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Abstract 
 

The allele amplification and diversity of 18 microsatellite loci described for Drosophila 
mediopunctata (tripunctata group) was studied in two species of the Drosophila guarani group, D. 
ornatifrons (guarani subgroup) and D. maculifrons (guaramunu subgroup), collected in fragments of 
Araucaria Forest from southern Brazil.  The selected loci were already tested in lineages of both 
species from D. guarani group;  however, they were not analyzed regarding allele diversity in natural 
populations.  In spite of the 18 tested loci have been selected among more than one hundred loci, 
because they displayed good amplification pattern for both species in a previous work.  Only 50% of 
them amplified in only one of the two D. maculifrons populations analyzed, and approximately 28% 
presented amplification on both D. ornatifrons populations.  These results are in agreement with the 
phylogenetic relationships that allocate the guaramunu subgroup closer to tripunctata group instead 
to the guarani subgroup.  The higher allele diversity of the positive amplified loci was detected in D. 
maculifrons (≈ 9 alleles per locus).  The allele number detected in D. ornatifrons was also high (≈ 7 
alleles per locus).  These results suggest that the loci that displayed positive and quality amplification 
are useful markers to be applied in population genetic studies of these species.  The low rate of 
amplification in the populations from Araucaria Forest sampled here suggests they have an 
accentuated genomic differentiation to the previous D. maculifrons and D. ornatifrons populations 
analyzed. 
 
 
Introduction 
 
 The polythene chromosome band pattern of the species that compose the guarani and 
guaramunu subgroups of the guarani group suggests that these subgroups could be changed to the 
group category as the chromosomes from the guaramunu subgroup species are more similar to the 
species from the tripunctata group than to the guarani subgroup (Kastritsis, 1969;  Kastritsis et al., 
1970).  Hatadani et al. (2009), analysing the molecular phylogeny of the D. tripunctata and other 
groups, also agreed with the split of the guarani group in two.  However, the phylogeny inferred 
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using molecular and morphological analyses performed by Robe et al. (2002) did not support such 
division. 
 More than a hundred microsatellite loci were described and had their allelic diversity checked 
for Drosophila mediopunctata (tripunctata group) (Laborda et al., 2009a).  A cross-species 
amplification was tested in other species, including the guarani group species, D. ornatifrons and D. 
maculifrons (Laborda et al., 2009b).  Some of these microsatellite loci were used to build a molecular 
linkage map that possibly revealed the region that controls the number of abdominal spots variation 
in D. mediopunctata (Laborda et al., 2012).  

However, so far, the loci described by Laborda et al. (2009a) were not applied in natural 
population studies regarding allele diversity of species that belong to the guarani group, more 
specifically in Drosophila ornatifrons (guarani subgroup) and D. maculifrons (guaramunu 
subgroup).  Thus, the goal of this work was to test the amplification rate and the allele diversity of 
some microsatellite loci described for D. mediopunctata in natural population samples of D. 
ornatifrons and D. maculifrons collected from fragments of Araucaria Forest located in southern 
Brazil. 
 
 
Material and Methods 
 
 The specimens analyzed were collected from three geographically isolated fragments of 
Araucaria Forest in southern Brazil: Parque Municipal São Francisco da Esperança – SSF (25° 03’S, 
51° 16’ W) and Parque Municipal das Araucárias – PMA (25° 23’ S, 51° 27' W), both located in 
Guarapuava/PR; and Camping Recanto do Lazer, located in Canguçu/RS - CAN (31º 30’ S, 52º 49’ 
W).  A total of 34 specimens of Drosophila ornatifrons were used in this study, 17 from SSF and 17 
from CAN.  For D. maculifrons, a total of 73 individuals were analyzed, 41 from SSF and 32 from 
PMA.  The collections in SSF and PMA were performed according to Santos et al. (2010), with 
modifications, in September 2011 using open traps with banana, orange, and yeast baits (Sene et al., 
1981).  The individuals from CAN were provided by Dr. Lizandra J. Robe of Universidade Federal 
do Rio Grande (Rio Grande/RS). 
 From all microsatellite loci described by Laborda et al. (2009a) for Drosophila mediopunctata 
that also presented good quality amplification in the expected length for D. ornatifrons and D. 
maculifrons (Laborda et al., 2009b), 18 were utilized in this work (Table 1).  The PCR were 
performed in a touchdown condition according to Laborda et al. (2009a), with the exception for 
DmedUNICAMP_ssr087 locus, which amplification was realized as follows:  1 cycle of 94ºC for 2 
minutes, 30 cycles of 94ºC for 1 minute, 60ºC for 1 minute, and 72ºC for 2 minutes, ending at 72ºC 
for 5 minutes.  The PCR products were separated in 6% PAGE, stained with silver nitrate 
(Sanguinetti et al., 1994;  Machado et al., 2003). 
 
 
Results and Discussion 
 
 For 18 loci tested, selected among more than one hundred described because they showed 
good amplification conditions in the expected length for both D. guarani species (Laborda et al., 
2009b), D. maculifrons showed only 50% of them amplified in SSF sample, approximately 44% 
amplified in PMA sample, and for D. ornatifrons approximately 28% presented amplification on both 
populations analyzed, with only three individuals from 17 tested showing amplification for the 
DmedUNICAMP_ssr034 locus (Table 1).  The low rate of cross-amplification seems to be more 
remarkable if it is considered that among the 18 loci tested, 12 were on the list of the 15 loci 
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classified by Laborda et al. (2009b) as the microsatellites that displayed the best features for analysis 
disregarding the number of species that could be amplified. 
 

Table 1.  Allele diversity, amplification quality and rate of Drosophila mediopunctata microsatellite loci in two 
species of D. guarani group collected in fragments of Araucaria Forest from southern Brazil. SSF = Parque 
Municipal São Francisco da Esperança (Guarapuava/PR); PMA = Parque Municipal das Araucárias 
(Guarapuava/PR); CAN = Canguçu/RS; AQ = Amplification Quality; AN = Allele Number; n = number of 
analyzed individuals; AR = Amplification Rate. + = positive and good quality amplification; +/- = positive 
amplification in few samples; - = absence of amplification. 
 

 Drosophila ornatifrons  Drosophila maculifrons 
 SSF  

n = 17 
CAN  

n = 17 AN 

 SSF  
n = 41 

PMA  
n = 32 AN 

Loci AQ AQ  AQ AQ 

DmedUNICAMP_ssr034 + +/- 06  + + 12 

DmedUNICAMP_ssr039 - - -  - - - 

DmedUNICAMP_ssr041 - - -  - - - 

DmedUNICAMP_ssr053 - - -  + + 09 

DmedUNICAMP_ssr054 - - -  - - - 

DmedUNICAMP_ssr056 - - -  - - - 

DmedUNICAMP_ssr057 + + 10  + + 10 

DmedUNICAMP_ssr065 - - -  - - - 

DmedUNICAMP_ssr079 - - -  - - - 

DmedUNICAMP_ssr087 + + 07  + + 07 

DmedUNICAMP_ssr095 - - -  + + 11 

DmedUNICAMP_ssr096 + + 07  + + 07 

DmedUNICAMP_ssr099 - - -  + + 08 

DmedUNICAMP_ssr102 - - -  + - 05 

DmedUNICAMP_ssr107 - - -  - - - 

DmedUNICAMP_ssr118 + + 07  + + 14 

DmedUNICAMP_ssr126 - - -  - - - 

DmedUNICAMP_ssr133 - - -  - - - 

 AR ≈ 28% AR ≈ 28% Mean  = 7.4  AR = 50% AR ≈ 44% Mean = 9.2 

 
The higher number of amplified loci in Drosophila maculifrons is in agreement with the 

phylogenetic relationships that allocate guaramunu subgroup closer to tripunctata group instead to 
guarani subgroup (Kastritsis, 1969;  Kastritsis et al., 1970;  Hatadani et al. 2009), as D. maculifrons 
(guaramunu subgroup) presented higher amplification rate than D. ornatifrons (guarani subgroup) 
for these microsatellite loci that were described for D. mediopunctata.  These results suggest that the 
genome of D. mediopunctata has more similarity with the genome of D. maculifrons than with the 
genome of D. ornatifrons, although Laborda et al. (2009b) did not find any correlation between 
phylogenetic proximity and cross-species microsatellite amplification success. 

Between the two analyzed species, Drosophila maculifrons showed higher allele diversity 
among the loci that presented positive amplification than D. ornatifrons, with mean of 9.2 alleles, 
against 7.4 for D. ornatifrons (Table 1).  Nonetheless, both species showed higher allele diversity 
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when compared to the preliminary data of allele diversity of the same loci in 13 D. mediopunctata 
lineages (Laborda et al., 2009a).  The mean allele number found by Laborda et al. (2009a) in D. 
mediopunctata for the loci amplified in D. ornatifrons was approximately 6.4, and for the loci that 
amplified in D. maculifrons was approximately 6.1.  This fact, i.e., the higher allele diversity of these 
loci in heterologous amplifications than in the species from they were first described, could be due to 
the use of laboratory lineages of D. mediopunctata against the use of natural populations for the 
species of the guarani group analyzed in this work. 

The results obtained suggest that the microsatellite loci that showed positive and good 
amplification quality are useful markers to be applied in population genetics studies using both 
species of the D. guarani group.  The low amplification rate of the analyzed microsatellite loci in 
population samples from Araucaria Forest fragments suggest an accentuated genomic differentiation 
of these populations to the D. maculifrons and D. ornatifrons populations previously analyzed by 
Laborda et al. (2009b). 
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This laboratory has a long-standing interest in rhodopsin turnover in Drosophila (Stark, et al., 

1988); rhodopsin is cleared from the photoreceptive organelle (rhabdomere) via coated pits then 
multivesicular bodies (MVBs) and lysosomes and imported into rhabdomeres via membranous 
vesicles.  This ultrastructural description has had many molecular elaborations (e.g., Chinchore et al., 
2009) since our early work.  Later, we showed that white-eyed flies maintained in the dark had 
considerably more rhodopsin than flies kept on a light-dark cycle (Zinkl, et al., 1990;  Selimovic, et 
al., 2010).  A white-eyed stock in which R1-6 rhodopsin (Rh1) attached to green fluorescent protein 
(GFP) was driven by a heat shock (hs) promoter (hs-Rh1-GFP, Belliveau, 2008) allowed us to 
visualize aspects of rhodopsin traffic using optical neutralization of the cornea in the confocal 
microscope (Stark and Thomas, 2004). 

For heat shock, flies were lightly etherized and placed in a vial in a 37oC water bath for 1 hr.  
Then, based on what we already knew and how our pilot observations guided us, we put them in a 
food vial in the dark.  R1-6 and R7 rhabdomeres show fluorescence (Figure, top left).  Since it was 
the heat shock promoter, not Rh1’s promoter (ninaE),  R1-6’s rhodopsin (Rh1) should be expected to  




