motohiro Takagi

For the past 20 or more years, population struc-
tures of various fish species have been studied by
isozyme analysis. Although, isozyme polymor-
phism has been useful as a marker for the iden-
tification of fish species and separating geographi-
cally isolated populations, it is not sufficiently sen-
sitive for genetic analysis of geographically proxi-
mate subpopulations or populations which have
experienced bhottlenecks.

Variable Number Tandem Repeat of DNA such as
minisatellite and microsatellite DNA polymor-
phisms has been shown to exhibit much higher
variability, and Mendelian inheritance.

In this study, minisatellite and microsatellite
DNA polymorphisms of several fish species were
detected to evaluate the availability of these mar-
kers for practical use in fish population genetic and
breeding analysis,

I. Estimation of the genetic variability in fish
using multilocus minisatellite markers

1) Genetic variability of natural populations

The genetic variability of the amphidromous
(Biwa Lake) and landlocked formed population
(Tosa Bay) of ayu Plecoglossus altivelis was inves-
tigated by DNA fingerprintings (DNA-FP). The
genetic similarity (as Band Sharing Index, BSI) ob-
tained by DNA fingerprinting was 0. 265 in the am-
phidromous form and 0. 325 in the landlocked form
with Hinf I endonuclease and YNZ 22 probe.

The genetic variability of the landlocked popula-
tion of ayu in the Nomura Dam was investigated by
DNA-FP. The BSI value was 0. 586 with the YNZ
22 probe, and 0.478 with the 33. 15 probe. These
values were higher than those of the native amphid-
romous populations, suggesting that the effective

population size (Ne) of the Nomura's population is
decreasing.

The genetic variability of the two populations of
Ryukyu-ayu Plecoglossus altivelis ryukyuensis in
the Amami Island (Yanma River and Kawauchi
River) was investigated by DNA-FP. The BSI
value was 0.561 in the Yanma River and 0.594 in
the Kawauchi River with Hae III endonuclease and
YNZ 22 probe, and 0. 550 and 0. 586 with Hinf I endo
nuclease and YNZ 22 probe, respectively, These
values were higher than those of the native amphid-
romous populations, suggesting that a bottleneck ef-
fect has occurred in the Ryuukyu-ayu populations.

2) Genetic change in cultural strains

The genetic variability of five strains of red sea
bream Pagrus major was investigated by DNA
fingerprintings (DNA-FP), using samples of one
non-selected strain (S1), 3 size-selected strains
(S2, S3, S4), one hybridized and size-selected
strain (S5) and the wild population. The extracted
DNA of these strains was digested by Hinf I restric-
tion enzyme and hybridized with 33. 15 and YNZ 22
probes. Bands sharing indices (BSI) were calcu-
lated from the banding patterns of DNA-FP,

The mean BSI of DNA-FP detected with a 33. 15
multilocus probe was relatively high in $2 (0. 382)
and S3 (0. 301), but relatively low in S1(0. 226), $4
(0.166) and S5 (0.206) which are comparable to
the very low BSI values of the wild population (0.
120). The BSI level of S2 is similar to that of $3.
As significant difference was not observed between
S2 and S3 in mean BSI values. There were no dis-
tinct differencesin the BSI values by differencet probes.

These results well agreed with those of the al-
lozyme analysis, and it is concluded that DNA-FP
could be used as a marker for monitoring genetic
change in the variability of artificially propagated
fishes for aquaculture.

3) Genetic variability of gynogenetic fishes
The influence of chromosome manipulation of
genetic variability was investigated by the methods



246 ¥

of DNA fingerprinting in ayu using fish samples
from artificially propagated normal diploids (FIN
-2n) mitotic gynogenetic diploid (Mitotic-G2n),
and several clonal lines. The genetic variability of
the N-2n fish was significantly decreased compar-
ing with the natural population. In mitotic-G2n,
genetic variability was expanded, and the number
of fragments was decreased. The facts obtained
here proved that segregation of the genotypes of the
loci controlled DNA fingerprinting in G2n fish.

DNA fingerprint (DNA-FP) was applied for con-
firmation and identification of clones induced by
chromosome manipulation in ayu. The samples used
were 2 homozygous clonal lines, 3 successive homo-
zygous clonal lines and 2 heterozygous clonal lines,
All of the fragments were shared among individuals
within the same clonal line, but the pattern of bands
detected was significantly different between clonal
lines.

DNA fingerprinting was effective to confirm the
production of several clonal lines. It is concluded
that DNA fingerprinting can be widely applicaed to
the study of inbreeding and identification of in-
dividuals and families.

II. Application of microsatellite DNA polymor-
phisms to genetics and breeding studies

1) Genetic form of microsatellite polymorphism

(GT./CA)n microsatellite loci were isolated from
a size-selected genomie library of ayu and red sea
bream, Primers for PCR amplification were con-
structed for the microsatellite loci and the loci char-~
acterized by screening polymorphisms in wild
populations. Almost all of the loci displayed a high
degree of length polymorphism, as ohserved in the
total number of alleles per locus (2-32), and a high
degree of heterozygosity ranging from 0.637-1.
000.

The primers developed for red sea bream were
also tested for their ability to amplify homolo-
gous sequences from 5 closely related species of
Sparidae,

These microsatellite loci show great potential as
indicators for genetic variability and divergence
among subpopulations, and to a lesser degree, some
of the related species tested.

2) Genetic change in cultural strains

The genetic variability of the hatchery stock of
red sea bream was surveyed using 5 microsatellite
markers. The mean number of alleles per locus was
very low in the net cage culture stock (n=7.4),
which is very high for that of the natural popula-
tion (n=17.8). However, the heterozygosities of the
samples were kept at a higher level, and were not so
different among the samples (Ho:0.684-0.869).
The reduction of genetic variability observed as an
extension of minor alleles in the net-cage culture
stock may be caused simply by the bottleneck ef
fect, but not by the inbreeding effect.

These results agreed with those of DNA {inger-
printing and isozymic analyses, and it is concluded
that the microsatellite can be used as a sensitive
marker for monitoring genetic change in artificially
propagated stocks for aquaculture.

3) Genetic assessment of endangered species

The genetic variability of the amphidromous
(Biwa Lake) and landlocked form populations
(Tosa Bay) of ayu and Ryukyu-ayu (Amami Is
land) were investigated using 7 microsatellite mark-
ers. The mean number of alleles per locus was very
low in Ryukyu-Ayu (n=2.2) compared to those of
the amphidromous and landlocked populations
(n=11.9, 11.1). In addition, the mean ratio of
heterozygosity per locus was also very low in
Ryukyu-Ayu (0. 148) compared to those of the am-
phidromous and landlocked forms (0. 758, 0. 708).
These results are in accordance with those of DNA
fingerprinting and isozymic analyses, and it is
concluded that the microsatellite can be used as a
sensitive marker for monitoring the genetic change
of endangered species,
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II. Conclusions

Minisatellite DNA analysis has been widely
used in fish population research and breeding
sciences. However, because of technical difficul
ties, it was not always convenient to use these
methods for fish population genetic studies. Among
the minisatellite analysis, multi-locus fingerprint.
ing was useful for pedigree analysis and identifica-
tion of clonal lines, but there were some difficulties
in the identification of marker bands and in the
repeatability of the number of bands which ap-
peared. Although the single-locus method of the
minisatellite analysis seems to be more applicable
in fish population genetics due to the ease of band
identification, a single minisatellite locus has to be
detected for each target species.
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The microsatellite method is experimentally more
practical, as it is not difficult to define each locus
from so many microsatellite loci distributed
throughout the genome. This method is also con-
venient experimentally because PCR can be ap-
plicable to amplify the microsatellite region with
short tandem repeat consisting of only 2 to 5 bp
units. In this method, one repeat unit difference can
be identified based on the marker sequence ladders
in the polyacrylamide gel electrophoresis.

Microsatellite polymorphism has some ad-
vantages as a genetic marker for population
analysis and breeding science as follows: 1. each
band is recognized as alleles of a locus in Men-
delian inheritance, 2. a hyper-variable nature, 3.
abundance of loci throughout the genome, and 4. ac-
curacy in the identification of the marker bands.
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