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Study on Allozymes in Cheju Island
Population of Drosophila melanogaster*

Kim Won-Taek

Abstract

Allozyme polymorphisms and linkage disequilibrium were examined at Adhk and a-
Gpdh locus of 2 natural subpopulations of Drosophila melanogaster, sampled at Ségwipo,
Cheju Island in 1986. Both loci have two alleles at appreciable frequencies. Adh" and a -
Gpdh® allele frequencies are dominant in both of the subpopulations. Heterozygosities
commonly show a tendency to be higher in fall than in spring. Heterozygosity of a -Gpdh
is generally higher than that of Adh. Kangjéng-dong subpopulation compared to Hogtn -
dong subpopulation tends to lower heterozygosity of Adh and higher herozygosity of a -
Gpdh. Linkage disequilibrium can be obtained in negative in all case, and is stronger in
spring than in fall. It is discussed that the nonrandom associateion of Adh and a -Gpdh
is genuine and overdominance and other selection may be the explanation for the

maintained linkage disequilibrium.
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WRLE A e Yo Hoh: AE A g A Aol A 20937 RAE Ba
o Hglz A MEKE 28 A2Y 4 v DAY FRHAR FL A7t AFHA
o1} ol % i ie] clud WA} E{el ARTA o Fol sl 3t AAS < WA
23z =Ae ojaoz wol gtk & HHolME HREMo 2Fdtc FEMEX
(allozymes) o] SR~} BmMagolols HRBF o8l FAdctz Adgs= Wil o
Ho AL o]2jd WMEE HRBFo| byl RAMR ZAteln] LM BRE HEH
ol MY P8 (random genetic drift)oll s vehie #Abelztm A=t e,

BARIEe] EMAEES BES AT 4 give AR A5H Qe AL dRe
z3tglel  adAcxlolA  Jebb=  alcohol dehydrogenase (SDH) ¢} a -glycerol-3 -
phosphate dehydrogenase (« -GPDH) & $%/8% adFolM dejzdh o Zie HF
veo] yarzule] HRKMOIA mEKE o3 Ay F oslx mRERRe= Feised
ADH-F ot ADH-S ®RMS AdhFsl Adk® ¥3LERTF (Grell et al, 1965), azly a-
GPDH-F o} a -GPDH-S RM L o -Gpdhto} a -Gpdh® #LEF (Grell, 19676) 2 A
Hol oa) 27t ulSeialc o HYRFEL >atasizle] HKEMA cline BRS 2
oledl #HiiolA HolA4E AdhFY a -Gpdhd €=t F7Hct (Berger, 1971
Johnson & Schaffer, 1973 ; Pipkin et al, 1973 ; Vigue & Johnson, 1973 ; Oakeshott et al.,
1982). & 22)so BREMIANE oleh dHiEE cline RRE 2xi w3t
(Triantaphyllidis ef al., 1982), °] By TS Hl=s} FEel o2 72 WL &Kot
o) AAAE L43m oleldt cline & HE Lo RIFW wikol A8 FAs<E Heolazn
Alet=l ot (Pipkin et al, 1973 ; Vigue & Johnson, 1973 ; Oekeshott et al., 1982),

A SRIKo] BiF AAUA ohuul MR FE] AANAAE W7l Hshd
Ao 2o MR MET BAI7ES BT LU#S ARSI B E Wl
Zg93kd oFojxlz ok (Kimura, 1956 ; Lewontin & Kojima, 1960 ; Franklin &
Lewontin, 1970 ; Yamazaki ef al., 1985),

A 2R B HREEAN BMERTM ATsgod oids 2E FAV AAH
o ohvth, ti%o] mES xetzule] HKAKEM BI WELEH AT TLgol 3
3}t (Paik & Yang, 1983 ; Sung & Kim, 1985).

o] maAoAE EME w3xvlele] AREMS Aoz, whidel SURR B
772 waeE kol Ad B WS vo] 2 FEMEE i Adh2t a -Gpdh
s ETY EES ol 57t MMATMS $45tn, AREES HA Aasel dAE
BmMsle] oA ERFEF 477 E Bl o Jx2AEE Adna gk

b
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II. R hik

2 A7l A8 xFasiels 19879 59 18YSH 24474, 281 104 5o 7
BT AR WTH(G 6km A Ad A=A, FER AYAE 2o F, 3}
el E o ubbu} Ffo] 9lm HFFAo] 442 et AF LY 2 Foln, TiT
f AYA A4 FHol E, FAdRE Y vht F540] Ye FEUeloh TiTHIA
S5¥ele AAF AL 2L dPoz vd Rold AAsd 10801 FolE trap &
A A ste] af A sl gdct,

FE2T ot AH3ld APl A= 2 Adhf a - Gpdh® double homo-
zygote Oregon-RC H#t ] virgin 3 vl2j9} REESlA 24°C + 19141 standard corn-
meal agar food 2 Abggoo], ZXREsled 5~79 ¥ oAz 28 QYE = parent &
AAZT o] F 43 (wild fly) S BEHK®E 2t double heterozygote = el 7L
cis Bl 7] trans B & 47| st F,o & MAS oA BE A A},

|E KBS Selander ef 2l.(1971)3} Steiner ef al. (1976)¢] %S¢ wW#3 agarose gel
electrophoresis 5 ©|-&3le] H2ats Aol v BeFE B Adh st a -Gpdh HTH
Fo E% ADH ¢ a -GPDH o 3] A3} (see Sung & Kim, 1983),

BWTENS] A=+ Yamazaki ef al. (1984)2] o2 A3t ch,

IOl &% 2 &%

FEME ARET AR TiTRY x32sle] HEEmols 23 712 BRWY [
fr&e% mfidl Adh$t a-Gpdh & ZA13}%ich, ADH 9} « -GPDH &+ FR3 SKoz
Telsel AYAe FRBKS vded 2 AL £13 20 e upe} 2,
heterozygosity = ¥ BE{IolA 25 Aos] w4 Jelgsd] Adhol uls) a -Gpdh ol A
o xoh F B9 heterozygosity & FEHo T TiTHEC WFERS HEMol 4] ¥t
L, FENLEZE F Aol FFHoR Buch 120 HMolA] Folxl HAL Mol
ul 53] a-Gpdhol M ©] BL ao]& ®olm 9o},

WA sAol el 2 Mol FMz RS SH5 KM REES 2BEs 3

W LT M a-GpdholAd 3 sl HET ER/ YJAL(P<0.05), &
of RS LiTH £M79 o-Gpdh = HEF ZRE Bl (P<0.05), oeba] o
%Mol o34 Hardy-Weinberg ol A1 Woju} QlEx& dolr7] 913kl allozyme

wlo

I
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Table 1. Allecic frequencies at two polymorphic loci in two Cheju Island subpopulations of
Drosophila melanogaster

Locus Population# Sample Frequency of Allele | Frequency of Heterozygote
F | S Observed | Expected

Adh SHS 220 L7227 L2773 .4091 .4008
SHF 82 .6951 .3049 .4878 .4239

Combined 302 .7152 .2848 .4305 .4074

SKS 156 .7532 .2468 .3654 .3718

SKF 80 .7125 .2875 .45 .4097

Combined 236 L7394 .2606 .3941 .3854

a -Gpdh SHS 220 .6295 .3705 .4864 .4665
SHF 82 .5915 .4085 .6220 .4833

Combined 302 .6192 .3808 .5232 .4716

SKS 156 .5577 .4423 .3974 .4933

SKF 80 .5125 .4875 .6 .4997

Combined 236 .5424 .4576 .4661 .4974

# Sogwipo population. SHS, Hoglin-dong in spring ; SHF, Hogiin-dong in fall ; SKS, Kangjdng-
dong in spring ; SKF, Kangjong-dong in fall.

Table 2. Seasonal frequencies of alleles at two polymorphic loci in Cheju Island
population of Drosophila melanogaster

" Locus Season ‘Sample Frequency of Allele Frequency of Heterozygote
F [ S Observed | Expected
Adh Spring 376 .7367 .2633 .3910 .3879
Fall 162 .6951 .3049 .4691 .4239
a -Gpdh Spring 376 .5997 .4003 .4495 .4801
Fall 162 .5525 .4475 .6111 .4945

g —EsAel Y ARES BEdtY HER HE RE} TR F Kl a-
Gpdh 7t #HB3H7 Hardy-Weinberg E#el Al #Hoiut Agiet (27t P <0.013 P <0.
05). e} AR & %M TiTHA ¢ %M Hardy-Weinberg Fol siolst. o
o] Adh: Zfiol @Aglol F Aol Hardy-Weinberg T#icl sigich o1& ZA#z2
2w 5 A Yhe B-REEME TAINT YA dor KT ThE
Jolx T3 elopdt Ao Ausch

$rETY WEE B AR AdRTSt a -Gpdh' HIRTS Wz FAsH (Yang
et al, 1979 ; Paik & Yang, 1983), 1982:d9) B £MolA Adkot o -Gpdh™s) W=7}
747} 0.7449F 0.7542k3 ¥ 251 Eel (Sung & Kim, 1985) & =Atel ZAzet vlas &
W AdhFel MEE FARY @ -Gpdhtel WEE F Aol ¥ EolH,
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AdrFe) M= AR MiTRAS Mol B2 7pgel 47k Helxl AFe 2o
A gk 0.60] 4] oz A= gich A AdkF Wls e Aeole HAREEG TiTHY
Mol =22 o] av, FHEES MiTHAAM 471 o o, 22y Aoz AdkF
o wiesl 2 WES Holx gE AL it KMoA AdHes & WiE wolne
9]F9o ¥ ysl Auldoltt (Gionfriddo ef al, 1979 ; Muiloz -Serrano et al., 1985),

a -Gpdht HYEFS Hxx Fuc shgo 47t PolAle AYE BHn, HEREY
TiTRAS Mol ZH7Ee zolst Fo acd, add Adht$te 22 a -Gpdhfe LT
e AR Sl FHEEL o ¥

xR0 EmMEc BAEMAA Adhf HIRTY MR/ & AL AHAAY
alcohol /kiko] *REly Hifirel wie} 2 Aolr} glr] elFelztxm A=t (Muifloz-
Serrano ef al, 1985). °l2i@ AHY BFAE AANE & A€ FAL o UdAA
dojAch ol& 59, xgasiele] FFEMol ethanol & A3k oidae] Adh™
7} Z7}8 (Gibson, 1970), B§& ethanolol| xZ3lw §Re] ADH iF#E7F F7het
(Bijlsma-Meels, 1979). #:#19] yeast & #W3}4]7]d ADH 43 fke] 4572 7}
3o (Clarke et al., 1979) Adh* RIS TFE AdhF°Y Adh® ER#ESTRIS o B2
ADH tlw 2l 2 £g 43kl (Gibson, 1972 ; Lewis & Gibson, 1978 ; Maroni, 1978 ; M cDonald
et al., 1980), ADH-F & ADH-S ¥ c} WiF#Est £2 ¢ oheh (H ewitt ef al,
1974), ADH-F R ethanol R#f2] FMEH2ZA Al Lo| 32§ acetaldehyde & 4
814]7]= o] YL 3§ aldehyde dehydrogenase (AIDH) &t ztx v (Heinstra et al,
1983). =3 Adh' FEREAFE Adr® FEF#ES T3 ADH iEftEE 7t ABEA 245 3
% %t} (Anderson & Gibson, 1985).

EME o FERE HEe F, HddE 9 vhivE A2 Aelsle RololAM zt
o EAEEZAE L 4L 22 o 53 34%e 6¥4nAe AFAG} A2 B
o] HEEslol Yn 3YYE 1197 HANEL Yy HTol kB REL v
o}, aebd Ao ozt AL A9 fzAe|y T F A ethanol FFol
2 zjo|7} glck: A (Anderson & Gibson, 1985)2 23 dcisd AR wiTHS KMl
A AdhFel M= & ztolsl A7A oS Aoz Azsich FH Fol vE sheel F
Acle] AdhF WlE 7} 7F4slE dALS ethanol 59 o|7} Ri¥Eo 2 ALY 4 ot
L zdo4] 238 H&rl glct (Briscoe ef al, 1975; Hickey & McLean, 1980).

Lazste]l AREMEN Adhte W=rt 4¥ BEKBES F¥H Killol EARMMEE
Bk ¥ 1 (Pipkin ef al, 1973)9 28 B Aol sl HMAMET LA 5=
otoktt (Gionfriddo & Vigue, 1978 ; Gionfriddo ef al, 1979; Oakeshott et al, 1982;
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Triantaph- lidis et e/, 1982). =tet FiBz HMMEST b sidfgts £ =2AA2 5
A7 1099 FBEEXRE BHES Adsns aolst A9 gk Oakeshott ef al. (1982)
2 Adh® W59 cline@AS FA4HA 2 W= BE BRAES EMBEST A 3
dot EMES KA RAES 1083 596 o g7] sEol AdhTe st £l o
e dAS Auy] oo, aabd 1098 59 o B AAol vy, AR
v ITHCIA o B2 Aol wHAE YA EAL v & o AdhFe W=+
alcohol &=F ol A o2 of =osjoio} & oz Yztdc}

a -GpdhFol ¥l= = 1982y M E HEMe Hxal 0.754(Sung & Kim, 1985) ¢} & Aol
7} 9ledl, o] ute vl :a = random drift off 2% Aoz sSAHE £x o} Hol =
9% BMATEMHS nwidtctd random drift 25 A= str] ool sfvksi 19824 9
ZALe} ulalstR 2 B zA A X Adk 9t a -Gpdh 7roll B3 negative linkage disequ-
ilibrium ] 1eJ% 7] WjFolc}, weld a -Gpdhol FAHA £ Hell o —“913}31‘4

EEERC He A4S HWATH (linkage disequilibrium) $ 2 5 HWA =5
Adh &t a -Gpdh7kol 7|th A9} 987 abo|t HMAMATH A4 (XR3,4). =
3 s}&x ) Eoll 7+4F non-random association & Heolxm glch 198239 EM G HMY
v} 3 ¥ repulsion gametic association (Adk"-a -Gpdh® =& Ash®-a -GpdhFRl) o] 7]
hx olaeg gre AHolMd AAdn dz, BMELTMH] =+ LTRSS F AL
] 3o,

Yamazaki et al. (1984)2 H& T BEHATFMH] B2 712 Fol £3] AtzbA wigf7] #
Zof (Mukai & Volker, 1978 : Yamaguchi ef al, 1980) EEBAT-#52 FEME S RE 75
AL AT Fv glovt EAMAEC A Y random drift o] 71 E Helztx 3. &
o e EEddE FhEol el zAedz Fuch MBAFMH otsta, F
subpopulation ol 4 =% HFEI AEWAFEES el Aol 198241 Akat 271wl Fol
EAR#EI A Y random drift off &g Aoz By oFc

o)l dt BRAARZM Ol In(2L)t ool ABEAEMC 7108 AR E ZASHA wgket
e AT £ gk kel Adk ot a -Gpdh & In(2L)t & 73 MEERE &t
o BEATEHS Jehdo: Ade]l AMAder @e Aneld 2uEHU wfEeld
(Mukai et al., 1971 ; 1974 ; Langley et al, 1974 ; Mukai & Voelker, 1977; Watanabe &
Watanabe, 1977 ; Paik & Yang, 1983 ; Inoue et al., 1984 ; Yamazaki et al., 1984), o -2
U o2 guiolA vl EME E@lAN In@L) o HEe 2(0.2204) 2o} 73 (0.2662)
ol HESA Zrbshed (Kim, 1986) Hhel Adh 9 « -Gpdh o MBMTFH S 7HEid &
of +i AaAE AAL 2olx glo] Im@L)t oo FEIERTl o MMAFMHN T2&

v
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Table 3. Linkage disequilibrium between tow allzyme lici, Adh and a -Gpdh, in two
subpopulation of D. melanogaster

Populationt Season Gametic Typeit# x2 Lt
a | b | ¢ [ 4
SHS Spring 175 143 102 20 30.88°*  —0.0702
SHF Fall 61 53 36 14 4.88° —0.0298
Combined 236 19 138 34 34.21°  —0.0566
SKS Spring 117 118 57 20 13.81**  —0.0443
SKF Fall 52 62 30 16 5.00* ~0.0313
Combined 169 180 87 36 18.63**  —0.0387
Pooled 405 376 225 70 52.63°*  —0.0489

* Significant at 5% level.
** Significant at 19 level.
# is explained in Table 1.
##a, b c, and d indicate the gametic type, Adh®-a -Gpdh®, Adh*-a -GpdhS, Adh*-a -Gpdh®,
and Adh®-a -Gpdh®, respectively.
### L <O indicates the coupling gametes (with respect to allele frequency) are less than expected.

Talbe 4. Seasonal linkage disequilibrium between two allozyme loci, Adk and «
-Gpdh, in Cheju Island population of D. melanogaster.

Gametic Typet , e
Season - I b ] p I 3 Lig
Spring 292 261 159 40 44.95** —0.0598
Fall 113 115 66 30 9.99** —0.0308

** Significant at 1% level.
# is explained in Table 3.
## is also explained in Table 3.

AE obd A 2ok, %] Voelker ef al (1978)& Hv|(dt£)ol4 ZHoI % Adk cline ¢
1%} @ -Gpdh cline 9 6% In(2L)t 2+¢) BMT T2 e 4 U shglch
aeid £ AAE FERAQ REF EAA I fitness o ZwolA ms] B £ 9
dl, o] 7% 73 BMBMAFHS overdominance shol| 4 4714 e} (Franklin & Lewontin,
1970 ; Slatkin, 1972 ; Yamazaki, 1977), Yamazaki (1977)+ HIRE 27]e] W4 over-
dominant selection &2 stEolxl BMATEH d=v HA<te]l AR ael F4£3 s
2 A AT =2ele o e 77k Ags Aoadn dHd, azd
e M-S 7SRt 277 el Fobsie dol o A3 BRATEAS Lidde A
oA A& A2 MR 9o overdominance selection model ato. 2 A3l 7|5 o}
ot o] HE stollA obF ulAa 198214 kol ®ls a -GpdhtY HlEr} 2A A

'
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Hools Adnot 73 BRATHES AL fAsL dde AE 22 o o% 2y

a2y xabzsle] ziel EERAGIA et overdominance 7t Adh 9} a -Gpdh &
REM SNERE FANE o sd@E FAF A W o] -E ol (Cockerham et
al, 1972 ; Hadelder & Liberman, 1975 ; Serradilla & Ayala, 1983) olgl oA 7}53
dudo] g £ 9o, & #EME xFasle] RES Bo 2A Fristedl o] A7l &
ghe EA Zsslel ek, Adhnvt a -Gpdh AT A FR#EAE T AL 22 AL ]
AL T AR/ He Wt ok & Ehre AL T B2 8E o EIBHl xol
A3, ESFHN overdominance 7t glol ol E-L Rifel R =E 78 BAENS
wolAut, 7peolt wole) A4 el HekHoz KMo 27E FLAFH} FHEE
o] 213t overdominance £ oJ™ A& A8 (7}8] frequency dependent selection) of 2ol #
3452 BITESS =5 4 2 elza Aedg 4 glch, a2y ol A
o AAAQ ZA o3 A g Aol obdol A oz HAES A o A7
Aoz zAsn, Im@Li R & EAEIE HAFHS zAskE FAll alcohol +F
olvf thE MBS e MBS Aokt Y BA% Aol A2E 4 Aotz A
E2d.

- 134 -



BHE xd2sie) KB EOMXA BT HRE 9

2 F XM

Anderson, D. G. and J. B. Gibson. 1985. Variation in alcohol dehydrogenase activity i vitro in
flies from natural populations of Drosophila melanogaster. Genetica 67: 13-19.

Berger, E. M. 1971. A temporal survery of allelic variation in natural and laboratory
populations of Drosophila melanogaster. Genetics 67 : 121-136.

Bijlsma-Meels, E. 1979. Viability in Drosophila melanogaster in relation to age and ADH
activity of eggs transferred to ethanol food. Heredity 42: 79-89.

Briscoe, D. A., A. Robertson, and J. M. Malpica. 1975. Dominance at Adk locus in response of
adult Drosophila melanogaster to environmental alcohol. Nature 255 148-149.

Clarke, B., R. Camfield, A. Galvin, and C. Pits. 1979. Environmental factors affecting the
quantity of alcohol dehydrogenase in Drosophile melanogaster. Nature 280 : 517-518.

Cockerham, C. C., P. M. Burrow, S. S. Young, and T. Prout. 1972. Frequency-dependent
selection in random-mating populations. Am. Nat. 106 : 493-515.

Franklin, I. and R. C. Lewontin. 1970. Is the gene the unit of selection? Genetics 65: 707-734.

Gibson, J. B. 1970. Differences in the number of molecules produced by two allelic elerophoretic
enzyme variants in Drosophila melanogaster. Experimentia 28 : 975-976.

Gionfriddo, M. A. and C. L. Vigue. 1978. Drosophila alcohol dehydrogenase frequencies and
temperature. Gent. Res. 31: 97-101.

Gionfriddo, M. A,, C. L. Vigue, and P. A. Weisgram. 1979. Seasonal variation in the frequencies
of the alcohol dehydrogenase isoalleles of Drosophila : correlation with environmental
factors. Gent. Res. 34: 317-319.

Grell, E. H. 1967. Electophoretic variants of a -glycerophospate dehydogenase in Drosophila
melanogaster. Science 158 : 1319-1320.

Grell, E. H,, K. B. Jacobson, and J. B. Murphy. 1965. Alcohol dehydrogenase in Drosophila
melanogaster : isozymes and genetic variants. Science 149 : 80-82.

Hadeler, K. P. and U. Liberman. 1975. Selection models with fertility differences. J. Math. Biol.
2:19-32.

Heinstra, P. W. H, K. Th. Eisses, W. G. E. J. Schoonen, W. Aben, A. J. de Winter, D. J. van der
Horst, W. ]J. A. van Marrewijk, A. M. Th. Beenakkers, W. Scharloo, and G. E. W. Thorig.
1983. A dual function of alcohol dehydrogenase in Drosophila. Genetica 60 : 129-137.

Hickey, D. A. and M. D. McLean. 1980. Selection for ethanol tolerance and Adh allozymes in
natural populations of Drosophila melanogaster. Genet. Res. 36 : 11-15,

Inoue, Y., Y. N. Tobari, K. Tsuno, and T. K. Watanabe. 1984. Association of chromosome and
enzyme polymorphisms in natural and cage populations of Drosophila melanogaster.
Genetics 106 : 267-277.

-135 -



10 #HB¥HF 4 %(1987.12)

Johnson, F. M. and H. E. Schaffer. 1973. Isozyme variability in species of the genus Drosophila.
VI. Genotype-environment relationships in populations of D. melanogaster from the
Eastern United States. Biochem. Genet. 10 : 149-163.

Kang, S. J. 1978. A study of frequencies of alcohol dehyrogenase alleles in the Korean natural
population of Drosophila melanogaster. J. Kor. Res. Inst. Bet. Liv., Iwha Univ. 21 : 39-50.

Kim, T. I. 1986. Genetic polymorphism in Korean natural population of Drosophila
melanogaster. Ph. D. dissertation, Sung Kyun Kwan University, Suwon, Korea.

Kimura, M. 1956. A model of genetic system which leads to closer linkage by natural selection.
Evolution 10 : 278-287.

Langley, C. H.,, Y. N. Tobari, and K. Kojima. 1974. Linkage disequilibrium in natural
populations of Drosophila melanogaster. Genetics 78 : 921-935.

Lee, H. Y, S. Y. Yang, and B. L. Choe. 1982. Genic variation in natural populations of Koeran
Drosophila melanogaster. Bull. Inst. Basic Sci., Inha Univ. 3: 141-149,

Lewis, N. and J. B. Gbison. 1978. Enzyme protein amount variation in natural populations.
Biochem. Genet. 16: 159-170.

Lewontin, R. C. and K. Kojima, 1960. The evolutionary dynamics of complex polymorphisms.
Evolution 14 : 458-472.

Maroni, G. 1978. Genetic control of alcohol dehydrogenase levels in Drosophila. Biochem.
Genet. 16: 509-523.

McDonald, J. F., S. M. Anderson, and M. Santes. 1980. Biochemical differences between
products of the Adh locus in Drosophila. Genetics 95 : 1013-1022.

Muiloz-Serrano, A., A. Alonso-Moraga, and A. Rodero. 1985. Annual variation of enzyme
polymorphism in four natural populations of Drosophila melanogaster occupying different
niches. Genetica 67: 121-129.

Mukai, T. and R. A. Voelker. 1977. The genetic structure of natural populations of Drosophila

melanogaster. V. Further evidence on linkage disequilibrium. Genetics 86 : 175-185.

Mukai, T., L. E. Mettler, and S. L. Chigusa. 1971. Linkage disequilibrium in a local population
of Drosophila melanogaster. Proc. Natl, Acad. Sci. U. S. 68 : 1065-1069.

Mukai, T, T. K. Watanabe, and O. Yamaguchi. 1974. The genetic structure of natural
populations of Drosophile melanogaster. V. Linkage disequilibrium in a large local
population. Genetics 77 : 771-793.

Oekeshott. J. G., J. B. Gibson. P. R. Anderson, W. R. Kibb, D. G. Anderson, and G. K. Chambers.
1982.  Alcohol dehydrogenase and glycerol-3-phosphate dehydrogenase clines in
Drosophila melanogaster on different contrinents. Evolution 36 : 86-96.

Paik, Y. K. and J. Y. Yang. 1983. A simultaneous study on enzyme and chromosome
polymorphisms in a Korean population of Drosophila melanogaster. Korean J. Genetics 5 :
47-59.

- 136 -



PME cprste] KW FEUMES A8 HRE 1

Pipkin, S. B., C. Rhodes, and N. Williams. 1973. Influence of temperature on Dyosophila alcohol
dehydrogenase polymorphism. J. Hered. 64 : 181-185.

Selander, R. K., M. M. Smith, S. Y. Yang, W. E. Johnson, and J. B. Gentry. 1971. Biochemical
polymorphism and systematics in the genus Peromyscus. 1. Variation in the old-field
mouse, Peromyscus polionotus. In Studies in Genetics, VI, ed. M. R. Wheeler. Publication
7103. Austin, University of Texas, pp. 49~ 90.

Serradilla, J. M. and F. J. Avala. 1983. Effects of allozyme variation on fitness components in
Drosophila melanogaster. Genetica 62 : 139-146.

Slatkin, M. 1972. On treating the chromosome as the unit of selection. Genetics 72 : 157-168.

Steiner, W. W. M., K. C. Sung, and Y. K. Paik. 1976. Electrophoretic variability in island
populations of Drosophila simulans and Drosophila immigrans. Biochem. Genet. 14 : 495
-506.

Sung, K. C. and W. Kim. 1985. Linkage disequilibrium between allozyme loci in two Korean
populations of Drosophila melanogaster. J. Sung Kyun Kwan Univ. 36 : 31-38.

Triantaphyllidis, C. D., Z. G. Scouras, J. N. Panourgias, and G. C. loannidis. 1982. Allozyme
variation in Greek wild populations of Drosophila melanogaster and D. simulans along a
North-South gradient. Genetica 58 : 129-136.

Vigue, C. L. and F. M. Johnson. 1973. Isozyme variability in species of the genus Drosophila. V1.
Frequency-property-environment relationships of allelic alcohol dehydrogenage in D.
melanogaster. Biochem. Genet. 9: 213-227.

Voelker, R. A., C. C. Cockerham, F. M. Johnson, H. E. Schaffer, T. Mukai, and L. E. Mettler.
1978. Inversions fail to account for allozyme clines. Genetica 88 : 515-527.

Watanabe, T. K. and T. Watanabe. 1977. Enzyme and chromosome polymorphisms in Japanese
natural populations of Drosophila melanogaster. Genetics 85: 319-329.

Yamaguchi, O., M. Ichinose, M. Matsuda, and T. Mukai. 1980, Linkage disequilibrium in
isolated populations of Drosophila melanogaster. Genetics 96 : 507-522.

Yamazaki, T. 1977. The effect of overdominace on likage in multilocus system. Genetics 86 -
227-236.

Yamazaki, T, Y. Matsuo, Y. Inoue, and Y. Matsuo. 1984. Genetic analysis of natural
populations of Drosophila melanogaster in Japan. 1. Protein polymorphism, lethal gene,
sterility gene, inversion polymorphism and linkage disequilibrium. Jpn. J. Genet. 59 : 33
-49,

Yang, S. Y, H. Y. Yang, and Y. K. Paik. 1979. Allozyme polymorphisms at 15 gene loci in
Korean natural populations of Drosophila melanogaster. Ann. Meeting of Korean Zool.
Soc. (Abstract).

- 137 -



	Abstract
	I. 서론
	II. 연구 방법
	III. 결과 및 고찰
	<참고문헌>



