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Phylogeny of Subgenus Drosophila (Drosophilidae: Drosophila)
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ABSTRACT

This study was conducted to ascertain interspecific relationships by analyzing
allozyme and soluble proteins of ten species in the Drosophila (Drosophila) to form
a part of systematic studies of Korean drosophilids. The results of allozyme and TDE
analysis showed that D. (D.) curvispina and D. (D.) tsigana had the furthest genetic
distance. On the other hand, the genetic distance between D. (D.) angularis and D.
(D.) brachynephros was extremely close. And, ten species of the subgenus Droso-
phila can be divided into the first group of D. (D.) virilis, D. (D.) tsigana and D. (D.)
lacertosa, and the second group consisted of four subgroups; the first subgroup clus-
tered D. (D.) angularis and D. (D.) brachynephros, the second subgroup clustered
D.(D.) unispina and D. (D.) curvispina, the third subgroup of D.(D.) takadai and
D.(D.) kuntzei and the fourth subgroup of D.(D.) nigromaculata alone.
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INTRODUCTION

Drosophilidae are divided in multi-levels distributed worldwide. Any study on the relationship
considering their ecogeological characters can be pivotal in speciation studies. For phylogenetic
study on Drosophilidae, morphological characters, ecological, reproductive isolation, and molecular
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biological studies have been carried out.

Genus Drosophila includes a vast number of species and various specialized species that are
distributed in different regions. Subgenus Drosophila of Genus Drosophila includes 22 species
groups and there are approximately 800 known species in the world (Wheeler, 1986). There are
23 species of 12 species groups in Korea and they are about 20% of 117 species of Korean
Drosophilidae (Lee and Kim, 1987; Kim and Joo, 2002).

Allozyme was used as one of the methods in ascertaining the interspecific relationships. For
studies on Drosophilidae using allozyme, there were studies on bipectinata subgroup (Yang et al.,
1972), montium subgroup (Ohnish et al., 1982), melanogaster subgroup (Kim and Lee, 1991),
and others. In addition, the analysis of soluble proteins was widely also accepted in the study of
interspecific relationships.

Brown and Langly (1979) presented a new evaluation process for heterozygosity of D. melano-
gaster using two-dimensional electrophoresis (TDE). Aquadro and Avise (1981) computed the
genetic distance using TDE and compared the genetic distance obtained from allozyme analysis on
eight species of rodent and Ohnish et al. (1983) on montium subgroup respectively reporting that
TDE was an useful adjunctive tool in the systematic study. In Korea, Lee and Pak (1985) and Kim
(1988) on D. auraria complex, and Kim et al. (1992) on D. melanogaster species group released
results on the biochemical relationships through TDE. Lee and Joo (1987) imparted on a subgenus
Drosophila, five quinaria species group based on the results of SDS-PAGE and TDE analysis, D.
angularis and D. brachynephros were most closely related. They affirmed that D. nigromaculata
was the furthest in relationship from other four groups. As for the reports on evolutionary relation-
ship using allozyme and TDE analysis, Kim and Hong (1997) published on the genus Scaptomyza
and the study on six species of subgenus Drosophila by Kim and Song (1999). However, there
were no studies on the 10 species of subgenus Drosophila used.

This study was conducted to ascertain interspecific genetic relationships by analyzing allozyme
and soluble proteins of ten species including three virilis section species (D. virilis, D. tsigana, and
D. lacertosa) and seven quinaria section species (D. angularis, D. brachynephros, D. curuvispina,
D. kuntzei, D. nigromaculata, D. takadai and D. unispina) in the subgenus Drosophila to form a
part of systematic studies of Korean Drosophilidae.

MATERIALS AND METHODS

Ten species of Drosophila used in this study were collected in Inchon (D. virilis), Mt. Chonma
(D. tsigana), Mt. Sori (D. lacertosa, D. angularis, D. brachynephros and D. unispina), Mt. Jiri (D.
curvispina), Mt. Chiak (D. kuntzei and D. nigromaculata) and Daegwallyeong (D. takadai) of
Korea, respectively.

The allozyme analysis using starch gel electrophoresis was performed as outlined by Shaw and
Prasad (1970) with some modification. Got and Mdh performed the electrophoresis for 3.5 hours
at 150V in tris citrate I buffer. Acph and Adh performed the electrophoresis for 3.5 hours at 220
V in poulik buffer. Esterase performed the electrophoresis for 1.5 hours at 250 V in phosphate
buffer. Interspecific relationship by the allozyme pattern was examined through computation of
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Rogers’ (1972) genetic similarity. TDE were performed as prescribed by O’Farrell's method (1975)
and samples were 8 males from each species. Isoelectroforcusing gel with ampholine pH 3.5-10
and pH 5-8 were used. For total 7,600 Vhrs (200 V-2 hrs, 400 V-16 hrs, 800 V-1 hr), 1st elec-
trophoresis was performed. TDE were performed for approximately 6 hours per slab at 30 mA in
8% SDS-PAGE slab gel. TDE results examined genetic relationships by computing the genetic
distance according to Aquadro and Avise’s equation (1981).

RESULTS AND DISCUSSION

The character of subgenus Drosophila is that there are 3-4 egg filaments, the coronal fertilized
spermatheca is twisted longitudinally, and finally the testis is long screwed shape. The black band
on the back of the abdomen is narrow or interrupted in the middle. The ten species used in this
study can be divided into virilis and quinaria sections. The quinaria species group belong in
quinaria section is derived from immigrans-Hirtodrosophila radiation (Throckmorton, 1975).

According to 15 allozyme analysis results examining the genetic relationships of 10 species of
Korean subgenus Drosophila, total of 18 loci were detected. From the 18 loci, Mdh-2, Got and
Me showed no intraspecific variation. Particularly, Ao and Fum showed no interspecific variations
being monomorphic. The pattern for each locus is shown in Table 1.

In starch gel electrophoresis, Mdh is divided intc Mdh-1 that moved to anode and Mdh-2 that
moved to cathode and 3 alleles were detected in Mdh-2. There were no intraspecific variations for
Mdh-2, Got, Me, G6bpd and Adh. Also, Fum, Ao and Odh-2 were monomorphic with no inter-
specific variation. Finally, Aph-1 and Est-1 showed the greatest number with ten alleles.

In order to ascertain the interspecific genetic relationships by allozyme, the result of genetic rela-
tionships (Rogers, 1972) based on Table 1 is shown in Table 2.

D. angularis and D. brachynephros showed the highest close genetic relationship with 0.854.
D. curvispina and D. unispina also showed highly close relationship of 0.851. On the other hand,
D. nigromaculata and D. kuntzei showed the lowest calculation of 0.421, showing a furthest
relationship in genetic distance among the quinaria section. The average genetic similarity in the
quinaria section was 0.626. From three species in virilis section, D. tsigana and D. lacertosa
were closely related with 0.781 and the average was 0.632.

UPGMA (Sneath and Sokal, 1973} results based on the genetic similarity in Table 2 is shown in
Fig. 1. D. virilis, D. tsigana, and D. lacertosa form one group and the remaining seven species
form another group. In the seven species of quinaria section, D. angularis, D. brachynephros, D.
unispina and D. curvispina form one subgroup and D. kuntzei and D. takadai form another
subgroup. D. nigromaculata forms a different subgroup from them.

There have been a vast number of studies to inquire of the speciation at the molecular biological
level using allozyme. Avala et al. (1974) reported that speciation stages based on the genetic simi-
larity obtained from inter or intra specific comparison of willistoni group were designated semi-
species if the average genetic similarity was over 0.798 and sibling species if the average is over
0.587, and non-sibling species if the average was less than 0.299. Based on these theories, aver-
age genetic similarity of the 3 species, D. angularis, D. brachynephros and D. unispina in the
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Table 1. Allelic frequencies at 18 loci in the 10 species of the subgenus Drosophila.

Species Species
vir. tsi. lac. ang. bra. cur. kun. nig. tok. uni vir. tsi. lac. ang. bra. cur. kun. nig. tak. uni.
Gene Gene
Mdh-1a 0.09 0.75 0.21 0.55 Odh-1 a 1.00 1.00 1.00
b 0.73 b 1.00 1.00 1.00 1.00 0.17 1.00
¢ 09N 0.83 0.25 0.46 0.35 0.38 ¢ 1.00 0.83
d 1.00
e 0.20 0.18 0.14 0.10 0.63 | Odh-2 a 1.00 0.59 0.29
f 0.27 0.33 b 1.00
¢ 041071
Mdh-2 a 1.00 1.00 1.00 1.00 1.00 1.00 d 1.00 1.00 1.00 1.00 1.00 1.00
b 1.00
¢ 1.00 1.00 1.00 Ao a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Got a 1.00 Gbpd a 1.00 1.00
b 100 b 1.00 1.00 1.00
¢ 1.00 1.00 ¢ 1.00
d 1.00 1.00 1.00 1.00 d 1.00 1.00 1.00
e 1.00 1.00 e 1.00
1.00
Me a 1.00 1.00 1.00 Adh a 100
b 1.00 1.00 1.00 1.00 1.00 1.00 1.00 b 1.00 1.00 1.00 1.00
¢ 1.00 1.00
Aph-1 a 0.55 d 1.00 1.00
b 1.00 0.46 0.84
¢ 0.16 Sdh - a 063
d 0.18 1.00 b 0.46 0.25
e 0.38 0.09 1.00 0.91 c 1.00 0.55 1.00 1.00 1.00 0.67 0.75
f 1.00 d 0.33
g 0.18 0.09 e 0.380.38 0.67
h 1.00 1.00 f 0.33
i 0.14 g 0.63
j 0.41
Fum a 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Aph-2 a 048
b 052 Est-o a 0.63 0.30 0.25 0.18 0.13
¢ 0.21 1.00 b 0.25
d 0.79 0.50 0.56 ¢ 100038040 0.25 0.18 0.13
e 1.00 0.50 0.50 d 0.05
f 1.00 1.00 1.00 1.00 e 0.25 0.25 0.19
f 0.26 0.18 0.29 0.38
Xdh a 1.00 022 1.00 1.00 1.00 1.00 1.00 1.00 1.00 g 0.35 0.58 0.39
b 0.78 1.00 h 0.24 0.32 0.75 0.25 0.28
i 0.34 0.15 042 0.28 0.15
Acph a 0.75 0.88 1.00 1.00 0.75 j 0.16
b 0.79 1.00
¢ 1.00 042 1.00 Est-p a 0.42 0.24
d 025013 0.25 b 0.34
e 0.58 ¢ 0.17 0.24 0.58 0.42
f 0.21 d 1.00 1.00 1.00
e 0.39 0.30
o- a 1.00 f 0.31 1.00 0.56
Gpdh b 1.00 1.00 0.42 g 024 0.16 1.00 0.44
¢ 1.00 1.00 0.58 1.00 1.00 1.00 h 0.20

Abbreviations of species names are as follows: vir. = D. virilis; tsi. = D. tsigana; lac. = D. lacertosa; ang. = D. angularis;
bra. = D. brachynephros; cur. = D. curvispina; kun. = D. kuntzei; nig. = D. nigromaculata; tak. = D. takadai; uni. = D.

unispina.
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Table 2. Rogers’ genetic similarities among the ten species of the subgenus Drosophila species.

Species vir. tsi. lac. ang. bra. cur. kun. nig. tak.
D. tsigana 0.541
D. lacertosa 0.573 0.781
D. angularis 0.265 0.301 0.274
D. brachynephros 0.284 0.265 0.237 0.854
D. curvispina 0.290 0.258 0.243 0664 0.660
D. kuntzei 0.250 0.238 0.198 0.580 0.597 0.628
D. nigromaculata 0.323 0.299 0.218 0599 0577 0479 0421
D. takadai 0.279 0327 0.287 0.667 0.620 0589 0.791 0445
D. unispina 0.273 0.251 0.225 0672 0717 0.851 0643 0476 0615

The abbreviations of species names are the same as in Table 1.
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Fig. 1. UPGMA dendrogram showing the phylogenic relationships among the 10 species of the subgenus

Drosophila, based on data of genetic similarity obtained by starch gel electrophoresis.

quinaria section was 0.744 as in the semispecies stage and D. angularis and D. brachynephros
were the most similar species.

TDE were performed in order to study the relationship using soluble proteins. Approximately
100 or so protein spots appeared on the gel. Genetic distance between each species computed by
Aquadro and Avise (1981) formula were as shown in Table 3. The results of TDE analysis showed
that D. curvispina and D. tsigana had the furthest relationship with the genetic distance of 0.662.
The relationship between D. takadai and D. tsigana was distant with the genetic distance of 0.616.
On the other hand, the relationship between D. angularis and D. brachynephros was extremely
close with the genetic distance of 0.168. In the quinaria species group, they were comparatively
closely related with less than 0.322 of genetic distance.
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Table 3. Genetic distances among the ten species of the subgenus Drosophila obtained by TDE.

Species vir. tsi. lac. ang. bra. cur. kun. nig. tak.
D. tsigana 0.361
D. lacertosa 0.456 0.431
D. angularis 0417 0.534 0.423
D. brachynephros 0432 0536 0475 0.168
D. curvispina 0516 0662 0554 0.207 0.216
D. kuntzei 0.548 0560 0535 0.257 0.239 0.233
D. nigromaculata 0.515 0500 0509 0302 0.322 0.318 0.281
D. takadai 0.542 0.616 0.527 0251 0.215 0.201 0.192 0.316
D. unispina 0.569 0586 0.517 0.204 0:202 0.178 0247 0.272 0.231

The abbreviations of species names are the same as in Table 1.
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Fig. 2. UPGMA dendrogram showing the phylogenic relationships among the 10 species of the subgenus
Drosophila, based on data of genetic distance obtained by two-dimensional electrophoresis. The numbers are

branch length.

The results of UPGMA from the genetic distance in Table 3 are shown in Fig. 2.

In TDE analysis, the groups were divided into a group composed of the subgroup of D. virilis
and D. tsigana and the subgroup of D. lacertosa and another group comprised of the remaining
seven species as well. D. angularis and D. brachynephros were clustered at 0.168; D. takadai
and D. kuntzei were clustered at 0.192; and the seven species in the quinaria species group were
clustered at 0.302. Ohnishi et al. {1983) reported that the enzymatic variation from the allozyme
and TDE analysis of montium subgroup was less than the variation from TDE analysis. Aquadro
and Avise (1981) reported that the results of TDE and allozyme analysis on the interspecific rela-
tionships of eight species of rodent coincided with one another. Ohnishi et al. (1982) observed
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similar relationships between those relationships obtained from TDE and allozyme analysis in the
study of 15 species of montium subgroup in the subgenus Sophophora. In this study, the result of
TDE revealed that the relationship between D. angularis and D. brachynephros was shown to be
the closest in relation to one another. This coincided with the result of TDE analysis by Lee and
Joo (1987). The result of the UPGMA analysis based on the TDE result was similar to the results of
allozyme analysis. Okada (1988) stated that virilis section was more primitive than quinaria section
based on the overall analysis of external shape, genitalia and reproductive organs, etc. of Droso-
philidae. Theoretically, it can be hypothesized that virilis section was divided before quinaria sec-
tion. From the seven species of quinaria section, it was hypothesized that D. nigromaculata was
the first to be divided. Ten species of subgenus Drosophila can be divided into the 1st group of D.
virilis, D. tsigana and D. lacertosa and the 2nd group of D. angularis, D. brachynephros, D.
curvispina, D. kuntzei, D. nigromaculata, D. takadai and D. unispina. The 2nd group had four
subgroups; the first subgroup clustered D. angularis and D. brachynephros, the second subgroup
clustered D. unispina and D. curvispina, the third subgroup of D. takadai and D. kuntzei and the
fourth subgroup of D. nigromaculata alone.

REFERENCES

Aquadro, C. F. and J. C. Avise, 1981. Genetic divergence between rodent species assessed by two-dimensional
electrophoresis. Proc. Natl. Acad. Sci. U.S.A., 87: 3784-3788.

Avala, F. J., M. L. Tracey, D. Hedgecock and R. C. Richmond, 1974. Genetic differentiation during the specia-
tion process in Drosophila. Evolution, 28: 576-592.

Brown, A. J. L. and C. H. Langley, 1979. Revaluation of level of genetic heterozygosity in natural population of
Drosophila melanogaster by two-dimensional electrophoresis. Proc. Natl. Acad. Sci. U.S.A., 76: 2381-
2384.

Kim, B. K., 1988. Phylogenetic relationship and the direction of the Drosophila auraria complex by two dimen-
sional electrophoresis. Korean J. Genet., 10: 77-84.

Kim, N. W. and K. J. Hong, 1997. Relationships among the four species of the genus Scaptomyza (Drosophili-
dae) in Korea. Korean J. Entomol., 27: 85-91.

Kim, N. W. and E. Y. Joo, 2002. Two new Species of the genera Microdrosophila and Drosophila (Drosophili-
dae) from Korea. Korean J. Biol. Sci., 6: 85-87.

Kim, N. W. and T. J. Lee, 1991. Genetic relationships among the eight species of Drosophila melanogaster
species group by allozyme analysis. Korean J. Genet., 13: 297-309.

Kim, N. W., T. J. Lee and E. S. Song, 1992. Evolutionary genetic study on the eight species of the Drosophila
melanogaster group from Korea: Reproductive isolation and protein analysis. Korean J. Zool., 35: 211-
218.

Kim, N. W. and E. S. Song, 1999. Phylogenic study of the six species of the subgenus Drosophila in Korea.
Korean J. Entomol., 29: 279-285.

Lee, T. J. and G. J. Joo, 1987. Genetic relationships within the quinaria species group of the genus
Drosophila. Korean. J. Genet., 9: 11-18.

Lee, T. J. and N. W. Kim, 1987. Systematic study of the Drosophilidae in Korea. Rev. Nat. Sci., Chung-Ang



224 Korean J. Syst. Zool. 19(2), October 2003

Univ., 1: 113-129.

Lee, T. J. and J. H. Pak, 1985. Biochemical phylogeny of the Drosophila auraria complex. Korean J. Genet.,
7:184-192.

O'Farrell, P. H., 1975. High resolution two-dimensional electrophoresis of proteins. J. Biol. Chem., 250:
4007 -4021.

Ohnishi, S., A. J. L. Brown, R. A. Voelker and C. H. Langley, 1982. Estimation of genetic variability in natural
populations of Drosophila simulans by two-dimensional and starch gel electrophoresis. Genetics, 100:
127-136.

Ohnishi, S., K. W. Kim and K. Watanabe,” 1983. Biochemical phylogeny of the Drosophila montium species
subgroup. dpn. J. Genet., 58: 141-151.

Okada, T., 1988. Selected papers by Dr. Toyohi Okada. The association of the memorial issue of Dr. Toyohi
Okada, pp. 1-412.

Rogers, d. S., 1972. Measures of genetic similarity and genetic distance. Univ. Texas Publ., 7213: 145-153.

Shaw, C. R. and R. Prasad, 1970. Starch gel electrophoresis of enzyme. A compilation of recipes. Biochem.
Genet., 4: 297-320.

Sneath, P. H. A. and R. R. Sokal, 1973. Numerical Taxonomy, W. H. Freeman and Company, San Francisco,
pp. 1-573.

Throckmorton, L. H., 1975. The phylogeny, ecology and geography of Drosophila. In King, R. C., ed., Hand-
book of Genetics. Plenum Press, New York, 3, pp. 421-469.

Wheeler, M. R., 1986. Additions to the world’s Drosophilidae. The Genetics and Biology of Drosophilidae, 3e,
pp. 395-409.

Yang, S. Y., L. L. Wheeler and 1. R. Bock, 1972. Isozyme variations and phylogenetic relationships in the
Drosophila bipectinata species complex. Univ. Texas Publ., 7213: 213-227.

RECEIVED: 4 September 2003
ACCEPTED: 6 October 2003



Joo and Kim—Phylogeny of the Subgenus Drosophila 225

SAELY £EATNY B0 o8 8% 29ols 1059 AL

SRR A
(hahelohshan gl A9 8k o)
(=] oF

Ak 2ot AEEH e oz g or&d £33 105 &
NFoZ FHEAY 784 dud BAS HAANAY. FHELS F84 @
WA BMAR D (D) angularis®t D.(D.) brachynephros7t &840z 7}
A 7AWg Eolow, D.(D) curvispina®h D.(D,) tsigana AtolE F474 A
#Yrt A | Foz EAFAC 183, Zdeeld 1052 D.(D.) virls,

D.(D.) tsigana, D.(D.) lacertosa® A1Z3 D.(D.) angularis®} D.(D.)
brachynephros, D.(D.) unispina$} D.(D.) curvispina, D.(D.) takadai%
D.(D.) kuntzei, Z18]3 D,(D.) nigromaculata® 4709 o} 2 2 o]F o] A)
2v22 vE F th



