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Kazutosi NAGASAKA and Koozoo KOONO : Inheritance of Isozymes in Cross-
and Open-Pollinated Seeds of Saghalin Fir (Abies sachalinensis MAST.)

® F

FReVBER O - D5 T UAREETS L VERRKETFOMEREE L BEAWTT
YU NBRKEIEIC LD T A VAL LAOBGHEREBAL 2, I0BFREICBTE7A VYA A
SHOBER TR L A MUBEFEOZNIEETFICE > TXREN TV I Z ENHL LI E S
7oo HEMECEBAIZBIF 274 VA ANV FOSBC LY, Vo TBEUKERESE (MDH), & AK
INALT—¥ (PGM), A4S 73/ RFF5—¥ (LAP) BXU Va2 -2V v BA YV X5
—¥ (PGI) @ 4BFKETII2BEFEY, ¥* IBBAkEREE (ShDH), 715 3 vEBHAERE
% (GDH), #1477 x5 —¥¥ (DIA), 7ANRTIEVRT I /EBESE (GOT), #tHIAFS
—+¥ (F-EST) 8&U73=%—+¥ (ACO) D6 BXKBSV TR BEFEEHO ML, %
72, GDHBIGEFREBIZRE S ERBZ - 125, MOI3DBEFEBICE VT, W SHhDERIS
Sz, ZRFNBETFEOHEIZ0.714TH - 72,

I @FL&HIC

N K (Abies sachalinensis MAST.) IZALHHBEORBICKASMHL TH D, IFEOKE B W TIHE
FEFERE L COEMEREL L COEESHME2 5D CEBEO—D2TH 2, MABBEEOERICE bR
57, ZhECIRERSA b Py VBEBOARKE, 19884 3 AKRBE CEHENS L UREMSE 2EbE
TI2BHRIC > TWD, F72, THOHREERRMIC L 2RI T CI198.5hadisi 5 T L, HEREM
FIo X 2 BERORRBESTONS L L b It —ROBHELABE OGS LITbh T3,

FRTYOBREERICOVTE, I THEBECHKEEECHE T 2EROELICERE, REBIU
FRHEF T 2 BN b RSN, INSORE L THIBEER Y & IHEIIB L Ohn
HBoND, —H, 74 VYA LBETFEERCLTE P Y 2R LRFAITIE, 74 V¥4 LAOBERRNE
PR UHE OB L UHBERRRKAMORZSN 2 R4 L BE OB A BN B, WTFhbBERE —F
FUF—VBRBONTHDE I LRENY FORETHFPMTOR LI LRk, EHOBRERITICIE
RIS TE Lo 72,

BTEY OB T OMEREREE (BA) E8Ech ) BB O LEET OR FRZ0fMsns o, ~7
UESOEGTFECEO CIMIDEER T ] [ 1 ST 5 2 L3S h, SEEH OMEREEERV
TA VYA LFOERFRICR D, £ 2 TE, HEROEMOBEEARCEGHELBHT 501K

(1) @) e¥EEHARERES
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MRS 2 AV BB T A Y A AOBGETANBToNS & D10k > TELO, KRR+ K<Y
EHAOBEGEREEN T 2O OEELETERY I BT A4 VA LEERT 21201, 547 VIVRER
5 U HARREET ORI EA S L U2 L C10BEEO 7 1 YV ¥ 1 L 0EBKEREFHL - O
THb,

%nB, TOPFEOETCHIVELEEE LEAS 2w Rul, BEARFESEERE CritimEmt
AEBHEERR) X KL, EEMKEEEEERRAT BHEL, L UTTAMRATIENLE
EXAMAEEEHEERCE S BLEHL BT 5, %7, M PV BRREET 2L Tkl
WYARENHERBS RN mEic b Lr s BILEL ET S,

I #MEEUHE

19814F 5 HIC A EME R AN EMRBORERERICB VT, P YBEMIZ7 o— Y 2RV TTo 12
BB ORES 4 7 Vv 7 0 AREIC & 2T O—i#% A, RECRHEIC Al v o M 7R TestHE, 104,
&HH105, fRH106, AHPN105, EHN106, HES, BHE, B3, WA 4, FLIR101, RT3 B L TKRY
F10201270—>ThHY, 19814 9 HICHINL 7- BT 13500 U ORE 2%, EBCHtd % 2 T—20°CORFRUE
CHREL T, - BARREET 3RHEER TL9854F 8 B ICHRINL 72817 u — > OREHIET B & UF1985%F
9 A AL TARERBIG ORI b F < YRR 7 o — AT TR L 72997 0 — > ORI T T H
%,

T A VYA LS, Hid-> TEREBEEBUEE2+ 2°CTH 2 » AT 7 d L ERTHRIFSE, HiRH
BE»SH 5 mBEMRLLBEOBETEH L, BT o ML LHHEBEk e KiEzhzh, 1%
polyvinylpyrrolidone (MW 40,000) &0.06% 2 -mercaptoethanol % & 213010 Tris-glycine buffer (pH
8.3) HTEERL, KRB LIEAHEIL.S%DT 7y P VICEAL TERKEI 21T - 72,

Table 1. ¥ N &k UWEFEER R

Gel and electrode buffer system

buffer system gel and electrode buffer

Tris-citrate (TC) 0.135M Tris
buffer pH7.0 0.043M citric acid

1 15 dilution ratio for gel buffer
Tris-borate-EDTA (TBE) 0.09M Tris
buffer pH7.5 0.26M boric acid

0.004M EDTA

1 : 10 dilution ratio for gel buffer
Ashton (Ash) Stock solution I
buffer pH8.1 0.191M boric acid

0.050M lithium hydroxide
Stock solution II

0.051M Tris

0.008M citric acid
I and II in 1 : 9 ratio for gel buffer
I for electrode buffer
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AR T, > F 2 Bk FKBER (ShDH), V >~ TRk FKEEFR (MDH), 7 V¥ 3 Ak #EEESR (GDH),
FAT77x7—¥ (DIA), TANTF VBT I VERER (GOT), vAKIVvasy—¥ (PGM), B¢
HrRFF—+¥ (F-EST), uAf v > 73 /xFF5—¥ (LAP), 7a=5—¥ (ACO) BLUIVa—2
VA Y X —¥ (PGD) DI0BERREDMT 21T o 72,

7k & CEKEKEICIZITC, TBES & UAsh®? 0 3 BEDEERCR (Table 1) 64 L 72 #@#E I3 TC buffer
T32.5mA /ar DEEFT, TBE & & UF Ash buffer TiZ10V, /o DE B TITV>, WKEIRIZ S )V 2EERED
BIEC TR T4 A LSRR AR THRAS ¥, SBROKIICHEH L BERR EREFECOVTRE
Table 212 & - 7z,

Table 2. BERDMHTICHM L IR EH R L RO

Enzymes, buffer systems and references of staining methods

Enzyme Buffer system Reference for staining method
Shikimate dehydrogenase TC LINHART ef al.'V
Malate dehydrogenase TC RUDIN & EKBERG??
Glutamate dehydrogenase Ash V ALLEJOS?
Diaphorase TBE BREWER ¢f aql.?
Glutamate oxaloacetic

transaminase Ash RUDIN2®
Phosphoglucomutase TBE SHAW & PRASAD®
Fluorescence esterase TC YAZDANI & RUDIN??
Leucine aminopeptidase Ash RuDIN?D
Aconitase TC GURIES & LEDIG?
Phosphoglucose isomerase TBE GURIES & LEDIG?
m HBRCER

1) ¥ ¥ SBBkHKEER (ShDH)

ShDH CliE SIS < R AR TV — 228 1 DS A feo T 0 S 7 0 — 2 OREREO ST T I
BRE CRIS1I~35D/IC 3 KD/ N> F ERFEHR O/ N FEHBEL 7 (Fig, 1), BEEDRWELTHSD
NNy FREZFAZTHAPHIBLEFERHELTWEEEZ SN, WThb AV TLEBETHZ 1 -
1 QHIRFSBEHICEA T2 £ 2506 (Tabl 3), 2OV — VI RIEHE % &t 4 (HONILEE T2 5% % ShDH
BETECXRENTHD EEZ SN, $IEETFRECESEr 2, AEECERET 270V 1
LEEZON, NYERT— o SHELUIGBETFRICL S E, ST VAVREETOREICDWLTO 2 1437
BEFOHERDOHNTIEE /) v~ —BOBEBKERNTH- /2 (Tabl4, Fig, 2),

2) Vv IEkFEEER (MDH)

MDHTREWRELR D &> THERT 2 EBbN2 200V -V &N BEIE DA & WY —> MDH
-1 (Rf30~40) kb2 EBEED/NS WY — > MDH-2 (Rf26~34) OFHNY FOEESTEIZE L, L
YRR TH o foo MDH - TREFEE BT 3RO/ P, MDH-28EFRECBWTIX 2 KD/ P58
W EELLICES U CAREL,, ZR TSR F 2R OMY L 2 DOBETETH S L E 2 bhiz(Table
3, Fig, 1), &7z, ¥4 7 VAR L 2B FOROSHTIdE / v~ —BHOBEHFRTH - 72 (Table 4, Fig,
2)o
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Table3. b} F=Y OMREMBEICBT 274 V¥4 LD HE
Observed segregation of allozyme variants in Saghalin fir haploid macrogametophytes, and

goodness of fit to 1 .1 ratio

H8E

Locus Plus tree Genotype Segregation x° P
ShDH NAYORO-5 alb 418 1.33 0.25-0.20
TOMAKOMAI-3 b/c 11:7 0.39 0.50-0.30
BIHUKA-5 b/o 6.6 0 1.00
MDH -1 TOMAKOMAI-2 alb 412 0.67 0.50-0.30
GAMUSHI-105 b/c 38140 0.05 0.90-0.80
SHIRAOI-9 b/c 31:29 0.07 0.80-0.75
MDH -2 GAMUSHI-105 b/c 45133 1.85 0.20-0.10
OOYUUBARI-102 b/c 34:32 0.06 0.90-0.80
DIA RUMOI-103 alb 6.6 0 1.00
NAYORO-8 b/c 5:7 0.33 0.75-0.50
BIHUKA-1 alc 4:8 1.33 0.25-0.20
YOICHI-4 b/o 8 : 4 1.33 0.25-0.20
GOT HAKODATE-2 b/o 6:6 0 1.00
HAKODATE-7 alb 5:7 0.33 0.75-0.50
BIHUKA-1 b/c 8 : 4 1.33 0.25-0.20
PGM-1 YOICHI-7 alb 6.6 0 1.00
SHIRAOI-6 b/c 418 1.33 0.25-0.20
PGM-2 YOICHI-3 alb 17:22 0.64 0.50-0.30
YUUBARI-1 b/c 7.5 0.33 '0.75-0.50
F-EST OOYUUBARI-102 b/c 37:29 0.97 0.50-0.30
GAMUSHI-2 alb 20:19 0.03 0.90-0.80
RUMOI-103 b/o 6.6 0 1.00
LAP-1 IWANAI-105 b/c 70 : 68 0.03 0.90-0.80
SHIRAOI-9 alb 31:29 0.07 0.80-0.75
BIHUKA-105 b/o 6.6 0 1.00
LAP-2 GAMUSHI-104 alb 7:9 0.25 0.75-0.50
ACO ASAHIKAWA-3 a/b 6:6 0 1.00
RUMOI-103 b/o 6 :6 0 1.00
HAKODATE-7 b/c 48 1.33 0.25-0.20
PGI-1 IWANAI-105 alb 66 : 76 0.70 0.50-0.30
PGI-2 ASHIBETSU-103 alb 214 0.67 0.50-0.30
SHIRAOI-9 b/c 29:31 0.07 0.80-0.75
Tabled. b F=YREBEFORERZBY BT A Y FA LO5THE
Segregation of allozyme genotypes in embryos of controll-pollinated seeds
Locus Cross Parental Segregation x?° p
genotypes g4 ab ac bb bc cc
ShDH SHIRAOI-9X TOMAKOMALI-3 bb X bc — — — 11 7 — 0.89 0.50-0.30
TOMAKOMAI-3X O0OYUUBARI-102 be X bb — — — 11 7 — 0.89 0.50-0.30
MDH-1 GAMUSHI-104 X SAPPORO-101 bc X cc - — — — 12 6 2.00 0.20-0.10
MDH -2 GAMUSHI-104 x TOMAKOMAI-4 ab>x ab 6 10 — 2 — — 2.00 0.50-0.30
YOICHI-3X SAPPORO-101 bb X aa - 18— = — 10 1.00
PGM-2 YOICHI-3X TOMAKOMAI-3 abXaa 108 — — — — 0.22 0.75-0.50
F-EST GAMUSHI-105x GAMUSHI-105 be X be — — — 1216 8 1.33 0.75-0.50
TOMAKOMAI-3XO0YUUBARI-102 bb X bc — — — 1818 — 0 1.00
TOMAKOMAI-4 X SHIRAOI-8 be X bb — — — 16 20 — 0.44 0.75-0.50
LAP-1 SHIRAOI-9XIWANAI-105 ab X bc — 9 1510 11 — 1.84 0.75-0.50
PGI-1 IWANAI-105X SHIRAOI-9 abXxab 12 23 — 10 — — 0.20 0.95-0.90
PGI-2 TWANAI-105 X SHIRAOI-9 bb X bc — — — 2124 — 0.20 0.75-0.50
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Megagametophyte isozyme banding patterns and their allelic designations for 14 loci in

Saghalin fir. Rf is the migrational distance relative to the distance of the bromophenol

blue front.
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Embryo isozyme banding patterns’and their genotypes for nine polymorphic loci in

Saghalin fir.
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3) Fng s Bk EEE# (GDH)
GDHTWES L 223 BV T2 ERN 2 <, LMV 1RO FLrBEI T (Fig. 1),
BRI GDHBETE (Rf23) BSEAT % LfEES NI, LL, ZHIZDWTIRIITZ a— 2Lk
720 TH D (Table5), XLBEFHE 272 E 0 EREWTINR W, HARTLYE, ¥D LS K EREMT
b 20 THETLIE L ORETER b, FNLMIDEEFORESERTE S, L Tn»3

GDHIBIL T, Pinus taeda® T 1 EIETEEC 5 MLEGE THHER SN T3 L, Pinus thunbergii® T
SR 7 o — VT TEREFOOR 1 79— DATH o> L EHESIN T3,

4) ¥4 77 x7—¥ (DIA)
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DIA T I3 RREIZ 351> TRI26~37D Y — 12 3ERD NV K ERIERH D> FEE & iz (Fig, )
BNV FOBZRMEIYRSELCHET 2205 (Tabled), ZOYV— Y BIREGHEERET 2S04 .
BETERFODIABGETECKEEN TV S EEZ o, L LRERRETORTIRIERSFER I L.
TH-7DT, B L 2BIEFHITIIATHOR 572,

Table5.

bR VRS2 0 — > OMILEETEE

Allelic frequencies of plus tree clones of Saghalin fir

Locus Sample Allelic frequency
size a b c 0

SIL.OH 149 0.017 0.970 0.003 0.010
MOH-1 149 0.003 0.346 0.651
MDH-2 150 0.750 0.250
GDH 117 1.000
DIA 99 0.025 0.889 0.030 0.056
GoOT 86 0.023 0.913 0.052 0.012
PGM-1 150 0.040 0.953 0.007
PGM-2 121 0.930 0.070
F-EST 149 0.003 0.708 0.286 0.003
LAP-1 111 0.131 0.721 0.121 0.027
LAP-2 34 0.868 0.132
ACO 108 0.023 0.967 0.005 0.005
PGI-1 150 0.860 0.140
PGI-2 149 0.003 0.886 0.111

5) PANSFUEET S EBER (GOT)

GOTTRE 22DV =V HEHTE 20, BEEDOKE LY TNy FOHESTHE T H 3 120047
FTbahol, BEBED/NS WY =Y (Rf1II~—11) DWW TRES 20 B & RN 2T
2K T DD TBENT 5 3D N P ERERBEO Y FSBESAE (Fig, 1), 2HOD/SY FEIZW
ThLPEFIBHICHAT 2255 (Table3), 2OV — Y IFESREBETF 2T 4 ShDEEF 2
GOTEEZEFEIXEINTV S EEZ Sl L LRERRETOROS CIRIENBTHETH 5 120

BB TR Th R » o7z,
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6) RAKZNaLy—+¥ (PGM)
PGMTiZ 2 20DV — Y BEBE NIz, BEEDOKEWY — > (Rf40~53) TR IEAD/NNY FREE IR
(Fig. 1)o Zhidpd Y Fdwudnd 1 1 OMFRFSEILCES T 52 L5 (Table3), 2OV —1iE3
MR TR OPCM-LRETHECXEENTVE LE Lo, FREBHEO/MS VLY — (Rf31~34)
WX 2 WD Ny KRS EE U CABEL, 2 LB F R R OPGM -2 BEFREEXREIN TS &
#zoniz (Table3), PGM-2BETFEICBWCRREETORIC X 23106 %/ v —BROBEHR &
Zz 65h iz (Fig. 2, Tabled). £72, PGM-TEEEFECDWTIEST A 7V VRER R ILEEFHITTE
ZHEEEHR VY, BRTIETF O & 59095 PGM-28ETELRAUE /v —HOBEERRTHH &
#eE s (Fig. 2),
7) WML T F—+¥ (F-EST)

F-ESTTRBEBEDR L2 320V —VBEEINI, 2O bBEEOAE WY — Y L ffoY —> T
BEEO NNV PGS 25, WIMOIEESERCILETH 2 OBNE TICRE S Tk, BEIE
DINEVY = (Rf48~56) TIE 3 RD 3> F L NIEHE v FBRECEE TS (Fig. 1), 1! 1 OfFF
SEEHICES LSS A SNS 2 L (Table 3), 20OV — Y IRERE 2 &1 4 MIDEETF 28O F.EST
BETFECXESN TS I Db b, £, REETORC X 250 TE, MRS ORI S8
L7z 2 KDY FORRICH L RNV FBSEND 2L H 5 ZDOF-ESTEGTERS A ~—ROBGHK
ARTH-7: (Fig. 2, Tabled), FEIEOBIIPinus sylvestris® THIREI N T3,

8) uAf 73/ RFFF—¥ (LAP)

LAPTIR 220V — VBB E iz, BEIEDOK XY —> (Rf58~60) TIF 3ED/ > F & FEER N
YEPBEBE NI (Fig. 1)o Th50O/NY FIZBRTEEICESE T 22 L5 (Table3), 2OV =Y iR
EHE LS ANIEEBETERDLAP-IRIEFEXR EZEZL SN /A TVNLVRERRKC L35 TCHH
BB S L (Table 4 ), BN ET /) ~—RTH -7z (Fig, 2). 72, BEIE D/ S WY —> (Rf46~49)
Wi 2ROy FOARESBELICEE L CABEL, 2 0 0BEF 2RO LAP-2BIEFREXE SN THwS L
Zzohizh (Fig. 1, Table3), BMTIREEMES I TE hd» o7z,

9) 7a=s—¥ (ACO)

ACOTRERDH BV — bt 1 DBH &N Tz, REIZ~49DHE T 3 D/ > F ERERB OS> F o3 S
Nize ISV TR O ERSEILICES L THBET 2700, FEER R &S 4 S D8ET K & 3 ACOER
FEOXEEZ 507 (Fig. 1, Table3), BT/ FATHEBICLD, S TS Lho T,

10) ZVva—RA) B4 Y 27 —¥ (PGD

PGITR 2OV — Vg I Wiz, BEIEDOKA SR Y — > (RF32~34) 121 2 AR D/ > ¥ S B
BELUTHET 22 L5 (Fig. 1, Table3), 20V —> i 2 MIGEEF 2O PGI- THEFRECXE S
NTW3rELoNTz, £, BEBEOIILY —> (Rf18~22) b, AL T3KD/ N> FQ8EL,
3MTEETF 2O PGI-2BEFRCXRIN TS Z MBSk 72 (Fig. 1, Table3), 2hb
2 DO DBIEFEE, PGI-18 L UPGI-22 BV TR, ~F 0BG OROBE I I/ > F OhEhc 4@ s> P
BAHLNDE I L 6BERRNIES A v —HEERENT: (Fig. 2), REBRCBLTRPLEENE LD
CHERENY P REATRHRE 3RO Y PSRBT 22 LT hT, HBEREBETASRI 2ED NNV PO
LB ORI 1 ADORIRO Y F e LTRIEEND 2 EHH 0 PCIHS A v —BITH B L\ T & i3 Pinus rigida”
R Pinus taeda® CHbHEIN TV 5,
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PR VRBEE S O— D5 T UAREET L BRREETEMEICL T, BbI~T uESEROET
OHEMERIBEIC BT 27 4 VYA L3y FOSBERET 2 2 it & DBIETFEOEN 1T 72, AELL
0BEFEETRDZ L &b GEETEOZMIIBETICL > TXERENTWS Z ESHLPIZE 5Tz, 108K
O 7% 5T GDHBIETEO AR BRI 2 5 1258, lOBEREIC B W T TN TEEORIDEEE T
Ao, 1BEFEDSY OMDREFHROTERRERTF2ED T2~ 4@ Sz (Table5), L
L, HbHEL ASNBEMBETOHEFES0.95M ETh 2 BETFES TN THUNLEETFEL AR
¥, ShDH, PGM-18 X UACO®D 3BT Y GDH LRIC L F Y TREMNLEGTEEEZOND,
Frz, ThipoRooh 2 SRMBETEOEE (PP) 1k, P=10/14=0.714Th > Iz,

KRS ALHOERIC B 2 EENERON D 2 W IIRER CORMERDBITZ E2T A VY1 A
2RIAL THET 255511, TE3RINILEREFORNS LERNBEFEEERA G2 2 L8351
BEOALICORNE LEZ 5N TV B MIEBO7 01 AR L H Ui T LUNDKVIST 2851 LE R
FBE T Picea abiesthsy DfFEAT, PLESSAS9WS3T8{E T HE T Pinus radiatak 5y DB 2IT> T3 L, ¥
FERICBI 9 2 e TIENAGASAKA of al. WHS18EEFEET, EL-KASSABY ¢f al, Y221 BIFETEILTH
Pinus sylvestristRER COIEBEREREZE D SWFHE 21T > 720 £ 72, ADAMS ef al, Vb 158E T T Pinus
taedaiFEE T O BBEZ DRI 21T>CTH Y, EHSHSEMFAL 2 4OBETEIZOWTS, 5%, MK
<Y ORSEROBENER LN T 22O TSICHTERZ D EEZ Sl

% 7z, Table 5 IR L 72 F-EST-a°ShDH-c7% ¥ D X 5 7 BIRFAREH0. 005 LA T DX SLBIE T (rare allele®)
IESEETF & L COMBSER IS, B2 ITYAZDANI ef al, 223 Pinus sylvestris DS B> TRHE D
Atk & OFlE L RIE T OWR E OBREHEDOWL DD T A V¥4 LAEGREE T2 b LI LT TE
IrEHRELTV S,

51 B xX &
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Inheritance of Isozymes in Cross- and Open-Pollinated Seeds of

Saghalin Fir (Abies sachalinensis MAST, )

Kazutosi NAGASAKA™ and Koozoo KOONO®

Summary

Inheritance of isozyme variants was studied using haploid megagametophytes and diploid embryos
of diallele-crossed and open-pollinated seeds of plus tree clones of Saghalin fir (Abies sachalinensis
MasT, ) by starch gel electrophoresis. It was demonstrated that allozyme variants in 10 enzyme systems
were controlled by at least 42 alleles in 14 loci. The segregation of allozymes in megagametophytes of
heterozygous tree revealed that the two zones of activity for malate dehydrogenase (MDH), phosphog-
lucomutase (PGM), leucine aminopeptidase (LAP) and phosphoglucose isomerase (PGI) showed that
two loci control each of these enzymes. The segregation of allozymes in single zone of activity for
shikimate dehydrogenase (ShDH), glutamate dehydrogenase (GDH), diaphorase (DIA), glutamate
oxaloacetate transaminase (GOT), fluorescence esterase (F-EST) and aconitase (ACO) was each
controlled by a single locus. We find no variation whatever at a GDH locus, but some variation at the

other 13 loci. The degree of polymorphism in Saghalin fir was 0.714.

(1) (2) Hokkaido Forest Tree Breeding Institute





