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ABSTRACT

This research was conducted to determine if the obtained serological data would
reveal: (1) grouping among basic Quercus species, (2) the degree of correspondence
within and among any detected grouping, and (3) the comparative value of new
serological technique, “rocket immunoelectrophoresis”. Overall quantitative and
qualitative data indicate the genus Quercus is distantly separated from the Fagus.
Within the Quercus, the subgenus Cyclobalanopsis is separable from the Lepidobal-
anus. But the elevation of the Cyclobalanopsis to the rank of a separate genus is
not warranted. Antisera produced to the species belonging to Lepidobalanus gave
strong reactions with other experimental species in the same subgenus. Particularly,
Q. aliena, Q. donarium, and Q. serrata are tied up each other in terms of serolo-
gical similarity. Rocket immunoelectrophoresis used in this systematic research
proved to be a valuable new technique for systematic serology. To obtain the
degree of protein similarity (serological correspondence) this technique was used in
plant systematic research and determined by sum of total rocket heights. The rocket
immunoelectrophoresis illustrated the measurement of individual immunoprecipitin
systems identical or partly identical to those in the reference-reaction as quantita-

tion of all available rocket heights.
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(]

S ufstE Niffio) #Ed A2 xzbdch(Stebbins, 1950). AUMEEAKMO 2 Quercus J§o)
Bile 2B e YEpEUL n=11,12,13 Solvj, #aise 3y s B st
oot HHEEREY] BAMSE & Jdovied MMEBMH o= BEBMez Kifse fEH
dx fie g Jehdel HEECE HEB Q. borealis v VLS Q. agrifolia, Q. dumosa,
Q. wislizenii = polytypic 02 & ¢ zlolAgh, o2 kel WPHS & = &)
BB A miffiely #fEo R MBI Sz JdE HAL ¢ 4 9ok

Schwarz(1936) & Macrobalanus v (Lepidobalanus &5 1 = =g 3 A7)
Erythrobalanus THJB(EL FUF)S BK¥EC R H#gslz, Lepidobalanus TijEe 22

¢ EYohed Quercus GO B2 Mikehelth. Oersted(1871)% T} ol el kol

ket A Quercus J§-S  Erythrobalanus B8, Lepidobalanus TilE, Macrobalanus g o 2
rdot. Tillson and Muller(1942)= K AITHEES MuEBye R iysle] EEE
Quercus JBS] i REMES THEstgch. Hisection)7hA] 4y@ste] Mk &4 gow,
Bife e Trelease(1924)7} =& fiiol A5 5IH=l = oot Turker(1961)& XHIFE Q. undu-
late HAWE BR St #ES 259 AREA REE U3l or, Rushton(1977)-&
TR 27 & #etiE st 2, Olsson(1975)2 EHHM 57 o 2 Q. robur & Q. petraca | 3
FERIGR S #Estlch. Brophy and Parnell(1975) % 5#%dvh5-¢l Q. agrifolia &+ Q. wisli-
zenii o] HEHRR S Fd o).

BHE Quercus JBS 18594F AL Wilford 7} Tl 32 WA Q. serrata, Q.
variabilis, Q. dentata, Q. acutasd IS LI o) FIEA (Oldham, Webster, James,
Skan, Komarov %) 5ol {ks} & 3% idgkol ol glok(Lee, 1951). Nakai(1952)=
HBBIE Quercus B FF 1iEslg om, Q. donarium (S5 V), Q. major(ZER )
B9 H#4eL9l 2 Q. mongolica = var. lypica, var. liaotungesis, var. manchurica 5o 2
vhpol A g4 MAstglvh. Uyeki(1936) = WiBE Quercus ol ¥fste] ohgst & 774
A EAES Eetd or, ol B HEER HERME MR KIUle R JLIEE AlSltt:
Q. acutissima, Q. variabilis, Q. mongolica, Q. crispula, Q. serrata, Q. aliena, Q. dentata.
LRy ot B9t E < Hyun(1949) 9] Im”i EBfYy HHEAGRSY Lee(1961)9] JhAME =9
fEol B[S JHRERY 4TS RENCR & 4 et BACREIERL Jikel &3 BREe] 7
ol 2 e A et

& HRE oLt 2o HES e Bl HE ERE AU 1 (D Quercus [§ kA
el grouping f%R 5 (2) ol® grouping o] o] Foixluhwl o} FHLE PE 5 (3) Hﬂf 1%
Mot miFEREY ErRiete) HuimEiel WEfE Quercus [ ¥l Bpk s (4 TERS RHE
W Mtz Ae @Atk (5) Rocket immunoelectrophoresis o) Hiflify HEfist %%Eﬁ%@
{H fiE.

M ™ FE

@ HE- EMEERES Mlets] Betd Quercus B 2 Uil (Cyclobalanopsis, Lepdob-
alanus)el JGske 99 TEHS L2 AL, wilE, HldA kg o, EEE B
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L New Jersey Mir-kEtfy HitpEale]l Dr. D. E. Fairbrothers EEmgd A #Hiksl o of
(Table 1). Table 1¢] Z#d WEE Quercus B HHTS WA HEVEFEHETEN (male
ament) & 1980~19814% HEMS Fa~5A Aol st =El Bl A wRA7 2
e A 2ok, 1EW-S Rl (Microbroyeur Quantitatif Dongoumau) 2 2~3%7F
B3 petroleum ether (200 ml/50 g, 30 min, B2 A RIEE 18, acetone o2
oA BEigste] 4°C ol Rrigislgd ot

Table 1, Quercus species tested in this study

Scientific name and common name Abbr. Subgenus Area collected
Q. acuta Thunberg(-F7FA V5) AC Cyclobalanopsis Prantl.  Busan, Korea
Q. acutissima Carruters(Agv}3) CT Lepidobalanus Endl. Busan, Korea
Q. aliena BlL.(Z3VF) AM  Lepidobalanus Endl. Gyonggi, Korea
Q. dentata Thunberg(® 2} 5) DN Lepidobalanus Endl. Seoul, Korea
Q. mongolica Fischer ex MN Lepidobalanus Endl. Seoul, Korea

Turczaninow (4] Z1-7)

Q. donarium Nakai(Z2)UF) DO Lepidobalanus Endl. Seoul, Korea
Q. serrata Thunberg(ZEFa}3) SR Lepidobalanus Endl. Gyonggi, Korea
Q. acutissima X variabilis(# 54 }5) VA  Lepidobalanus Endl, Gyonggi, Korea
Q. glauca Thunberg(Z7}4| U+F) GL Cyclobalanopsis Prantl.  Busan, Korea
Q. alba L.(white oak) AB Lepidobalanus Endl. New Jersey, USA
Q. ilicifolia Wangh.(bear oak) L Erythrobalanus Spach New Jersey, USA
Q. palustris Muenchh.(swamp oak) PA Erythrobalanus Spach New Jersey, USA
Q. phellos L.(willow oak) PH Erythrobalanus Spach New Jersey, USA
Q. rubra L.(red oak) RB Erythrobalanus Spach New Jersey, USA
Fagus grandifolia(American beech) FGR — New Jersey, USA

BEE . ROVEPY T (Ag: antigenic material) & 3ol 2ol 4 MRIEE BT
£- 0.068 M sodium-potassium phosphate buffer, 2.5% saline, pH 7. 0(KH:PO, 1.90 g, Na,
HPO, 7.46 g, NaCl 250.00g, NaN; 1.00g, QS to 10 )} 274 shiisted e, BD 788+ %
1g & R 10 mI(0-1g/mD)ol] 4-& 3, st 7uh& 4°Coll fEste] B Bfis = &
FHES dgon], ojodA & 2% HINTTE ~3,000 xg/ml el 7o) Bio-Rad protein assay
E JEs At

REMFGFEDC &£, YR TE =7 (W, New Zealand White)o] YEAStS HyEm
Wl @&d HikE(Ab: antibody) & dgich WIS AL HHY «d & Freund's
complete adjuvant & #4435t (ImiA4 1:1) intramuscular injection © 8 o]Fo]z o
(Crowle, 1973), ¢ 114 4% @ByG Hd PRI T WRE 571 H3d
booster series 2 LA &9t (Lee, 1977; Lee and Fairbrothers, 1978). ===} booster
series & EAFEE X8 711 #el ear puncture & RS HEFIM 4 FHEEE (Clausen,
19690 k3t =] = —10°C ol HuiAglch. filimEes B ERYd WHEpHS
tho- oAl dodl: Q. acutissima, Q. aliena, Q. demtata, Q. donarium, Q. glauca, Q.
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phellos.

Ouchterlony method (Double immunodiffusion). Immunoprecipitin system(IPS)& 4¥73}+
7] #3t gel immunodiffusion BHifffe ojn] Hik=e] ®irsl JF1k(Garvey et al., 1977;
Ouchterlony and Nilsson, 1978)-& #i##3l¢l tt. Ouchterlony plate & =57 H3le] %
agarose gel & barbital-glycine/tris 2%, pH 8.8 (Axelsen ef al., 1975)0) M A A A
wHE T

##=l agarose(1.5% w/v)& petri dish(E#E 6 cm)o] ¥olx Z3 =z, ZF-L gelwlel 6
well-pattern & whz.=d] Fiee] well & BEMECR A9 =, FAE 5 well & HEY
B2 A9z, Ouchterlony plate 7} A 9 =xwd Fifiel Mrits = (HIHERE 100%), Ag-Ab
Ko & J¥ES = precipitin band & 7 B Bl25 24 X g ).

Immunoelectrophoresis (IE). IE o &3 43472, (1) Grabar-William J5 (Arquembourg,
1975; Weier, 1978) 3 (2) rocket immunoelectrophoresis (RIE) (Axelsen ef al., 1975) %
LKB Beigfhe FIAI . (1) 77E-S agarose -2 immunodiffusion of 4} o} 72 {22
FiH st 253, KZFE immuno-plate (8.4X9.4 cm)d] 17 ml &) agarose HH-S Foja
b £ Rel EEEMEBRGEURDE)S A& well & LKB template 3+ LKB puncher
(B 2.5cm) 2 w53 well FAIS] trough = LKB template ] & 72 2 20l4] 9 E
At HEWES A2 BRKE(00 V, 120~130 mA, 4°C, 2 hr)dl o}, trough o] e
s A2 Zilel krpists, Ag-AbEc 2 JYps & precipitin arc & SHH B
2AA s FFEA G (1)L conventional IE(CIE)etz = 3}, (2)Jjk2 advan-
ced IE 9] 3l 7}#] & rocket X oF9] precipitin band 7} JUERE = d 4] v £33 L#EL 21
gith. CIE oA ff3d immuno-plate o agarose 3: antiserum 18] (zZE 404 £ o
= VEWES A& well & —35|2 EE Ab-containing agarose geleo] whEgich # 7 4
o HiEWE S A2 BEHRIKEN(00 V, 120 mA, 4°C, 2 hr)¢ 35 Ag-Ab K JEo] TRk
B} Fgoll o elvbe rocket ZoF precipitin band & 5 Hi B4 2 stz FEEA A
Precipitin arc 1} band 7} 7}& S8 3}A] et & o] dark-lighting 2 FIFE3le] close-
up lens & 53l camera 2 &3}y o).

BR Y BE

Ouchterlony method. ©] FkS Higslsl & Quercus B BE2HE Jd& HEWHGE
HEMHNE S BEMES fiiste] Atolo] doiti= Ag-AbKIES] #HRE doiA & il
& agarose gel o] precipitin band 2 VElA o zH @ik S MO EEN 4
WS B3ty o] Fo Z tl. Ouchterlony method o] £33 #E; #3E Ouchterlony (Ouchterlony
and Nilsson, 1978)7} #4438l 4 7FA] type pattern o] #£2=] of o,

Figs. 1~182 ®IEIMES Ouchterlony plate ] center wello] A ¢ FEHWEEE
reference-Ag (B MIHESS PRE AEsly] Bt #HIAD HEHE)T cross-Ag
(reference-Ag Listel] H#slsl s 2E HEWE)S FHIY Y, center well & AE A =k
o]z 5718 welle] 3o s} 9ict. Fig. 1 & ¥712 AG3, AG5 = reference-Ag o] =2,
el x] AGl, AG2, AG4 = cross-Ag g A $ic}. Precipitin band & 224 glojA] Type
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Figs. 1~18. [Illustration of immmunoprecipitin systems obtained on Ouchterlony plates. Center
well of each plate received antiserum and surrounding wells antigenic materials.

AG=antigenic materials; AS=antiserum. See Table 1 for other abbreviations.
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I pattern & AGl 3} AG5 Atold|A] 3] Fx, Type I pattern-& AGl = AG2, =t
AG2 ¢+ AG3 Alojell 4] o} Fco}h. Type Il pattern -2 AG3 9 AG4, = AG4 s} AG5 A}
ol med Fx gl

Figs. 2~4 & Q. donarium HyEmiES #Astg =, Fig 264 Q. donarium 3 Q.
aliena ©] major immunoprecipitin band ¢} Ff{pngyel faint band S 2% Type I pattern
o2 el 5 MmifEay FELUE (serological similarity)& Jelicl. =22 Q. dona-
rium 3 Q. acuta, £ Q. aliena 942} £ & Ag-Ab RIS ol Q. donarium & ref-
erence-reaction o 4| }Elu} major immunoprecipitin band 7} Ao E Lo P2 Q.
acuta = Q. glauca = 2 immunoprecipitin system(IPS)& @Ry oz 2t &3 9o
o] 4%}, o] IPS &= Figs. 3~4 ol A B ul¢} 7o) Q. dentata, Q. serrata, Q. acutissima
e dpete g Aoz ey

ol Q. acuta 9} Q. glauca 5 &3+ Cyclobalanopsis FRJE-2> $]o] =H3) i HS @
&3t Lepidobalanus £} LM GS &= Bl 2 4 Ak, Q. donarium s}
Q. monoglica &+9) [XfE A A7 band & Lepidobalanus HHo| Bsle ote fEsnoh
Wy 798l 22, major band ¢] Type M (& Type W) patterno] v}elyrci(Fig. 3).
Q. donarium =} Fagus grandifolia $+9} FHEN A A7) 2719 #3 band & Q. donarium 9
reference-reaction o] }ebit band &= A3 FHAA %x Type I patterno] byt
d ol& & Fagaceaeo| Falvh, o+& Eohel Riolrg REEY REELS v
Aoz fEEd o (Fig. 9.

Figs. 5~7 & Q. aliena BiF %S GiAstY &, Fig. 5614 & Fig. 29} vl 58 &R S
At &, Q. aliena 9 Q. donarium o) [LJE-S reciprocal reaction o 2 ¥ @Y miH
By JEESE 24 ek ond (Type [ pattern), Q. aliena 8} Q. acuta == Q. glauca
sk Meeay B (e $e) MiSHH FEUES Jeby g (Type 1 pattern). Q. aliena st
Q. serrata = 2712) major band ¥ 343 »E IPSE 719 Type [ pattern o= =a
WiHFLH) FRPES Rolx SlEv, Q. aliena 9 Q. dentata == Q. mongolica 9= Q.
serrata $+o| IMiERE) FUER S 44 dolH ) (Fig. 6). Q. aliena & Q. serrata 7} b
3t major band 1707} Q. acutissima f=X Q. acutissima X variabiliso|l = Qo2 2, Q.
mongolica oo KRR & A vetdoh. Q. aliena 9 Fagus grandifolia += 1 7))
major band 7} Type I pattern B o2 fhstz 98¢ e =3 9 o(Fig. 7).

Figs. 8~10 & Q. acutissima BEMFES HFHSE =0, Figs. 8~9 N A& Q. donarium, Q.
phellos, Q. ilicifolica. Q. aliena, Q. acutissima X variabilis 9+9] [ o] A Type 1 pattern
L2 F2 BUEE vdebd o, Q. acutissima 9} Q. alba, Q. palustris, Q. rubra %3}9)
KEN A= g4 2 HEUES Jebd o (Fig. 10).

Fagus grandifolia 9] fEANAE Yol A o2& BgmiE=te] KA 2ol 74 33
87 2 band gte] Type I 2 vhebyieh(Fig. 9).

Figs. 11~13 2 Q. phellos Ziimis-& st =dl, Fig. 11614 Q. phellos & Q. acuta
9] major IPS = Type [ o H pattern o2 i§3 Ko 2 velyon, o oz &(Q.
dentata, Q. acutissima, Q. serrata %)} §7) Type 1 pattern o g 53} ety Q.
bhellos &t Fagus grandifolia £}9) KfEo] A Jeld major band &+ Type I pattern © 2
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S ol 9ok (Fig. 19).

Figs. 14~18 & Q. glauca REEiMiE-S st £4), Fig. 14914 Q. glauca & Q. acuta =
A9 9:ZstA Type I pattern &2 4% s & band 2 velydiz, Q. aliena 92 [[EHA A
= 5] o1} reference-reaction o A 2 4 ¢l 1 major band 7} Yelytow], Q. rubra 9
B o} F Faallch. Q. glauca = o} 2 §8, #53] Q. acutissima, Q. ilicifolia 3} FR3}A)
BRES A MiBngyel 1 major band(Type @I ==+ M pattern)z} vetylcl. 28z Q.
serrata, Q. donarium 3} HLWH) 558 [(IESZ, Q. alba, Q. rubra, Fagus grandifolia 9}
E obF get Mo = vhelyich

Conventional immunoelectrophoresis(CIE). CIE pattern -2 £ #59] Pulidpri Atoleol A
70 MRy EEE arc 9 #ol (AR velllch. Figs. 19~25 & Q. aliena REEifiE-S
Mete] 6 el Quercus(Figs. 19~21, 23~25) ¢k 1142 Fagus(Fig. 22) 9+e] I o 2 FK=
CIE pattern & z0%3st9ich. Q. aliena o] reference-reaction o A+ 107 e} IPS 7t 4
HEsl A5, Q. serrata v} Q. donarium 2 o} u] 428 CIE pattern g ¥.¢] ov], major IPS
Ql my, m, & AT, Fagus grandifolic & m; o #3sle R o2 ol 3538 arc st
bz me e Bolx ket Q. acutissima, Q. acutissima X variabilis \} Q. glauca 9}
9 L] ol A m, uko] FEElsln Q. glauca = thE Quercus i) Fiol Hoste] &7k o)
2 electrophoretic mobility & }elyltl. Major IPS el m,, m, 9| [f{infyel IPS & H
oA el ez v v ke s Bo]E rocket immunoelectrophoresis 7}¢
WA A et

Rocket immunoelectrophoresis (RIE). %3 FEEp£2o]1v} A {LEBRY Wivtol #giol FfE =
gid RIE o] 4= monovalent antiserum & 4 01}, & Pfgte] A = polyvalent antiserum -g-
FlH8ted multiple IPS o] spectrum o] = o] vle} o 2] rocket moke] pattern o 2 1}
Ehyket,

o] pattern 52 Quercus f9| % MO ZHE A& HiMpEHA ol A7 MRy RS
rocket height 9} serological correspondence(SC, Table 2 HEH %HE) & J/Es ¢l ch. Double
immunodiffusion plate o 4 #l%%% multi-band = RIE pattern 22 #4538 s o,
1 major band & RIE &4 2 7}¢] 53 IPS(rocket) o2 HiEsls)th. RIE = HpE B4
bl uid 4 BAAY 2Ry WES et dAE" A, o # By JfiEYT
s Hed & AR

Q. donariwm PIEMIG-S 4] agarose gel Kol A FEHRKE)HEP Ag-Ab ES Qo7
Quercus j5°] 7 9 4 rocket height 7} Table 2o F2#i=s] 9 c}. Q. donarium &) reference-
reaction ol Al = 10 rocket, Lepidobalanus ifiJEo) EalE 4 #E(Q. aliena, Q. acutissima, Q.
dentata, Q. serrata)-2- 9~13 rocket, Cyclobalanopsis Bijg| JHste 2 #(Q. acuta, Q.
glauca) & § rocket 2 4] o=l gl ow, SCE Q. acuta & Q. glauca’= t} 2 fFo] SC=91
~1179) Mot @A e SC=51~742 Jelytol. Higay o 2 reference-reaction o 4] 1}k

+= rocket B9} rocket height 8 it 714 =8 Zolv, FHEE it A e Q. deniata,
Q. aliena 9+9] [{lfEol A %7t =okrh.  obwbx rocket ) —ifii= A 71} faint rocket o]
Bl A WES RS WM gl

Q. acutissima IFMG-S (253 agarose gel gro A K E rocket(Table 3)o] 9ol A 3=
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Table 2. Quantitation of rocket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. donarium
antiserum. SC=serological correspondence, the percentage value of total rocket
heights in the reference reaction (cross reaction/reference reaction X100). Underlined

number is the rocket height of major immunoprecipitin system.

Scientific name Rocket height Number of rockets Total rocket heights SC(%)

Q. denata 3, 5, 6, 7. 8.5, 9, 10, 11, 13 137.5 117
12, 13, 14.5, 15, 23

Q. aliena 2, 7, 8 8.5, 9.5, 10, 12 121.0 101
10.5, 11, 12.5, 13, 14, 156

Q. serrata 1, 3, 8 9 11, 12, 12.5, 10 108.5 91
14, 18, 20

Q. donarium 1, 7.5, 8, 9, 10, 12, 14, 15, 10 119.5 100
21, 22

Q. glauca 3.5, 6, 7, 8 12, 13, 19, 19.5 8 88.0 74

Q. acuta 1, 3, 3.5, 6, 7, 8 12.5, 20 8 61.5 51

Q. acutissima 1, 8, 9, 10, 11, 14, 15, 20, 21 9 109.0 91

Table 3. Quantitation of rocket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. acutissima
antiserum. See Table 1 for abbreviation.

Scientific name Rocket height Number of rockets Total rocket heights SC(%)

Q. dentata 0.5, 1, 3, 4, 5.5, 6, 8, 12 90.5 143
9.5, 10, 12, 14, 17

Q. aliena 2.5, b, 5;5, 8.5, 11.5, 7 60.0 94
12, 15

Q. serrata 0.5, 1.5, 2, 7, 8, 9, 9 64.0 101
11.5, 13

Q. donarium 1, 4, 5, 6, 7, 8 9.5, 10 73.5 115
10, 11, 12

Q. glauca 0.5, 2, 3, 6.5, 7, 9.5, 8 51.5 81
11, 12

Q. acuta 1, 3, 5, 6, 7, 8 11 8 45.0 70

Q. acutissima 1.5, 2, 6, 6.5, 7, 8, 10, 9 63.5 100
10.5, 12

2 et SColl A ZiS Bol F¢ch. Rocket = 7~1224 Q. serrata, Q. donarium,
Q. dentata = reference-reaction &} 771} 9zl gitt. Q. acuta, Q. gluca, Q. aliena = <
70 ggker] SCeol QlolAx Bhe fiel Mot % zhe = veluteh. ol Cyclobalanopsis
gl et flic]l Lepidobalanus Tijg=t k7 o1& 3l gl

Q. acutissima reference-reaction ol 4] F= 314 }elut major IPS 7} o} & Quercus 52
fBole 5 @gE gl o, Q. acuta, Q. glauca A= HBIEA skt Q. denfata &=
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Figs. 19~25, Left: Separation and identification of major immunoprecipitin arcs of Quercus and
Fagus by conventionai immunoelectrophoresis. The trough was charged with Q.
aliena antiserum. The plate was photographed on a dark background (unstained)
with direct light (pictures taken the second day of incubation). Right: Sketches
of the arcs from photograph. Antigens: (19) Q. dentata; (20) Q. aliena; (21) Q.
donarium; (22) Fagus grandifolia; (23) Q. acutissima; (24) Q. acutissima . varia-
bilis; (25) Q. glauca.

rocket Ji( e} rocket height ol 9lo]A] me. - Bglch(Table 2, 3).

Q. dentata RIEiHS 4148 agarose gel <ol A} rocket o A= Q. aliena, v Q. dona-
rium o] reference-reaction 3} 7L @ ulZ:gl ovl, Q. acuta Y Q. glanca 7 74# v u] 425t
rocket #r9} SC & vheby v} ((Figs. 26~33, Table 4).
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Figs. 26~33. Above: Rocket immunoelectrophcredc patterns. The agarose gel was charged with
Q. aliena antiserum. The plate was photographed cn a dark back ground with
direct light. Below: Sketches of the rockets from photograph. Antigens: (26) Q.
dentata; (27) Q. acutissima ¥ variabilis; (28) Q. aliena; (29) Q. serrata; (30) Q.
donarium; (31) Q. glauce; (32) Q. acuta; (33) Q. acutissima.

Q. alina BEMTHS FiMstel # ) HEWHE E BEE BRE rocket of 4]
(Table 5) LPREEIL ST F3, rocket Yook g2 z2A veld Zlezd mel Ags] y
antideterminant 7} A7l HWIEmiEFd & 4 F 1.

ol ke gty fhshe] {Egtel I TERS ol Wit AL (IHA . Q. aliena
o] JERERY HEEMES MiA(tal A BEEo R ol Folx MG o® i Mo ZHE & gene
of frlol k=9l g Aoz MR SCE: Q. acwia 9+ Q. glauca 74 Fiflh Quercus 15
Mol kezte] 7 Al defgen], of 275 fib fidl A FEltAl delyt 2 major IPS s}
SrWiekA] ekt

Aol A RIEe] (MY sl Lepidobalanus o Jsts ol HMIEWITS 4t

2=
i
<7 [s]
" Lo a
e}
s

] o
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Table 4. Quantitation of recket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. dentata anti-

serum. See Table 1 for abbreviation.

Scientific name Rocket height Number of rockets Total rocket heights SC(%)

Q. dentata 1, 2, 4.5, 6, 6.5, 8, 11 ' 92.5 100
8.5, 10, 13, 15, 18

Q. aculissima 1, 2, 4. 7, 7.5, 12, 15 7 48.5 52

X variabilis

Q. aliena 1, 3. 5,4, 5, 8,9, 12, 14, 17 9 73.5 79

Q. serrata 1, 4.5, 8 9, 11. 12, 15 8 65.5 70

Q. donarium .1, 2, E,_ 5.5, 9, 10, 11.5, 13, 11 92.5 99:
15, 17

Q. glauca 1.5, 5.5, 9, 11.5, 14 5 41.5 45

Q. acuta 1,43.5, 12, 13 4 29.5 32

Q. acutissima 1, 5. 5.5, 8, 9, 9.5, 13 8 65.5 71
14.5

Table 5. Quantitation of rocket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. aliena
antiserum. See Table 1 for abbreviation.

Scientific name Rocket height Number of rockets Total rocket heights SC(%

Q. dentata 1, 5, 5.5, 6.5, 8, 10.5, 11 115.0 123
12.5, 14.5, 18, 19

Q. acutissima 0.5, 1.5, 4, 5, 7, 9.5, 10, 10 72.0 77

X wvariabilis 15, 16.5

Q. aliena 1, 1.5, 3, 5.7, 9, 10,11, 11 93.5 100
13, 15, 18

Q. serrata 1.5, 4.5, 6.5, 7, 8.5, 9.5, 11 109.5 117
11, 12.5, 14, 15, 16.5

Q. donarium 0.5, 1, 1.5, 4, 5.5, 8.5, 9, 11 88.5 95
9.5, 13, 17, 19

Q. glauca 3, 4, 6, 7, 8, 9, 14, 17 8 68.0 73

Q. acuta 1, 2, 2. 5, 3.5, 5,6, 7, 8 11, 15 10 61.0 66

Q. acutissima 3, 3.5, 5, 6. 6.5, 7, 8, 9.5, 12 104.5 112
12, 13.5, 14.5, 16

o] pERl Aot Q. glauca (Cyclobalanopsis ilE) TIEME-S 43k agarose gel £of
A WEE rocket #9+ SC & Table 6o Easstdoh. Q. glauca 3 v} 2 Quercus e &t
o pjEe 2 g7 rocket M 7~100.2 PHHRAYL] ERE HY ot Fagus 48 RS A
A7 ¢S BOE eyt

Q. phellos 9+ Q. ilicifolca = Erythrobalanus (8o B3t EEE Hoz, WEEq
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Table 6. Quantitation of rocket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. glauca

antiserum. See Table 1 for abbreviation.

Scientific name Rocket height Number of rockets Total rocket heights SC(%)

Q. serrata 2, 5.5, 6.5, 7.5, 9, 10, 8 64.5 83
11, 13

Q. donarium 0.5, 1, 1.5, 2.5, 3.5, 9 49.5 64
8, 9.5, 10, 13

Q. mongolica 1, 1.5, 3.5, 4.5, 5, 9 49.0 63
6.5, 7.5, 9, 10.5

Q. phellos 3, 5, 6, 7, 10.5, 14, 18.5 7 64.0 64

Q. ilicifolia 3, 3.5, 7, 9.5,,11.5, 7 68.5 88
11.5, 14, 20

Q. glauca 0.5, 4.5, 5.5, 6, 7.5, 10 77.5 100
8, 8.5, 10, 13,. 14

Q. acuta 3, 3.5, 4.5, 5.5, 6.5, 8, 8 55.0 71
11, 13

Fagus grandifolia 1, 4, 6.5, 12 4 23.5 30

Table 7. Quantitation of rocket heights (in mm) in the different species of Quercus obtained
by rocket immunoelectrophoresis. The agarose gel was charged with Q. phellos

antiserum. See Table 1 for abbreviation.

Scientific name Rocket height Number of rockets Total rocket heights SC(%)

Q. phellos 4.5, 4. 5, 6.5, 7.5, 9, 8 73.0 100
12, 13, 16

Q. ilicifolia 3.5, 5, 8 9, 17 5 42.5 58

Q. palustris 8, 9.5, 10, 11, 11.5, 14, 18 7 82.0 112

Q. alba 3, 5. 5, 9, 13, 18 5 48.5 66

Fagus grandifolia 6, 9, 9. 5 3 24.5 34

Lepidobalanus T5Bo] Bl folA Bt 22 fHolu, SCo Yolde Fug ZRE
Gehi A @grer. 28l Q. glauca 8¢ Fagus 9+9) FfEo = 47 SCE MEHI SRS
< JeEhi & H®E S0 se BEE 29 FAh

Q. phellos FEIMmHES KiEo 2 A7) rocket datao] {&slwl (Table 7), SCo] %R}
BolAl Q. ilicifolia =& Q. alba 98] KEEAN A€ $7, 2elx Fagus grandifolia $+¢| K
B A& obF WA vl 2y o g e Rz SCo fHAe uEsoF &
A 7.

0
]

ﬁu&

Quercus J§ TEHyol FHEBH W HEEA BET Aol ot 22 Wl = B gl
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(1) Quercus < BPEAER] Bists BEHEYEA 259 P ES B BRE + o,
(2) ERAEZ LER A5 silld ¢ der, ) 1 RAE=E 47 WRoR #
RE T Iz, D EFE £ FHE & MTEAR A 24 HESHEAY EAHE
BEsots Beldh

A geel A A= Haliel R e W SEER Es o7 2ebA BAE
Agrh ol MFEBHOZ o F LS Bl REd weh & s4x EHifiel Baste
IPS & ob & Bl HmstAl Xobe 7% gz, = 02 A2 Y71 g A¢ 2 F2 o
7] @ Folch, ey A& gl A ek el 3714 ohE HlY HMRE AT W BYI
SRR (ES] fiFpko] WIEBShYL ot

Rocket height o) #2 SC zko] 2E cross-reaction o] gl ojA & 30% ol 4olglomza, £
o iR FUEs HEE NE B2 #olslch. 438 Lepiodobalanus Tilgol st
fEEo] rocket Bix reference-reaction @] 60% (F# 77%) Lllbolg e, Lepidobalanus
i Cyclobalanopsis B9 Atolol & 40%(FHy 70%) ol Aol iy, 2R ZEEMY,
2z R BRE Bot Quercus ol Fagus ot Hel SEEE %, Quercus B
o) 4= Cyclobalanopsis o] Lepidobalanus TS 0. 256 FaslA] s, =2y
Cyclobalanopsis SE o) Birs BN B KEAA X dd4 FIRs= 37t
A E EfE 4L B Hyun(1949)0] A& #Eer )% —Idd. 29 data g
Quercus HR) B2 ¥4 T A& &ZiFstg e, ol Hielmquist(1948) 7} R¥ 7
RE& xEs

Evythrobalanus 55)8 JRE  Lepidobalanus THiF o 2 X 8] /75Bte A Rgron] Lepido-
balanus Tl Cyclobalanopsis FE}B $& Erythrobalanus TS EHHGE oS
Broestel walvlor @ Aolvh. Lepidobalamus Tel Hste MEE Afd BEMWES
Ze HEAY BEAS KEEAA s vebuich. 453 Q. aliena, Q. donarium. Q.
serrata & WMFHERR FUEA QA HE—~Ro 2 epuieh. Lee(196D & 3EE, wlh, 3
E, TEF S, TE %o WRER WS Bt Q. aliena 9t Q. serrata 919 =& BUE
2 #HEst g

Q. donarium & JUREERRY, MUEERHY FLIE #Kkalw Q. aliena & Lo 3l E
ERY Aoz #Ndet. Q. acutissime ¥ RES WBEEEH 47k dojxn A Rz, #HE
ol Q. acutissima X variabilis 9}= 719 Fl—#:-& Vel b, Lee(1961) & Q. mongolica &)
i8S Q. denata 8 Q. aliena Atoldl A& A& AT X WEAAY BHhe Q.
dentata 7} Q. aliena o v$ 7}7t-9v, 2388 Q. mongolicar} & 778 Ao 2 Jelhydol.
ol 374 &S WEstT B FEMGE Ry Beld & o 2 BHE TiEicr ¢
Aoz 2.

A RIER Pzl FiA" RIE &= REEHN nEES 5% 42 Bl FHiE 9
o] AN G. BEE S BEE 47 B3k o Hifiol MWRFEBI ol F
A= gle8l, EE rocket height 9] 1 452 #hsE= ¢lvh. Rocket heighto] &3 SC =
g o st ot E HEEE Coffea 3fE(Lee, 1977)0] BSH Bigcs} 9luh(Fairbrothers,
1980). Cronquist(1973)+&= HEES ERY HET MIFER Hkoz & «, Sl HEW
22 F9¢ WEREA 2echz 2% 4o Qv Selk oA E maA(HE B4
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amino o] ALY %), RIE & =& rocket height o] fEo 2, reference-reaction <ol {E{H
9] IPSol| [Fl—a}A Y ¥y F—3 IPS & cross-reactiono] 4] JES < 9191

5 2

A Bife HEOHEE HEom Quercus f AR grouping fERE 1578 ELEE hiF
By Jizko 2 $gsta, rocket immunoelectrophoresis o A Hish RHESFEN HEE HH
slgleh. 2R EEN, EHhR) data 2 3o} Quercus ol Fagus B+ 4= SEEE L, Quercus
BAdN ALY Cyclobalanopsis ©iiHo) Lepidobalanus TFo e ZFaiehdl S, e
Cyclobalanopsis tifgo] s BHER7ZR o AL REHA 2. Lepidobalanus g B3t
 RHEE AXd RENFS 2L HBAY BEate KEANA mekA vebdoh. 3 Q. aliena, Q.
donarium, Q. serrata = RN L] A4 HE—Koz vebutel, Q. acutissima = Lirg
BEZHH BT 2ola A T3, WM Q. acutissimaxvariabilis & A9 FE—E Jeldol. Kk
RS IREBN Pigeel FIAE rocket immunoelectrophoresis & A 23 #HilizA 2 Bl BH=E o
o BEE RS BEE 27 Bdd o] Hiflfe) AN glwul, 2E rocket height o # &tz
& g4t
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