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FaotwrIavo74 YA LOEE"

i

B AL (2 A - R 2 B - KRR

FHAEL « BNEE - KEE/A: FaverIJavor7H( /¥4 L0EE BHE
72: 194~200, 1990 FavkrTATOREER2 7 u—rhroBonl: BAREE
TFOMEREEZAVT, 74 VYL 20BEXERBHT 2074 V1 25HE{T
SVze TAVYA LD SRHEL I IBREIX, P b 16 BETFED 34 XfiLE
GFEFTHENTVWE I EXPELILICE 2T, ThbE, 7)) VEBIAKEESR
(G2DH), 6-"RAKZ NV a vEBE/AKRERGPGD), 7 Va2 —R-6-V vEBEKEER
(G6PD), 7 AT F BT 2 VEBBERGOT)BLUKAKRS VI LY —E(PGM)D 5
BRERBCBLTEFNFN 1 BEFELHS I Ui, oy ¥ I BIikERESR(ShDH) &
T3V T I )RTF I X (AAP) TR 2ELETFER, I YU T I/ RTIFI—¥
(LAP) T3 3 BZTFEERMFEH L2, & 512 ) > ITERIARESR (MDH) TiX, 2B FHEM
TREHREnE~T a4 -2 RHL, 4BEEFRCXEHENTLS b ol,

ToMARU, Nobuhiro, TsuMURA, Yoshihiko, and OHBA, Kihachiro: Inheritance of
isozyme variants in Korean pine (Pinus koraiensis) J. Jpn. For. Soc. 72: 194~
200, 1990 Megagametophytes from wind-pollinated seeds of 25 plus-tree clones
of Korean pine (Pinus koraiensis SIEB. et ZUCC.) were electrophoretically analysed for
isozyme inheritance. On the basis of isozyme segregation, we found that nine enzyme
systems were controlled by at least 34 alleles in 16 loci. A single locus was detected
in each of five enzyme systems, glycerate-2-dehydrogenase (G2DH), glutamate
oxaloacetate transaminase (GOT), 6-phosphogluconate dehydrogenase (6PGD),
glucose-6-phosphate dehydrogenase (G6PD), and phosphoglucomutase(PGM). We
detected two loci in shikimate dehydrogenase (ShDH) and alanine aminopeptidase
(AAP) respectively and found three loci in leucine aminopeptidase (LAP). Malate
dehydrogenase (MDH) was under the control of four loci, two of which formed an

interlocus heterodimer.

I. & C & (<

BIEE T, 74 VA LREGER L LTHEVT,
HEMORAETHEL L VEFAANOBEGERE 2HN,
EMOEGCHES, BEWMEB & ORERERZ £
¥ MEINT & 72 (LUNDKVIST, 1979 ; PLESSAS
and STRAUSS, 1986), %77 u—>OFEE, HEED
HE, FEEOILKEREZ CEENZICAMIECY 7
AV A LBFBEENTE2(ApaMSs and  JoLy,
1980) EEEREZEFT DT A4 V¥4 AREE
EHRELTRAWRES, ETERKETE R Y
FOBEFIEINTVWE I EEHMIZL, 2k
EREETFELznidkskn, S5 ETEES
TELZPJERCEET -0k, TREA»EV%
D7 AYYA LBETFEFET 2LEP DS, X0
72D OHEHCBCTT A VA LDBEEFER
DFERR CRET27) 238 AT T &7z (GURIES

and LEDIG, 1978; EL-KASSABY et al.,
SHIRAISHI, 1988 ; TSUMURA et al., 1989),

BTEYOHEEEEA (R RS TEL
FHEEBRO LEBER (n) Th 2, Z0D7HTA VY
A DEETFHAT OEAETH 3 O BEREAT
W, AVTAVBEEEST, TAVFA LN 1EH
Bt 2 Z LR aNG, L7t THEMELEGEE A
Wi, BRZEETEMBELTTA VA L08R
BFXEPECTEMOBEHP B CHET S )
TE 5,

F a ¥ v 23V (Pinus koraiensis SIEB. et ZUCC.)
Tlx, KM et al. (1982), CHUNG and LeE (1983) 8
X U PARK (1983) 237 v 7> ¥ VEKIKENEZ H v,
HERRMEEE R U CRBE T ET o7z, ZOH
RTBRELXET 2128 ETFEEZHO AL TW D,

EFFETIE, &0 SBRESBORI T2 VAT S F
FVEBERKEEEE Y, FilthEBRERTFORED:

1982;

¥ ERRFRORNERE 99 B AAMERAR (1988) THE U, %7 AHZEE A BN 61 EEBEEHREMSOMREZ T iz,

T .- S
L

WAFEMER Inst. of Agric. For., Univ. of Tsukuba, Ibaraki 305
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W, Favkraa v ORER 25 7 a— v DOEERE
HEMRIELT, IBRBOT A VY4 LADBETFE
Hi R fERE L 7z,

o. #MREIUFE

EEMAERERTFESNOHER cERsnT
WwWhFaveyIITORER2 7 o—rDEAR
REFE2EBMHLELTRYZ, 215605 527
u—YIREFRORAEN, BOD37u—r3d#ER
OATHD OSBRIV EEB 70— Ths, BT
REBRIHET 2 T —25°C DBEHBENICERE L,

TAY A LGOI L LT, BTFOBREE
PEO B HWEEL I H L EF R 3 %ER
AFKT 24 FHERL 2%, KEEBLER 4°CT
Ll b 2 AT 1o, RIRIEBAER TR, &
FOMEMIRBE (n) ZHEFERICH L, 74 V¥4
LD S b, FOsrEE, Bk SHIRAISHI
- (1988), CONKLE ef al. (1982), MARTY et al. (1984)
DFEEZETHREL TAY, :-BKUWEIEEL Davis
(1964) & ORNSTEIN (1964) D HFIEITIEIZRE S Tz, 447
L7-BeREE R, v S BBl kEBER (ShDH), 2’V & Y
VB BKFRBERGIDDH), UV TR AEES
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(MDH), 6-RA K7 N2 k&R (6PGD), 7
Na—Z-6-V EERBIKEEER (G6PD), 7T AT X
7 2 ERBERGOT), RAKI VI LY -
(PGM), A v v 73/ _FFY—¥(LAP), 77 =
VT EIRTSFY—X(AAP) D 9BERTETH %,
1RFBY 72 D 10 (B E MR B R 547 L7z b
DIZDWT, GHE (SOKAL and ROHLF, 1981) % s,

BRINSBEE A VT VOBIP RN S 5

BEEE(1: D) L OBEERERT o720 BBRE LNV R
(B BT 5 KRB OLED B A AT — D
REERTORRE CBEMMLEDIZSDE 8RN L
EHEDD I, TRLOBREMESE LERAVT
WEUBERT o7,

I #RESUEZE

1. % 2 E4R k=3 (ShDH)

ShDH TIXEHOBVO2D YV - 2BE L1z, Z
D3 EBEEO/NS Y-V REBLTRIRTOE
FRTIEADNYFRBBR LU, —FBHEORE R
V=2 (Rf36~39) TR 1AD/NNY P sis 3 2 58
DN RRF— B ERHZTHEEL 72 (-1, 2hs
5 RAMD A —EDRE R T/ 2355 %BL~b

100

80

60

Rf

40

20

[Shd-1|Shd-2} G2d | 6Pg { G6p Got

Pgm |Lap-1|Lap-2 Lap-3 Aap-1 Aap-z]

a a bla bla bja bla

a bla ola oja b c o}la ola b

X-1.

SEERED REBEFEEBITETA VA LDV EXRNT— 208 0BT 25 8EF

Isozyme banding patterns and their allelic designations for 12 loci of 8 enzyme systems
Rf is the migrational distance relative to that of the bromophenol blue front.
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F-1. ~TuBEGEOBESE s o— Y OBEEBERCBT 374 Y FA LOSE
Isozyme segregation in megagametophytes of heterozygous plus-tree clones
No. of Assayed . Heterogeneity Deviation
Locus . Genotype Segregation
families no Gn P G(1) P
Shd-2 5 alb 88 35: 53 9.74(4) <0.05 — —
[31: 37 5.37(3) 0.15 0.53 0.471*

Gad 7 alb 131 57 1 T4 4.99(6) 0.55 2.20 0.14
Mdh-1 5 a/b 81 36: 45 0.60(4) 0.97 1.00 0.32
Mdh-3 1 alb 20 5. 5 — — 5.10 <0.05
4 b/c 89 42 0 47 2.85(3) 0.42 0.28 0.60

Mdh-4 13 a/b 239 123 1116 11.89(12) 0.46 0.20 (.66
6Pg 1 ~alb 15 8. 7 — — 0.06 0.80
G6p 10 a/b 121 61: 60 11.13(9) 0.27 0.01 0.93
Got 1 alb 21 -9 12 — — 0.42 0.52
} 4 alc 90 44 0 46 2.61(3) 0.46 0.04 0.84
Pgm 4 a/b 81 37 45 5.29(3) 0.16 0.78 0.38
Lap-1 6 alo 110 63 . 57 7.95(5) 0.16 0.30 0.59
Lap-2 8 alo 160 79:. 81 13.65(7) 0.06 0.02 0.88
Lap-3 8 alb 164 89: 75 8.59(7) 0.29 1.19 0.28
1 alc 15 6: 9 — — 0.58 0.45

1 alo 25 10: 15 — — 0.99 0.32

3 b/c 56 28 28 1.00(2) 0.61 0.00 —

1 c/o 30 18: 12 — — 1.19 0.28

Aap-1 10 alo 173 76 97 28.47 (9) <0.01 - —

{56 : 56 3.71(6) 0.72 0.00 —=I*

Aap-2 4 al/b 64 35 29 2.85(3) 0.42 0.56 0.46

* G-test for heterogeneity and goodness-of-fit to 1 : 1 ratio were made excluding data of families with significant segrega-

tion distortion.
#-2. Shd-2 B X Aap-2 BIEFETHEEDOEM
Aol fFEB I/ a—veZzhoD74Y
A ADSEE
Plus-tree clones with significant segregation dis-

tortion and their isozyme segregation in
megagametophytes at Shd-2 and Aap-2
Plus-tree Segrega- ~ Deviation
Locus Genotype R
clone tion G(* P
Shd-2 Maebashi 2 alb 4:16 7.52 <0.01
Aap-2 Ohtaki 108 alo 5:16 5.92 <0.05
Ohtaki 113 alo 3:22 15.99 <0.01
Ohtaki 121 alo 12: 3 5.60 <0.05

* .Degree of freedom.

TEEZEERLUZ(FED, ZNIFIE2OSBDOE
B1IRVXNVTEETH oD THY (E-2), Th
2RO A RROBREM[/R G LIETHEESHRE
B{Tolce 23, AVTIVEBRGIRE-sHBEETERL
720 L ED#ER D & ShDH 1 B AIF) 7% Shd-1 8{5FE
L 2 IEEF R D Shd-2 B FREIC L > TXE
ENTw3 LEZ2 5%, CHUNG and LEE(1983) iX
ShDH #X%E 3 % 1 EETERHL KL T,

2. 7)) EERHKREESR (G2DH)

G2DH T3k 1 DDV — > (Rf13~22) 2EEL, 24K
DNV K55 2BEDNY RNY -V R TRRT
SEEL: (K-, 2hs TRRADHEZME LG LIE
THEHERERTo iR, BEI N OMILIRRRE
SEEICEE L2 (R Licti>T, b
DY —>ix 1BET (G2d) w k> TXEEhTWw 3,
Pinus thunbergii (SHIRAISHI, 1988)%° Pinus
densiflora (Na’iem et al., 1989) X BT d, G2DH
T2ERDNY RSB HNY RF — v s ahT
W3,

3.V OEeRi/kRER (MDH)

MDH TR¥A I L6 52HOIDY =V IZFT Tz,
RLBEEOKRS R Y — TRIEMBREER T2 DE
BFatefTbarol. ROBBEDONS Y -
(Rf15~21) E BEIE DK & 2V — » (RE33~37) Tl
FNENLIRDONSY s s 2RBED/NY R /8y —
VEBEL (K-2, 3), @A b X TIVEGICES T
SEER B BN (F-1), Lico>TINsDY—>T
FNEFN2NILBEF2FED Mdh-1 & Mdh-4EE
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20
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£-2. Vv TEEBAKEREER (MDH) @ 4 BETEIEB
WTBEINT T4V P A4 LD/ RS
§ = EFN e IHIGT B EEFH

Isozyme banding patterns observed and their

genotypes for four loci which encode malate de-

hydrogenase (MDH)

Mdh-4

Mdh-1

B-3.
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TFEEHEE & iz o7z,

Rf25 D V' —> & Rf22~37 OV — > TREE®ED
VN B TAREE L (K-2,3)  RI25 DV — > TiE§
TORKCT1IAD Y P 2EE LI, —7H, Ri22~37
DY =Y TRIKDNSY Rndinsd 3EED/ SR
(Rf22,29,37) 2BEL, #h 5> E 5 TR THEL R,
Rf22 & Rf29 @ N> FI3HE—F S 119 THBEL 7228,
Z OB SBLCES Lk ol, —7H,
Rf29 & RE37T DNV FIZARRTHEL, 4 KROH
ZEEZGH L ECHEAEREE T o IR, A7
WBRERE S 1o SRR REE U7z (R-1) 0 TRTOMEM
RBAIZB VT, heZ2o0Y —>0/y FOhRE
2, ER1IERDNSNYERD sbhiz(E-2, 3),
Pseudotsuga . menziesii  (EL-KassaBy, 1981; EL-
KASSABY ef @l.,1982) D MDH T Fa vk I3 v
LRGN RNy — U BBRBEENTE D, 20N
F D5 HE» & MDH X3 2 4 &5 FESHEH S
nNTws, 250> Mdh-2 ¥ Mdh-3 BEFEERM
TREATRSAv—FEE N, 2D FERZO0D
V=N FOFREIcH sbb, FlREBEOHRE
B Pinus ponderosa (O'MALLY et al., 1979) Tl &1L
Twd, LiMB->TFavkerT73avrTh 2B EFE
HeBRashs~Tusd4v—0NY FHBELEE
Ezohd, DEOER»PS IOV —VZENT
N Mdh-2 & Mdh-3 BEFEC & > TEXEShTn»

Mdh-3

IMdh-2

> TEREAKREER (MDH) TRESI Niz/xy FoXF — > D8k

Segregation of banding patterns observed in malate dehydrogenase (MDH)
This zymogram shows segregation of banding patterns in three MDH loci (Mdh-1, Mdh-3, and Mdh-4).
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BrEZLEND, .

4. 6-;RRAKRZ I ERKk RS (6PGD)

6PGD Tlz—2 DV — > (Rf28~32) 2 HE L (K-
1), Hopi 1 EETRCXEE NS ZENTFHESN
Fr, WE—FE 12 BT 1ROy Rpoks 25
DY RSY -V RABEL, BAEREDORERA >
FVBLBIE S T BERTERR L 72 (B-1)s LTz oT
2SEGE T RFD 6Py BETENHEL » LR o,

5. 2 O—2X-6-1) LBk &EESR (G6PD)

G6PD Tl Rf29~32 DY — iz 3ROV R 5
%5 2TEHEDNY RNY — 23 6 SR THBEL 72 (K-
1, fOstEERCI, HEEMEAECE T 5 G6PD 71
VA LD ENRY —ViF 1ROV EDER5E b
DOB%  WME SN T % (EL-KASSABY et al., 1982 ;
SHIRAISHL, 1988 ; Na'iem ef al., 1989), BZES 7=
Y RRNY — OB 1 BETRI X - TXEE N
2L RMELIHGEOSBLCER LI LS
(F-D, P L bGPD 2 XET 5 1 S FEE
(G6p) BB I L7557z,

6. FRINSFUBET I /B (GOT)

GOT TRYFAET T LE=ZDDY — V25T T
BEEORERY —> TR 3~ 4 KONV FREEL
Fobs, BERMBF LA ERP oI OBEFIFEITh
Bhol, BEED/NE Y - (RI6~18) TR EE
MDD 2EDNY Pl s SBED NNV K88 —vh
S5RATHEEL T2 (K-1), BES NNV RSy —>
DS 1 BETRECL > TXEINE ZL2BEL
TG OAMLICES Lz (B-1), PR Eb T
DYV —ViF 1 BEFE(Go) K> TEXREI LT
%, KM et al. (1982) 538 E L 72 GOT /N> Fov%
— VRKEEENEI K HED ST, AR TEES
NEbDEFEERZ I LTS, X512 Pinus vigida
(Gurigs and LEDIG, 1978), Picea abies (LUNDKVIST,
197N BT HERER NV R — U REENT
W5,

7. FRARZINALSG—+ (PGM)

PGM T2 Y — v 28R L, BEED/NS
Y — VIR CIEENMEL TEETH B 1 DBEEF
S EIThir 0T, BEEDOKRS &Y — > (RIBT~
TR 1IEDNNY P22 2BEDNY F/8Y —
YR ARRTHEL (K1), Ho i LBETEIX
BaNTWwa I enFEEN:, 4FREAWTHHE
HOBEEHEREET o BREE-1), 2oV —>ix2
SILBGF 2D Pom BETFEIC L > TSI T

J. Jpn. For. Soc. 72(3)°90

W3 Z kabholz, CHUNG and LEE (1983) 13 PGM
PEET 2 2 BEFERELMCLTYS,

8. BAL YT I/ RTFI—E(LAP)

LAP TRIEDDY -V 2BEE L BEEOR K
&V — Y TRAIRP O Y RRBEL 22, B
TEERLOBETFIHFE2TbE» o7, RI28 &
RES50=20DY—> TR 1AEDNY F 2 OEER
ERVREBERLEONEEN2EEL (K-, BY —
>k B IEMEE Y IR O AR AR R T S
L7z (E-D, LizdoTInsDYy—vRZEAEN2
SIBEF 2D Lap-1 & Lap-2 BEFER LI - T
TSN T3 RIG2~5T DYV — Y TlE 2ARD/ SV F
6735 3EEOEEL » NEEEIOF 4 EED /Y
B8 — > RBIE LT (K-1), 14 RKR T/ K8y —
Y OSEER B SN, BEMEREDRRA » T VKRNI
ol PBERTER LI (R-1), Lt TZDY
DNy REEZ Lap-3 BEETEO 3 BEOFEHAME
FENEHBEETFO A BEONILEGFICE > T
FEENTWwW3B, P densiflora(Na'iem et al., 1989)
ZBWTH, 2KRDNY RBORBNY R8T -V
L T2 BETFESMIH IR TWS, £7: PARK
(1983) 1, AW L FkkC LAP 2 XK T % 3&ET
EEREHLMZL TS,

9. FSZUTI/RTF5—H(AAP)

AAP T Lap-1, Lap-2 WKEI N30 F b g
SN, THIZLAP 8 AAP OEE X LTHWEL-7
S=Y BFT7FATIRENLTCHEEREEEE
LTW372DTH?s EEZ SN % (SCANDALIOS,
1969), L7230 TS ME, Lap-1, Lap-2 &G TFEEIZZAD
ENBNYERADL D% AAP DNV R & LTCERE
FAFONRE Lice FARTTARZDDY =V
FIeh, ZOIBBEEORLRERY —VTIRE
B 2ROEEDOR NNV R REHEL L,

RfB2 DV —>TRZFNFNFEEDE N 1 RD /v
FE2RFOFEEE LY FRFL RO EEI R BEL
7o (-1, /N> RSB L - KA TR —HORE
BT ol R, 1%V NV TEBERERZR LT (GE-1),
ZHIZER 108, FiE 113, EE 121 D 3FTRICB LT
HEEPIEBICBATOREDTHY (F-2), BODT
RECHEEMRERT 7L 2B XAV FAEBIHES
7o BEERERE L7z, MEDRERD» S 20V — Y IdEE
HBEF L NERIRET 280 Agp-1 BE TR
IoTXRENT VB EEZ B, RIB~40 DYV —>T
BEEED 1LAD A Fnslk 2 2 ED/NNY N8
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F—vEBEL (-1, 5FREA[TESGERE
AT TAER, WROBILICES LR R LI O
T(FR-D, 2OV = T2HILELTRRD Aap-2 &
{EFEEDEE & 22278 5 7z,

PETliNTz kdie, ~T o BEABEDEN 97 7 a—
vin 67 NI MEEEREEROSEESE b L CE BT
PITolER, ABE L IBRERAD R L 16
FEDOEF 4 FIBETFEIRENT RS Z L3R
BH&E N7z, KM et al (1982), CHUNG and LEE (1983)
B LU PARK(1983) i 3 7 ¥ > T I ¥ OBETHHF
BT, AW EHE L7 4 BEE(ShDH, GOT,
PGM, LAP)ic 8T 7T BIETFE, 16 XiEETF%H
SPIZLTW3, RSB W T Y 7EETFE, 16X
BT RRE U2, T4 YV A LT OEENE
378, INOTE P EMICHET 2 Z L3 TERY,
Lo LA < &b ShDH THRH L7z 2 BIETHED 3
b, Ebob—HRESEFICRHELI D TH S,
SORAMECRLEABIEUNO S BRE
(G2DH, MDH, 6PGD, G6PD, AAP) T 9 BETEE,
I8 HILEET R 6 » Iz Uiz, Lidio TEEF 1018
EFESH AR EET L L CHATRE ko e,

HEHCEBELRDBOESENIFKRD Y, BED

3zu—v (FifE2, X108, £ 121) Tk 28E

FEELU L CHEENEAT, THOOHBEOEDERRE &
LT, (WBRIZEZBD, (2)74Y VAL L8BEF
~OBEROEE, (3)EETFIILERE TR & & DEH,
512 (4)EF OIS & URERIC BT 5 hgaHt
BOBBANEZ 61D,

INETDT A YT LMEOHR, 5% 2 & 5H
VB TREROBERE L2 X T 2 & ETFEOR/N
Bix—ETh2 I LfEHENTWS (KR, 1988),
MDH 0B/ NEEFEHIZ 3 THY, ZhdDBETF
KE-oTHERISNBRERRFALZRI POV Y
Tyx47ur7 4, @BEYVNVCEET 3
(GOTTLIEB, 1981 ; NEWTON, 1983), 272 25D 5 b
D2 BEFERTAT 0S4 v —RBERELR Y, &
IAHF a3 O MDH IZE W TE/NERS
TEHUED 4 BEFESMRHEEN, 20350 2%
BFE(Mdh-2, Mdh-3)FIT~T sy < —nBRE
NBZ MBS PITR 5Tz, COBERINSD 238
BFEMSEEFEECRE L L2 TRBT 3,

S AMETHR E LI-BEED > bR/NEEF
BHSEE N T3 BEE L 2 0%BE, ShDH,
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6PGD, G6PD, PGM ® 2, MDH ® 3, GOT D 4 T%
%, L7255 T 6PGD, G6PD, GOT, PGM T /it
BFEH LD DROBEFELPRETE R 072,
ZDEE E LT 6PGD, G6PD, PGM 12 8\ T i, HiH
CWKEIRESEY T ol 2 L CEBET 2 BED KL
1, EETRREOHEBEEME S X CSTERO £
REZEREZ N3 (RIE, 1988), Zhs OEERE
WZoWTRE, SEMERET 2 2 & MR AL
NOEBEERAT 2 2 L Ic ko TRELEE2ED
Ny RN -V RBRHEL, ThEXET 5EETFEN
oz TE2 LBbhd, £/ GOT 2 CHEL
T2 RD 3 bBEEFANHRIThg P o7z b DIZD
Wi, SEFERLRRUNORROET 2 EEM
BeLTHWS 2R LD F BB TFESEHTE
BrBbhd,

Bbhig, FavrrravoEFRREEL W
PO EEMAETELES L VAEFEEEORMICE
BB L RT3,

51 B XX #

Apams, W.T. and JoLy, R.].: Allozyme studies in
loblolly pine seed orchards. Clonal variation and
frequency of progeny due to self-fertilization.
Silvae Genet. 29: 1~4, 1930

Caung, H.G. and LEE, S.K.: Inheritance of three
isozymes in Pinus koraiensis. Res. Rep. Inst. For.
Gen. Korea 19: 87~92, 1983(in Korean with
English Summary)

ConkLE, M. T., Hopcskiss, P. D., NUNNALLY, L. B, and
HUNTER, S. C.: Starch gel electrophoresis of coni-
fer seeds: A laboratory manual. Gen. Technical
Report PSW-64, USDA Forest Service, 18 pp, 1982

Davis, B.].: Disc electrophoresis-II : Method and
application to human serum proteins. Ann. N. Y.
Acad. Sci. 121: 404~427, 1964

EL-KAssABY, Y. A.: Genetic interpretation of malate
dehydrogenase isozymes in some conifer species.
J. Hered. 72: 415~452, 1981

, YEH, F.C., and SzikrLal, O.: Inheritance of
allozyme variants in coastal Douglas-fir (Pseudo-
tsuga menziesii var. menziesii ). Can. J. Genet.
Cytol. 24: 325~335, 1982

GOTTLIEB, L.D.: Electrophoretic evidence and plant
populations. Prog. Phytochem. 7: 1~46, 1981

Gurigs, R.P. and LepiG, F. T.: Inheritance of some
polymorphic isoenzymes in pitch pine (Pinus
rigida MILL.). Heredity 40: 27~32, 1978

Km, Z.S., Son, W. H., and Youn, Y. K.: Inheritance
of leucine aminopeptidase and glutamate-oxalate
transaminase isozymes in Pinus koraiensis.



200

Korean J. Genet. 4: 25~31, 1982

Lunpkvist, K.: Allozyme frequency distributions in
four Swedish populations of Norway spruce
(Pices abies K.) : 1. Estimations of genetic varia-
tion within and among populations, genetic link-
age and a mating system parameter. Hereditas
90 : 127~143, 1979

Marty, T.L., O'MALLEY, D. M., and GURIES, R.P.: A
manual for starch gel electrophoresis: new
microwave edition. Staff Paper Series 20, 24 pp,
Dep. For., Univ. of Wisconsin-Madison, 1984

Na’iem, M., TsumURrA, Y., UcHIDA, K., NAKAMURA, T,
SHimIzy, S., and OHBA, K. : Inheritance of isozyme
variants of megagametophyte in Japanese red
pine. J. Jpn. For. Soc. 71: 425~434, 1989

NewTON, K.]J.: Genetics of mitochondrial isozymes.
In Isozymes in plant genetics and breeding, Part
A (TanksLEY, S.D., and OrTON, T.J., eds.).
157~174, Elsevier, Amsterdam, 1983

O’MaLLEY, D. M., ALLENDORF, F. W., and BLAKE, G.
M. : Inheritance of isozyme variation and hetero-
zygosity in Pinus ponderosa. Biochem. Genet. 17:
233~250, 1979

ORNSTEIN, L.: Disc electrophoresis-1: Background
and theory. Ann. N. Y. Acad. Sci. 121: 321~349,

J. Jpn. For. Soc. 72(3)’90

1964 :

Park, Y.G.: Inheritance of leucine aminopeptidase,
esterase and peroxidase isozymes in Pinus
koraiensis. Korean J. Breed. 15: 147~153, 1983

Pressas, M.E. and Strauss, S.H.: Allozyme
differentiation among populations, stands, and
cohorts in Monterey pine. Can. J. For. Res. 16:
11565~1164, 1986 _

SCANDALIOS, J. G.: Genetic control of multiple molec-
ular forms of enzymes in plants: A review. Bio-
chem. Genet. 3: 37~74, 1969

SuiraISHI, S.: Inheritance of isozyme variations in
Japanese black pine, Pinus thunbergii PARL.
Silvae Genet. 37: 93~100, 1988

SokAL, R.R. and RowuLF, F.J.: Biometry. 859 pp, W.
H. Freeman and Company, New York, 1981

Tsumura, Y. UcHipa, K., ‘and Ompa, K.: Genetic
control of isozyme variation in needle tissues of
Cryptomeria japonica. J. Hered. 80: 291~297,
1989

KIEH—  BRSH EH Wi SSEY o ELETsE—
BoR DA, MEWZEPIE 12: 26~55, 1988

(1989 £ 5 B 31 HX% )


http://www.tcpdf.org

