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Fig. 1. Zymograms of GPDH and ADH in Cheju Island
population of Drosophila melanogaster.
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Fig. 2. Photograph of In(2L)t in Cheju population of
Drosophila melanogaster (x 1,800).

7b Al Asl 25 Gpdhi'ol] #)
B ZApE b, Adh §A =)
A5 AdL) A =7 AdR el o
o Awhzboll vheb

A Aol o] G A (xfrae = 4.13) 0.2 fE}
vrel(Table 2).

In(2L)t 2] HIT
In(2Ly ©] W Ak

(13.1%) e S3utedl A 7h4F FA (9%)

Aot m(2L) 2] A A A ckzke]

Ho R fojeha e A(Xi—p = 1.41)

Table 1. Frequencies of gametic genotype for two enzyme loci in Island populations of Drosophila melanogaster.

Locality
Locus  Gametic genotype Total Bi—e
Cheju {n = 153) Yeongjong (n = 168) Ulnung (n = 144)
Gpdh FF 64 60 49 173
vs. (0.4183) (0.3571) (0.3403) (0.3720)
Adh FS 30 37 30 97 663
(0.1961) (0.2202) (0.2083) (0.2086) P > 0.05)
SF 52 50 53 155
(0.3399) {0.2976) (0.3681) (0.3333)
SS 7 21 12 40
(0.0458) (0.1250) (0.0833) (0.0860)

The proportions of observed numbers are in parentheses. n, number of haploid genomes tested (hereafter same

denoted).
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Table 2. Frequencies of alleles for enzyme loci in Island populations of Drosophila melanogaster.

Locality
Locus Allele Total G2
Cheju (n = 153) Yeongjong (n = 168) Ulnung (n = 144)
F 9 97 79 270
(0.6144) (0.5774) (0.5486) {0.5806)
Gpdh 1.32
S 59 71 65 195 (P > 0.05)
(0.3856) (0.4226) (0.4514) (0.4194)
F 116 110 102 328
(0.7582) (0.6548) {0.7083) {0.7054) 413
Adh (P > 0.05)
S 37 58 42 137
(0.2418) (0.3452) (0.2917) (0.2946)
The proportions of observed numbers are in parentheses.
Table 3. Frequencies of In(2L)t in Island populations of Drosophila melanogaster.
Gene Locality .
arrangements Total Xi=2
Cheju (n = 153) Yeongjong (n = 168) Ulnung (n = 144)
ST 133 152 131 416
(0.8693) (0.9048) (0.9097) (0.8946)
1.41
In(2L)t 20 16 13 49 (P > 0.05)
(0.1307) (0.0952) (0.0903) (0.1054)

The letter ‘ST’ is the abbreviation for the standard gene arrangement.

The proportions of observed numbers are in parentheses
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Table 4. Observed numbers of second chromosome genotypes for two enzyme loci and gene arrangements.

Gpdh Gene arrangements
Locality vs. Total Expected!
Adh ST In(2L)t
FF 63 1 64 71.27
Cheju FS 11 19 30 2273
SF 52 0 52 4473
SS 7 0 7 14.27
Subtotal 133 20 153
FF 60 0 60 63.52
Yeongjong FS 21 16 37 33.49
SF 50 0 50 46.49
SS 21 0 21 2451
Subtotal 152 16 168
FF 49 0 49 55.95
Ulnung FS 17 13 30 23.04
SF 53 0 53 46.06
SS 12 0 12 18.96
Subtotal 131 13 144
Total 416 49 465

1:Expected value is calculated as a product of sample size and allelic frequencies at the two loci.

Table 5. Linkage disequilibrium between Gpdh and Adh
enzyme loci

Gpdh vs. Adh
Locality
D R i1
Cheju —0.0475 —0.2279 8.11%
Yeongjong -0.0209 —0.0890 1.22
Ulnung —0.0484 —0.2139 6.47*

D is the coefficient of linkage disequilibrium.
R is the correlation of gene frequencies.
*P < 0.05, **P < 0.005.
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Table 6. Linkage disequilibrium between two enzyme loci and In(2L)t.
Gpdh vs. In(2L)t Adh vs. In2L)t
Locality
D R X1 D R KGien
Cheju —0.0504 —0.3071 14.22+** 0.0925 0.6397 62.96%*+*
Yeongjong —0.0402 —-0.2774 12.80*** 0.0623 0.4463 33.60***
Ulnung —0.0408 —0.2863 12.06*** 0.0640 0.4908 34.73***

D is the coefficient of linkage disequilibrium. R is the correlation of gene frequencies. ***P < 0.0U1.

skl A

d Ag elvlshn glrh

AL

z =

Gpdhsl Adh §4 2} % In(2L) 7H7e] Wl e
Fapslar o) 2EE olE F &4 S ¥ U
(2L)t o}e| Az aA & 48k ok, Gpdh 3l =k
o] Ao 4 AAclo] 4 AubH 0 ¥ Gpdh/f-Al 2}
| Wl 7b Gpdicel] wlell A1 velbar 9low 3
FUEE 2 o) Cpdi fatel WE ok 58.1% 2
vheRybEE 7kl Gpdh 41 =2} ¥l =
o] gl A A Felde gle des woslal
cf. olelgr Axe ]% T zhed Aluhf o] D.
] AF o, 4—?3] ZA 3k (Lee ef al.,
1982; Paik and Yang, 1983; Sung and Kim, 1985;
Kim and Sung, 1990)2} u) ma) % o Gpdh =1
Al A od el ek ol 7F 2l ok Ak o
2 0.5~0.72 vheh o 9= Ao R Wl gk
o] D. melanogaster =pod A ko) W Fojub A Alch
G ol Ao R A uo] & Ao
Colelsk Asks Adh §Al=be] 7Sl
Agko R Jehdar lek &, 34 10
B 2ped AukS o 4o 2 2 b5l AdWe)
¥l % = 70~80% % ¥ i(Kang, 1978; Lee et al.,
1982; Paik and Yang, 1983; Kim and Sung,
1990) = v} ol =u] 2 o Toll 4] Jebulk A A wk
o) AdW #F W=7k 70. 5% 24 w9 Fabek A

=

o

a4 A A vk

melanogaster5-

.
b
0#

b

F L l'ﬂ HI —{ﬂ
rlo Lok

w2

R

Fo

e Kol ek whebal o] & &4 fraizke] Wl
=8 B oo g2 D. melanogaster z}od 3] vh-2- )
3 A Ak o] F8 Ato] cpi ghabgle 54

4>

of ol HH cigaisbol AHgatebn o4
gdeh. ol Foll 4 kst ) Ackel In(2L) 3

RIS 10.6% 24 o FH T &% D. melano-
gaster zpod Arluol A ¥ 3 (Choi, 1977; Paik,
1979; Rim et al., 1986; Kim and Sung, 1988)%! In
(2L)r 2] M5 (10~20% )9} w1 sgh A5pE Bol T

= sk olsh ol In(zLic ) M £k ol A
4 Rlrko] Wl FHakak 2ol Fekol 7 ek wl£a
R s £ Aok o] L WK o34 ul
B R S C R R ICE PR
Gelge che g4 B0 9 4 vk
ek webd BA Ao} ool o4l thya
4] Bl ol Al el 48atn 9gg A

54 gl st A91e] Frbalsh o ¢ 2
ab ol $1Alahe A9, mAbsk oAl (4A) 2 @
sl Al 2akalo] kel b4l )5 B o] S &

ol

] 2}-5o0] 2] ¢} hitchhiking & Atol] 2]2l super-
gene 2% W& ol skl =7 wFolch D.
melanogasterol] 9lol 4 In(2L)t Well = Gpdh A
Aok )alaked, of edg1e] 9 Aeba 2ol
Adh A =} 7F 2] =) skl (Grell et al., 1965; Wood-
ruff and Ashburner, 1979a, b). wlel4 o|zlgF &
A A =pel 9] 2folel] hitchhiking 3 Alel] 2]
s odak E o] vebd AR s, 3
= Ae|lq oz 4rojgt Arkal w5 (Langley ef
al., 1974), o 2 (Watanabe and Watanabe, 1977;
Inoue et al., 1984), = (Paik and Yang, 1983;
Kim and Sung, 1990)2] =}ed &l ctel| 4 In(2L)t &
AAL GAAE Gpdi % Adiésk AT b
4t 5] o o},

T-74 7 (Table 4)| A% In

% o] % gol



January 1992

(2L)t & 7F&1 A2 oF 98%(48,749) 7} Gpdi
) AdE A Eo] glow odm BHFHo HE
(Table 6)7} o & §-218+ 2 o2 elykclh «e}

A Gpdhs} Adh 4 342 29] 2Fololl pelyE
Azl 8334 (Table 5)8 In(2L)t 2}2] hitchhik-
ing sl atol o4 Halz AW + ok & 24
5 B8 Foll A In(2L)t B A 23 H A A4 ak

o
©° 2 Gpdhsl Adh 2fo)ol| of A 3hA| 5 B4 3}

boat,
AFE(xf= = 0.25), FFE(xi-1 = 0.25),
%%—'E—(de:l 1.0 A et =57 fFojde] gl
Ao 2 vepyboh #HZ, xle]ld o g 2e|gt Al
Zboll vhebube olef @l 5 sl Avtell o dhol

Mukai and Voelker(1977), Paik and Yang
(1983) 5-& Gpdiel Adi's 51 2~7)2| In(2L)r 4
Ma 7k o 5 Abod Alekoll 815 WA hebd 24
=z} @ 3t({founder effect)zjar A3 sk n} el 5
3 B oadoll A Ak AdAlckel 4] ol ¢ B4
2] 2k In(2L)e 7k2] A3k B3 o) A rst #F
A vl ofn 7§ woh o Al Ao
At Gskes Aol ehetaelm Ahwulcl,
cebdl <hed gebnel B4 ched 4
S ok @Al ol skt W T el AT A 1%
3‘:11 R o]oH ﬁEJﬂo_tcxjugs] AO]O[}:*,E.
9 At oleld B4 falat 2slol
| = 932 ¢}2] hitchhiking &3 Abel] 9]
A1o] o2 abel of W5 sholl 2] 8

Ayala, F.J., 1972. Darwinian versus non-Darwinian
evolution in natural populations of Drosophila. In:
Proceedings of The Sixth Berkeley Symposium on
Mathematical Statistics and Probability. 5: 211-236.

Ayala, F.J., J.R. Powell, and Th. Dobzhansky, 1971.

Enzyme variability in the Drosophila willistoni group. II.
Polymorphisms in continental and island populations
of Drosophila willistoni. Proc. Natl. Acad. Sci. USA
68: 2480-2483.

Choi, Y., 1977. Chromosomal polymorphism in a Ko-
rean natural population of Drosophila melanogaster.
Genetica 47: 155-160.

Choi, Y., Y. M. Ha, and S. K. Kim, 1984. Further studies

Kang & Kim — Linkage between In(ZL)t and Enzyme Loci 93

in chromosomal inversion polymorphisms in a natural
population of Drosophila melanogaster. Korean J.
Genetics 6: 81-90.

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

Harris, H., 1966. Enzyme polymorphisms in man. Proc.
Roy. Soc. B 164: 298-310.

Inoue, Y., Y. N. Tobari, K. Tsuno, and T. K. Watanabe,
1984. Association of chromosome and enzyme poly-
mophisms in natural and cage populations of D. mela-
nogaster. Genetics 106: 267-277.

Kang, S. J., 1978. A study of frequencies of alcohol de-
hydrogenase alleles in the Korean natural populations
of D. melanogaster. Jour. Kor. Res. Inst. Bet. Liv. 21:
39-50.

Kim, D.I. and K. C. Sung, 1988. Chromosomal poly-
morphisms of D. melanogaster according to the sea-
sonal changes and geographical clines in Korea. Ko-
rean J. Genetics 10: 17-36.

Kim, W. and K. C. Sung, 1990. A study on the linkage
between allozyme loci and inversions in Korean natu-
ral populations of D. melanogaster. Korean J. Genetics
12: 205-220.

Kimura, M., 1968. Evolutionary rate at the molecular
level. Nature 217: 624-626.

Kimura, M. and T. Ohta, 1971. Protein polymorphism as
a phase of molecular evolution. Nature 229: 467-469.

King, J. L. and T.H. Jukes, 1969. Non-Darwinian
evolution. Science 164: 788-798.

Knibb. W. R., J. G. Oakeshott, and J. B. Gibson, 1981.
Chromosome inversion polymorphism in D. melano-
gaster. [, Latitudinal clines and associations between
inversions in Australasian populations. Genetics 98:
833-847.

Langley, C. H., D. B. Smith, and F. M. Johnson, 1978.
Analysis of linkage disequilibria between allozyme loci
in natural populations of D. melanogaster. Gene. Res.
32: 215-229.

Langley, C. H., Y. N. Tobari, and K. Kojima, 1974. Link-
age disequilibrium in natural populations of D. mela-
nogaster. Genetics 78: 921-935.

Lee, H. Y., S.Y. Yang, ana B.L. Choe. 1982. Genetic
variation in natural populations of Korean D. melano-
gaster. Bull. Inst. Basic Sci. Inha Univ. 3: 141-149.

Lefevre, G., 1976. A photographic representation and
interpretation of the polytene chromosomes of D.
melanogaster salivary glands. In: Genetics and Biolo-
ay of Drosophila, Vol. 1 (E. Novitski and M. Ashbur-
ner, editors) Academic Press, London, pp.31-36.

Lewontin, R.C. and J.L. Hubby, 1966. A molecular
approach to the study of genic heterozygosity in natu-
ral populations. Il. Amount of variation and degree of



94 Korean J. Zool.

heterozygosity in natural populations of D. pseudoobs-
cura. Genetics 54: 595-609.

Mettler, L. E., R. A. Voelker, and T. Mukai, 1977. Inver-
sion clines in natural populations of D. melanogaster,
Genetics 87: 169-176.

Mukai, T. and R. A. Voelker, 1977. The genetic structure
of natural populations of D. melanogaster. XIlll. Furth-
er studies on linkage disequilibrium. Genetics 86:
175-185.

Mukai, T., L. E. Mettler, and S.1. Chigusa, 1971. Link-
age disequilibrium in a local population of D. melano-
gaster. Proc. Natl. Acad. Sci. USA 68: 1065-1069.

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

Paik, Y. K., 1979. Inversion polymorphisms in wild
populations of Drosophila melanogaster. Korean J.
Genetics 1: 18-27.

Paik, Y. K. and K. C. Sung, 1974. Variation in chromo-
somal polymorphism in Hawaiian populations of D.
immigrans. Jap. J. Genetics 49: 159-169.

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

Prakash, S., R. C. Lewontin, and J. L. Hubby, 1969. A
molecular approch to the study of genetic heterozy-
gosity in natural populations, IV. Patterns of genetic
variation in central, marginal and isolated populations
of D. pseudoobscura. Genetics 61: 841-858.

Rim, N.R,, B.S. Lee, and T.H. Lee, 1986. Chromo-
somal inversion studies in local populations of D.
melanogaster, Korean J. Genetics 8: 12-22.

Sperlich, D. and H. Feuerbach-Mlavalag, 1974. Epistatic
gene interaction, crossing over, and linked and un-
liked inversions in D. suboobscura. Evolution 28:
67-75.

Vol. 35, No. 1

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

Sung, K. C. and W. Kim, 1990. Linkage equilibrium be-
tween isozyme-isozyme and isozyme-inversion in
artificial populations of D. melanogaster. Korean J.
Genetics 12: 113-131.

Voelker, R. A., T. Mukai, and F. M. Johnson, 1977.
Genetic variation in populations of Drosophila mela-
nogaster from the Western United States. Genetica 47:
143-148.

Watanabe, T. K. and T. Watanabe, 1973. Fertility genes
in natural populations of D. melanogaster. lll. Super-
iority of inversion heterozygotes. Evolution 27:
468-475.

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

Woodruff, R. C. and M. Ashburner, 1979a. The genetics
of a small autosomal region of Drosophila melanogas-
ter containing the structural gene for alcohol dehyd-
rogenase. [. Characterization of deficiencies and map-
ping of Adh and visible mutations. Genetics 92:
117-132.

Woodruff, R. C. and M. Ashburner, 1979b. The genetics
of a small autosomal region of Drosophila melanogas-
ter containing the structural gene for alcohol dehyd-
rogenase. 1. Lethal mutations in the region. Genetics
92: 133-149.

Wright, S. and Th. Dobzhansky, 1946. Genetics of natu-
ral populations. XII. Experimental reproduction of
some of the changes caused by natural selection in
certain population of D. pseudoobscura. Genetics 31:
125-156.

{Accepted Novemnber 30, 1991)

Linkage between Enzyme Loci and Chromosomal Inversion in Korean Island Populations of

Drosophila melanogaster

Young Soon Kang and Wook Kim (Department of Bilogy, College of Natural Sciences, Dan
Kook University, Cheonan 330-714, Korea)

Associations of enzyme loci and chromosomal inversion from three Island populations (Cheju,

Yeongjong and Ulnung) of Drosophila melanogaster were analyzed to determine whether the

linkage disequilibrium among enzyme loci are due to the hitchhiking with inversion. In all, 465

haploid genomes were examined for two enzyme loci on the second (Gpdh, Adh) as well as for

the cosmopolitan inversion, In(2L)t. The linkage disequilibrium between Gpdh and Adh allozyme
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loci was found to be statistically significant in Cheju and Ulnung populations. The significant
linkage disequilibria between Gpdh and In(2L)}t, Adh and In(2L)t were found in all three Island
populations. Nearly 98% (48/49) of the In(2L)t chromosomes in the total genomes tested were
associated with Gpdh' and Adh®. These results indicated that the enzyme loci might have been
maintained by hitchhiking with the inversions.

95



