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Clone Identification of Japanese Beech (Fagus crenata Blume) Clones Using

Isozyme and Microsatellite DNA Markers

BE . TAVYFL4LL~v4uh 774+ DNAZ#EY—#—ICBWTTF (Fagus crenata Blume) ¥a3# 38 7
u— Y OB ERA, AT A VYA L IBIEFEE YA 2047 74 b DNA 2BETFEOAR 138IZT
FEERW:, BIRORR, 74 V¥4 5 UBIEFEBICES 70— ViBIEIZ605%TH -7z, ¥4 28HT 74 b
DNA 2 #{=FHEIC DTt 35 ffHO multi-locus genotype 23389 6, 33 70— Y #1270 — ¥ ME O multi-locus
genotype #fRELTHD, Thb3370— (868%) IDW\WTIRsu— VilRIAAE TS 72, TAVUF L 6L~
1204774 DNA%2AbE BBIZFEEZBAVEERE, 70— VElBIEIZI0% I E L, T2E70—Vilk
ME K 3 D ORNDOBIEFEDHARDEIZOVTRETILAEL IS 74V FL L 2B L 200G T 54 |
DNA 2 DA AEDT -2 2SI LT, &L — VHAVETH B ENHL NI 572,

1 @FUBHIC

RO R = T, MAFEOHGE L FHEOE BERBOBRO LD I EhENEVEEHOVLEDT
HB, DD, TRhETIZE T4 V¥4 LRRAPD, AFIP £ E 2= u— VBRIRTOATE R, TA VY
1 LEHAVWE0 - VERORAIZ, ZAX (FA, 1992) v VE (Adams and Joly, 1980), ;K7 7/& (Rajora,
1989) ZETiibhiz, LarL, 74 VH 4 ATRE, FMTRLBEFERICHWL S D, MADHE, SHTTHE
285BI MR IRR & TR AT OBA T & 30U LOBIEFHIZOWTT -4 4852 L 3#LV, 20
%, RAPD ® AFLP #H\ 37z 2 u — V@247 bh 7z (Keil and Griffin, 1994 ; Van de Ven and McNicol, 1995 ;
S5, 1997:), ThoDMlfE~— 7 —Tid, Bl aTEELE Y —» —BITIELALHWS L, LDV —
Hh— VB ZLHTRETH S, LrL, ThoDv— 2 —RBEE~Y—I—-Th 5720, 1 v—H1—4=DOER
BRREMY — 7 —OBAITHRTA LN, 20#, 1 ~6EEOETF — 7HEHEMIZREL THB5EAY 7 4
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i AT Y 2 — RS B18T

PUSTFES A2 L DHIGh, ¥4 2 u% T 54 b DNA (&5 ESSR (Simple Sequence Repeat) , LAk~ A 7 u+
774 FMBIETESSVIHIZv{ suyT 74 b LEET) LFRTA TS (Hancock, 1999), ¥4 2047 7 4
MIEAEAEMIZIA L &5 1 (Charlesworth et al,, 1994) , X EM T, kb2 OBV KED SR EH L T 5 18 (Litt
and Lutty, 1989 ; Weber and May, 1989; Tautz, 1989), ¥4 2 a4 774 I 74 V¥4 LR RAPD, AFLP % E D
V= A—kD L BENRBEEEROY—H—-Th D, 70— VRBHPEEENO 2D ISRED~Y—H—ELZLh
5. .

73 (Fagus crenataBlume) (23T, FEEBHBRINER RIS L > THEBIARIEE N TH D, ZDOAD 381H
FIZOWTIE, 2ERIZK D 7 v — VAT DR, BERMEFE L ERERERE A MATRE L~ 4 - RLHERES
DB/ANIZRE E iz, ThoOFEEMIIOVTEIEY — 7 - 2RV THE»DEMIC 70—V EZITI I L %
HOE LT, ZhETIETA VA L5 BEY— A - LTou— VA ERATE 220, BNHIZ605% - -
7= (B#&, 2000), ZZC, AMRTIE, 74 V¥4 20flicvA 209774 L &BIEv— A —ICMATHET T
WEEBg 7 u— D so— V@ ERA, 8/ U— Y EREIC /U — VBT EI LN TELDT, TOR/RER
&Y 5.

2 HEERE

THEEB 7o — v Dru— VEMCOWTRITT 5729, FltEERIC VT s — VEESEER TS T
FREEBII8 20—V RSV (F1), '

#£1. iR L7 P EREBI8 /oD ro—rv g

84 R 101 IR 102 7KiR 102 #1102
£ R 102 =AA 101 7KiR 103 &1l 103

8 4 iR 103 =AK 102 JKiR 104 )11 104

8 4R 104 =7 103 7kiR 105 )1l 105
i 101 ZAK 104 3tk 104 ¥ 101
TR 102 [l 102 A 101 Ha 102
5LAT 101 M1l 103 AR 102 KR 101
5LAT 102 Ml 104 R 103 KPR 102
5LAT 103 ML 105 IREF 101

ik 101 7KiR 101 )1l 101

RO DBIEY—H—I12IE7 4 V¥4 AL Tanakaetal. (1999) »BARLA=v4 204754 + DNA%H
Wi, 74 VHA ASNE, UTOSEHMEE XA T 5 11 BETERIIONT Tk, T4bb, V) v ITRBEAREE
% (Mdh-2, Mdh-3) , 6- KAk N3 v EBHAERER (6Pg-2), V747 —¥ (Dial, Dia2), 7 A/57 % VBT
IVEBEEE (Got), 737—¥ (Amy-3) ,77=VT I ) XTFX¥—¥ (Aap-1, Aap-2), 777 —+¥ (Fm), *
AKINTA—AA4 Y AT —¥ (Pgi-l) Thd, BHARHIBLFEL MO, AFOFEIZEN S (1990) 1ZIZIEHE -
7zo 722U, 1Y ZDOH Y 7L EIE30mg & U, 1 #EE%7 0 Ok & Polyvinyl-polypyrrolidone (PVPP)
D EIZ06mL, 30mge Lz, ¥4 204554 b DNAY—F—DRHICIE, mic5E micl2® 2 BI5FHE %




4204774 FDNAET A VY4 LERVETF (Fagus crenataBlume) ¥Rt 2 o — > o #5) 7

7zo SHTERABHIIZ 100mg DA% H 7z, DNA OJlifiZ(3 DNeasy Plant Mini Kit (QIAGEN #t8) £, * v
MR SN T B EBRTEB IS > T 217 5> 7, Mili#%IC, % KEE, GeneQuant (Pharmacia #t8) (=
KDL DNADRELMELMEL 2, ¥4 270% T 54 bDT T4 4V FDPCRIC & 3IFIZLITDORH
ko7, PCRIIRTE (10 « 1) OMALIE, 20 mM Tris-HCl (pH8.4), 50 mM KCl,1.5mM MgCl,, 1 mM dNTP &
L. 74204774 F&RBEOIHIBTS 7747 -3 75— 7 — FllL )3 — 212 2 HiZ21T200nM
L7, mic5k mfcl2D 7 74 v —DFHERF|ER 2R LIz, kb, 74—7—- VDT 74 v —3#EERT
IR »F LTz, RIBHEH D Tag DNA Polymerase (Gibco BRL L% & $8% DNAD 3 &EIZ 025U B L UIng & L
72 PCROBIZIZPTC-100 (M] Research #t8Y) #Fvy/z, RIGRHFEIUTOEND TH5b., H6»LHUCET
EAXIETHEH Y TLEFHAL, UWCTSHBRIGE Bz, 2D, 94°CT30FR, 58°CT30FM, 72°CT30
BlLnS —#ORIGEBEEDEL, ZOKRT2CTSABRIBE B2, v4 27047 54 F OBIETFEIZ Gene
Scan310 & ZHISHHB LY 7 9 = 7, Genotyper (W 3+ % Perkin Elmer #£8) Ik > THREL 7=,

#%2. v427u0% 754  DNABIZTRE, mic5: mfcl2D 75727 &
PCRRIBMZE > TR T3 -0ICHWETI74 7 — v v b OEREF|

BIZTEE Z+x—7 Y ~—2Z4
mfc5 ACTGGGACAAAAAAACAAAA GAAGGACCAAGGCACATAAA
mfcl2  ACACCTCACAATCCACGAAA CCCAATAACTAAGAATACCA

A EAT > L IBBIEFHEE TR S W OBEEROREEIBIET 2 2010 LBIEFEYL - ) O LBIE T8 (Na)
LBIRFREEY 7= D OB RN SBIZTFE (Ne; Kimuraand Crow, 1964) , F¥~ 7 A RROBMEE (H) LM
il (H) 28 L7, FIINT oA GREOMFER, H.=2n (1-2 p?) / (2n1) I2& > TR 7= (RHF, 1990),
ZZT, piRiBHOMNLBIETOHEETHY, n3Y Y ALK TH B, F7=, EXFHEK (Fs) % Fs=1-H,/ H,i<
KOREML 7=,

3 BR

THREEBIB 70—V i22o0T, T4 VYA LBIETFNBETELEYL 2709754 t 2BIZTEORETE
ERRNT U7z, ZORR, 74 VA L NBETEIIBO TR UNDEETS, ¥4 27097754 b 2 #8EFREIC
BT 26 X LRIETF AR S, R W2 DEE T OREIZ S0 M BIE T Ch o7z, L8 r -
DBEFRIER ISR L, AL Z 1B BEFEIZ VT, B S BEZEROFEEZIEET 5 201850 %
RUEARTIHRELERREERM L2 (4), 74 VHF A LBIETHEIZBVTE, Nalid 1 ~ 6 OFETFEYlEI
22THotk, ¥4 27u¥ T 54 MBIETEICEOTIE, NaDHMIZ6~20T, FI#I313.0 Th - 7=, FHIC Ne
OFH & FHEENBIZRTE, 74 V¥4 LBETETIZhEN1.00~251L1.28T, v 42704754 bldfz
FHETI21.65~1589 £ 827 Th 7=, Hyid, 74 V¥4 £ T0.000~0.684 L0.158, ¥4 7a457 74 }T, 0263
~0.974 £ 0618 Th o7z, Hi%, 74 V#4 A T0.000~0.609 & 0.159, ¥4 27 a4 774 b T 0400~ 0.945 &
0673 Th o7z, Fslc2WTi%, 13 BIETFHET— 0124 ~ 0.369 DHEMIZH - 7=,




—8— MABTHE LY 2 —MEHRE H185

1B BIEFREOBIEFRT - 22 TE#HAVT IO — VB ERALER . 870 -V 2REISHENT AL TEL,

%£3. TAVYHF1 L 11 BlzFEE~{7ut7754 b DNAD 2:BIZFREIZEITS
TR 38 2 u — v OBETFR

. FAIH AL Microsatellite
No. 20— % Mdh-2 Mdh-3 6Pg-2 Dia-1 Dia-2 Got Amy-3 Aap-1 Aap-2 Fm Pgi-1 mfcS  mfel2

1 E’T R101 a/a b/c c/e b/b bb clc ele b/b bb bbb clc 282/284 297/297

2 #843iR102 a/a b/b c/e b/b bb cc ble b/b bb bbb clc 274/298 297/297

3 #84iR103 ak b/b c/e b/b bb c/c cle b/b bbb ab cl 286/310 297/297

4 §847;R104 a/a b/b c/c b/b bbb ac ad b/c bbb ab cc 272,274 297,299

5 Z#101 a/a b/b ce bbb bbb cor be bbb bb bb clc 292/304 297/297

6 FiH102 a/a b/b c/e b’b bb cke be b/b bbb ab cic 278/282 299/299

7 8hRIT101 a/a b/b c/e b'b bb oc ble b/b b bbb bl 280,304 297/299

8 3hRIT102 a/a b/b c/c bb bbb cec ble b/b bb bbb cl 298/302 295/297

9 8ARIT103 a/a b/e cle bbb bbb clc cle bb bbb ab clc  276/304 297/297
10 H/E101 a/a b/b ce bbb bbb coe B bb bbb ab clc 288/304 297/299
11 #E102 a/a b/e c/c ab bb cic ele b/b bb ala clc 278/298 297/297
12 =X K101 aa b/b c/c bb bb cle ele b/b bb ab clc 302,304 297/297
13 =& K102 aa b/b c/c b/b bb ckc bbb b/b bb bbb clc 280/286 297/297
14 =Z=&KK103 aa b/c c/c b/b ble cle ble b/b bb ala cle 302/304 297,297
15 =& K104 a/a b/b c/c b/b bb cc ble b/b bb bb cd 276,288 297,297
16 EH1l102 a/a b/b c/e b/b bbb ce Dble b/b bb bbb ck 272/292 297/299
17 Hily103 a/a b/b c/c b/b ble clc ble b/b bbb ab ve 295/306 297/297
18 HLL104 a‘a b/b c/e aa bbb cic ble b/b bbb ab ck 272/302 297,297
19 HIL105 a/a b/b c/c b/b ble clc ek c/c bb aa c/ 274,278 297/297
20 JK;R101 a/a b/b c/e b/b bb cle el b/b bb bb cle 272/278 270,270
21 JKiR102 a/a b/b c/e b/b bb cle bb b/b bb ab cl 272/295 283/297
22 7kiR103 a/a ble ce bbb bbb cc ce bbb bbb ab cc 274/306 297/297
23 7kiR104 a/a b/b ce bbb bbb ce bl bb bbb bb clc  288/295 297/299
24 JKi;R105 a/a b/b c/e b/b bb clc cle b/c b bbb cle 272/276 297/297
25 b E104 a/a b/b ce bbb bb e b bbb bbb ab clc  304/306 299/299
26 A#101 a/a c/c c/c b/b bb clc ble b/b bbb ab clk 288/304 297/297
27 BR102 a/a b/b c/e b/b bb cic bbb b/b bb ab cl 290/310 297/297
28 HR103 ala b/c c/e b bb ce e b'b bb ab clic  290/295 297,297
29 ;®EF101 a/a b/b c/c a/b bb clc ble b/b bbb bbb cl 272,292 297/297
30 &Jil101 a/a b/b c/c b/b bb clc el b/b bbb ab cc 302/320 297/313
31 &i02 a/a b/b c/e b/b bb cl blc b/b bb bb cl 292/312 297/297
32 &Ji103 a/a b/c c/e a/b bb cle cle b/b bb bbb cl 286/290 297/297
33 &JI104 a/a b/b c/c a’b ble cie ble b/b bb bbb clk 297/310 287/297
34 HI105 a/a b/b c/e b/b bb cle ble b/e bb ab clc 274/288 297/297
35 AFE101 aa b/b c/c b/b e clc @ée b/b bb bbb cle 286,297 285/297
36 ;HEA102 a/a b/b c/c b/b bb clc ble b/b bbb bb ck 272,302 297/297
37 kWiR101 aa b/c c/c b/b bbh cc e b/b bbb bbb ck 292/292 283,297
38 #MiR102 aa b/b c/c b/b bb ece b b’b bb ab cic 272/302 297/297

x4, TAVHFA 21N BIETEEYLA 2703754 F DNAD 2 BETFEICKT S

BIRRSRIE 2 26 LR AR
FAIFAL 2479 TF5(k
Mdh-2 Mdh-3 6Pg-2 Dia-1 Dia-2 Got Amy-3 Aap-1 Aap-2 Fm  Pgi-1 mfc5  mfcl2
Na 1 2 1 2 2 2 6 2 1 2 3 20 6

Ne 100 130 100 117 114 103 251 114 100 173 105 14.89 1.65
H., 0000 0232 0000 0.147 0125 0.026 0609 0125 0.000 0428 0.052 0.945 0.400

H, 0000 0.211 0000 0.105 0.132 0.026 0684 0079 0.000 0447 0.053 0974 0.263
Fis 0.092 0.288 -0.057 0.000 -0.124 0.369 -0.047 -0.007 -0.030 0.345




74204554 FDNAETA VYA L&EBAVETF (Fagus crenata Blume) ¥#ft 2 o — v 07 =0

4 EE

125 6 BEDEF—T7HRKELTHIE VA 2047 54 DNABEBEMIZIAL A 6 (Charlesworth et al.,
1994) , £ EM T A B2 OEWVERM /L T % (Jame and Lagoda, 1996) . 2D 7%, v 4 2 a4 7 7 4 b DNA
7= —ZEMBEEEDBEEOAH AL HVENS X IZE > TE TV S, FHMAIZOWTE 77, Fagus
crenata (Tanaka etal, 1999) XY 7V 3%  Camelliajaponica (Ueno etal., 1999), 7 %37 %F}D Shorea curtisii
(Ujino et al., 1998) L OBETEELBEERMRIINTE LS, SHRIOMITKERICENTE Zh 6 LFEKD
RSN, Na® Ne, H,, H L Vo BRI SR EZ R IHARE 2 L2 13BRFEISOWTHEEL, 7
A VYA LBIETFEEZA 7047 74 MBIETFETHRLAEY, WThOHHRICOVWTEvI 789751 +
BIZTRIEEVMES R L7, BiS, Nek HIZEBD 20— OO BAOENE L BERICEBL TS
LEbhB, v4 2045 54 MBIEFED mie51220Tid, H,10.974 T Nald 14.89 L BIc @ Ml 2R L 7=, 38
s a—vCIREEOBIZTREAREEHh, 90 —raro—-VEROBETREALTED, ZTh62970—
v (76.3%) DA HOIRETH -7z, RBRIZ, micl2iZDWTiE, 7REOBEFRARE Eh, MEOBIEFR A
AL T 20— vii2 20— (63%) CHE -k, 4 ,382u—VhERO2 20 - EMDINL. 20D
220u—VHREZ3r0—-VTHBHILERBINTE MR, micSBEFHBOT — 2 2 B THOBAI21396.5
% (122 AEDEFEITHMAADBICENT I/ U—VDBOVERINTE ) Tho7z, BRRIC micl2i2D0 TR,
722 AADEHA2MALS DY (57.1%) bW T2 —VORVERBINTE-, 2O XS5, SHEBHEITH-7-
74204754 MBIEFE2ETIIZ 00— VERNO D OENENER TRE 72, Zhid, micl2BIETHIC
B BMLBIETR (6) Amfcs (20) X047k <, X5 micl2iZ BV TR A ERAEROBIEIEASHRHESL 0¥
ERICEBWILICEB DEEbNS (Fs=0345), £7, micl2D Nald6 ThH B2 22b5T, Ne (1.65) i
TAVFA LBIEFELFRIKEIZHE S TOBEIEnbE, 20— VEHDZDO I OBIZTFREOEIEIME K
WIZHBI LN RN B,

TAVHAL LBEFORCLS 20— VBN DONTIE, BHIHIZ605%TdH -7 (B, 2000). ¥4 7247
T4 PBIETFRE2EIZLS 70— Vil EiRRAzE Z 5, 35FEHD multi-locus genotype A #8654, 33712 —
A3 E D multi-locus genotype # A L THD, ThH63327 00— (86.8%) 122V TIE7 1 — VilkHIATRETH -
oo ZDKSIT, BRMLET A VYA LBIEFEIEEAVERAED S u— L FEHIE (60.5% ; B, 2000) &b
NRBEEZA 2704754 b ERAOEBAICIE2BIETETS68%E VI EWI O — VEBRERERL D, BL2EY
O— VRSB ES Eh ok, ThiF, XFICHHL/LALIIC, mcI2BIETHEOEREN 4 70dT 54 M &
LTREVWEEICEE > T30 THD , SH%YA 2709 T 574 P BIZTEOMFEBEARRT I LIZX-T, v
4204754 FOAIZEBREL I U— VERNTRIZESLELILNS,

IBBEZTFHEON, REDEVEIETFERTREL 70— Vil &7 5 1201213, EOBEFREOMAADEICT
NEEODITDOVTRET L 72, ZOFR, NeDEAEVBIEFREELBENICHVIZ L L L, R4 RBIEFEOMA
BbLETrO— VHANEEGKR L, ZORR, NeDEO KX 5BZFHEL? S L4/ (mfc5, mfcl2, Amy-3,
Fm) #HWEBAM, B2k 70— ViRl E RIS T 5 -0 OR/INBOBETFEOHMARDLETH S I L 5H -
e Rk s u— VBN D ORNOBEETFERIZOVTE , HEMTHVEVEEMARTYI 204754 b
IEOVTOFEMESRESICERI A - T, KV RVEBRTREEL/u—V@R2ERTE 280 LBbh 3,
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OB

KRRDEMZH7z>T, v4 204774 b DNADEREIZI OV TUINARIAR (FiBAE) LEBRAK
(FERERERR) 12, ZORMITDI > TIHE 2721072, Gene Scan 310 DRMEHIZ OV TRIMEFHR TR (&
MRATIZEA) 12, Genotyper # LV BIEFROREIZOVTIE EHFRER (HHEBA%E) 2L ODTHREN
727207z, DNAOH & L OIS, THESRTR MAFERS) TRV Ln, DEDOFLI0h 56
BN LE T,
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Clone Identification of Japanese Beech (Fagus
crenata Blume) Clones Using Isozyme and
Microsatellite DNA Markers

Makoto Takahashi @ and Yoshihiko Tsumura @

Summary : We examined clone identification of 38 Japanese beech (Fagus crenata Blume) plus-tree clones using
isozyme and microsatellite DNA markers. For the identification, 11 isozyme and two microsatellite DNA loci, in total of
13 loci, were used. Clone identification rate was 60.5 % in the case of using 11 isozyme loci. Thirty-five multi-locus
genotypes were detected in the two microsatellite DNA loci, and 33 plus-tree clones possessed unique multi-locus geno-
type. Therefore, clone identification was possible for those 33 clones (86.8 %) using only two microsatellite DNA loci.
Thirty-eight plus-tree clones were completely identified, when data of both isozyme and microsatellite DNA loci were
used. It is concluded that complete clone identification was possible using only four loci, consisting of two isozyme and

two microsatellite DNA loci.

(1) Tohoku Regional Breeding Office, Forest Tree Breeding Center
95 Osaki, Takizawa, Iwate 020-0173 Japan

(2) Foresutry and Forest Products Research Institute
Kukizaki, Inashiki, Ibaraki 305-8687 Japan






