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ABSTRACT

Ginkgo biloba L. has been planted in the city as street trees because reported as resistant species to air
pollutant. Especially, the trees planted on the street of ‘Cheongro’, Mt. ‘Nam’, and ‘Jamsil’ have been
exposed to air pollutant for a long time. This study was conducted to examine chlorophyll contents
and genetic variation of Ginkgo biloba in the areas. Chlorophyll contents measured in the above three
areas were variable although the the diameter at breast height measured in ‘Cheongro’ and Mt.
‘Nam’ were constant. In addition, the result showed positive relation between chlorophyll contents
and DBH in this study. Eight enzyme systems were analyzed in megagametophytes which were col-
lected in the areas and separated to two groups based on chlorophyll contents. All the enzymes
appeared to be polymorphic : Got-2, Pgi-2, Pgm, Acon, Mnr, Mdh, Skdh, and 6Pgd. The sensitive (S)
groups varied from 1.253 to 2.571 in the genetic diversity and the tolerant (T) groups ranged from
1.416 to 2.825. The observed single locus heterozygosities (H,) ranged from 0.056 to 0.611 in the S
groups, and from 0.179 to 1.643 in the T groups. The expected heterozygosities (H,) ranged from 0.208
to 0.629 in the S groups and from 0.321 to 0.658 in the T groups. In addition, the H, values averaged
over all loci were 0.326 for the T groups and 0.299 for the S group, respectively. A difference between
the two groups was 0.027. The T groups had the unique alleles and genotypes and all the parameters
for genetic diversity showed that the T groups had higher genetic diversity than the S groups.
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Faked], 7185 53 v AEY 7R 71EA1
RHEENR ARIEH, ZERERT BB oFoA
H 7H FH FAEEVE B0 #EEESS 58 &
FE 12K R FHEE Q) epicuticular wax7}
BB BeTel 28k 345 o](Riding and Percy,
1985; Baker and Hunt, 1986), th7]2@Ed0] Ay
of T3] A& 2ol FAHHEA AR} 18
v o] FEIEEHEE Bol FrEe ledE R
& =3 v|gko|t}(Hallgren er al., 1982; Omasa er
al, 1983). B2E T Fre - F49 W IedE
Zo] Zsfxlo] Eqk &3l &, AEo] 8 B &
e 558 o M Srse AR 1 de T
£ 33 F520 vIst g Mo, e GEET B
2] HF A)Zo] A7IskEE AEe] 4] B
)= 7)FH(Yoneyama er al., 1980).

oleigt Z4F ARE Tl F4E |edEde
AEANAAM B A Fapafes AXAET &
9] 713g F3l F58 50,8 A= AlEANA
I tiREe] SO E B YF= HSO: 9 ¥
2 galgch 8319 SO+ oldAREha A (sulfite
oxidase)l] SJaiA FEANA AAEH B0,
2k whgaled Blaa SA4o) v SO E WHElsitt
o] FANA FrAog YAl oy AT B
S YeRN e GERE, 1994), AlE ol 1= superoxide
dismutase(SOD), glutathione reductase(GR)5-2] &4~
o 95l H,0,2 Hil, H0,5 H,0E kg
olfgh ¥kg0 2 FAo] F2 0,7} AIE Uollxf
& FEoR e, el soyt HEANE &
FHA AFHY 0y £Ho] E7Fs3H Ho g84
7} s3] FckShimazaki et al, 1980). A, NO,9}
0:& F73 AEAMAME S0% FRVIAIZ 0,9
22 22 SA4EHC| ¥AdHIL ol siEske A4
7150l BAskEo] 2} SERY S TR,
Al F8 el gt A G540t ga=o]
AE7E A TY 7H1A sigidel vehdtt
(Hallgren, 1987).
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71 S8l ZiErE AR 2URE e R HE
AFHFES ZAPBIL ZF iR f-3F "ol AR
7] S8t FHALEAE AT

I &  ghd

2.1 YEA BEIEA

£ a7 wEHo] ol ti7|Fe] 2854l SO,
FEvb vl we F=2, @it AE A dA
2 A3 283 olE X9e] JiAe dETE
Blwatr] 93k S0, ge] e gleA|ge] 3
5 7120l theiM® AT ZAR 9] V124
= TR 3o] T8l F127 15cm o

= MMAE tez ARG, H AAE A
02 s JiAlE AWM AAHT. FEAE
A= AHENE FA 08 26728 ZARIL, BAke
FI=2E W} 2042, FHL SPYTUE FHo=E
1622, 18] BI5-S 912 2ALSFYTHFig. 1).
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02 @E4 ¥¥K(chlorophyll contentsyS ZFAFSIHTH.
FES T AR AWY] F(19997 EFl T
(1999)°] ARESH WG o] 83Tt o] WHe Ff
£ A=A 237)71(SPAD-502, Minolta Co.)E AR
3l g SHFRFIA] Rl EEL S T
TR Belth. AT S(191)E ©] 71718 &
sl GEAE SHBHET A FAle 49 9%
2 et He ARV U8 45 8%
A e A ik 20709 92 SAsAT
274 e 2o 71 IHE SHe| BEdoE B
3ol ot 7R it gl 9 Ptk 24
k. 299 2 sk Akt

22, S¢lELEN
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A SHHF oA e] FAE AFEA, YRt
F2oA A A A A7HA 4°cel AT F
HELe BHE S8t AR A8 23T
o] HE4 FHE 7IFECE WA, WIZ(S) group
o= o] JiAl F 67l oVeel megagametophytet
FAYE AT}, A83E buffer= 0.2 M phosphate buffer,
pH 750t} A7)9EF2 starch gel(12%, sigma)
ol-g3ld AABIGAIL, H719E0] Bk gl 7% A
9g ¥ 47t FHasEE eSS AZTHKim
et al., 1993). A Wkgol| ALESE FHEAE gluta-
mate-oxaloacetate transaminase(GOT, E.C.2.6.1.1.),
phosphoglucose isomerase(PGI, E.C.5.3.1.9), phospho-
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Fig. 1. Areas of sample collected by chlorophyll contents: Cheongro (A), Mt.Nam (B), Jamsil (C), Tanung (D) Sample sites

collected (dot line).

gluico mutase(PGM, E.C.2.7.5.1.), aconitase(ACON,
E.C.1.1.1.1), menadion reductaseMNR, E.C.1.6.49.2),
malate dehydrogenaseMDH, E.C. 1.1.1.37), shiki-
mate dehydrogenase(SKDH, E.C.1.1.1.25), 6-phospho-
gluconate dehydrogenase(6PGD, E.C.1.1.144)2 & 8
ZFHolt), ¥4 AMSE ) B2 GOT, PGI, PGM,
ACON, MNR, MDH, SKDH % 6PGD E5F &4
o] i Wi== FEsta FF=o] A {AXE )
et FRA S AL BAEY 4 fxte] i
Axet FRHF] 1A 7= T 9L S 784 groups
olA ZAFEIIT contingency tableoll A o] B TA <
G-testZ HIMEHACH TEFH 9 F 9] Z 345
2 HE AAE A Jsg B sl §35
AT FAAEAY), AHFHERT(G),
JHRA=FEX(H,), 7THAH)NE AL,
27 (V) Bergmann 5(1990)2] o2 A
28150t ool B8 #4418 pCE program?! GSED

(Gillet, 1994)$} BIOSYS-1(Swofford and Selander,
1989F o83l AT

L &R % E&

3.1. =R
A GEA TR T 4877, @4t 4790, F
2 46.88, 281 A 40922 Hex|Ho] /1 &

Table 1. Chlorophyll contents of Ginkgo biloba L. planted
on the four different streets in Seoul

Region I\:roéezf DBH SP\[ZIJIDH 5602

Cheongro 267 23.4 = 0.07 46.88 + 0.46
Mt.Nam 204 23.8 = 0.02 47.90 * 0.51
Tanung 91 233 £ 0.02 45.77 £ 0.77
Jamsil 162 21.6 £ 0.02 40.92 = 0.65

+ : Standard deviation
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Al JebsdthTable 1), 2F AAFE F3He it
238cm, 2 234cm, BlF 233 cm, 4 21.6cm
2 AR FAe] Ao dXsg o, 4R
Ho] T} ]| AR} vlwsl] wioir), Aukzo =z
f712d4Ede] s =2 t7idAdE dEL
o] AMslETHAIE, 1988). RAME Ak, F=2,
E5A 9] tir]e el digt 724 23R g
& FERe il 29 B AR 2 A%
< Holx gtk a3y T2 A gl A
T 821718 AdRE HolA= ggith ojZe tve
FEZo] 759 AFS Ak ARHAL aQHnk
= G548 tle KR B 5 vk A g9
73E Lo FnAET JEA o] ke,
o] AHe 2YPUF- 2 7| SHES YT 24
H AHoE tf& AYHTt xR e A o[t}
Umbach and Davis(1984y= SO0l 2|8+ #Ekiifgol
G 57N FFolA AL HiRER UldAtel t A
25 23th Pasuthova(1981y= HH9] buffer capa-
city2 SO et WiAde] gle-S wE3lern, w3
2UT-F-(Pinus spp.)°lIM 757 WALl WAdxte)7t
98-S uF3lth Scholz and Reck(1977) §13Efo)
ZHAIZY AH3EA g WAl S-S st
o, olgfgl JTATE T FEolEE 1L 5T
S ARl 33 Afol= Q1sle] ti7|edolek
= stressoll THEE ¥RE-9] 2pol7} QS-S & & Sl
oA £ SFelA 2ARE G54 Y71eE
olghz SARle] ohd TE UiAIARl 8Rls 59
ggo) 7143 R Muller(1985)%F Scholz
and Bergman(1984)2 U xihel X Z8E o83t
o th7]2Fell T3t Hhe-8 ZAJBIAEY 50 23
AL 5o 7T Y= F4 A sl e
BES wow, g1l A3 F5o] 1At 5%
Ho} §37 ool 15%01d =3kt I3t 33
T Assoa s &, 479 550 ASE
73l Z-gsPHA Uehle @42 TR 375Ul 2]
g FFERE ofe} £50] JIR|3L = AHAR]
Aol vl F83F J8s ks AL BHojFE)
ZARR G ANA7E FEL TP IS T I
= Bsidet A9t AelRoke MAIRE Zolrt A
ThTable 2). 2] AL QA AA 100% SN
AGAH)e] 484 =) 820 Vsl Axe
11.53%°14, ZNARe)7) 7]oshe Axs 71.08%2

Table 2. The ratio of factors to content of chlorophyll
between sites and individuals

Mean Variance Percent
Sources

square component of total
Total 75.94 76.98 100.00
Region 2706.42 8.88 11.53
Individuals 171.52 54.71 71.08
Error 13.39 13.39 17.39

AR ATt &, AT JELFHE 7 JiA 1
o) webA ti71edell tigk vkeo] tE = U
& HERA o]Z AEA7} AslEry Alsisdn
< B3 mme MEE A= 7152 7RI
(Smith and Raven, 1979), ©]21%+ 53-8 Scholz and
Reck(1977)2 Y % UldXs 9558 Alol7t
AT 3em, o]RL 1317 FAYS Bsigit.
olelgt Arl= th7|2.dell st 59 iHEo] N
EE 7R &ol7t S < -8 YERAT

3.2. WM (tolerant)?{Mi2} ZIM(sensitive)X|
B /YUY $xe §Y

ZAA G A1 Lol P4 ) el
AT Z454(S) 5 groupl & LFro] B axE
A& AAEET 4o AM8-2 Got-2, Pgi-2, Pgm,
Acon, Mnr, Mdh, Skdh, ¥ 6Pgd®] &) 7/ &
AR Y RS AT} Oig
s 9 f33 725 ZARItHTable 3).
49 gl fRxF F ARl Pei-29) Mdh
7F, gGFRReNA Pei-29F PgmellX 22 BAIEQ)
Treld(P<0.0)e] =T T25% SELF Ui
TR FRARRIE] YoM FE 1 =)o)
= UeRA eigkod, AR Al T1E
o] 425702 STEF 35708 T4 dvehgt &3
EolARl fAAE T2EA el7F velrd whA, s
aFAMNE UeRA fster, Boldel thd-f-at
© TLEY Mnr-19149F Vet

Aol AF7E vl o] F 1ET iR
olA] frejAdo] 1FH AL Pgi-29 Mdh-19] 3}
HE, olF Pgi-29] FHAEe] 9 Pgi-2c9] H3x}
= T2Eo] § 28R M A% =4 Jelgth 1
2} Mdh-39] 7399 Mdh-3a8] E-FHAEEE S
IFEG T2EN4 &4 Yehd §bd Mdh-3b2]
B es itEe %8 Yepiodo) =3 5
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Table 3. Comparisons of the genetic structure at 8 polymorphic loci and of the numbers of alleles and genotypes between the
tolerant (T) and the sensitive (S) groups of Ginkgo biloba planted on the street in Seoul

Genetic structures G-test Number of Number of (Frequencies) of unique alleles and genotypes
lc(})ecrli: of homogeneity alleles genotypes alleles genotypes
Alleles Genotypes T S T S T S T S
Got-2 1.83 3.69 3 3 6 6 - - - -
Pgi-2 7.07% 12.76% 3 3 6 4 - . 2b2c(1) -
2¢(6)
Pgm 5.24 8.08%* 3 3 4 3 - - lalb(6) -
Acon 141 3.29 3 3 4 4 - - - -
Mnr 4.82 4.34 3 2 5 3 le(4) - iblc(2) -
lce(l)
Mdh 6.42* 4.25 2 2 3 3 - - - -
Skdh 0.34 3.60 2 2 3 3 - - - -
6Pgd 0.52 2.05 2 2 3 2 - - 1b(2) -
Mean(AL and GL) 263 25 425 35
*P<0.01

JEL AR A] fojde] I8E AL Pei-29t & YERIICE §3F OREe T 28K 1=
Pgm-19] F-HAFZ TIFANA 370 (Pgi-2,2., Pgi-  F4AL Apol7} QAN 0T, STFNAME 1.2530
2.2, Pgm-1,1)9] 5ol FAx} TAHAT A 25719 HHE B ¥ TIEoME 1416904
A B30 glo] F27Q] ol QAR ek 2.8259] MR YERdT o]RL e 2GR Yo &
o TIENA Mmr-lyly, Mnr-1c1. 2 6Pgd-1,1,8] BV =2H T A7) zlo7t ke 5~ JeS
EolARl FaA8E 7HE 54 A vel . YebiE Zlelck(Scholz and Reck, 1977).

t}. o]@HEA Pgi-2,2,2F Mdh-1,1& STEHRT T

IF o =& REE Jehlidlen, SEHTA 3.3. LAoRAet ZM0H &2 R8Y olgy
Pgi-1,1,, Mdh-1.1, @ Mdh-3,3,= AHEE Fgs @z

Yehligick tig/-32) =9} f-234) Hes Egz ST T9} S2EQ] o|BFYUE E A1F ot
3 434 A2 (genic distance= 0.0589014 0.2489]  AE A3l FALSITHTable 4). FAAFE )&
HAZ Jehton, 5738 AP (genotype distancey=  HEEY BEX|(H, )= SIEIA 0.056~0.6112] ¥
0.071~0.409% T}FtHTt. 53], Pgi-13 Mdh 3 912 UERE ¥ TIEME 0.179~1.6439] 9
A FAR Aol 714 Aol Qo] =2 HlE 2 JERTE o|FHYREY 7R (H) S STEONA

Table 4. Heterozygosities and genetic diversities for the tolerant (T) and the sensitives (S) groups of Ginkgo biloba in an air-
polluted trees

Heterozygosities .
Gene Genetic diversities (v)
Ho He
Locus
T S T S T S

Got-2 0.643 0.611 0.636 0.629 2.662 2.571
Pgi-2 0.286 0.167 0.658 0.567 4.667 3.767
Pgm-1 0.520 0.056 0425 0.208 2.825 2.227
Acon 0.321 0.556 0.490 0.541 4.356 2.746
Mnr 0.429 0.444 0.564 0.457 1.717 1.253
Mdh-3 0.179 0.222 0.321 0.508 2.292 1.256
Skdh-3 0.250 0.056 0.493 0.513 1.929 2111
6Pgd 0.250 0.278 0.321 0.246 2.904 2.842

H, : observed heterozygosity
H, : Nei's unbiased expected heterozygosity
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0.208~0.6298, T-LEA 0.321~0.6582) W= U}
Rt St o|F3AES] AS5A e TIEH S1E0)
2z} 03269 02992 T 3t H o8-
Te] 7 T2ES sTEo] ZHt 0.4899) 0.456
o= el o] AFE B o) TIEL S1E
Hr} f-214321 o7} & Ao et 3 Got-
13} Pgi-2 AR 7 2§70 o] ofd e
g4 FAHRG 57394 Holrl & BolFel -4
2] Aeg Jehdth f33# Got-2, Pgi-2 2
Pgn-12 TEOA o]F-{REL] 7IhR]9}F BSH]9)
Al EE g eI, 11213 Acon®t Mhd-3
2 STFAM EL o|FHFEE JERIAT E=FF o]
FARA Got-2,2., Pgi-1,1p, 2 Skdh-3,3,x= 2~ 34
AL TIFANM, TEHEA Got-2,2,, Mnr-1,1, 2
Skdh-3,35 SZEOIAM O] A veht o1¥AT A=
STEET T2EA o =4 Ueldth 2840z,
TS} S 87 34 TR (Veam)yS 22} 35.499)
28442 UERgOo™, 1187 o]ERl Aole tV|L9E
A, 1, FERE T oY J1A B 2 2|
st 21E9] -89 Ao]= AJzkEth(Scholy and Reck,
1977; Gregorius et al., 1986; Hallgren, 1987)

V. & e

712 57t B F2, 24 183 Y
3 QTR HeAIge] V2SR AAE 2T
(Ginkgo biloba LyZ Y302 71299 =250S
o] AS4RE AR A= o) 2o}

1. A&l £ e 712 23R K
Hikol] o3t G4 FHES el 48.77, B4t 47.90,
2 4688, 18|31 F4 40922 Bl Yol K
=4 veldth Zh A9l AL Wit 238 em,
FZ 234cm, HF 233 cm, A 21,6 cmE FAHA|
A3t FaAAL Alol= FAAY olelle B2 gl

2. ZTR] H5AY B 2A0E Eib 2229
9} 2P FEA Figo] L)

2 ARG g FuABL TAR fESe] A
$23%0] t7|egEdngs te o¥exld oJsix
T RS 5 ASS YepdT

4, Ao} AMEE Got-2, Pgi-2, Pgm, Acon, Mnr,
Mdh, Skdh, B 6Pgde] &7} 9 EAA Baukgo)
1=, ] FHRF F Pgi-2¢k Mdwt o

YF-ARJo) A pgi-29F PegmollA] 2 BA|1Z91 #2014
(P<0.01)°] VF= At

5. T(tolerant), S(sensitive) F groupl @ L}Fo]
A9 FHEAEAL AT d-GAA (AL
7} 2.63, S7F 2.52 Yeldt}.

o] X=X =]
iy —yam
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