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ABSTRACT
Chlosyne lacinia saundersii is one of the most important pests of sunflower and it is the main target of insecticides
applications. Larvae were collected in Londrina (PR), Santa Maria (RS), Dourados (MS), Ribeirao Preto (SP), Brasilia
(DF), Barreiras (BA), Uberaba (MG) and Vilhena (RO). Genomic DNA was extracted and amplified with ten-mer
primers, which produced 101 loci. The size of the RAPD amplicons ranged from 180 to 2564 bp. Polymorphism among
populations ranged from 31% to 67%, with the highest polymorphisms of 57% and 67% being detected in Uberaba
and Vilhena populations, respectively. Populations with the highest similarity determined with Dice coefficient were

from Ribeirdo Preto and Barreiras, while insects from Londrina showed the highest similarity among them. Gene flow

of C. lacinia saundersii 1.1 was lower than those previously observed for the noctuid Anticarsia gemmatalis Hiibner,

suggesting that C. lacinia saundersii populations are more isolated than the ones of this noctuid. Through the Analysis
of Molecular Variance (AMOVA), RAPD variance was 33.64% among geographical populations and 66.36% within

populations. These results suggest that populations of C. lacinia saundersii are genetically structured.
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INTRODUCTION

The sunflower caterpillar Chlosyne lacinia saundersii
Doubleday and Hewitson (1849) (Lepidoptera: Nym-
phalidae), a Neotropical species, is the main sunflower
defoliator in Brazil (Ungaro 1981, Nakano et al. 1981,
Gallo et al. 2002). It was first cited in Brazil by Ma-
ranhdo (1945), in Piracicaba, SP, being further found in
other states, as Parana (Silva et al. 1968, Moscardi 1983,
G.L. Villas Boas et al., unpublished data) Rio de Janeiro
(Silva et al. 1968), Mato Grosso do Sul (Boiga Jr. et al.
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1984) and S&o Paulo (Silva et al. 1968, Boiga Jr. et al.
1984). Depending on the infestation level, larvae may
cause up to 100% defoliation (Nakano et al. 1981). The
literature on C. lacinia saundersii is scanty and most of
the papers is related to controlling this insect with chem-
ical insecticides, with very few studies on its biology and
ecology and none on the genetic structure of populations
of this, insect. Papers related to genetic aspects are re-
stricted to the genetics of color variation in larvae of C.
lacinia saundersii (Gorodenski 1969), while Neck et al.
(1971) reported the ocurrence of lethal genes associated
to the orange-colored larvae. De Vries (1987) in Costa
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Rica reported that the larva of C. lacinia saundersii is
polimorphic, with coloration ranging from black to or-
ange. In Brazil, Gallo et al. (2002) described the larva
of C. lacinia saundersii as of black coloration, while
Zucchi et al. (1993) described the larva as orange in
color and covered with black scoli and setae. As this in-
sect is an agricultural pest and considering the sunflower
expansion (from 77.000 ha to 94.000 ha. i.e., 22.1%)
(Lazzaroto et al. 2005) in the last six years in Brazil, it
has a favorable habitat in terms of food resources, which
can make possible the increase in the genetic flow thus,
reducing the genetic differentiation. Therefore, studies
related to the population genetics would be important
for the development of management strategies mainly in
species that faced changes in their habitats (Lougheed
et al. 2000).

In the present study we have chosen, among the
available molecular techniques, to use the RAPD (Ran-
dom Amplified Polymorphic DNA), as it identifies the
DNA polymorphism amplified at random through the
use of a sole initiator of arbitrary sequence without pre-
vious knowledge of the species genome moreover this
technique is of reduced cost (Williams et al. 1990). Al-
though this technique results in amplification of ran-
dom sequences, several authors have demonstrated its
efficiency to ditinguish genotypes in insect populations
(eg. Carvalho and Vieira 2001, Oliveira et al. 2002,
Lopes-da-Silva et al. 2004). Considering that C. lacinia
saundersii is an insect of distinct geographical and cli-
matic conditions, this study aimed to evaluate the intra
and interspecific genetic variation in this insect, which
can contribute to the development of proper strategies
for the integrated management of this pest.

MATERIALS AND METHODS

INSECT COLLECTION

Second to fourth-instar C. lacinia saundersii larvae
were collected in eight Brazilian states, (Table I). Col-
lections were made from December 2007 to June 2008
in sunflowers or in other host plants and sent to the Lab-
oratory of Entomology of Embrapa Soja, Londrina, PR,
Brazil. Larvae were kept in environmental chambers
(FANEM, model 347 CDG, Sao Paulo, SP) at 26°C +
1°C. 65% % 5% UR, and 12h of photophase), and mon-
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itored to record for the occurrence of parasitoids and
entomopathogens. Last instar larvae were placed in
15 mL sealed plastic vials containing dehydrated sil-
ica gel, which were maintained at —15°C for further
DNA extraction. Thirty larvae were used for each popu-
lation, being 10 of the nigra, 10 of the bicolor, and 10 of
the rufa coloration.

DNA EXTRACTION

The DNA was extracted according to the protocol of
Rogers and Bendich (1988), with few modifications.
The extraction was made from the larval head to avoid
a possible contamination with parasitoids in the larval
hemocele (D.R. Sosa Gomez, unpublished data). Each
sample was macerated in 480ul of extraction buffer
at a final concentration of 200mM Tris-HCI (pH 8.0),
70mM EDTA, 2M NaCl, and 1% pB-Mercaptoethanol.
After addition of 120ul of cetyltrimethyl ammonium
bromide 10%, the samples were kept at 65°C for 5 min.
Then, 6ul of Proteinase K (10 mg/ml) was added and
the samples were incubated at 65°C for 60 min. After
that the samples were kept at environment temperature
and centrifuged at 16.000 rpm for 15 min. The super-
natant (500ul) was transferred to another microcentri-
fuge tube and added to it the same volume of chloro-
phorm/isoamyl alcool (24:1).

After homogenization, each sample was centri-
fuged at 16.000 rpm for 15 min and, then, the aqueous
phase (400ul) was transferred to another tube where
the nucleic acids were precipitated with the same vol-
ume of cold isopropanol plus 45% of the volume of am-
monium acetate (10M). DNA samples were mixed by
gently shaking the tube and kept at —20°C for 2 h at
—4°C overnight. The samples were, then, centrifuged at
14.000 rpm for 15 min, discarding the supernatant and
washing the pellets with 300 L of cold ethanol 70%.
The pellets were dry, with the tubes inverted, in environ-
ment temperature for 10 min, being, then, re-suspended
with 100.8u41 of RNAse solution (40ug/ml) plus TE.
After that, the tubes were placed in an environmental
chambers from 30 min to 2 h for RNA degradation.
Aliquots of DNA were kept at —15°C and defrost when
needed for DNA amplification.

The DNA was quantified by using a spectropho-
tometer Nanodrop® ND-1000 V3.5 (Wilmington, DE
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TABLE 1
Data on Chlosyne lacinia saundersii collection sites.
Site Host Plant Date Coordinates
Barreiras — BA Helianthus annuus 11/06/2008 | 12°07' 29 79”S 44°59" 1459”0
Brasilia — DF Tithonia diversifolia 10/03/2008 | 15°43’ 43 76"’S 47°53’ 58 61”0
Dourados — MS Parthenium hysterophorus | 18/01/2008 | 22°16’ 59 06”S 54°49' 18 06”0
Londrina — PR Helianthus annuus 13/12/2007 | 23°11/ 29 74”"S  51°10" 59 93”0
Ribeirdo Preto — SP | Tithonia diversifolia 30/04/2008 | 21°10" 12 18”S 47°50’ 51 55”0
Santa Maria — RS Helianthus annuus 31/01/2008 | 29°43’ 41 34”S 53°44’ 40 89”0
Uberaba — MG Helianthus annuus 10/03/2008 | 19°29’ 54 64”’S 48°02’ 19 10”0
Vilhena — RO Oryza sativa 05/05/2008 | 12°07’ 24 85”S 60°17' 2471”0

USA), and its integrity was evaluated through electro-
phoresis in agarosis 0.8% gel and colored with 10 mg/ml
of ethidium bromide. The electrophoresis was conduc-
ted with buffer of 10mM of NaOH and pH adjusted to
8.5 with boric acid (Brody and Kern 2004). The DNA
was visualized and the image was digitalized using a
transluminator with a system of image capture L-PIX —
ST and L-PIX IMAGE 7.1M Pixel. Images were cap-
tured with the software L-PIX IMAGE 1.0.1 (Loccus
Biotecnologia, Sdo Paulo — SP).

RAPD REACTIONS

The amplification reactions were conducted in a vol-
ume of 25ul containing about 9ng of DNA, Milli Q
sterile water, buffer 10x, 0.4uM of primer, 2.4 mM of
MgCl,, 0.1mM of dNTP and Taq polymerase enzyme
(Gibco BRE) (1U). The independent control of the re-
actions was conducted without the template DNA, when
the amplification reaction with each primer was done.
The primers that did not produce clear amplification
were not considered in the analysis. The PCR was done
using a thermocycler PTC 200 DNA Engine™ (MJ
Research, Scientific Support, Hayward, CA) 3.8 ver-
sion, with the following program: 45 cycles at 94°C
for 15 sec, 39°C for 30 sec, and 72°C for 1 min, and
a final extension of 72°C for 7 min. With a volume
of 25ul, the product of RAPD was submitted to elec-
trophoresis in agarose 1.3% and buffer SB 1x at 120
volts. The Lambda DNA, digested with the endonucle-
ases EcoRI, Hindlll and BamHI, was used as a marker
of molecular weight. The gels were colored with 4.5ul
of ethidium bromide at mg/ml, and the image digital-
ized by the system previously described.

DATA ANALYSIS

Digital photos from gels were visually analyzed depict-
ing the presence (1) and absence (0) of amplified bands
with the different primers, assuming the occurrence of
two allels per locus. Only conspicuous and consistent
bands, as well as their absence, were considered to gen-
erate the binary matrix. The similarity among samples
was calculated using the Dice Coefficient by the for-
mula 2h/(a+b), being “h” the number of observed bands
and “a+b” the total number considering presence and
absence of bands (Dice 1945). This matrix was submit-
ted to cluster analysis using the unweighted pair-group
method with aritmetic mean (UPGMA). The procedures
were conducted through the program NTSYSpc 2.01 of
Numerical Taxonomy (Rohlf 2000). To verify the fit-
ness between the similarity matrix and the obtained den-
drogram, the coefficient of cophenetic (r) was calcu-
lated according to Sokal and Rohlf (1962). The statisti-
cal stability of the groupings was estimated by the boot-
strap analysis, with 1.000 replications, using the com-
puter program Applied Maths Bionumerics (1998).

The structure of the populations was determined by
the analysis of variance for molecular data (AMOVA)
by using the program Arlequin (Schneider et al. 2000).

RESULTS

The ten used primers generated 101 loci, characterizing
a high level of polymorphism in the C. lacinia saundersii
populations. The number of obtained bands ranged from
5 (OPC-02) to 19 (OPA-05) (Table II, Fig. 1). Therefore,
this last primer was the one that resulted in the highest
polymorphism. The size of the RAPD products ranged

An Acad Bras Cienc (2010) 82 (4)



1130 FABIANE CUNHA et al.

Primer OPA - 05

Santa Maria

Primer OPA - 05

Uberaba

Fig. 1 — Intra specific variation OPA-05 obtained by genomic DNA amplification of Chlosyne lacinia saundersii from Santa Maria, RS and
Uberaba, MG. As molecular marker the fago Lambda DNA, digested with the EcoRI, Hindlll, and BamHI endonucleases, was used.

from 180 to 2.564 pb. No monomorphic loci were ob-
served among the studied populations despite being ob-
served within each population (Table II).

TABLE I1

Number of RAPD loci for Chlosyne lacinia saundersii.

Primer Sequence Number of bands
OPA -01 | 5-CAGGCCCTTC-3’ 8
OPA - 05 | 5-AGGGGTCTTG-3' 19
OPA-09 | 5-GGGTAACGCC-3' 8
OPA - 17 | 5-GACCGCTTGT-3' 10
OPB-10 | 5-GTGAGGCGTC-3’ 11
OPC-02 | 5-GTGAGGCGTC-3’ 5
OPC-06 | 5-GAACGGACTC-3' 12
OPC-10 | 5-TGTCTGGGTG-3' 8
OPF-03 | 5-CCTGATCACC-3’ 11
OPM -02 | 5-ACAACGCCTC-3' 9

The polymorphism among the populations ranged
from 31% to 67%, with the ones with the greater num-
ber of polymorphic loci (57% e 67%) being from Ube-
raba and Vilhena, respectively. However the smaller
polymorphism was detected for the population from
Brasilia (31%), followed by the one from Ribeirdo Preto
(35%) (Table I1I).

The largest proportion of individuals from Barrei-
ras, Brasilia, Ribeirdo Preto, Dourados, Londrina, and
Santa Maria formed six main groups according to their
geographical location (Fig. 2). However, those from
Uberaba and Vilhena presented similarities with indi-
viduals from other locations. The insects with the low-
est similarity coefficient index were from the popula-
tions of Ribeirdo Preto and Barreiras, while those with

An Acad Bras Cienc (2010) 82 (4)

the highest similarity were collected in the region of
Londrina (Fig. 2).

The populations with a close similarity among
them were those from Londrina, Dourados and Santa
Maria, which presented Dice coefficients ranging from
0.765 to 0.775 (Fig. 2). The most divergent population
was the one from Vilhena, RO, with a Dice coefficient
of 0.695. This population presented the highest value
of polymorphic loci differently from the Brasilia and
Ribeirdo Preto populations, which were the least poly-
morphic ones (Table III).

TABLE 111
Number of polymorphic bands produced by
the primers used for the caracterization of
Chlosyne lacinia saundersii populations.

Origin of the Number of
population polymorphic loci (%)
Barreiras 42 (41)
Brasilia 31 (30)
Dourados 48 (47)
Londrina 40 (39)
Ribeirao Preto 35(34)

Santa Maria 46 (45)
Uberaba 58 (57)
Vilhena 68 (67)

Larval color polymorphism was presented by or-
ange larvae (rufa), those the ones with black as general
color with orange dorsal spots (bicolor), and the ones
totally black (nigra), as described by Edwards (1893).
No differences on RAPD profiles were found among
groups with the different color polymorphism pattern.
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Fig. 2 — Dendogram of 224 individuals of Chlosyne lacinia saundersii collected in eight Brazilian states. The Dice coefficient was calculated
using the allel frequency of the RAPD markers, being the dendogram generated by unweighted pair-group method with arithmetic mean (UPGMA).
The values in % indicate the number of times the insects were grouped together in 1.000 cycles of the bootstrap analysis, using the computer

program Applied Maths (1998).
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The bootstrap analysis was consistent with the Dice
UPGMA dendogram for the clusters (Fig. 2). The
AMOVA results presented a fixation index ®st of 0.34
indicating that 33.64% of the genetic variation ocurred
among populations, and 66.36% occurred within them
(P<0.001) (Table IV).

DISCUSSION

Populations from Londrina, Dourados and Santa Maria
were genetically close (Dice coef. = 0.76) compared to
populations from Vilhena, Uberaba, Barreiras and Ri-
beirdo Preto. The highest genetic dissimilarity (Dice
coef. = 0.71-0.74) was observed between populations
from Vilhena and Uberaba.

population was from Vilhena, as samples from this

The most heterogencous

population are found interspersed among populations
from other localities.

The gene flow indexes (Nm) ranged from 0.9 be-
tween the populations of Londrina and Ribeirdo Pre-
to, up to 6.7 between the populations of Vilhena and
Uberaba (Table V). The gene flow index considering all
the C. lacinia saundersii studied populations was 1.1,
which is relatively low when compared, for instance,
to populations of Anticarsia gemmatalis (Lepidoptera:
Noctuidae), with a gene flow of 3.05 (Sosa-Goémez
2004). According to this author, the great flying capac-
ity of this species would help to explain the high sim-
ilarity among populations, since the geographical dis-
tances among them were large. Conversely, the similar-
ity among populations of C. lacinia saundersii is lower
and, consequently, there are lower interchange of ge-
netic characteristics among them probably because the
sunflower cultivated area is still small and patchy, which
hampers the gene flow among populations.

The area cultivated with sunflower in Brazil is cur-
rently of 94.000 hectares, while soybean is grown over
21 million hectares (CONAB 2008). The continuity of
soybean areas could be favoring a greater migration
and, thus, a larger gene flow index of the velvetbean
caterpillar (4. gemmatalis) in relation to the sunflower
caterpillar due to the relative discontinuity of sunflower
cultivated areas in the country. On the other hand,
the sunflower caterpillar also feeds on alternative host
plants, mainly of Asteraceae (Moscardi 1983, Campos-
Farinha et al. 1997, Moscardi et al. 2005). However,
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there have been no studies related to the association of
genotypes of C. lacinia saundersii with these natural
plant hosts. On the other hand, there are known studies
with the fall armyworm, Spodoptera frugiperda (Lepi-
doptera: Noctuidae), which confirmed a greater gen-
etic similarity among populations obtained from a same
plant host (McMichael and Pashley 1999, Busato et al.
2004). It suggests that the host plant represents an im-
portant factor in the natural selection process. There-
fore, more detailed studies on geographical barriers,
distribution, and abundance of these hosts can help to
clarify the impact of host plants on C. lacinia saundersii
genic flow.

Busato et al. (2004) evaluated the genetic diver-
sity of S. frugiperda using AFLP markers and observed
that studied populations were not different as there were
overlapping of individuals from distinct populations in
rice and/or corn. Almost nothing is known about the mi-
gration behavior of the sunflower caterpillar. Therefore,
the origin and frequency of possible migrations are not
known for this insect when occurring in sunflower and
wild host plants in Brazil. C. lacinia saundersii occurs in
diverse regions where sunflower is present in this coun-
try. Thus, it is possible that this species is well adapted
to the different conditions of climate and topography.

Through the AMOVA, 34.64% of the total gen-
etic variability could be attributed to differences among
populations of C. lacinia saundersii, and 66.3% to dif-
ferences within populations, which is an indicative that
the studied populations were structured. Similar val-
ues were obtained with Sternechus subsignatus (Coleop-
tera: Curculionidae) that presented difference, among
populations of 29% (Sosa-Goémez et al. 2008). For 4.
gemmatalis and S. frugiperda the variation among popu-
lations were of 14% and 18%, respectively (Sosa-Goémez
2004, Martinelli et al. 2006). These lower values may
be related to the high gene flow in populations of these
lepidopterous species.

The RAPD markers used in the present study were
efficient for the genetic diferentiation of C. lacinia saun-
dersii populations. This type of work is the only one
done for this species up to the moment. However, addi-
tional studies with more specific molecular markers will
be necessary to better elucidate how the species is dis-
tributed.
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Fig. 3 — Map with the geographical distances among the populations of Chlosyne lacinia saundersii. Was based on the coordinates of each

collection site and expressed in kilometers through the software GPS TrackMaker® 13.4 (http://www.gpstm.com/).

TABLE IV

Analysis of molecular variance (AMOVA) for eight geographical populations
of Chlosyne lacinia saundersii.

. Sum of | Components | Percent of . Fixation
Source of variation | g.l. Probability
squares of variance variation index ®st
Among populations 7 739.452 3.66 (Va)* 33.64 P<0.001 0.34
Within populations | 207 | 1.495.888 | 7.23 (Vb)* 66.36 P<0.001 -
Total 214 | 2.235.340 10.89 - - -

*Va. variance among populations. *Vb. variance within populations.
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TABLE V

Paired comparisons among populations of Chlosyne lacinia saundersii

through the Nei coefficient for the gene flow (Nm) estimate.

Values of Vilhena | Uberaba | Brasilia Ribeirdo Santa Londrina | Dourados | Barreiras
Nm Preto Maria
Vilhena XXXXXX 6.7 2.3 2.1 2.7 2.1 32 2.0
Uberaba XXXXXX 2.5 2.2 2.9 2.0 2.8 2.1
Brasilia XXXXXX 1.0 1.7 1.2 1.7 1.5
Ribeirdo Preto XXXXXX 1.2 0.9 1.3 1.6
Santa Maria XXXXXX 1.8 3.5 1.6
Londrina XXXXXXX 1.9 1.1
Dourados XXXXXX 1.8
Barreiras XXXXXX
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RESUMO

Chlosyne lacinia saundersii ¢ uma das mais importantes pra-
gas da cultura do girassol e o principal alvo das aplicagdes
de inseticidas. As larvas foram coletadas em Londrina (PR),
Santa Maria (RS), Dourados (MS), Ribeirdo Preto (SP), Bra-
silia (DF), Barreiras (BA), Uberaba (MG) e Vilhena (RO).
O DNA gendmico foi extraido e amplificado com dez primers,
que produziram 101 locos. O tamanho das amplificagdes de
RAPD variou de 180 a 2564 pb. O polimorfismo entre as
populagdes variou de 31% a 67%, com maior polimorfismo

57% e 67%, detectado em populagdes de Uberaba e Vilhena,
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terminada com o coeficiente de Dice foram de Ribeirdo Preto
e Barreiras, enquanto os insetos coletados em Londrina apre-
sentaram maior similaridade entre eles. O fluxo génico de C.
lacinia saundersii de 1,1 foi menor que o observado para a
Anticarsia gemmatalis Hibner Noctuidae, sugerindo que as
populagdes de C. lacinia saundersii estdo mais isoladas do que
estes noctuideos. Através da analise de variancia molecular
(AMOVA), RAPD a variagao foi de 33,64% entre as popula-
¢oes geograficas e 66,36% dentro das populagdes. Estes resul-
tados sugerem que as populagdes de C. lacinia saundersii sao

geneticamente estruturadas.

Palavras-chave: amova, fluxo génico, marcador molecular,

praga do girassol.
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