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Miotic Karyotypes of Four Species of Fruit Flies
(Bactrocera) in Thailand

Nattaya Hunwattanakul! and Visut Baimai?

ABSTRACT

Giemsa and Hoechst 33258 stained mitotic chromosomes of four species of fruit flies belonging to the genus
Bactrocera, namely B. dorsalis, B. tau, B. cucurbitae and B. correcta, were studied. The metaphase karyotype (2n =
12) of these species consists of one pair of heteromorphic sex chromosomes and five pairs of autosomes of different
size and shape. In all the species examined, the X chromosome is metacentric while the Y is a small submetacentric
which normally appears as a dot in general preparations. The autosomes of B. dorsalis, B. tau and B. cucurbitae are
characterized by distinct H-bands in the centromeric regions of all the autosomes. Only in B. cucubitae an intercalary
heterochromatin in chromosome 3 was observed. Bactrocera correcta differs from other by having extensive blocks
of pericentric heterochromatin in all the autosomes and relatively small metacentric X chromosome.
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INTRODUCTION

The fruit flies of the genus Bactrocera
(Tephritidae, recorded previously as Dacus) are wide-
spread in Asia and Australia (Hardy, 1973; Drew,
1989; White and Elson-Harris, 1992). In Thailand,
these economically important insects, particularly, B.
dorsalis, B. tau, B. cucurbitae and B. correcta are
serious pests of fruits and vegetables such as mangoes,
guavas, rose apples, pumpkins, cucumbers, efc.
(Tigvattananont and Areekul, 1984; Tigvattananont,
1986a, 1986b; Permpoon ef al., 1983). These pest
species have caused a reduction of yields and quality
of fruits and vegetables which has consequently af-
fected agriculturalists’ income both for local and inter-
national marketing. Thus research on various aspects
ofthebiology of fruit flies in Thailand has been carried
out aiming at control measures of these insect pests
(Sepsawad et al., 1978; Sutantawong, 1985). How-
ever, little work has been done on the genetics and
cytotaxonomy of the fruit flies in Thailand, although
such basic knowledge is known in India (Bhatnagar et
al., 1980; Singh and Gupta, 1984).

This study is the report on mitotic chromo-
somes with the characterization of G- and H-bands of
4 species of fruit flies commonly occurring in Thai

populations, namely B. dorsalis, B. tau, B. cucurbitae
and B. correcta.

MATERIALS AND METHODS

Samples of the four species of fruit flies, namely
B. dorsalis, B. tau; B. cucurbitae and B. correcta, were
kindly provided for this study by the Department of
Entomology, Kasetsart University, Bangkok. The colo-
nies of these insect pests were established from natural
samples collected locally from gardens and orchards
in the Bang Khen campus of Kasetsart University,
except for B. tau which was collected from Ranong
Province, southern Thailand. These colonies have
been maintained in the laboratory at 25-27°C. The
brain ganglia of third-instar larvae were used for
mitotic chromosome preparations using the air-dried
method described by Baimai (1975). Air-dried slides
were set a side for a few days and then stained with 5%
Giemsa staining solution for G-banding and Hoechst
33258 stain for fluorescent H-banding using a modi-

‘fied method as described by Latt and Wohlleb (1975).

The best prophase or metaphase spreads of mitotic
chromosomes with G- and H-bands were photographed
with Kodak Technical Pan Film with green filter and
with Kodak Tri-X Pan Film with UG-1 exciter filter,
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respectively, using an Olympus Photomicroscope with
oil immersion (x 670).

The idiograms of the 4 species of fruit flies
were constructed based on measurement of photo-
micrographs of 10 cells of well spread mitotic chromo-
somes of each species. The relative length (r.1.) was
calculated as % of total chromosome length. The
centromeric ratio (c.r.) was the length of the long arm
divided by the length of the short arm (Levan ef al.,
1964; Green et al., 1980). The centromeric ratios were
used for chromosome nomenclature as follows: 1.00-
1.67 and 1.68-3.00 were taken as metacentric (m) and
submetacentric (sm), respectively.

Table 1 Karyotype analysis for relative length
(r.L.), centromeric ratio (c.r.) and
chromosome type (type) of 4 species of
Bactrocera.

Chromosome no.

Y 2 3 4 5 6

Species

B. dorsalis

r.. 1219 3.09 20.17 18.66 16.36 14.81 13.83
SD 081 0.53 126 1.08 098 0.56 0.95
C.I. 121 1.73 138 1.70 1.18 2.65 2.67
SD  0.18 0.01 0.10 0.14 0.10 0.35 0.68
type m  sm m sm m sm sm
B. tau

r.d. 1073 2.75.20.05 17.78 17.08 16.31 15.43
SD 086 054 1.01 063 042 0.53 033
C.I. .12 176 129 145 127 203 1.25
SD 0.10 0.04 029 029 0.15 035 0.13
type m  sm m m m sm m
B. cucurbitae

rl. 1146 3.06 19.77 17.57 16.65 15.88 15.49
SD 1.06 044 107 0.88 060 0.56 0.60
c.r. 120 1.89 1.18 128 170 1.89 121
SD 0.16 0.03 0.19 0.12 0.19 0.24 0.34
type m  sm m m sm sm m
B. correcta

r.L 5.69 2.71 2279 19.52 18.32 16.13 14.87
SD  0.73 039 1.38 1.13 095 1.06 0.73
C.r. 1.15 196 128 129 1.14 1.81 211
SD  0.12 001 0.19 0.18 0.12 027 047
type m  sm m m m sm  sm

Centromeric ratios: 1.00-1.67 = metacentric (m),
1.68-3.00 = submetacentric (sm)
(based on Levan et al., 1964 and Green et al., 1980).

RESULTS AND DISCUSSION

The chromosome analysis of the 4 species has
revealed thatthe mitotic chromosomes consist ofa pair
of heteromorphic sex chromosomes (XX in females
and XY in males) and 5 pairs of autosomes (nos. 2-6)
of different size and shape. The results of chromosome
measurements for relative length and centromeric
ratio are presented in Table 1. The X chromosome is
metacentric; one arm consists of euchromatin while
the opposite arm is totally heterochromatic. The Y
chromosome is a small submetacentric comprising
almostentirely heterochromatic material. However, in
G- and H-banding preparations, the Y chromosome
generally appears as a large dot like figure. Specific
differences of mitotic chromosomes of the 4 species of
fruit flies are briefly described below.

Bactrocera dorsalis: For Giemsa staining, the
Y chromosome was a small submetacentric whereas
the X was a medium metacentric (Figure 1, 2). Chro-
mosomes 2 and 4 were large metacentric while chro-
mosome 3 was a large submetacentric. Chromosomes
5 and 6 were medium submetacentric. The Hoechst
33258 staining has revealed brighter fluorescence in
centromeric regions of chromosomes 5 and 6 com-
pared with dull fluorescence in chromosomes 2,3 and
4 (Figure 9, 10). One arm of the metacentric X chro-
mosome exhibited brighter fluorescence compared
with the uniform dull fluorescence in the opposite arm.
The Y chromosome also showed brighter fluores-
cence.

Bactrocera tau: The G-banding mitotic chro-
mosomes of this species were generally similar to
those of B. dorsalis (Figure 3, 4). Chromosomes 2, 3,
4 and 6 were metacentric while chromosome 5 was
submetacentric. Such differences in the shape were
noteasily visualized from the photomicrographs. Nev-
ertheless, the H-banding chromosomes of B. rau clearly
showed brighter fluorescence in centromeric regions
of ail the autosomes (Figure 11,12). In addition, the
pericentric regions of the X chromosome of B. fau
fluorescence reflecting the occurrence of a large block
of heterochromatin. Thus the Hoechst-33258 staining
mitotic chromosomes of B. tau were obviously differ-
ent from those of B. dorsalis.

Bactroceracucurbitae: The G- and H-bandings
of the mitotic chromosomes of this species (Figure 5,
6, 13, 14) were generally similar in size and shape and
brighter fluorescence in the centromeric regions of the
autosomes to those of B. tau been observed in one arm
of the third chromosome where a brighter fluorescent
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Figures 1-8 Photomicrographs of the G-banding mitotic chromosomes from larval neuroblast cells of
4 species of Bactrocera 7-8, B. correcta. Left-males, right-females.
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Figures 9-16 Photomicrographs of the H-banding of mitotic chromosomes from larval neuroblast cells
of 4 species of Bactrocera cucurbitae (one X chromosome is missing in a female karyotype
in Figure 14); 15-16, B. correcta right-females. Arrows indicate brighter fluorescent
bands in one arm of chromosome 3.
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Figure 17
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Diagrammatic representation and comparison of mitotic chromosomes of 4 species of
fruit flies (Bactrocera) in Thailand. Only one set of autosomes is present. Black areas
represent heterochromatic portions which show brighter fluorescence with Hoechst
33258 staining. The centromeres are indicated by constrictions of each chromosome.
Chromosome lengths, arm ratios and heterochromatic portions are depicted in propor-

tion.
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banding was detected at the proximal region (Figure
13,14). This is a good diagnostic character of H-
banding in separating mitotic chromosomes of B.
cucurbitae from those of B. tau.

Bactrocera correcta: This species showed a
striking difference of mitotic chromosomes from those
of the other 3 species in having extensive blocks of
pericentric heterochromatin in all autosomes as re-
vealed by G-banding (Figure 7, 8) and particularly by
H-banding (Figure 15, 16). This is a unique cytologi-
cal characteristic of B. correcta. Moreover, the X
chromosome was a small metacentric compared with
those of the other 3 species studied here.

A diagrammatic representation of mitotic
karyotype of these species are presented in Figure 17.

Previous studies of the mitotic chromosomes
of Bactrocera cucurbitae (then reported as Dacus
cucurbitaehavebeenacontroversial issue on metaphase
karyotype of this species (Gopalan, 1972; Bhatnagar
et al., 1980; Singh and Gupta, 1984). Our findings on
mitotic chromosomes of B. cucurbitae correspond
well with the observations of Singh and Gupta (1984)
of the Indian populations of B. cucurbitae.

The present chromosomal data indicate that the
4 species of fruit flies occurring in Thailand generally
exhibit a similar mitotic karyotype (Figure 17). Nev-
ertheless, remarkable differences have been found
primarily in the centromeric heterochromatin and the
presence or absence of a brighter fluorescent banding
in the chromosome 3 and, to a lesser extent, the size of
the X chromosome. Thus the mitotic karyotype of B.
correcta is obviously distinct from that of other spe-
cies in having large blocks of pericentric
heterochromatin in the autosomes and the small
metacentric X chromosome. On the other hand, B.
cucurbitae presence of a clear H-band in one arm of the
metacentric chromosome 3, although both species
show similar brighter fluorescence in centromeric
regions of the autosomes as well as similar sex chro-
mosomes. However, B. dorsalis clearly differs from B.
tau fluorescence in the centromeric regions of chro-
mosomes 2, 3 and 4 compared with those of other
species (Figure 18). The heterochromatin differentia-
tion as revealed in mitotic chromosomes of the 4
species reported here is useful as a diagnostic charac-
ter. Furthermore, this detailed comparative analysis of
the mitotic karyotype may prove an excellent tool to
explore the cytological interrelationships of some
closely related species groups within the genus
Bactrocera or among the genera of the family as a
whole. This karyotypic approach of chromosomal
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evolution in the Oriental fruit flies is of interesting
phenomena and deserves further investigations.
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