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Avaliação dos Perfi s de RAPD de Diferentes Partes do Corpo de Machos de Abelhas Euglossa pleosticta
Dressler (Hymenoptera: Apidae, Euglossina)

RESUMO - Na literatura atual, são escassas as informações sobre qual a parte do corpo do inseto 
adulto é mais adequada para a extração de DNA genômico para estudos de análises genéticas baseadas 
em marcadores de DNA. Neste estudo, foram analisados os perfi s de RAPD produzidos a partir da 
amplifi cação do DNA genômico extraído de partes distintas do corpo (cabeça, pernas, tórax + asas 
e abdome) de 12 machos de Euglossa pleosticta Dressler. Do total de bandas analisadas, 9,0% não 
mostraram repetibilidade. As porcentagens de variação de bandas em relação às diferentes partes do 
corpo das abelhas foram: 1,1% (cabeça); 0,4% (pernas); 0,8% (tórax/asas) e 6,7% (abdome). A maior 
variação observada ( 2

para uma amostra  = 10,27; gl  = 1; P  < 0,01), nos perfi s eletroforéticos de RAPD, 
produzidos nas amplifi cações do DNA extraído do abdome de machos euglossíneos sugere que essa 
parte do corpo de insetos adultos deve ser evitada em procedimentos de extração de DNA. De modo 
diverso, a baixa variação entre os perfi s de RAPD obtidos a partir das amplifi cações de DNA genômico 
extraído da cabeça, pernas e tórax/asas das abelhas indica que todas essas partes do corpo de machos 
euglossíneos são igualmente úteis e confi áveis para serem utilizadas para a extração e a amplifi cação 
do DNA genômico.

PALAVRAS-CHAVE: Apoidea, Euglossini, abelha de orquídea, marcador molecular

ABSTRACT - In the current literature, information is scarce on which part of the adult insect body 
is suitable for isolation of genomic DNA for genetic analysis based on DNA-markers. In this study, 
we evaluated RAPD profi les generated from total genomic DNA isolated from distinct body parts 
(head, legs, thorax + wings and abdomen) of 12 males of Euglossa pleosticta Dressler. From the 
total of bands analyzed, 9.0% did not show reproducibility. Percent variations of bands in each body 
segment were: 1.1% (head); 0.4% (legs); 0.8% (thorax/wings) and 6.7% (abdomen). The much higher 
variation ( 2

one sample  = 10.27; df  = 1; P  < 0.01) in the RAPD profi les obtained by using DNA isolated 
from abdomen of the euglossine males suggests that this body part of adult insects should be avoided 
in DNA extraction procedures. Conversely, the low variation among the RAPD profi les obtained 
from amplifi cations of genomic DNA extracted from head, legs and thorax/wings indicates that all 
these body parts of male bees are equally useful and secure for using in isolation and amplifi cation 
procedures of total genomic DNA.
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Recent advances in molecular technology have greatly 
increased the number of techniques used in genetic studies 
based on the total genomic DNA analysis. Many of these 
techniques have been widely employed in genetic analysis 
of a variety of adult insects (Carvalho & Vieira 2001, Watts 
et al. 2004, Keyghobadi et al. 2005, Sofi a et al. 2005). 
However, when total genomic DNA is extracted from adult 
insect body parts, a worrying aspect of the genetic analysis 
can be the incidence of spurious DNA due, for instance, to 
the presence of commensal organisms associated with the 

material under study (Rabouam et al. 1999). In researches 
involving adult bees, or even adult insects in general, the most 
frequent sources of such DNA are pollen and microorganisms 
on the insect integument.

Another emerging question when genetic analysis involves 
adult insects is which part of the insect body is suitable for 
isolation of the genomic DNA for obtaining reliable DNA-
markers. Actually, until this moment there is a gap in the 
literature concerning this question and, consequently, a wide 
variation in methods for DNA extraction of adult insects can 
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be found, including DNA isolation from head (Harper et al.
2003), legs (Watts et al. 2004), wings or the whole insect 
(Keyghobadi et al. 2005).

Among the most known techniques based on the 
analysis of total genomic DNA, RAPD (Random Amplifi ed 
Polymorphic DNA) has been described as a simple and easy 
method of detecting polymorphism based on the amplifi cation 
of random DNA segments with single primers of arbitrary 
nucleotide sequence (Williams et al. 1990). Because RAPD 
is a fast and technically simple method, requiring minimal 
amounts of DNA and no previous knowledge of the genome 
(Williams et al. 1990, Ayliffe et al. 1994), it has been used 
in many different biological approaches, such as mapping 
(Martin et al. 1991), identifi cation of species or subspecies 
(Hillis et al. 1996), parentage analysis (Hunt & Page 1992) 
and evaluation of anthropogenic stress in aquatic ecosystems 
(Bickham et al. 2000). In addition, RAPD markers are 
relatively inexpensive to produce and can be visualized and 
scored on regular agarose gels (KjØlner et al. 2004).

On the other hand, according to several authors, the 
reproducibility between RAPD reactions can be hard to 
maintain (Ayliffe et al. 1994, Rabouam et al. 1999) since 
small changes in reaction conditions, such as the type of DNA 
polymerase used, template DNA concentration, magnesium 
concentration and temperature-profi ling characteristic of the 
thermalcycler can produce changes in RAPD bands profi les 
(Pérez et al. 1998). Thus, possible solutions proposed to 
minimize problems in RAPD reproducibility include a 
careful optimization of the concentrations of components in 
the reaction mixture and of the amplifi cation conditions of 
the thermal cycler, which should be consistently maintained 
throughout the study (Chiappero & Gardenal 2001).

In this context, our central aim was to investigate the 
occurrence of variations in RAPD profi les produced by 
amplifi cation of total genomic DNA isolated from different 
body parts of adult male bees. 

Material and Methods

Sample collections. Samplings were carried out during 
March of 2004, at Mata dos Godoy State Park, a remnant of 
Atlantic Rainforest located in northern Paraná State, southern 
Brazil. After being attracted to scent baits of eucalyptol, 12 
males of Euglossa pleosticta Dressler were collected with an 
insect net, placed individually in plastic tubes, transported 
alive to the laboratory and stored frozen (-20ºC) until DNA 
extraction. All bees were identified by S. H. Sofia and 
voucher specimens are deposited at the Museu de Zoologia, 
Universidade Estadual de Londrina (MZUEL).

DNA extraction and RAPD analysis. The following insect 
body parts were separated for subsequent RAPD analysis: 
a) head, b) six legs, c) thorax plus wings and d) abdomen. 
Prior to DNA isolation, bees were submitted to two distinct 
pre-treatments, to remove exogenous material (e.g. fungal 
spores or grains of pollen) possibly attached to the bee 
integument, as follows: each body part of bees was rinsed 
individually in a sterilized plate with distilled water or 70% 
alcohol. The methodology of total genomic DNA extraction 

used was based on Sofi a et al. (2005). DNA concentration 
was determined in a fl uorometer (200 DyNA Quant, Hoefer), 
using the dye Hoechst 33258, and then all DNA samples were 
diluted to a standard concentration (5ng/ l). All isolates were 
stored at -20 C.

The RAPD profi les were generated from total genomic 
DNA according to Sofi a et al. (2005). Amplifi cation reactions 
were carried out in a fi nal volume of 15 l containing 15-25 
ng of template DNA, 250 M dNTPs (Pharmacia), 0.3 M
of ten-nucleotide primer (Operon Technologies, Alameda, 
CA, USA), 4.0 mM MgCl2 and 0.6 l (3 units) of DNA 
polymerase in the reaction buffer supplied. The following 
primers were used in the analysis: OPX-04, OPX-06, OPX-
16 and OPAM-14. Control reactions were run containing all 
components except genomic DNA. DNA amplifi cations were 
carried out in a PTC-100, MJ Research thermal cycler and 
the amplifi cation protocol consisted of 4 min denaturation at 
92 C followed by 40 cycles of 40 at 92 C, 1.5 min at 40 C,
and 2 min at 72 C, and a fi nal cycle of 5 min at 72oC.

Samples of 15 l of the amplifi cation products were 
separated by electrophoresis on 1.4% agarose gels with TBE 
buffer (0.89 mM Tris, 0.89 mM boric acid, 2 mM EDTA 
pH 8.3) diluted 1:20 (v:v), run at 3V.cm-1, visualized with 
ethidium bromide staining and photographed under UV light 
with the Kodak Digital Science system (EDAS120).

Data analysis. To test differences between the two pre-
treatments, two groups of treatments were made. In the fi rst, 
head and legs from the same bee were washed, individually, 
in distilled water, while thorax/wings and abdomen were 
washed, separately, with 70% alcohol. In the second group, 
these treatments were inverted, i.e., head and legs from the 
same bee were washed individually with alcohol 70%, while 
thorax/wings and abdomen were rinsed, independently, with 
distilled water. 

Comparative analyses were carried out by placing all 
samples on the same gel. Additionally, the samples (head, 
legs, thorax/wings and abdomen) from the same individual 
were placed side by side on the gel. RAPD marker profi les 
were determined by direct comparison of the amplifi ed DNA 
electrophoretic profi les, and each sample was scored for 
the presence or absence of amplifi cation products (binary 
variable).

The chi-squared test (2 x 2) was applied to compare the 
two pre-treatments (washing in alcohol or water). An one-
sample 2 test was employed to compare possible differences 
in RAPD profi les from different groups of body parts, as 
follows: 1) head; 2) legs; 3) thorax +wings and, 4) abdomen 
submitted to each pre-treatment. Values were considered 
different when P < 0.05 (Siegel 1981).

The estimate of reproducibility among body samples 
isolated from the same bee (Rxywz) was calculated by dividing 
the number of bands common to all four segments (x, y, w, z) 
in the RAPD profi le (nxywz) by the average number of scored 
bands for all body parts, viz.: Rxywz  = 4nxywz/ (nx+ ny + nw + 
nz), where nx, ny, nw and nz represent the number of RAPD 
bands in head, legs, wings+thorax and abdomen, respectively 
(Pérez et al. 1998). Samples that partially or totally failed in 
the amplifi cation were not included in the analysis.
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After calculation of the reproducibility index for each 
bee with each primer, a mean value of the reproducibility 
including the 12 individuals analyzed was estimated.

A pair-wise similarity matrix was constructed using the 
Jaccard (J) index (Sneath & Sokal 1973). On the basis of 
the J–values of the samples, the UPGMA clustering method 
was followed, employing the NTSYS-PC package (Rohlf 
2000) to generate a dendrogram of similarity. To evaluate the 
robustness of the groupings formed, a bootstrap analysis, with 
1000 replications, was performed using the Bood software 
program (Coelho 2000).

DNA fragment sizes were estimated by comparison to 
the standard Ladder 100 bp (Biotools), and by using the 
GEL software.

Results

The RAPD marker patterns were assessed in E. pleosticta
DNA extracted from different body parts of 12 males, 
totalling 48 samples. The largest number of bands was found 
with primer OPX-06. The four primers used produced from 
9 to 25 bands, which varied from 371 to 4053 bp (Table 1). 
Reproducibility of the results was tested with primer OPX-
16 and no variation was found. The average reproducibility 
index estimated for each primer varied from 0.92 to 0.98 
(Table 1), revealing a high similarity among the profi les for 
each body part from the same bee analyzed.

Fig. 1 shows the RAPD profi les for 48 samples amplifi ed 
with primers OPX-06, OPX-04 and OP-AM14. In these 
profi les, it is possible to observe the high reproducibility among 
the four different body parts from each bee. Also, a negative 
control from RAPD reactions amplified with the primer 
OPAM-14 produced some faint bands, which were mostly 
different from bands in the amplifi ed reactions (Fig. 1).

The comparative analysis of RAPD profi les revealed no 
signifi cant difference ( 2 = 2.44, df = 1; P  > 0.05) between 
the two pre-treatments (water or alcohol). Therefore, to 
reveal any differences between the RAPD profi les from 
the four different groups of body parts (head, legs, thorax 
+ wings, abdomen), both pre-treatments were grouped and 
the profi les produced by each body part were compared for 
each bee individually. 

Out of a total of 476 fragments analyzed, 9.0% (n  = 43) did 
not show reproducibility (Table 2). Percentages of variation 
in the reproducibility for the different body segments were: 
1.05% (head); 0.42% (legs); 0.84% (thorax/wings) and 6.72% 

(abdomen). Application of the 2 test (one sample) revealed 
signifi cant differences among these occurrences of variations 
( 2 = 56.44, df = 3; P < 0.001), indicating some variation in 
amplifi ed products from the same individual.

The dendrogram of similarity obtained by applying the 
Jaccard index and the UPGMA method revealed that different 
parts from the same individual clustered together, showing 
coeffi cients ranging from 0.84 to 1.0 (Fig. 2). Bootstrap 
values for the UPGMA tree were generally very high ( > 
95%) for the branches clustering different body parts of the 
same bee, refl ecting a high robustness of these branches. The 
lowest value observed (0.84) occurred between the abdomen 
from individual 1 and the other body segments of this bee. 
However, for the majority of individuals analyzed, the values 
of similarity among the different body parts from the same 
bee were above 0.9, indicating the high reproducibility of 
RAPD technique. After clustering together, the four body 
parts from the same bee formed new clusters with other 
individuals. The similarity among individuals ranged from 
0.60 to 0.81.

Discussion

Among the 43 occurrences that did not show complete 
reproducibility four (9.3%) were due to the presence of 
bands that were absent in other samples (Table 2), and 39 
occurrences (90.7%) corresponded to the absence of bands 
in one or two samples from the same individual. 

Our results showed a high reproducibility of RAPD 
profi les produced by different body parts from the same 
bee (Fig. 1 and Table 2), suggesting that when optimization 
and standardization of RAPD technique are undertaken, 
reproducible profi les can be satisfactorily achieved. The 
differences in repeatability shown by body segments ( 2 = 
56.44, df = 3; P < 0.001) were possibly due to variations 
in abdomen profi les, since this body part showed a lower 
repeatability (6.7% of variation) than the other insect body 
segments. Besides, when variation in abdomen profi les (n = 
32) was compared to the total number of variations shown by 
other body parts (n  = 11), a signifi cant difference was found 
( 2

one sample = 10.27, df = 1; P < 0.01). In part, the greater variation 
in abdomen profi les may be attributed to low reproducibility 
shown by the abdomen from individuals 1 and 4 (Table 2). In 
part, in both situations, DNA obtained from abdomen might 
have suffered damages during the isolation phase, since these 
samples showed several absences in RAPD products obtained 

Primer Nucleotide sequence
Number of

fragments

Range of fragment

size (bp)

Reproducibility

(Rxywz)

OPX-04 5’ CCGCTACCGA 3’ 14 524 - 3370 0.95

OPX-06 5’ACGCCAGAGG 3’ 25 371 - 4053 0.92

OPX-16 5’ CTCTGTTCGG 3’ 9 706 - 2366 0.98

OPAM-14 5’ TGGTTGCGGA 3’ 21 374 - 2806 0.94

Table 1. Nucleotide sequences from primers used in RAPD reactions, number of amplifi ed fragments and range of 
fragment sizes produced by different primers and average reproducibility estimates.
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Fig. 1. RAPD profi les of E. pleosticta, from different body segments, amplifi ed with primers OP-X6, OP-X4 and OP-AM14. 
Lane M = 100bp molecular weight marker. Samples of the same bee were arranged in the gel as follows: head, legs, thorax + 
wings and abdomen. Lanes: 1, 2, 5, 6, 9, 10, 13, 14, 17, 18, 21, 22, 27, 28, 31, 32, 35, 36, 39, 40, 43, 44, 47, 48  = parts of bees 
washed with water. Lanes: 3, 4, 7, 8, 11, 12, 15, 16, 19, 20, 23, 24, 25, 26, 29, 30, 33, 34, 37, 38, 41, 42, 45, 46  = parts of bees 
washed with alcohol. Last lane  = control.

with all four primers used in amplifi cations reactions (Table 
2 and Fig. 1). Regardless of their feeding habits, all insects 
possess a range of enzymes in the midgut, located in the 
abdomen, where digestion occurs (Chapman 1982). According 
to Walker et al. (1998), proteases are present in the gut of adult 
insects and show activity over a wide pH range. Thus, some of 

the variations in abdomen RAPD profi les may be attributed to 
the action of digestive enzymes (eg. esterase) on DNA during 
the extraction stage.

Rabouam et al. (1999) attributed artefactual RAPD 
polymorphism to the presence of commensal organisms 
and fragment rearrangements during PCR amplifi cation. 
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W = water; A = alcohol; the number of bee corresponds to its position on the gel; fragment name is represented by number of 
band (ex. B15  = 15th band), showed in descending size, followed by the corresponding primer.

Table 2. Features of the RAPD fragments produced by amplifi cation of genomic DNA isolated from individual body 
parts of E. pleosticta males that did not show reproducibility with other body parts.

Number of bee Fragment name Body part Size (bp) of RAPD fragment Kind of variation Treatment

1 B2-X06 Abdomen 3963 Absence A

1 B7-X06 Abdomen 2566 Absence A

1 B8-X06 Thorax 2501 Absence A

1 B8-X06 Abdomen 2501 Absence A

1 B11-X06 Abdomen 2023 Absence A

1 B1-AM14 Abdomen 2806 Absence A

1 B7-AM14 Abdomen 1696 Absence A

1 B12-AM14 Abdomen 1075 Presence A

2 B2-AM14 Abdomen 2427 Absence A

2 B14-AM14 Leg 846 Absence W

3 B1-X04 Abdomen 3370 Absence A

3 B1-X06 Abdomen 4053 Absence A

3 B2-X06 Abdomen 3963 Absence A

3 B3-X06 Abdomen 3648 Absence A

3 B11-X06 Abdomen 2023 Absence A

3 B13-X06 Abdomen 1471 Absence A

4 B2-X06 Abdomen 3963 Absence A

4 B4-X06 Abdomen 3501 Absence A

4 B5-X06 Abdomen 3282 Absence A

4 B8-X06 Head 2501 Absence W

4 B8-X06 Abdomen 2501 Absence A

4 B16-X06 Head 1103 Absence W

4 B1-AM14 Abdomen 2806 Absence A

4 B14-AM14 Abdomen 846 Absence A

4 B17-AM14 Abdomen 605 Absence A

5 B2-X16 Head 2207 Absence W

5 B2-X16 Abdomen 2207 Absence A

5 B17-AM14 Thorax 605 Presence A

5 B17-AM14 Abdomen 605 Presence A

6 B5-X06 Head 3282 Absence W

7 B9-X06 Thorax 2477 Absence W

7 B20-X06 Leg 862 Absence A

7 B20-X06 Abdomen 862 Absence W

9 B7-X04 Thorax 1868 Absence W

9 B13-AM14 Abdomen 977 Absence W

9 B17-AM14 Abdomen 605 Absence W

11 B6-X04 Abdomen 2438 Absence W

11 B5-X06 Head 3282 Absence A

11 B9-X06 Abdomen 2477 Presence W

12 B6-AM14 Abdomen 1821 Absence W

12 B7-AM14 Abdomen 1696 Absence W

12 B15-AM14 Abdomen 769 Absence W

12 B15-AM14 Abdomen 769 Absence W
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According to these authors, artefacts accounted for 50-75% 
of all the RAPD fragments obtained, and they concluded that 
it is impossible to estimate the degree of DNA polymorphism 
by RAPD studies. Our results suggest that the absence of 
reproducibility did not result from exogenous material, 
such as pollen or microorganisms, in the gut of bees, since 
only in four cases additional bands were observed in RAPD 
profi les from the same individual (Table 2). In contrast to 
males of eusocial Apis mellifera L. (Hymenoptera: Apidae), 
which stay inside the nest for several days after emergence 
(Winston 1987), most reports indicate that euglossine males 
leave the nest promptly and do not return (Dodson 1966). 
During adult life, euglossine males need only nectar supplies 
(Dodson 1966), which provide energy for their activities. For 
this reason, the presence of pollen in the digestive tube of 
euglossine males is very improbable.

The four additional bands produced in RAPD reactions 
with primers OPX-06 and OPAM-14 (Table 2) probably are 
artefacts, since such bands may arise from heteroduplex 
formation between amplifi ed products (Ayliffe et al. 1994) 
or from other secondary artifacts (Hadrys et al. 1992). 
Also, the few faint bands observed in the negative control, 
amplifi ed with primer OPAM-14 (Fig. 1) were attributed to 
heteroduplex molecules (Ayliffe et al. 1994). The presence 
of such bands in the negative control were already reported 
by other authors (Williams et al. 1990, Pérez et al. 1998).

Overall, the current results indicate that the much 
higher variation observed in abdomen profi les ( 2

one sample = 
10.27; df = 1; P < 0.01) suggests that this body segment of 
bees and probably other insects should be avoided in DNA 
extraction procedures. Conversely, the low variation among 
RAPD profi les obtained from amplifi cations of head, legs 
and thorax/wings indicates that all these body parts of male 
bees are equally useful and secure for using in isolation and 
amplifi cation procedures of total genomic DNA.
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