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DIFFERENTIATION OF Drosophila serido ISOFEMALE LINE
A95EF3) AND D, koepferae (ISOFEMALE LINE B20D2):
REPRODUCTIVE ISOLATION, DEVELOPMENT TIME AND
POLYTENE CHROMOSOME BANDING PATTERNS

Lilian Madi-Ravazzi and Hermione Elly Melara de Campos Bicudo

ABSTRACT

Drosophila serido is cousidered [o e a suporspecics consisling of two species: D, serido, rom
Brazil atd D. Foepferae fom Argenting and Botivia, However this probably does not express the entire
evolutionary complexity of its populations. Isefomale tines A95ES (Nom Brazily and 32002 (from Argentiua),
at presenl representing, respeetively, the first aud second specics, wote analy.zed for fertidity and lecundity in
pait-mating intracrosses md inlererosses, as well as Tor development time, banding pafiemns and asynapsis of
polytene chromosomes i the isofemale lines and Uielr by brids.

Althiongh variations in experimental conditions eesulted in some variability in the results, in gencral
AI5R3 fenility nnd Fecundity were lower than in B20D2, Tnlercrosses of A9SE3 females and B20D2 males
showed lower fouility and Tecundity than the reciprocal erossus, lollowing more eloscly chatacteristics of the
mothier strains. This is in contast to the resulis obtained by Fontdevilla e al. (An, Entomol. Soc. Amer. 81
380-385, 1988) and may be due 1o the ditferent geographic otigin of D. serldo strains they used in crosses to
R20D2, This difference and others cited in (he liwnature relative to acdeagus motphology, karyolype
characleristics, inversion polymorphisms and reproductive Isolation strongly indieale that A9SE3 amd D2, serido
from ihe Stato of Balila, Biazil are not a single evolutiotary entily, reinforeing the idea of greater complexity
of the superspecics 1. seride than s known today.

The reproductive isolation mechaniss found operating between A95P3 and B20D2 were
prezygotic and postzygolic, the latter included woutality al the tarval stage in both ditcetions of crosses and
sterility of 1nale lybrids i inlcrerosses involving, 132002 lemales st A9SES males. The two isofenuale lines

differed in egg-adult development time, whicl was also differently affected by culturs medium composition.
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A95F3 and 32012 also showed differences in the banding pattems of proximal regions of polytenc
chromosomes 2, 3 and X, a fixed inversion in cliomosome 3 (here named 3t), apparently not descrilicd
previously, and a high degrec of asynapsis in hybrids.

These observalions, cspecinlly those relaled to reproductive isolatlon and chromosomal
differentiation (including the karyotype, previously described, and e differentiation of banding patterms,
doseribod in this paper), as well as the extensive nsynapsis observed in hybrids reinforces the distinet species
status of A95['3 and B20D2 isofemale lines.

INTRODUCTION

When geographic Brazilian populations of D. serido Vilela and Sene (1977),
were first analyzed, marked differences among them came to light. These differences
involved karyotypes (Baimai e al., 1983), chromosomal polymorphisms (Tosi, 1082;
Ruiz er al.,, 1982; Wasserman and Richardson, 1987; Tosi and Sene, 1989), aedeagus
morphology (Silva, 1983; Silva and Sene, 1991) and reproductive isolation (Bizzo, 1983).
This species, which was collected in Brazil, Argentina, Bolivia and Paraguai, was soon
considered to be a species complex or at least a polytypic species (Tosi, 1982; Sene et
al., 1982; Baimai et al., 1983; Wasserman and Richardson, 1987; Fontdevila et af,, 1088;
Sene et al., 1588).

At present, although the entire evolutionary situation of D. serido is far from
being understood, it is considered to be a superspecies consisting of two species: D.
serido, from Brazil and the eastern part of the Argentinian chaco and D. koepferae, from
the slopes of the Andes in Argentina and Bolivia (Fontdevila er al., 1988; Tosi and Sene,
1989).

We deal mainly with reproductive isolation and differences in development time
and banding patterns of polytene chromosomes of two isofemale lines: A95F3 from
Brazil and B20D2 from Argentina.

A95F3 and B20D?2 are respectively characterized as presenting type C and E
aedeagus morphology (Silva and Sene, 1991), type Il and IV metaphase plates (Baimai
et al., 1983) and types IV and II polytene chromosomes (Tosi and Sene, 1989), Data on
reproductive isolation showed that they are isolated from other populations analyzed
(Bizzo, 1983). At present, however, in the literature (and also in the present paper) A9SF3
continues being named D. serido while B20D2 has been described as a new species, D.
koepferae (Fontdevilla e al., 1988). D. serido strains used by Fontdevilla er al, (1988)
are from Milagres, BA (D. serido type locality) and from Argoin, BA. In the studies
mentioned above, these lines (including A95F3 and B20D2) were classified as aedeagus
type A, metaphase plate type I, polytene chromosomes type I, and they exhibited a
complex pattern of reproductiv< isolation relative to other lines, differing in those
parameters. )
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MATERIALS AND METHODS

An isofemale line A95E3 from Serra do Cipd, MG, Brazil and another B20D2
from Tapia, Argentina were used. They were captured in 1978 by Sene and Vilela and
have been kept in our laboratory since 1983 ona 1:1 mixture of cactus and banana culture
medium, at 20 C * 1. Our experiments were performed in 1985, 1986 and part of 1987,

Cactus culture medium was prepared with agar-agar (12 g), Fleischmann’s yeast
(100 g), 3 squashed bananas, propionic acid (10 ml), sugar-cane syrup (50 ml, prepared
by boiling 100 g of sugar-cane in 100 ml of water), 7% nipagin solution (10 ml), cactus
pulp (500 ml) and water (1000 mi). The cactus pulp was obtained by cooking the cactus
in water, followed by liquefaction and sterilization. We used the cactus Opuntia
ficus-indica for maintaining the stocks. Banana culture medium was as usual.

Reproductive isolation was studied in two experiments. In each, pair-mating
crosses were performed in tubes containing the banana-cactus medium. Intracrosses and
intercrosses in both directions were prepared. Fifty crosses were made in every case,
using five day old flies (first experiment) or JO day old flies (second experiment). One
couple was put into each tube and transfetred to new medium at six day intervals (first
experiment) or seven day intervals (second experiment) (Table I).

Table I - Age interval and mean (in parcotheses) of the mated {lies, in the sequence of tubes (Iransfercices to

new medium) in ench reproductive Isolation experiment.

Age of the [lies {days)
Sequence of ubes

Experiment | Experiment 11
I 3-11(8) 10-17 (13.5)
2 L1-17 ¢14) 17-24 (20.5)
3 17-23 (20) 24-31 (27.5)
4 31-38 (34.5)

Data on fertility (percentage of crosses yielding progeny) and fecundity (number
of progeny) were obtained. In both experiments, number and sex of progeny were
computed daily from the beginning of adult emergence. F1 fertility was analyzed in mass
crosses using descendants of intercrosses, Seven day cld couples were put into 30 tubes
(five couples per tube) and transferred three times to new medium, at five day intervals.
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In order to study the development time of the two isofemale lines, three different
culture mediums (named M1, M2 and M3) were used. Culture medium M1 was that
already described for maintaining the strains. Culture medium M2 differred from M1
only in the species of cactus used, Cereus jamacuru instead of Gpuntia ficus-indica. M3
was prepared with the Opuntia pulp alone, that is, without banana medium.,

Development time was also studied in two experiments, using population cages
which had Petri dishes with the mentioned culture mediums. One hundred 7 to 10 day
old couples were put into each cage. Petri dishes were changed at 24 hour intervals, When
the eggs started to eclode in the Petri dishes, larvae born during one hour were collected
and transferred to tubes containing the same culture medium. In each of two experiments
10 tubes with 10 larvae each for every type of culture medium were prepared.
Development was followed daily until the complete emergence of the adults, whose
number and sex were computed,

Preference for egg laying was also observed when the different mediums were
placed together in population cages for developmental studies,

Cytological preparations of brains and salivary glands from larvae of both
parental isofemale lines and hybrids were made for chromosome analysis. Larvae from
the early third instar and from the late third instar were used for brain and salivary gland
preparations, respectively. For brain preparations the Guimardes and Bicudo (1982)
procedure was followed. Larvae were put in Fleischmann's yeast suspension for about
15 minutes, washed and dissected in Demerec solution (Demerec and Kaufmann, 1945).
Brains were then put on slides containing a drop of 45% acetic acid (2 minutes),
transferred to 2% lacto-acetic oreein (3 minutes), to 50% lactic acid (8 minutes), covered
with a coverslip and squashed following the technicue of Atherton and Gall (1972). The
slides were sealed with colorless nail polish.

For salivary gland preparations, after dissection of larvae in Demerec sofution
and isolation of the salivary glands, the same steps described for brains were followed
except that the time in 2% lacto-acetic orcein and in 50% lactic acid was 5 minutes.

RESULTS AND DISCUSSION

Bizzo (1983) stated that strains of D. serido from Tapla and Famatina
(Argentinian Chaco) behaved as “an entity”, yielding sterile male progeny in crosses with
all the remaining strains. Bizzo also emphasized the singularity of those strains in terms
of aedeagus morphology (Silva, 1981, 1983), inversion polymorphism (Tosi, 1982) and
metaphase karyotype (Baimai er al., 1983), )

Asshown in Tables Il and III, in the pair-mating crosses the fertility (percentage
of fertile crosses) of D. serido (A95F3 strain) intraspécific crosses was lower than that
of Argentinian D. koepferae (B20D2 strains); interspecific crosses involving both strains
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showed a lower fertility when the females were A95E3 (MSD = 0.10; P < 0.05, Table
IV). The fertility of interstrain crosses followed that of the mother strain. The fertility of
intercrosses between B20D2 females and A95F3 males was even greater than that of
AB5F3 intrastrain crosses.

The fertility was the same in the two experiments performed, despite different
ages, numbers and intervals of transferences of couples to new media.

Table I - Experiment I. Number and pereentage of intia and intercrosses yielding progeny, and distribution of
crosscs according to (he beginning of offspring production, in the scquence of tubes, Numbers in parcnilicses

are the mean ages of the flies. F: fomades; M: males; 1% lolal crosses prepared; tH-3: sequence of tubes; +: fertile

Crosses.
Type of Number of Beginning of fertility of the
CIosses CroS$CS couple in sequence of ubes
F M T i 11(8) 12(14) £3(20)
B20D2 B2002 50 49 49 0 0
A95 A9S 42 27 6 15 6
B20D2 AYS 50 39 31 8 0
A95 132002 50 17 5 10 2

Table I - Experiment 1L Number and percentage of fatra and intercrosses yielding progeny, and distribution
of erosses according to (he beginning of offspring production, ju the sequence of tubes. Nunbers it parentheses

are the mean ages. Symbols as in Table 1T

Type of Number of Beginning of fertility of the
Crosses Crogses couple in sequence of bes
F M T + il t2 3 t4
(13.5) (20.5) (27.5) (34.5)
B20D2 B20D2 50 46 45 1 0 0
AD5 A5 42 29 28 1 0 0
B20D2 A95 50 43 29 14 0 0
ASS B20D2 50 15 9 2 2 2
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However, variations in experimental conditions affected the beginning of adult
progeny production. In the fitst experiment, all the B20D2 intracrosses already produced
progeny in the first tube while most of the A95F3 intracrosses did so only in the second
tube (first transfer to new mediumy) or in the third. In the second experiment, however,
most of the A95F3 intracrosses yielded progeny in the first tube, In the intercrosses of
B20D2 females with AS5F3 males, progeny started to be produced, in both experiments,
mostly in the first tube. In the intercrosses involving AS5F3 females and B20D2 males,
descendants started to be produced, in experiment I, predominantly in the second tube
while in experiment II, most of the couples produced progeny in the first tube but some
did so in the second, third and even the fourth tube.

The number of couples which yielded larvae and imagoes, in the intracrosses
and intercrosses was also affected by experimental conditions (Tables V and VI). In each
type of cross in experiment I in some vials there was complete mortality of flies at the
larval stage. Significant differences among crosses were found in the first and second
series of tubes (x2 for hamogeneity, first serjes: = 62.32; P < 0.05); second series: = 37.71;
P <0.05). In experiment II, the percentage of couples with complete mortality of progeny
at the larval stage was smaller than that in the first experiment. Significant differences
were found only in the second series of tubes (xz for homogeneity = 8.97; P < 0.05), In
both cases the intercrosses of A95F3 females and B20D2 males were different from the
others, that is, in the second experiment, as in the first, these intercrosses showed higher
percentages of complete larval mortality than the intracrosses. Equality of larvae and
imagoes productivity proportions of intracrosses and intercrosses was calculated by
homogeneity x2 and multiple comparisons, Significance of two by two comparisons are
in Table VII (Experiment I: first and second series of tubes) and in Table VIII (Experiment
II: second series of tubes).

‘bl IV - Experimenis T and I8, Significance of two by two comparisons for [eatility of the 4 types of crosses,
Minimum significant dilfercnce (MS13) = 0.10 (Bxpeclment 1 and Bxperiment TTy; * = P < 0.03,

Types of erosses

F A95F3 x M A9513 F1320132 x M B20D2 I* A95TF3 x M 32002

1 It I I I n
FB20D2 x M {20132 0.34" 023" 0.20 0.06 0.64" 0.62"
F A9SF3 x M AO5F3 -0.14 -0.17 0.30" 0.39"

FB20D2 x M A95F3 044" 0.56"
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Table V - Experiment . Total number of couples which produced larvac and among them, the percentage of
those which yiclded imagoes in the sequence of tubes of the four types of crosses, Numbers in parentheses are

the mean ages of the flics in days.

Crosses Tube 1 (8) Tube 2 (14} Tube 3 (20)
F M Larvas lmage Larvae Imago Larvas Imago
{tmber (%) (number (%) (number (%)
of couples) aof couples) of couples)
B20D2 32002 49 100 46 78 43 77
A95 A95 G 100 18 100 23 96
B0OD2 A95 3 93 34 85 21 86
A95 B20D2 5 0 12 8 4 75

In the pair-mating crosses (Tables IX and X}, fecundity (number of progeny) of
B20D2 was greater than that of A95F3, in both experiments. Also in both experiments,
the fecundity of intercrosses involving B20D2 females and A95I'3 males was greater than
that of reciprocal crosses and even greater than that of A95F3 intracrosses. Such
differences were stronger in the first experiment (F for homogeneity of total means of
the four types of crosses was significant).

“Table VI - Bxperiment 11 Number of couples which produced lurvac and the porcentage of those among thein
which yiclded imagoes, in the sequence of tubes of the four types of crosses. Numbers in purentheses are the

mean ages of the flies i days.

Crosses Tube 1 (13.5) Tube 2 (20.5) Tube 3 (27.5) Tube 4 (34.5)
F M NCPI.  lmnago NCPL  Imago NCPL  Imago NCPL  Imago
(%) (%) {%) (%}
#2002 [B20D2 45 98 42 00 14 100 0 -
A95 A93 28 93 24 100 8 100 0 -
B20D2 A95 34 100 41 100 34 94 15 80
AS5 2002 % 100 7 8% 7 86 4 73

NCPL ~ Number of couples which produced larvae.
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Table VII - Experiment I, Significance of lwo by two comparisons for productivity of larvae and imagocs of the
four types of crosses, in the first (11) and second (2) series of fubes, MSD ~ 0.03 (first serics of tubes) and 0,08
(seeond serles of tubes); * = P < 0,05,

I'ypes of crosses

F A95F3 x M A9313 32002 x M R20D2 F A95FF3 x M B20D2

t1 12 it 2 u )
FB20D2 x M B20D2 0,00 022 007" -0.07 1.00" 0.70"
F AO5F3 x M A95F3 007" 015" 1.00" 0.92"
FB20D2 x M A95F3 093" 077"

Significant differences were also found in the first experiment, for the first tubes
of A95F3 intracrosses, B20D2 intracrosses and intercrosses involving B20D2 females
and A95F3 males, and, in a comparison of the sequence of tubes, for A95F3 intracrosses
and B20D2 females x A95F3 males intercrosses, The F value could not be caleulated for
the intercrosses involving A95F3 females and B20D2 males, due to the low number of
descendants.

The second experiment (in which 10 day old flies were used and three transfers
to new medium were made) gave better information on the fecundity of interspecific
crosses. As mentioned, there was a delay in the beginning of adult progeny production
in interspecific crosses relative to the intracrosses, probably reflecting difficulties in the
acceptance of foreign males by females, Apparently such difficulties decrease when
mated flies are older (second experiment) but they still remained, to some extent. Thus,
in the fourth group of vials (third transfer), in the second experiment, the interspecific
crosses still yielded progeny while the intraspecific crosses did so anly till the third group
of vials (second transfer). In this case the total mean number of progeny of both types of
interspecific crosses increased, attaining nearly identical values which were also close to
that of the total mean number of progeny of intraspecific crosses (F for homogeneity of
means was not significant).

F for mean progeny of experiment II, in the sequence of tubes, gave significant
values for B20D2 intracrosses, for intercrosses involving B20D2 females and A95F3
males and for intercrosses involving A95F3 females and B20D2 males. F values were
also significant for mean fecundity in the second and third groups of tubes in the four
types of crosses.
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The present results on fecundity using pair-mating crosses differed from those
in mass crosses performed by Fontdevilla ez al. (1988) in which intercrosses involving
B20D2 females from Argentina and A95F3 males yielded much fewer offspring than the
teciprocal intercrosses. It is important to point out again the different geographic origins
of the strains used by Fontdevilla et af. (1988) and the isofemale lines used in the present
paper, and also the several differences these strains already showed when other
characteristics were analyzed (both mentioned in the introduction of this paper). Besides,
Bizzo {1983) showed that mass intercrosses between isofemale [ine A95C3 (from the
same focality as A95F3) and isofemale line B53Q5 (from Milagres, Bahia) yield sterile
males and fertile females in both crossing directions. We used a different isofemale line
from Bahia, which shows reproductive isolation relative to A95F3, which reinforces the
contention that A95F3 and A95C3 isofemale lines and isofemale lines from Bahia are
not a single evolutionary entity.

When five day old flies were used, fecundity of A95F3 intracrosses and of
B20D2 females x A95F3 males intercrosses increased slowly till the 20th day (Figure 1).
When 10 day old flies were mated, intracrosses exhibited greater fecundity at 13.5-14
day parental age, decreasing after that. Both types of intercrosses, however, showed 3
fecnndity increase between 13.5-14 day and 20-20.5 day patental age. As shown in the
second experiment, all four types of crosses exhibited a fecundity decrease after 20-20.5
day parental age.

The mechanisms of reprodictive isolation operating between B20D2 and
A9SE3 include prezygotic mechanisms which decrease festility of intercrosses and also
postzygotic ones, including mortality at the larval stage in both directions of crosses and
sterility of male hybrids in intercrosses involving D. koepferae (B20D2 strain) females
and D. serido (A95F3 strain) males. Among the 30 mass crosses prepared in each
direction of intercrosses for testing fecundity and fertility of FI1 hybrids one, a B20D2
female x A9SF3 male, yielded F2 latvae and 25 pupae from which 12 females and 11
males were produced.

Bizzo (1983) had already observed sterility of male hybrids in crosses of strains
from Argentina (B26D2 - D. koepferae, Provincia de La Rioja and B31DG6 - D. serido,
Provincia del Chaco, Argentina) with the A95F3 strain. Male hybrid sierility and
prezygotic mechanisms preventing intercrosses were also detected by Fontdevilla ez al.
(1988), involving D. serido strains from the State of Bahia, Brazil and D. koepferae.

Egg-imago cycle length was influenced by culture medium composition. On
M1 and M2, prepared with different species of cactus (respectively Puntia ficus-indica
and Cereus jamacur) the life cycle of A95F3 was longer than that of B20D2 while on
M3 (Opuntia pulp alone) the length of the A93F3 life cycle decreased to very close to
that of B20D2 (Table XI, Figures 2 and 3).

The stocks and experiments in this study were maintained on M1 medinm on
which the egg-imago span was approximately 27 days for A95F3 and 22 days for B20D2,
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Table VHI - Bxperiment II. Significance of two by two compatisons for productivity of larvac and imagoces of

the four types of crosses, In the second serics of tubes, MSD « 0.04; * = P < 0.05.

Types of crosses

F A95F3 x M A9513 I B20D2 x M B20D2 F A95F3 x M B20D2
F B20D2 x M B20D2 0.00 0.00 0.12"
F A95F3 x M A9513 0.00 0.12"
FB20D2 x M A95F3 0.12"
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Figure 2 - Development time of A95143 amd 32002, Baperiment [ Percentage distibunion of euwigence of Llics

in days, in culture medinms M1, M2 and M3,

in the first experiment. No adults developed in the second experiment. AS5F3
development time differed between sexes on the mediums used in both experiments,
being longer for females than for males, but in B20D2 there was a very slight difference



842 Madi-Ravazzi aucl Bicudo

A95 B20D2

M2 M2

M3 M3

SENHAEE oBNEAYA
1]
S ENHAHS S ENEHARE

. ew m
21 @2 B M B x BB IU A 2 B M B X F B 2 WA

days days

Figure 3 - Development tima of A95173 and 132002, Bxperiment 11 Percentage dislibution of emergence of

flics in days, in culture medinms M1, M2 and M3.

between sexes on every medium and, in both experiments, a shortened development time
of females relative to males.

Figures 2 and 3 present the distribution of emergence of A95F3 and B20D2
imagoes, respectively in expetiments Fand IL In the first experiment, 77, 81 and 74 A95F3
flies were computed respectively on the M1, M2 and M3 mediums, while 11, 12 and 10
B20D2 flies were computed on the same mediums. The greatest distribution intervals in
development time for both strains were found in M2 culture medium (8 days for A9SIF3
and 6 days for B20D2); in M1 and M3 these intervals were greater for A95F3 (5 days in
both mediums) than for B20D2 (2 days in both mediums),

In the second experiment 61 and 54 A95F3 flies were analyzed respectively on
M2 and M3 culture mediums, and 15 and 14 B20D2 flies were analyzed on the same
mediums, The same intervals were obtained in M2 and M3 for A95F3 (7 days) while for
B20D?2 the interval was one day longer on M2 than on M3 (respectively 4 and 3 days).

A95F3 showed a preference for laying eggs in M2 and M3 when the twomedium
types were present, while B20D2 preferred M3 under the same conditions. Such
behaviour might be indicative of their preferences in nature, According to Sene et al.
(1982), D. serido is absent in collections from O. ficus-indica plantations. However,
Pereira et al. (1983) reported that the species has been reared from O. ficus-indica and
other cactus species such as O. vnlgaris, Cephalocereus piauhyensis, Cereis
pernanmibucensis and Cereus sp.

In a study of differential survivorship on Gpunria of D. serido and the closely
related D, buzzatti, Ruiz et al. (1985) found that adults of D. serido and D. buzzatii put
into population cages and fed with Opuntia ficus-indica roots died within a few days.
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Table IX - Bxperiment L Fecundity Xt 8) of the four types of crusses, iu the sequence of tubes. N = number of
crosses; F = values for homogeneity of means; * = P < 0L05; ** = P < 0.0L. lor A95 x B20D2 intercrosses,

numbers of descendants instead of means are giver.

Fecundity
Type of
Crosses Tube 1 Tube 2 Tube 3 Total

F M Xt§ N Xt§ N Xt§ N F Xz8 N

B20p2 B20D2 224+ 114 (49) 192+ 1010 (36) 2254103 (33) 107 51921251 (49)

A5 AUS 68158 (6) 120137 (I8) 217£172 (22) 328" 272:244 (27)
B20D2 A95 12870 (29) 17.8+97 (29) 192114 (18) 334" 3342168 (37)
AS5S  [20D2 . 1 (0 14 3) . 15 o)
F 12797 2.55 0.37 12467

Table X - Experiment 11 Feeundity (X £ §) ol the 4 types ol crosses, in the sequence ol tubes. Symnbols as in
Table 9.

Pecundity

Type of
CIOSSCS Tube 1 Tube 2 Tube 3 Tube 4 Total
F M Xis N Xis N Xes  ® Xts W ¥ Xts N
BD2 DBAD2 239141 ($9)  17TiI06 (42} 101162 (&) - - 701" 421:£233 @€6)
ADS A9 024115 (26) 1661 1LT7 (23 136t75 (B) - - 127 3511409  (29)
D20D2 A5 176887 (M) WOLLY (@A) LR G N4t92 (2 802" 4521280  (45)

A9S B2 147t L3 (9 286 1 9.6 (M 253149 (0) 9776 (3) 309 3951301 [

r 2.58 2.88" 556" 00 094

The populations which originated from them, however, behaved differently: in the case
of D. serido they became extinguished after the first generation and in the case of D.
buzzatii they survived and were maintained with the same food for more than two years.
According to these same authors, these results are reasonable, since at least in Argentina
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Table XTI - Mean development time (egg-imago) of females (19 and males (M) i the tiree culture medivms

(M1, M2 and M3), for ihie Iwo strains and experiments. In parentlicses are dilferences of means.

MI M2 M3
Experiment Strain
F M iy M F M

I A95 21.5 26.6 (0.9) 274 24.9 (2.5) 24 22.1{(0.3)
B20D2 217 2LE(0N) 228 23.0(02) 23.0 23.2(0.2)

(5.8) {4.8) e (19 0.6) {1.1)
I A95 287 273(1.49) 24,7 24.1 {0.6)
B20D2 2238 22.70.1) 24.0 24.2 (0.2)

(59) (@5 ©.7 ©.1)

where both species were collected, D. buzzarii is associated with many Opuntia species
while D. serido utilizes mainly columnar cacti. On the basis of present knowledge we
conclude that the authors studied D. koepferae. Ruiz et al. (1985) also mentioned the
preliminary studies of F. Peris who showed that when D. serido adults were put on
Opuntia culture medium they died very early.

Our data with Opuntia culture medium did not show the same effects, In M1
and M3 (first experiment) and M3 (second experiment), prepared with O. ficus-indica,
A9SF3 and B20D2 survived and yielded progeny. As mentioned, they have been
maintained for several years in our laboratory, using M1. But, the high larval mortality
and low productivity detected in intraspecific crosses of A95F3 might be due to
inadequate food rather than to genetic constitution. Kircher (1982) and Ruiz et al, (1985)
found toxic components in small or significant amounts in pads of Opuntia, probably
produced by microorganisms acting in decay, which also could be involved with those
problems. These observations indicate the need to be careful in speciation studies in
relation to data on fertility.

According to Baimai et al. (1983), strain A95F3 has a large submetacentric 6th
chromosome, differring from the basic karyotype of D. serido which has a pair of small
dot autosomes. In turn, B20D2 differs from the basic type in the Y chromosote which
is metacentric in this strain and telocentric in the basic type, being almost entirely
heterochromatic,

Figure 4 shows the metaphase chromosomes of hybrids and parental strains for
comparison, observed in brain preparations. Differences of size and intensity of staining
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Figure 4 - Metaphase chromo-
somes. A, B. A95F3 (A) female,
(B) male. C, D. B20D2 (C) female,
(D) male. E, F. Hybrids of B20D2
females x A95I3 males (E) fe-

male, (F) male. Arrowheads point

to the microchromosomes.

of the 6th chromosome between strains and homologous 6th chromosomes in hybrids are
very clear.

We also observed asynapsis between homologous polytene chromosomes in
hybrids A95F3/B20D2 (Figure 5). Such asynapsis is as extensive as detected normally
in interspecific hybrids of other Drosophila species. Asynapsis is a characteristic
considered so constant in Drosophila interspecific hybrids that it has been used as a
marker in studies of chromosomal introgression (e.g. Tadei, 1977, Naveira and
Fontdevilla, 1985).

As shown by Riede and Renz (1983) the degree of pairing of polytene
chromosomes decreases following the degree of DNA homology between homologous
chromosome bands. They also showed that inversions disturb the process of somatic
pairing, but they are not the primary cause of asynapsis in hybrids.
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Figure 5 - Synapsis in salivary gland chromosomes of the strains and their hybrids. (A) A9SE3; (3) B20D2; (C,

D) hybrids of B20D2 females and A95F3 males. Arrows in Cand D point to asynaptic chromosomal regions.

A95F3 strain did not show intraspecific inversions, but B20D2 strain showed
heterozygous inversions in chromosomes 2, 3 and 5. In hybrids, interspecific inversions
were detected in every chromosome except chromosome X. Chromosome 2 shows a
complex figure of pairing due to the polymorphic inversions 2k%, 21° and 2m’, present
in B20D2, and the inversions 2eand 2j respectively fixed in A95F3 and B20D2 (Ruiz ez
al., 1982; Wasserman and Richardson, 1987; Tosi and Sene, 1989). Besides, another
subterminal and independent inversion described in B20D2 and named 2n° by Ruiz et
al. (1982) was sometimes present in hybrids (Figure 6A).

In chromosome 3 of hybrids, two inversions were detected: one of these, 3a,
was described by Tosi (1982) and renamed 3K by Tosi and Sene (1989), being
polymorphic in strains from Tapia, Argentina, as is the case of B20D2 strain. The second
inversion is present in every hybrid, thus being a fixed inversion in one strain relative to
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Figure 6 - Inversions in chromosomes 2 (6A), 3 (6B), 4 (6C) and 5 (6D) hybrids. 613: new inversion 3t alone
(6B left) and included in 3k (6B right).

the other (Figure 6B left). When both are present, the fixed inversion is included in the
polymorphic one (Figure 6B right). This inversion has apparently not been described
previously and thus it is named 3t in the present paper.

In chromosomes 4 and 5, the inversions are simple and single. They were
previously described by Tosi (1982) and respectively named 4a and 5b. Tosi and Sene
(1989) changed their designation to 4m and 5w, following Wasserman'’s nomenclature
(Figure 6C,D). Polymorphic inversions also occur, according to Tosi (1982), in strains
from Tapia, Argentina.

In the present study, differences between A95F3 and B20D2 in the banding
pattern of proximal regions of chromosomes 2, 3 and X were also detected (Figures 7
and 8). These differences involved five bands in chromosomes 2 and 3, but in the X
chromosome, one apparently longer non-homologous and heterochromatic segment was
observed. In each chromosome the differential bands are present in D. serido (A95F3)
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Figure 7 - Comparison of banding pattern of the proximal regions of polylene chromosomes 2 (A, 13) and 3 (C)
in hybrids of B20D2 females and A951°3 males. Brackets denote bands present in A95F3 (chromosome a) and
absent in B20D2 (chromosome b).

Figure 8 - Comparison of the banding pattern of the proximal region ol ehromosome X in salivary glands of
both species. (A, B) A95E3 males; (C) hybrid female (C1 = A9513 X, C2 = B20D2 X); (D) B20D2 male. (E)
B20D2 female.
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and absent in D. keepferae (B20D2) and consequently chromosomes 2, 3 and X of the
first species are longer than those of the second. Such differences however are difficult
to detect in metaphase chromosomes in which greater differences involving chromosome
Y and the microchromosomes of A9SF3 and B20D2 strains were detected by Baimai et
al. (1983), already mentioned.

Taken together, the differences observed between isofemale lines A9SE3 and
B20D?2 reinforce their status as distinct species. However, as already mentioned, several
kinds of diffefences, including male sterility in intercrosses, strongly indicate that A95F3
is an evolutionary entity separate from D. serido from the State of Bahia (type locality).
This sirengthens the idea that the complete evolutionary complexity of D. serido
superspecies remains to be understood, Data obtained by previously mentioned authors,
as well as those obtained in a detailed study on reproductive isolation and isozymes of
several geographic strains which is being performed in our laboratory, are already
suggesting that the cluster is also formed by species in status nascendi, similar to D.
paulistorum (e.g. Dobzhansky and Spassky, 1959; Dobzhansky and Powell, 1975;
Richmond and Dobshansky, 1976) and D. prosaltans (Bicudo, 1978).
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RESUMO

Drosophila serido & hoje considerathy umy superespéeiv consistindo das espécics D. serido (Brasil)
¢ D. koepfarae (Argenting e I3olivia), Conludo, fui um consenso enlro varlos sutores de que isto ndo retrala sta
verdadeira complexidade evalutiva. No presenie irbalko, ag li]]}lilgCIIS A95[3 (Brasil) ¢ 320D2 (Argenting),
portanto, consideradas, respeetivimnente, represeimantes da primena ¢ segunda cspécles, foram analisadas
quanto § fertilidade ¢ fecundidade em eruzamentos por casal intin ¢ intedinhageny, quanto ao tempo de
desenvolvimento, so paddio de bandas ¢ ao pateamento dos cromossonos polilénicos nas linhagens ¢ hibddos. ]
Embora variagdes nas condigbes do experimonto tenham lovado a algumas variagdes dos resnltados, de modo*

\
geral os estudos intralinhagem mostraram que i fetilidude ¢ feeundidade de A95F3 sio menores do que de 7

20072, Interenmzamentos de fémeas A9SES commachos 12002 aposearars menor fertilidade e fecundidade
que os reciprocos, deste modo soguindo as condigdes da linlugen materna, Lsles 1esultados diletem dos oldtidos
por Pontdevilla ef al. (A, Entomol, Soc, Amer. 813 380-385, 1988), o que pode ser atribuido ao [ato de que,
aqueles autores utilizamm moscas de outra procedéneia (Estaddo da Balia) nos cruzuncittos com . koepferae.

Essa diferenca, somacda a outrs mostiadas na Litceatura, quanto & morlologia do edeago, 4s caracteristicas
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entlotipicns, ao polimorfismio de inverstes ¢ ao isolamento reprodulive sio fortemente indieativas de que A9SE3
(Estado de Minas Gerais) ¢ D, serido do Istado da Bahia nfio siio wna mesma entidade evolutiva, reforgando
a ldéia corrente de malor complexidade da superespécic D. serido do que aquela conticeida hoje.

Os mecanlsmos do isolamente detectados operando entre cssas linhagens sio prd ¢ pos-zigdticos,
incluindo, entre os 1iltimos, mortalidade larval e ambas as diveedes de Intereruzamento e esterilidade dos
muachos hibridos nes cruzamentos de [Gneas 3202 com machos A95F3.

As duas linhagens diferirmm no tempo de desenvolvimento ovo-adullo que se mostrou também
influenciado diferentemente pela composigiio do melo de euliurs em qus as moseas foram crindas,

Alémn disso, mostraram diferengas no padrio de bandas da regifo proximal dos cromossomos
polilénicos 2, 3 ¢ X, uma inversiio (ixa no cromossomo 3 (30, aparentemente nfio deserita antes, ¢ uni allo gran
de assinapse nos hibridos.

A soma das observagdes, principalmente as relerentes ae isolamento roprodutive, & diferenclagiio
cromossdmliea (abrangendo o ciriotpe, analisado cin trabalho anterior, de outros autores, ¢ a diferenciagio de
brndas, descrita neste tebalho}, mnis a cxlensa assinapse verilicada nos hibridos dessas linhagens, reforgam o
“status” do espécles distintas a clas atribuido.
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