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ABSTRACT

The aim of this work was to analyze the clonal ity variation in Schizaphis graminunduring a complete
phenological cycle of black oatd\{ena strigosp RAPD markers were used for detection of DNAmolphisms of
each clonal lineage, derived from a single clonbected weekly during a period of four months, inrap field of
black oats, Londrina, Parand, Brazil. The monthgngtypic diversity was estimated by Shannon Infaondndex
(H). Only four genotypes were distinguished fron2 Epecimens, with one of them overly predomiriarsll
sampling dates (>60%). Another genotype, appareatlater colonizer, rapidly reached greater freqagrthan
other genotypes on the second and third monthr@hdts of this work suggested that temporal gegiotgliversity
of S. graminumassessed by RAPD markers was small and less {arthan the genetic variation found at
geographical scale.
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INTRODUCTION genetic variation originated from mutations
(Carvalho et al., 1991).

Aphids are insects that have complex reproductioffereals aphids are vectors of Barley Yellow Dwarf
systems. They have sexual reproduction wittYiruses (BYDV) and Cereal Yellow Virus
fecundation and parthenogenesis, where femal¢€YDV) to wheat, barley, oats, and other several
produce females, which are genetically identicalspecies of cultivated and wild grasses (Power and
Parthogenetic reproduction is the only aphidsray, 1995). The elucidation of aphid movement
reproduction system in many subtropical andpattern is important for the prediction of viruses
tropical regions (Dixon, 1985). The lack of sexualspreading. Studies on aphids genotypic diversity at
recombination in parthenogenetic organisms leademporal scale may contribute to understand many
to small or absence of genetic diversity. Howeveraspects of their population dynamics; however,
parthenogenetic populations of aphids retaifieports on this topic have shown controversial
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results. In some cases, no substantial modificatidime sole colonizers at least in early stages gb cro
of genotypic diversity at temporal scale in thedevelopment.

same local could be observed (Shufran et allp order to test the hypothesis that migration was
1991), while in others, there was significantthe main variable that affected genetic diversity o
variation (Guillemaud et al., 2003; Massonet an®&. graminum in this work, RAPD molecular
Weisser, 2004). These apparent disagreementsarkers was used to evaluate the genetic diversity
could be attributable to the differences in sangplinamongS. graminuntlones collected at same place
methodology, type of genetic markers, aphidvithin a complete phenological cycle of black oats
species and environmental effects. For instanceas RAPD markers have been useful to detect
Martinez-Torres et al(1997) did not find genetic genetic variability within and among the species of
variation into populations drRhopalosiphum padi same genus (Crochemore et al., 2003).

(Linnaeus 1758) whereas Nicadt al (1997)

reported genetic variation at temporal scale in

Metopolophium dirhodum(Walker 1849). The MATERIALSAND METHODS

former authors utilized mitochondrial haplotypes

for their study and the latter utilized RAPD Clones ofS. graminum were collected within a
markers. Microssatellites, which are considere@500 nf (50 m x 50 m) area in a blaokts field of
one of the most efficient molecular marker toapproximately 3 ha located at the Instituto
detect the genetic variation, allowed the detectioAgronémico do Parana, IAPAR, Londrina, PR,
of significant yearly differences in allele freqegn Brazil (Latitude 23°51'52" S, Longitude
of Sitobion avenaéFabricius1775) (English grain 51°10°01” W). Voucher specimens are deposited
aphid) in the same area (Llewellyn et al., 2003). at Laboratério de Entomologia Agricola,
The greenbug,Schizaphis graminun(Rondani Universidade de Cruz Alta - UNICRUZ, Cruz
1852) is one of the most important cereal pests ilta, RS, Brazil. The insects were collected one to
the world. Defining biotypes as part of an aphidhree times every week, according with aphid
population that shares the same virulence tabundance, from May to August, 2003. The size of
cultivated plants, several biotypes can behe sampled area was defined arbitrarily based on
distinguished within populations of this aphidthe initial field infestation. Sampling was done at
species (Lopes-da-Silva et al., 2008).graminum eight fixed points inside the chosen area, and each
has been the target of research work aimed abint consisted of a single one meter row
understanding the biotypes evolution (Anstead ahspected (15-25 plants/m). Preferentially, a sngl
al., 2002), but despite the economic importance agymph was collected from the group of nymphs
a pest of cultivated grasses, aspects of itsearest to the parthenogenetic adult female. These
population dynamics have been neglected, mainlgymphs were assumed to belong to the same
in South America. clonal lineage of the adult female. Also, isolated
Studies on genetic diversity at temporal scale magptera and alata females were collected only in the
contribute to increase the knowledge on theeriods when the number of insects in the field
migratory pattern ofS. graminumin Brazil. was very small. A total of 164 clones were
Caetano (1973) proposed that wheat aphidsollected during the entire period. These clones
migration was temporally affected according to thavere placed on the leaves of wheat seedlings cv.
period of wheat cultivation. According to this IAC-5-Maring& planted in the pots protected by
hypothesis, in southern Brazil, the infestation otransparent acrylic cylinders with the top covered
cereal crops arises mainly by the colonizers fronwith voil fabrics to avoid parasitism.

northern regions, which implies in extinctions and=rom each clone, a clonal lineage was multiplied,
recolonization events. AS. graminunpopulations preserved in 95% ethanol and stored at —20°C until
have detectable genetic variation at geographidNA isolation. Genomic DNA was extracted
scale (Lopes-da-Silva et al., 2004), it could beccording to Carvalho and Vieira (2001) with
assumed that high levels of aphid migration wouldninor modifications. Five clones from each
result in temporal genetic variation locally.lineage were put into 1.5 ml microcentrifuge tubes
However, Lopes-da-Silva et.gR004) considered with 20QuL extraction buffer [200 mM Tris-HCI
that clones living on wild grasses nearby to cerealpH 8.0), 2 M NaCl, 0.5 M EDTA) and 5QL
fields were the main colonizers, and most |ike|ysarcosy|_ The suspensions were left in a warmer
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plate at 65°C for 30 min and then submitted tan its genetic background (biotype C-resistant and
centrifugation at 10,000 rpm for 15 min. Thebiotype E-susceptible).

supernatant was recovered in microtubes, where

110 pL ammonium acetate and 25QL

isopropanol were added for DNA precipitation at RESULTSAND DISCUSSION

20°C. After centrifugation (10000 rpm) during 15 _

pellet was washed with 70% ice-cold ethanofué to parasitism, fungal infection and
twice. The DNA re-suspension was done with odnnoculation failure. Thus, 122 clonal lineages
W TE Buffer (Tris-EDTA, pH 8.0) contained Were multiplied for molecular analysis (Table 1).
RNAase (1Qg/mL). DNA was stored at —20 °C.  Using only two primers (OPA-2 and OPC-2), it
The PCR-RAPD reactions were prepared in 0.6 mas possible to distinguish four genotypes among
microtubes in a 25l reaction volume containing all clonal lineages analyzed, which were identified
reaction buffer [20 mM Tris HCI (pH 8.4), 50 mM by the codesSgl Sg2 .893 e 504 (Fig. .lA'D'
KCI], 3 mM MgCl, 100uM of each dNTP, 5 pmol Tqble 1, Table 2). In thls_work, even using _fewer
primer, 1.0 UTagq polymerase and 25-50 ng of P"'Mers than Lopes-da-Silva et al (2004), it was
DNA :I'he amplification was done in a PTC-lOOpOSS'bIe to find in only one black oats field about

- . 30% of the genetic diversity found foB.
thermal cycler (MJ Research) with the following ar;inum CO||ngted in several r)(lagions of Brazil.

: : o r
PCR cycle program: 5 min at 94°C followed by 4(&J\/ithin Metopolophium dirhodum Nicol et al.

cycles of 1 min at 94°C, 1 min 30 s at 40°C e 2 mi X X .y ;
at 72°C, with final extension of 5 min at 72°C. The(1997)’ also using only two primers, distinguished

amplification products were run in 5V/cm agaroserlve genotypes from 142 clones. In'reglpns \(vhere
sexual phase occurs, the genetic diversity of

gel electrophoresis (1.5% with 0.5x Tris-Borate- ) . .
EDTA), staining with 0.5 pg/ml ethidium cereals aphids tends_ to be high even in small areas
bromid'e The gels wére visualized andFor example, Lushai et.gP002) discriminated 14
photogréphed with KODAK EDAS 120 system of 3N otypes oiSitob_ion avena@mong 216 clones
image capture using only one primer in a site in England. There
Initially, the randomly selected primers OPA-Z,IS only one report of gamic morphs d.

i i i i 15 graminumoccurring at field condition in Brazil
ggﬁi’s OF()DAI\D,Z\’-l 40P2n1do, Oolfé 21 L (gPPéA‘Rézl\’l (Cabette, 1995). However, this seemed to be an

. ) . ncommon phenomenon because no other reports
Technologies) in 10 samples collected in each P b

month were tested. Two_ primers, OPA2 (5o 2= (FEIB DS MOS BEEREL B e
TGCCGAGCTG-3) and OPC-2 (5 Sphids has been found ?Lo es-da—SiIeaz;/l
GTGAGGCGTC-3). Only the fragments that b b '

produced clear polymorphic bands and smallef 0% Lopes-da-Silva and Vieira, 2007); however,

than 2500 bp, reproducible in two or more gelspopulatlons sqrveyed_were coIIec_ted f_rom several
: . . tereal producing regions. Also, in this case the
were considered in the analysis.

The genotypic diversity per month was calculatecﬁlumber of RAPD primers necessary to detect the

using Shannon Information Index (Lewontin,pOIymO”O.hlsm was greater than_ reported by other
; . authors in studies carried out in other countries
1972), by the following formula: H

S[(p)(logp), where pwas the frequency of " (Lushai et al., 2002; Figueroa et al., 2002). The

genotypes per month. Chi-square tes (vere results presented here clearly showed that the

d ‘0 testsianif £ 1 it Brazilian S. graminumpopulations were more
one to teskigniicance ot Irequency variation genetically structured at geographical scale when
between the two more abundant genotypes.

; : . . : compared with other countries (Black et al., 1992;
To identify the biotypes present in the field a& th Shufean et aJ 1991). (

end of the sampling period, a rapid bioassay fohe RAPD profile obtained with the OPC-2

;/irurie_nce Wa%[h %arlried é)ut .T)Sigg. thf Iesﬁ[primer is similar to that obtained by Lopes-da-
echnique - metnodology described In- LOpes-deg), o et al (2004) for biotype E. The test for lesion

S'I\fﬁ etf al. (|2004).”Tetn (;:Ipnzl Ilne?ges OI"gm"’lzledqualification using the wheat cultivar EMBRAPA-
y the Temales collected In AUgust were reared ¢ gyt ten clonal lineages at the end of the

wheat Embrapa-16, which had the cultivanigo sampling period confirmed that the clonal lineages
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analyzed belonged to biotype E. The presence oiOklahoma, Missouri and part of Texas) (Peters et
single biotype in a crop, or, higher frequency oal., 1997). In Brazil, according to Lopes-da-Silva

one biotype in a region was reported f8 et al. (2004), the clones of biotype E were
graminumin United States (Shufran et al., 1991;identified until 1998. During 1999-2000 surveys,

Shufran et al., 1992; Peters et al., 1997), whebiotype E was not found and, only in 2001 and
biotype E has been considered the most commi2002 surveys, biotype E were identified again.

in wheat crops from the Great Prairies (Kansas,

Table 1 - Amount of clonal genotypes per month during Maygéist, 2003. IAPAR, Londrina, PR.

Genotype Months
M ay June July August Total %
Sgl 26 26 9 13 74 61.0
Sg2 - 23 13 4 40 325
Sg3 - 1 - - 1 0.8
Sg4 5 1 - 1 7 5.7
Clones/month 31 51 22 18 122 100.0

Table 2 - Identification of S. graminumgenotypes based on the presence/absence of polgimdragments
produced by RAPD, using two primers (bp = basespaiferred by visual comparation with DNA Molecular
Weight Ladder).

Genotype OPA-2 1000 bp OPC-21100 bp
Sgl + -
Sg2 + +
Sg3 - +
Sg4 - -

600 bp

A B
Figure 1 - Profiles of RAPD genotypes &. graminumA - 1, Ladder 100 bp with 600 bp. as
indicator of DNA fragments size; 2, OPA-2 profiléth arrow indicating the presence
of 1000 bp polymorphic fragment.; 3, OPA-2 profidth absence of 1000 bp
polymorphic fragment. B - 4, Ladder 100 bp; 5, OP@rofile with absence of 1100
bp polymorphic fragment; 6, OPC-2 profile with asroindicating 1100 bp
polymorphic fragment.

In this study, Sgl genotype was dominant and differences in the proportion of each genotype
present in all the months and in all samples, excepresent in the field were observed after June
in July when genotyp&g2 was more abundant. (Table 3). One of the hypotheses to explain the
June was the month with the highest genotypipredominance ofSgl genotype was that this

diversity given that all the four genotypes weregenotype was a pioneer colonizer that turned out
detected. Also, the two most common genotypesp be abundant due to the low incidence of
Sgl and Sg2, had very similar frequencies of biological control agents in early stages of crop
occurrence in this month. No substantialdevelopment. When aphid colonization is at the
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beginning, there is no significant parasitism andTable 3). The selection effect would only be
predation. As a consequence, the foundearesponsible for maintaining the low frequency of
population will have predominance at temporalSg3 and Sg4 genotypes. The abundance of first
and spatial scale (Nicol et.all997; Nakashima genotype detetectebg) showed the importance
and Akashi, 2005). The second most commonf the founder event in aphid diversity on a
genotype Sg2 was only detected in the samplestemporal scale.

collected in June, but already detected with high¢Results showed evidence that genetic diversity of
frequency at this month. However, no significanS. graminuncould be small and temporally stable
difference was found i8gl and Sg2frequencies in oat fields. These findings are compatible with
between June and July sampl¥%=(0.90, p=0.34, the report that populations &t graminunon oats
d.f. = 1). This suggested that the rapid increasirare very small in comparison witlR. padi

of Sg2 in June could be caused by a gree(Ronquim et al. 2004). Taking in consideration the
dispersion movement of this genotype within thitotal genetic variation observed from several areas
sampling area. Between July and AuguSgl of Brazil (Lopes-da-Silva et al., 2004), it could b
became again significantly more abundant thaconcluded that migration was not the most
Sg2 (X* = 4,92, p=0.04, d.f=1). Beside theimportant source of genetic variability fo®.
dispersion movement, variation of frequency ograminumpopulations locally. In this work, new
the more abundant genotypes could be considerRAPD polymorphism were identified, with the
as a random event, caused by genetic dripresence of 1100 bp fragment with OPC-2 primer.
(Guillemaud et al., 1997; Massonet and WeisseThe quantification of genetic diversity at specific
2004). As natural selection resulted in less genetsites would be important for th&. graminum
diversity at temporal scale (Guillemaud et al.management because the control methods could
1997), the genetic drift could better explain th¢provide the opportunity for emerging new
diminishing of Sg2 genotype in August as the phenotypes to overcome the  difficult
genetic diversity (K) was not substantially altered environmental conditions.

Table 3 - Diversity of S. graminungenotypes obtained by RAPD (May-August 2003) withiblack oatsAvena
strigosacv. IAPAR 61 field in Londrina, Parana,,HShannon Informative Index for Monthly Genetic Bisity.
Ht. Shannon Informative Index for Total Genetic Daigr for the months. %HHt. ratio between monthly genetic
diversity and total genetic diversity.

Month Hm H %H w/H,

May 0.441 - 50.7

June 0.857 - 98.6

July 0.857 - 77.1

August 0.730 - 84.0

May-August - 0.869 100.0
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RESUMO Shannon (H). Apenas quatro genotipos puderam

ser distinguidos, um dos quais foi predominante no
Os estudos de diversidade genética de afideos eptal das coletas (>60%). Outro gendtipo,
escala temporal podem contribuir para aparentemente um colonizador tardio, alcancou
compreensao dos padroes de migracdo e dispersapidamente uma elevada frequéncia nas coletas
desse grupo de insetos. Este trabalho teve comde segundo e terceiro més. Os resultados deste
objetivo quantificar a variagdo da diversidadarabalho sugerem que a diversidade genotipica
clonal emSchizaphis graminundurante o ciclo temporal deS. graminunna area de aveia-preta foi
fenolégico da aveia-preta Ayena strigosp  pequena e pouco variavel em comparagdo com a
Marcadores RAPD foram utilizados para detectayariagdo genética geografica.
polimorfismos de DNA em cada linhagem clonal,
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