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ABSTRACT

To examine the effects of ozone (O;), one of the major air i)ollutants in the city area, on genetic
changes in Cornus controversa Hemsl., we compared genetic‘ structures between sensitive (S) and
tolerant (T) tree groups of C. controversa fumigated with ozone using isozyme markers. The genetic
structures were measured in terms of allele and genotype frequencies determined at five polymorphic
enzyme loci. Marked genetic differences between the two groups were detected at three loci (Lap-2,
Mdh-1 and Skdh-1). Genetic parameters, genetic multiplicity, genetic diversity and heterozygosity
showed that the tolerant group retained greater genetic variation than did the sensitive group. Results
of the study were congruent with the general expectation that the more heterozygous individuals and/
or populations exhibit higher resistance to various stress factors.
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THScholz et al., 1989; Giannini, 1991). 71289
o5t 59| Fle S0, NO, 0; Tl 23 Q<]
AFACHA) A8l, EY A3 2 BEY F FES
A ogt A% 93 T A= KA FelE e
I gt o] JiRdH FL A AN &g
ol XPAR] FFE vIXe AU (Skelly, 1980)
o2, 23 7] Fell MEHAE A% FEA Gl
v OI=A] A ollM vEE 43} LGUEe] AX3n

Corresponding Author: Seok-Woo Lee(swlee66@hotmail.com)

ES 71 AKX BlFRA ol Bstst ol
Yot ¥ xR FAHo] LGdol drt. ogl
BEE 2FL V5ES BFS Wb | AFYE o]
ke 54 AW 7] wiEel] eddaN He
Hojx e AFAFAe FHHE FA FrhHayes
and Skelly, 1977; Comrie, 1994).

W1eE 5 87 ot 9= 9 54 v
Ae G BY A7E FYE TS DY
offold gtk g So} trlegdle] Mugres
A0S Ao hEAA L FARY wse) s
(Miiller-Stark, 1985; Bergmann and Scholz, 1989;
Ruetz and Bergmann, 1989), 373 o3lZ <18k &
Aol] 4 g WA e JiA e JR3t



Jang et al.: Genetic Changes of Cornus controversa to Ozone Exposure... 227

FATFRY o] Fofl I AT (Miiller-Starck,
1985, 1989; Bergmann et al., 1990; Geburek ez
al., 1987; Oleksyn er al., 1994) 5ot} Xa7x]2]
7 ARE AR 7] gl 71el 87 <3l
3 WAE Bole AAEe] 28R B3 Sl
HIA frRd o ks A Aol JlojA o
P4 Hs e A48 REd] lojA zle)7t
U= T wslel w2t /13 540] wslske At
A7 B8 AHow AHA A= (Ziehe er al.,
1999), Geburek et al.(1986)% Liu et al.(1990)S-
o] 7R ERs) Aleld] ol ABdE
2k 4 gitkn Bus7)e ISt 3, Suljel e
t71e@e] vt Ak T A @& helA WAdE
Bole LMV ZiAI9 T¥R] ok JIAIE el
T O8] §4F Aolg AR Z(Lee er al,
1998y} TAlel) AAK 2PUFE tMFo R ti7ied
o thaid i 2 ZAdS Hole JiAY #HF
20| & 2A A7AMEZE ThKim et al., 2001).

ZZ U (Cornus controversa Hemsl)y= =, &
o] &, F=9] ofdt) APyl E¥shs G9gY
F2A v AAEE FIUEE £
18~20m 744 Agl= wEBFEC R T 1,400m ©)
Wel A=) AR e) gt Bl MAsks 2
X} o] ggo|th(Comelissen, 1993; Masaki e al.,
1994; Kim, 2000; Um and Lee, 2001). =5U5F=
SeluEte] At o] A85 AejH oz Mg &
FTOE ZXPFF oA 7] 77T &L Bk oY
ZHKim, 2000), 353 YAEE)S 7 o
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and Lee, 2001). B3, S3UF+= I3AI) 52 o
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Kang, 1996) 315 4 ¥ E39% §odx o4
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FHEL B o]88t A= Jang et al.(2003)
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aspartate amino-transferase(AAT, E.C. 2.6.1.1), glu-tamate
de-hydrogenase(GDH, E.C. 14.12), isocitrate de-
hydrogenase(IDH, E.C. 1.1.142), leu-cine amino-pep-
tidase(LAP, E.C. 3.4.11.1) malate de-hydrogenase(MDH,
EC. 1.1.1.37), 6-phosphpo-gluconate de-hydrogenase(6-
PGD, EC. 1.1.144), phospho-glucose isomerase(PGIl,
EC. 53.19), phospho-glucomutase(PGM, E.C. 54.22),
shikimate de-hydrogenase(SKDH, EC. 1.1.1.25)9] 97/0$
t}. o] 7kl TS B ) EHEA T #A
= (Lap-2, Mdh-1, Pgi-3, Pgi-4, Skdh-1y} S35
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Bergmann and Scholz, 1989; Ziehe et al, 1999).
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Table 1. Allele and genotype frequencies at five enzyme loci in the sensitive(S) and the tolerant(T) groups of Cornus contro-

versa fumigated with ozone.

Frequency Frequency
Locus Allele Genotype S group T group G-test
(No. of trees) (No. of trees)
Lap-2 a 0.000 0.050 4236
b 1.000 0.950
ab 0.000(0) 0.100(3) 4317
bb 1.000(30) 0.900(27)
Mdh-1 a 0.400 0.633 21.802"
b 0.600 0.250
c 0.000 0.117
aa 0.033(1) 0.333(10) 24,931
ab 0.733(22) 0.367(11)
ac 0.000(0) 0.233(7)
bb 0.233(7) 0.067(2)
Pgi-3 a 0.150 0.267 3.844 ns.
b 0.750 0.583
c 0.100 0.150
aa 0.067(2) 0.133(4) 3.529 ns.
ab 0.167(5) 0.267(8)
bb 0.633(19) 0.433(13)
be 0.067(2) 0.033(1)
cc 0.067(2) 0.133(4)
Pgi-4 a 0.483 0518 0.138 n.s.
b 0.517 0.482
aa 0.367(11) 0.429(12) 0.353 n.s.
ab 0.233(7) 0.179(5)
bb 0.400(12) 0.393(11)
Skdh-1 a 0.017 0.138 7.543%
b 0.883 0.810
¢ 0.100 0.052
aa 0.000(0) 0.069(2) 7372 ns.
ab 0.033(1) 0.103(3)
ac 0.000(0) 0.034(1)
bb 0.767(23) 0.724(21)
be 0.200(6) 0.069(2)
n.s. non significant, * p < 0.05, ™ p < 0.001

k. THEA TAAE) B ZEIge el FHE
J RAeg BE oI glon), YR FAo e
ZEHY) e ¥hgo] e AoF YeRa o
(Ziehe et al, 1999), LAP, MDH, SKDH &A%
oA A ule} o] o) FFelA 7 2B
2o g A EHE W gle Aow duA
HH, B AollA =AM ol B84 7k IDH,
AAT, PGM 9] ZS= ti7]edel sy g
HolE= ARG 2%A) &2 7 Atelel] dig-f-ddx}

2 $94% W Aol} i BAE FeA 9
=d|(Bergmann and Scholz, 1989; Ziehe et al.,
1999), £ A7olME olE FhoA WolE BT
T (A7) W& F 25 Blart olFelAA] &
At ol Aaw BT 1A drjel Befsks AAR
major polymorphism(Gillespie and Langley, 1974;
Bergmann, 1991)8 Yehll= S47 (Group-)oll &3
o UPFE o2 Group-19] E4ATE tEAlo] &
Group-Tl &40l HIS|A Wolr) 7] wjEe] 2 o
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3.2. 8 cltg

W3 253 A48 259 #33 Ud=EE Table
29 k. 254 28N F 19 diEsdx )
59 v Ui 2golxe 1309 iR &
8o Fa4=e BodERAgE 44 2209
26000} B5E FARRES] A 23 28N
1578 g Hd A 5 ), Wig
aFNE 198 G BE FAAR 5 38
Myt #ZHo] WA aFeA TS B Aol
ASHS. HEFA fAA897) goke A
< 458 F fle SEWsl disjn FeEold
M WA Hgo] Ate F& WFTh(Finkeldey
and Gregorius, 1994).

Gregorius(1978)9) 7214 Tt (v)@ 2% 244

o

IFNHE 1.000(Lap-2)~1.998(Pgi-H9] LS, WA
IFANAE 1.105@Lap-2)~2.305(Pgi-3)2] L HPL

w57 A oig Hdge 42 15739
17952 U 150 =2 kg Bt} o83 =)
VR (H,) A BATLF[0.097(Lap-2)~0.576(Pgi-3),
Ht: 0.40810) 744 25[0.000(Lap-2)~0.508(Pgi-
4), B 0.3241°0 vIsX =& gk Jehdez A U
AaEe 4 Odgo] 2 ALE UeRdt) o2
o o3 FHF R Yot AEAE Wtk 3
el Tisix] 2 B33l F315 gYgAdo]l B AE
Al vigiA Hr} o 28 AEY Y& A0 7]
tfEcH(Gregorius, 1986; Namkoong, 1991). ©] Z
7HdS 33 2Eg 2| o3 AsiE AL A T
Ad 7A783) A e FJue] 34 548 vl
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g o] AFAFAA AFE vl e Miiller-
Starck, 1985; Bergmann and Scholz, 1989;
Oleksyn et al., 1994; Ziehe et al., 1999), ol
FRE U dFINE AR d97F 2ad b §)
HLee et al., 1998; Kim et al., 2001).

WS 98 2804 v/ b /R
I (V)9 latent genetic potential(LP)2] Zt-2
T3k A3 Z2b 1259 22.1, 3.13% 4.028 WA
X =& 7S vERTh o] eSS Al
Aol YA & J= HEe 8L Yl
ASRE, 7 gho] W Fwsil tist H-380] &
< oJu]3Bergmann et al., 1990).

ZF7A B d7elN =FE AAHEL SjolA A
g Ae} o]Eol} 7o & Rl e A=
UeRsith &, 2 33 2Bz sy Rz
o g} XE dE2A wed § deH & AEA
A e FAsRE Aol dEE 5 gle 839
slo 283l AL - W= QoM Fuh Fo
WIE 2 HojFa vk g 7 ek, & #
AL BAs) 913 Ol vledo] 24:3] o|FolA]
oF 3, A&ARI §F =2 WYL M=
AR FA7E g F83ke & 5 Aok vk
3 1 gel R AP B 5L Mdep) 9
XE £ A7l ZArpiia vepd RAXE /A o
go] & AL Fshr] whizelth.

V.

TAA] F4a o] 2E9 7k shi”l 9Fo] =
2] SRR X FPake ZALEH] Slsted

Table 2. Genetic multiplisities and genetic diversities for the sensitive(S) and the tolerant(T) groups of Cornus controversa

fumigated with ozone.

Ay G v H,

Locus S T S T N T S T

Lap-2 1 2 1 2 1.000 1.105 0.000 0.097
Mdh-1 2 3 3 4 1.923 2.095 0.488 0.532
Pgi-3 3 3 5 5 1.681 2.305 0412 0.576
Pgi-4 2 2 3 3 1.998 1.997 0.508 0.508
Skdh-1 3 3 3 5 1.265 1.474 0213 0.327
Mean 22 2.6 3.0 3.8 1.573 1.795 0.324 0.408

Ap=number of alleles, G,=number of genotypes, v=genetic diversity (Gregorius, 1978), H,=-expected

heterozygosity
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