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Genetic Variations of Glycerate Dehydrogenase
in Japanese Spruces (Picea spp.)

Toshio KaTsukr¥, Yuji Ipe** and Kazuo Suzukr¥**
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<2k} (PINACEAE) + ¥ £ J& (Picea A. DieTR.) ORtARIZ, HRICHBLZ 30FH 0, Fic¥
BRoBE®m» SHERICLAML, R FEERREREL S > TV B (Scamipt, 1989),

(1960) it k3 &, BARICIRA 583 (v F, Picea bicolor Maxim) MaYR), ¥ 5 %<
N4 (P. bicolor MaYR var. reflexa SHIRASAWA et Kovama), 74 = ey (P. glehnii (Fr.
ScHM.) MASTERS), T V=2 (P. jezoenéi's (S1EB. et Zucc.) CARR.), b ¥ t (P. jezoensis CARR. var.
hondoensis (MAYR) REHD.), ¥ / #H4r v Uk (P. koyamai SHIRASAWA), £ A /Y5 £ I (P. max-
imowiczii REGEL), 7 A4 /335 € I (P. maximowiczii REGEL var. senanensis HAvyasHI), NV € 3
(x5 % 3, P, polita (SIEB. et Zucc.) CARR.), k * = /% (P. shirasawae Hayasuy) O 7 3 &
Bobty eBEAPAHLTOSE (FDo. :

ThrVevEzyey3dtmEER MRS AT B0, ELAORMNICSHET AU E
BRI, AHESESTRESNA TV S bOBEVLY, HEETLSREEHSNZILR
15, TNE TRAMAEEN « AREOFEAS RSN TELEBVARY, T, vY A5 Y
Fok, EXNSEY, EXATYyNSOBBEGEREYE LT LTS TEHEA TV 8
GEDEIc BT 3 FE L EECHEMERUBEE BT 2HARESR, 1989), 5 LAaHEOR
FaniiL, ZO4ABRBEICHT 2 AAOKENSFRHICAEL, BVTHACEVMERITES
BUVIREEICH B, 29 LEIEEEDIERLE LT, T ZNhThOBEDHE EOME ST HEH
ONTHBLEND 5,

b b JBRRO ORI R X I RR ORERS & $HEOE NV SN B (Scumipt, 1989),
HEFMELIRTETH S & ERROBIASIVE L TVEI LD S, 2V wYE b Yo
Eh oI XAah s, B D6 2L/, RROBBOTK LHEDOKIR, KOFEM,
REDCHEREOHBOBVICESVWTAEIWTWE Y, ThsoERERLERELE,
B EESRESIBENH 5, FcP Y Hsr b ok E e A= yny T}, RROERUAD
SHMEAZPICEIES 5 & IARRETH 5 (GHK, 1979), &/, KEOBFRICH 2z V=V L
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Table 1. Distribution of Japanese spruces (Picea)

¥4 o0& Vaii: ]

P. bicolor MaYr 45%3 AN (BRI, hERILE)
P. bicolor var. reflexa SHIRASAWA et Y5 R<2YNy AN @7 VT R)

Kovama
P. glehnii MASTERS THIV=Y el AN (Rihig), X, ETE
P. jezoensis CARR. ey s, #X BTE
P. jezoensis var. hondoensis REHD. Pk MBI, ShERILEREy, o6
P. koyamai SHIRASAWA YyHsrroe AW O\rH)
P. maximowiczii REGEL EXNSES AN (FE -, N\rE HTLFR)
P. maximowiczii var. senanensis T XY E AN L, FE)

HayasHI
P. polita CARR. NYES AN GBELEE), ME, SuM
P. shirasawae HaYAsHI EATYNY AN O\r&, BETLTR)

POk, 49FILEVYIRIYNY, EXANSEIETAHNSEIRHODVWTIREET &K
THIERBDHTHETH 3,

FTi, exX=ynF, REKRA ST I OER (Picea bicolor var. acicularis SHIRASAWA et
Kovama) & &hiens (HES, 1913), A (1960) ik niz L-fEE S iz, Liv (1982) %2
A(1987)1d, 45 LCABLEE L TH->TVWE, LhL, YYH97 + 9 eDZERE (Picea
koyamai var. acicularis (SHIRASAWA et Kovama) T. SHmMizu) & L, 1 € I & 3L RBsz
TH5RBEH 5 (K, 1989,1992), &b, YUHIrtrveEexreynyid, BHTHR
ONTHIRICBEL THY, RROFEEDOSEIEEL LT LFTEREET 5 &I ZBERIN
® %, KrRussMANN (1985) %, Jt#t 5 (1987), ScHMIDT (1989) DAMMETIIE x = v~ ¥ iI3HL 0 %
b TVIEN,

COXIAMED b ¥ b BEKIE, TIFROERE L2208 « BIEEIC>VWT BT
BOEBH 5, FEROGEIR, VWIhREOBA CHIEOHRI & OEROHEICES S H
RTHD, SSIFHFEMCABELORVWESZE T2 LT, A8, SEAMESLEDEZHEH LB
AHNCRR 2 HENDH 5, HICBEFHRES, SHIEEITS T ET, 84 OBOPEEREENK
I3 Ebic, HMTERBROBENSAREE S 3,

TATV=Y, T2V BIUOREROBEIC>OWTIREC VY 3 Vv EBKEREZ S AV
BEREERICOVWTHRESZShIL (KRS, 1991), AHETIZZY) v ) v BRKERERZY
WIHAEE b 7 E BRIARKOBEERICDVTHLMIZL, RRONM » BIEERCH - EE» S0
EODHIRENMA S HDTH 5,
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EBRMEE LT, HERZHOKARMD S v L BRIADMEESL S MEER AL -
(F2)o B8, BLZIHED/PMEOEEICE VT, FITh (1960) D4EEIC & 0 HI¥T U 72, $REX
&, BREL 7MRoERALTFiIciddRd 3,

LB EERBHORGAFILEEREN, S 7 H = V<Y 59 Hik (EFOBF% NGF (Nat-
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Table 2. Location and number of populations in natural forests

@& RE* EREL EEH B (m)
45%€3 NBC 50 BEEBRL 2,000
45%3 NBM 10 B Rk E 1,700
FThI V=Y NGF 59 . L EERE 600
THIVwY NGH 13 AF BB 1,400
NYE3 NPC 10 BEREEKRR 1,300
NYE 3 NPM 10 FHRIE K EE 1,300
PE I NPK 5 BEREESE 1,300
YT rYE NKY 45 EHENA & 1,700
ey NJF 63 It EEBT 600
FYE NHC 50 BEEKL 2,000
FYE NHY 9 EHEN » & 1,500
PR NHM 13 iRk E 1,800

* LR BKPR /NG S ERE OBFER V.

ural forest of P. glehnii in Furano) &4 %, LIFEEE #-2), =< 63 & (NJF) Z£HL
oo FRHUMIZ, TEMAD 7 HKHE a/NED 7 4 =V < VRN (EBEB L % 600m, HEE 6.6 ha)
LZDREATH B, THIVTVRERE, BEIROBFRCT V<Y OWitk, ZORHEH» <
Sy e b KR UME T WS, TOMBITIR, THh YV =ev sy ORREELL DT
ShTHD ek Kb, 1988, A DS, 1989), 74 V¥4 £%2HOILBENREBRENSTTOH T
3 (K>, 1993), #REUL, 198944 A 11 HXT, 19904 4 A 19 HiciTbni,

EFETEHEEFRONHEREFRLEER L D 74 = V<Y 14 & (NGH) Z£H L
too HREGHIE, R LoES B Lz 1,400m OdbREICAEL, ANTREHE—DTHZ V=Y
DOlRENTIME ShTWVwd (B, 1975),

BEEKRREREN O ERAKEREE ML 54 5 € 1 50 fil{& (NBC), ~Y € I 10 @&
(NPC), + %k 50 ff{& (NHC) ZRELL 7o, ) & I OB, /NRREFEROESB &L Z
1,300m ORI ET, I, vHBBLELTVSE, 1583 by}, ESBLZ 2,000m D
FESR IR s S ERER L 720 AR C I, BROBVA S <Y, 41 3T IREMALELTEY (Hi
M. BiF 1951), tHEAETREEOEWVWNYE, IXYH, 95V IRENBELHLTY
5, HEUL 19904E 11 A 13 H, 14 HiciT- 1, 5B, HHOBIC, 1 5F 3 & by e ORRK
BAELIY, $XTOMKE, HELIBEOFEBEICL-T, 1 7F 1D Y eI XE
ahit,

EHE/\ » BILRAEEOR, FHENREELREEHANOMNAREERREKR (BEEFENRS
EZW, EEBLZ1,700m, ERE5.92ha) oYYy, bvk 45K, ZOFA» LU
8 ik (NHY) 28 L 7o & OMAKBEEREEHREIRBVICABL, Y Y S boE, EX
YN, ho=y, Th=Y, I XFSEBEBELELTVS, dficidvry Ay rboedte
ARYNTOEERETEELTVWS (RS, 1966; K, 1979), b v b 2RELL /oHSIZ, #
KBEETREER L D PP TEOBATT, Wi, BIEREETH -7, BEUL, 199145 A 31
HieBI ot T, BlclhxikSiS, YA bl t=ynyd, ¥XTOART
FESLTEY, BEDATKRGT S ERBOTRETH 5, COLDERETE, VLFT
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Table 3. Origin and number of populations in planted forests

Bz £ERR* 5TE5Y JEEEH R
NYE APF 5 LREE+ e EEE
TRY NS E AEA 12 EEERL BRACIEEH
YyHEIrroE AKH 5 EBEA & b ERE K
YYHIrrYE AKY 12 EHEA, & ETREGHK
XYy ASY 12 EHRENr & ETLREAHK
Fok AHO 5 BEERHE JeHBERE
FYE AHF 5 LBRREL e s

* RO BHR /NG & BEMIE OSESCFE A V.

BELEEEY YLy rroed L, OEODMEERE O\r EMEER: NKY) LTS C &
&L,

HEEKENOKEERERDEEKL S A4 5 € 3 10lE&NBM), ~1) & 3 10 @ik
(NPM), + vk 13 @ik (NHM) Z8E Lo ~) £ 313, EEBLZ 1,300m, ~) €3, &3,
Y HIEEHEE L TV AREPHEOMD SR Lz 15 € I 3ESBLZ 1,700m OB, +
RIS EFOESB X Z 1,800m OREOME 0IRIIL 7z, 7B, ToHuficid, 15+
IQEEY IRXRIUNIDBEETEEENEN (WK, 1951), 415 3Lv5x2eynyEnik
FOARARETH > fotcdd, LT XTOMEEA 7€ ELTHIT LI, UL, 1990 4
12A4H, 5 8ifT>%

BREEOBRILE, MERERBHEREMRH» 57 Y £ 3 5 fH{& (NPK) 23REL 72, $RELL
foiEi, EEB L Z 1300m, BEXSHRATVT, BMESHENEVWA ), Th=y,
I, 7HRENEET S, BEUL, 1991 F 4 A 16 HicfT- 70

T, REAMD SEDLBERI ARG 2 ENBTENh o121, WAL S M AEL
(#-3)

HEAFIBEEERE O Y Y # 9/ b o e 5f@iE (AKH: EFEN\ - EE), ~NVEI5H
& (APF: I BUEE+E), + vt 5K (AHO: HEERMEE), vt 5 & (AHF: B8
BETE) EZHERLL, ChooEolgiisss 20ETHY, HAUL 19894 4 A 10 Hic
fT-7

BORRFREBWREL 0 7 X485 £ 3 12 fElk (AEA: BEBEI| EAELEE) 28R L 72, C
DEAE, FLORME X VBT ERENLUER Lokl 5 FOBHEARTH %, UL, 1991 F 3 A
7 BicfT- 710

RFRIGERBE L REEMROBEETFHRENR EFBLZ 1,400m, @M 1ha) Lo, +
YHZr b 128 (AKY: A» &), tx=y /g 128K (ASY: A\ »E) 2L,
IN6i3, MABEEREFHRNL S ZNEFNOMBORELEES AL MRS L7 20 F0M@E
®TH 5, fFEUL, 199145 A 31 HicfT- 12

B L 7ok Dk, F5A4 74 R, $3Kick->TAE, HREBLIIRETHEZ
TEML, —30°CLUTOREETERICAVSETHEL,
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2. SWAHE

T4 VA LOBRHIE, ER (RS 7) T2 ULT I FALVERBESKEEICL DTV, EEB
HEOEMIE L (1987a, 1987b), AT S (1990) iz Lichsiote, £12, DX VDT 7 ) LT 3
FIEEIE 5.0% & LT,

EEMECH L, BEEIMBHIATWE 7Y &) vEERKEER (G2GH: E.C. No.
1.1.1.29) 74 V¥4 s%kgli L (BAS, 1993), THLTELNLFAES S LK
FRIZHEL, REN (X 723HEED OBETFHEL RS, SEEAN, MUOKERHOZER
Xt 2 E, SEFOBEFHELREICITODNT,

HRLEE

KD 12 BH & FEERAD 7 FEEED A 394 BAD G2DH O 7 4 v H 4 2 2R L 745
B G2DHOHA €7 561239 714 7hssN (K1), G2DH B 2 BATHY, ~Fu ¥
A PR NS R 1 AB SN B T DS (CHELAK et al., 1988, B5AK S, 1993), G2DH O ¥
4 €75 LARET BT g2d-1 L L, 5 BOEET GkBREEED/NS VIEIC a,b,¢,d, )
AWER L1, 79 LTHE LA SEEROBEZETED O REFDBLEFHEEL KD (R4,

g2d-1 DEEFDOBEZEFHEEIC-SVWT, £, FEEL s 2 LM ZIHESEBEHAEOE
WA LRV EhRE NI, T, ELOEMATCREFVPELLTVS, JTHISHLT, b
BLZFRYYH I b, ex=ynyd, Thxy<vO®EH, dBEFRI5E3&xY=
v D¥R, eBIEFIIA 5 I0ERRIEZNTNELEL TV S,

COfER, B LIEFE, RO3ODIA TIChITF o, DEDHD YA T, g2d-1 Dc
BIEZTOAPELET 2 1ILERTHD, TV=Y, FYk, TXFNFTEI, N EINKEHT
%, 2K/HD Y4 73, b c MEETHELETS68EHTHY, Yy HIrbok, Exwyn
¥, THI /ey hENT 2, 3BHD YA 73, deBzTrBELET 3 28EMTH, 15 E2
DEMT B,

CDTAYHA LBIGTFICEAEMD Y4 7520313, HOPKERIETHE /v v ENY
EINELIATIBBIEDLOTREINBLICRFHEARBMLIZBDOTIEHRBVD, FLOHE L
TOBEVEEERM L DEELONS, LIch-T, 24 7HOXINCRo NS08, 7
53 vEEBKERER LRI (BERD, 1991,1993), HlIZWET7THx V= v iA 5 IDKS U
DREXINT BBICHETIERO O LD & LTHWS T EASARETS 5,

Ft, HELOBVBIHBETIEVE A =Y
S, Yy Ay e0ERERIL YA T R
By, 15 I OEFAEEREE 94 FEME> 0
oo YYHAIZTPIREEAYNTDIAT
EASEIDIA TR, £ EBIBETER —_— me———
HLTHOMRIXISh5 60 TH B, 0& - =_
D, EATYATEASE ERHehIKE]

SNBGHBTH B LHBEDTRS NI, M1 g2d-1 DF4 75 b &RETH.

R, YUHAITEoREEATYNIDIR Fig. 1. Zymograms and genotypes of g2d-
K3 EEhTV3/\ y EORBHROER DL 1.

alc blb blc clc cld cle did dle ele
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#-4 BEMD g2d-1 OBIZTFIEYE
Table 4. Gene frequency of g2d-1 in each population

BT
[:1 N ALK
a b c d e

YAy rroe NKY 45 — 0.46 0.54 — —
YAy rroe AKH 5 — 0.20 0.80 — —
YyHSsrrvte AKY 12 — 0.46 0.54 — —
txA=yny ASY 12 — 0.33 0.67 — —
ThTS = NGF 59 — 0.18 0.81 0.01 —
ThS=Y NGN 14 — 0.04 0.96 — —
/ey NJF 63 — — 0.91 0.09 —
FUE NHC 50 0.01 — 0.99 — —
ok NHY 9 — — 1.00 — —
U E NHM 13 — — 1.00 —

P E AHO 5 — — 1.00 — —
Uk AHF 5 — — 1.00 — —
TAYNSE AEA 12 — — 1.00 — —
N ER NPC 10 — — 1.00 — —
N E NPM 10 — — 1.00 — —
NYE L NPK 5 — — 1.00 — —
Ny E I APF 5 — — 1.00 — —
135%€3 NBC 50 — — 0.02 0.49 0.49
15%€3 NBM 10 — — — 0.90 0.10

BIZTFRIOMEAEIZ, b6 BiDs 12 A, blc BiHs 16 X, clc B 17 @A TH 3,  OMEIEED
BEMICO ESDEFATH 2 LBELICOVTHLHIZT 1201, 2ZREFIT- 120 x2=353 T
HD, b5 IKE (>387) THETREL, ZofEBESEEMcT )M -ERTHs &
ERTHREIBONL Lot £, dbR FME) OFEETS, FEUHEHL 0 IR L £/
HLTOMREAVTMTLILE S, FEROKESEBON, YUHIr b EbrAwyny
ZUAMECXBIT A LR TELDL 5T,

INETOHHLEORMRESFATEEST S L, b A= ynyid, #EK 1979 ORMD X S
YIYHSr v o EBARMBEVWC ENEZI OGNS, L, BEHRIhEYYH X oD
BAMICRE A2 YN BRELTVWEI LS, BEMIDEDIKTLE>TVAE—ETH
D, EXTYNTERICERE L THROESI RETEHBVESEZI SNE, AT YAT DL
BicowtTid, 772 icsmLTcosd K, 1960; 1L, 1965) MABOHEE LS9,
SO EEPHLETH 5,

DLk, ARTE, Hx OAFEICHE > TOREROSEICH L, To¥A MBETEVSHE
EHHEEREEZAVAC LICL > T, FLBEEMA B ENTE, 5K, 7To¥4 LBEFE
aY, kA EEAENEEFMCHEVE I LItk >T, S SICHMEME - RESTTEER b0
WKiE3EEZ 505,

BRI, RREELEDBILHI>TELOFHAD S TBYZEE - 1o BRZRELTVAEZL
TR ST BERIR SN R FIRAE, MRIORBUCE LU TTHY 2 SR b i mE
EBRBEEM, JIFFEWRE, FEHFENE, KEERE, MaRKERS0SE, MisUEH
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AARE b v EBOME « FEHEIC>VT, REOEHOHESOFEICE S koSG IH
R EIRAEMA %7, £HE, L UCERANOBEEREFAN, RAMS» SEREL 72 12 £H
LHEERAD SERELL 72 7 BAB O 394 fikicownwT, 7 ) &Y BBk EEESK (G2DH) ©
TA Y FA LKL T 5 BEFH» ORDBIEFREZREL fo, REMOBEFHEEHE L /6
B OEHIZS D5 M Ficbd o, IO FId, BEASERERBLTEBY, EEET
SBICHEEIEEER I D EZEL SN, P LOBRVBARBEBRETH S A =7y~ Fd,
G2DH O DERDP S, 15 LRSI ICEEINEHTHI I bbb ot L
L, ¥yH o7 roed3AELEVRIEDLNT, FHEMERLZ L0 5, ERONFER
BHILHENHBLEEI LN,
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Summary

To advance classification and identification in Japanese spruces (Picea spp.) based on
morphological characteristics of corn-scale and needle, genetic variations were studied
intraspecifically and interspecifically. Three hundred ninety-four individual trees from 12
populations of natural forests and 7 populations of planted trees were examined. From the
result, genotypes in isozyme of Glycerate Dehydrogenase(G2DH) were determined by 5
genes. As to gene frequencies, 19 populations were divided into 3 types. These types are
considered to be reflected on genetic variations of each species, therefore G2DH is an useful
means for identification of spruces in Japan. The result indicated clear difference between
Picea shirasawae and P. bicolor, but did not show any considerable difference between P.
shirasawae and P. koyamai. 1t was considered that classification for P. shirasawae should be
reexamined.

Key word: Picea, Classification, Glycerate dehydrogenase, P. shirasawae



Genetic Variations of Glycerate Dehydrogenase
in Japanese Spruces (Picea spp.)

Tshio KaTsuki, Yuji IpE and Kazuo Suzuki

To advance classification and identification in Japanese spruces based on morpholog-
ical characteristics, genetic variations were studied intraspecifically and interspecifically.
The genotype which consisted of 5 genes for the isozyme of Glycerate Dehydrogenase (G2
DH) was decided about 394 individuals of 7 populations of natural forests and 12 popula-
tions of planted trees. As to gene frequencies, 19 populations were divided into 3 types.
These types are considered to be reflected on genetic variations of each species, therefore G
2DH is an useful means for identification of spruces in Japan. The result indicated clear
difference between Picea shirasawae and P. bicolor, but did not show any considerable
difference between P. shirasawae and P. koyamai.

The Survival Process of Ash (Fraxinus spaethiana Ling.)
and Wingnut (Pterocarya rhoifolia Sieb. et Zucc.)
Seedlings at the Riparian Forest at
Chichibu Mountains

Hiromitsu Kisanuki, Mikio Kaj1 and Kazuo Suzuki

Survival rate of ash (Fraxinus spaethiana) and wingnut (Pterocarya rhoifolia) seedlings
was studied to make clear the early stage of regeneration process at the riparian forest in
the Tokyo University Forest at Chichibu, the central part of Japan.

Most of ash and wingnut seedlings germinated just after the flushing of canopy trees
had completed. The survival rate of ash seedlings was higher in caged plots than in open
plots. Most wingnut seedlings died by the next spring.

Moderate grazing by dear may contribute to the establishment of seedlings escaped
from grazing, because this would make the number of herbs diminish.



