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ABSTRACT

RAPD markers were used to investigate the distidbubf genetic variability among a group @uignardia
citricarpa G. mangiferag and Phyllosticta spinarumsolates obtained from several hosts in Brazilgetina,
Mexico, Costa Rica, Thailand, Japan, United Steted South Africa. Pathogenic isolat&s citricarpaKiely
(anamorph fornP. citricarpaMcAlp Van Der Aa) are the etiological agent of @igrus Black Spot (CBS), a disease
that affects several citric plants and causes suii#l injuries to the appearance of their fruithus preventing
their export. Several previous studies have dematest the existence of an endophytic species wigih h
morphological similarity to the causal agent of CBi@&t could remain latent in the same hosts. Consstiy, the
identification of the plants and fruits free frometcausal agent of the disease is severely hamp@&tesl RAPD
analysis showed a clear discrimination among ththpgenic isolates dB. citricarpaand endophytic isolate$(
mangiferaeand P. spinaru In addition, a Principal Coordinate Analysis (B based on a matrix of genetic
similarity estimated by the RAPD markers showed ¢tusters, irrespective of their host or geogragaiiorigin. An
Analysis of Molecular Variance (AMOVA) indicateattt62.8% of the genetic variation was found betwten
populations G. citricarpa G. mangiferagP. spinarumand Phyllostictasp.). Substantial variation was found in the
populations (37.2%). Exclusive RAPD markers ofatad ofG. citricarpawere cloned, sequenced and used to
obtain SCARS (Sequence Characterized AmplifiedoRggiwhich allowed the development of nhew spquifiners
for the identification ofs. citricarpaPCR (Polymerase Chain Reaction) analysis usingiagf primers specific to
pathogenic isolates corroborating the groupingsamfeéd by the RAPD markers, underscoring its efficjein the
identification of the causal agent of CBS.

Key words: Guignardia SCARS, Citrus Black Spot, Citrus, Diagnosis, RAPD

INTRODUCTION international orange juice market. Therefore, the
cultivation of citric fruits is among the most

The orange fruit is currently the most cultivatedmportant activities in Brazilian agrobusiness

plant in the world, with an annual production(Agrianual, 2005).

exceeding 60 million tones. Brazil is responsiblédowever, citriculture has several phytosanitary

for nearly a third of the world production of problems, particularly the Citrus Black Spot

orange, as well as 85% of the control of th¢CBS), which has caused substantial losses due to
the need for pulverization with fungicides for thei
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control and the ensuing increases in the costs diese isolates probably w&3. mangiferaeA. J.
production  (Agrianual, 2005). There is Roy, described in 1968n fact, the endophytic.
considerable depreciation in the value of fruitamangiferaeis found inhabiting a wide range of
with CBS in thein natura market, with strong hosts, and probably has been repeatedly described
opposition to its import by the European Unionfrom many different host species, causing
which is currently Brazil's most important extensive several cases of synonymy.

consumer. Therefore, the diagnosis of the fruit¥he present work investigated the Brazilian
destined for export is of fundamental importanceisolates ofGuignardia spp. andPhyllosticta spp.
The CBS is caused by the fung@uignardia with the following objectives: 1) to verify the
citricarpa Kiely (anamorphic form i$hyllosticta endophytic occurrence of. citricarpa and G.
citricarpa Van Der Aa) and was first described inmangiferaein Citrus spp andlex paraguariensis
1895 in Australia in orange fruits of the ‘Valéricia 2) to assess the genetic variability and population
variety, causing considerable losses. This diseastructure of endophytic isolates, as well as those
is currently found in several countries, with theobtained from CBS lesions; 3) to differentiate the
maximum impact in South Africa, Japan,isolates ofG. mangiferaeand G. citricarpa based
Argentina, and particularly in Brazil, where theon RAPD markers and to develop SCARS specific
disease has been reported most frequently aftey the causal agent of CBS. The development and
1995 and is strongly affecting the local citricudiu validation of an identification method fo6.
(Feichtenberger, 1996). citricarpa using PCR could expedite the
Although the identification of the causal agent ofidentification process of contaminated fruits and
CBS can be obtained by the conventionabrchards.

techniques such as culturing and microscopy, these

procedures require weeks to be completed. This

delay is impractical in thim naturabusiness of the MATERIALS AND METHODS

fruit. In addition, there have been reports of the

existence of an endophytic speciesG. ( Fungal Material

mangiferag that is very similar morphologically The isolates investigated in this work were
with the causal agent of CBS, inhabiting latentlyobtained from monosporic cultures. The strains of
the same hosts (Glienke-Blanco et al., 20023, citricarpa were isolated directly from CBS
Baayen et al., 2002). Therefore, the identificationnjuries. The endophytic strains &. mangiferae

of the plants and fruits free from the causal agenind Phyllosticta spp. were isolated from healthy
of CBS is made even more difficult. Although host plants without any apparent lesions (Pimentel
these two fungus species are morphologicallgt al, 2006). The geographical origin, host plant
nearly identical, their physiological differenceg a and nature (endophytic or pathogenic) of all the
clear. Baayen et a(2002) showed that the mostisolates are listed in Tables 1 and 2.

significant morphological difference amon@. Three strains of5. citricarpa and three strains of
citricarpa and G. mangiferaeis the thickness of G. mangiferaethat were tested positive and
the mucoid conidial sheath, which is smaller thamegative for pathogenicity, respectively
1.5 pum in the former but ranges between 1.5 an@Baldassari, 2005) were used in the validation of
3.0 um in the latter. However, the long time the PCR diagnostic (Tablel).

required for the isolation, culturing and pycnidium

formation makes this method unsuitable for thdNA Extraction

guarantine purposes. The fungi were grown in the complete agar
Baayen et al(2002) investigated ITS sequencesmedium (Azevedo and Costa, 1973) at 28°C for
and showed that the endophytic species isolated three days. The mycelium was then harvested,
Citrus spp. was the anamorphic state Bf frozen at —-20°C and freeze—dried. The dried
capitalensis Okane et al. (2001) reported the mycelium was placed in a mortar and ground with
endophytic occurrence of P. capitalensis liquid nitrogen and a pestle into a fine powder.
inhabitanting Ericaceae plants, describing thdhe genomic DNA was isolated according to the
teleomorphic state &. endophyllicolaA survey protocol of Raeder and Broda (1985). The DNA
of the taxonomic literature showed that the oldeswvas precipitated with ethanol, washed in ethanol
name associated with the teleomorphic state d#70%), dried and dissolved in milli-Q sterilized
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water. The DNA solution was treated with RNAsemeasured by agarose gel electrophoresis, followed
(50ug/mL) and the concentration of DNA was by staining with ethidium bromide.

Table 1- Isolates of the citrus pathogén citricarpa, the citrus endophyt€. mangiferagandPhyllostictaspecies
from other host species used in the RAPD analyselsRCR tests as reference isolates (Baayen eRG2;

Baldassari, 2005).

Isolates

Nature / Host

Origin

G. citricarpa (P. citricarpa)

PC3C, PC6C, PC8C, PC9C, PC10C Pathd@jenis sp South Afric&”
PC12C Pathoge@ltrus sp Brazil
PC15C Pathoge®@itrus sp Japaft)
PC18C Pathoge@itrus sp Mexicd®
PC28/05, PC32/05, PC33/05 Pathoge€itsiis sp” Brazil @

G. mangiferae (P. capitalensis)

EC1C Endophyte/Pittosporaceae EUA®

EC2C Endophyte/Zamiaceagy¢ad palm family) South Africa®
EC4C Endophyte/Zamiaceagy¢tad palm family) EUA®

EC5C Endophyte/Moraceamglberry family) Thailand®
EC7C, EC17C Endophytes/Citrus sp EUA®

EC11C Endophyte/Sapotaceae EUA
EC13C Endophyte/Lauraceae South Affta
EC14C Endophyte/Araliaceae South Afrfta
EC16C Endophyt&ortunellamargarita EUA®W

EC19C Endophyte/Araliaceagiiseng family) Costa Ricd"
EC20C Endophyte/Rubiaceae EYA
EC21C Endophyt&@amelliajaponica EUA®

EC 01/0%, EC19/0%, EC22/0% Endophytes/Citrus sp Brafl

1 Strains kindly provided by Dr. George Carroll / Ustisity of Oregon-USA.
2 Dr. Antonio de Goes, UNESP/Jaboticabal — SP/Brazil

PPositive strains in pathogenicity tests for CBS (Bsédai, 2005).

N Negative strains in pathogenicity tests for CBS (Bssda, 2005).

RAPD min. at 72°C, and a final extension for 3 min at
Random Amplified Polymorphic DNA (RAPD) 72°C.

analysis was carried out using 50 ng of genomic

DNA. The amplification reaction was done in aData Analysis

final volume of 25 pl containing 1.5 U dfaq RAPD markers were interpreted as binary data based
DNA polymerase Ifivitrogen Carlsbad, CA, on the presence or absence of bands. A matrix of
USA), 0.4 uM of primer, 0.2 mM of dNTPs Jaccard genetic similarities (Sneath and Sokal3)L97
(Pharmacia Freiburg, Germany), 3.0 mM of was generated using NTSYS 2.1 (Rohlf, 1997). A
MgCl, and 1 X PCR Buffer (50 mM of KCI, 200 significance test of the correlation between the
mM of Tris-HCI, pH 8.4). Negative controls genetic similarity matrix and a cophenetic matrix o
containing all the components, except genomithe dendrogram was carried out with the Mantel
DNA were included in all the experiments. Thematrix correlation test (Mantel, 1967). From the
primers selected were obtained from Operogenetic similarity matrix, a Principal Coordinate
Technologies (Alameda, CA, USA): OPXO08,Analysis (PCO) was performed to verify possible
OPX12, OPX13, OPX14, OPX17, OPX109. clustering of the isolates. Based on the similarity
The amplification was performed in a MJvalues, an UPGMA cluster was generated
Research thermocycler (Watertown, MA, Pproceeding an artificial dendrogram. The robustness
USA) according to the following steps: initial of each node in the dendrogram was evaluated by the
denaturation at 94°C for 2 min, followed by 40bootstrap analysis (Felsenstein, 1985) using the
cycles of denaturation for 1 min. at 94°C /software Bood v.3.03 (Coelho, 2005). An analysis of

annealing for 1.5 min at 37°C / extension for 2molecular variance (AMOVA) was conducted using
the softwaréArlequin 3.0(Excoffier et al., 2005).
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Table 2 -Isolates of the citrus pathogéh citricarpa, the citrus endophyt€. mangiferagPhyllosticta spinarum
andPhyllostictaspecies from other host species used in the RARIyses and PCR tests.

Isolates Nature / Host Origin

G. citricarpa (P. citricarpa)

PC7LI3, PC7LA2, PC7LD6, PC7LBS,

. _ o 1)
PC7LBS, PCTLELO Pathogenglitrus sp SP - Brazif
PC13/96, PC13, PC19, PCP6 Pathogenglitrus sp SP - Brazil®
G. mangiferae (P. capitalensis)
ECOL23, EC145, EC131, EC01/96, EC16/96 Endoph@iesis spp SP - Brazif’
ECMil, ECMi4, ECMIi5, ECMIi6, ECMi7, EndophytesZitrus spp PR - Brazi’

ECML2, ECML7,

EEMO09, EEM39, EEM75, EM153, EEM163,

Endophyteslex paraguariensis PR - Brazil®
EEM176, EEM192, EEM202, EEM375, EEM371

PGB1515 Pathoger?sidium guajavae  Brazil ©

EG3Z EndophytePaullinia cupana ~ Manaus - Brazif”
ECF75LP EndophyteCitrus sp Tucumam - Argentin®
Phyllosticta sp

ECPR5, ECPR6, ECPR8 Endoph@iéfus limon PR - Brazil®

1 Dr. Antonio de Goes, UNESP/Jaboticabal — SP/Brazil

2 Centro de Citricultura Sylvio Moreira — IAC - SP/Biazi

3 Strains isolated by Blanco (1999).

4 Strains isolated in the metropolitan region of @& — PR (Stringari, 2004).
® Strains isolated by Penna (2000).

® Strain kindly provided by Dr. Luimar José TozettdnB

’ Strain isolated and kindly provided by Dr. J. @réira — UFAM

8 Strain kindly provided by Dr. Estela Duran, TucuméArgentina.

% Strains isolated in the region of Rio Negro - PRBlynco (1999).

Development of Specific PCR Primers Amplification was carried out in a MJ Research ®
Following the detection of RAPD bands that werghermocycler (Watertown, MA, USA) using the
specific to strains of5. citricarpa a new RAPD following conditions: initial denaturation at 94°C
reaction was carried out using the DNA fromfor 2 min; 35 cycles of 1 min at 94°C / 1 min at
isolate PC13/96 and the OPX14 primer. The DNA9°C / 1 min at 72°C; and a final extension of 3
from the purified band (p373) was used, togethemin at 72°C.

with the OPX14 primer, in a reamplification A positive control for the amplification was
reaction using the same conditions as before. Thonducted in a reaction with the primers
373 bp fragment was purified, cloned irEacoli ITS1/ITS4 and the conditions described in White
DH50F using the pGEM-T Easy Vector Systemset al (1990). Reaction conditions were: 50 ng of
kit (Promeg®, Madison, WI, USA), and DNA, 1 X PCR buffer (50 mM of KCI, 200 mM of
sequenced using the T7 Sequencing kiSB  Tris-HCI, pH 8.4), 1.5 U ofTaq polymerase
Cleveland, Ohio, USA) and the sequencingInvitrogen Carlsbad, CA, USA), 0.28M of each
method of double-stranded DNA. The resultingprimer, 0.2 mM of each dNTPPharmacia
sequence was used to design the following priméfreiburg, Germany), and 1.5 mM of MgGh a
pair for G. citricarpa:  GCP1 5 total volume of 25ul. Amplification was carried
AAGTGTGAGTGTCGAAGGTGG 3 and GCP2 out in a MJ Research® thermocycler (Watertown,
5 GACGACTCGCTTTTCTACGGC 3, resulting MA, USA) using the following conditions: initial
in a 340 bp amplicon (Blanco, 1999). Reactiordenaturation at 94°C for 2 min; 35 cycles of 1 min
conditions were: 1 X PCR buffer (50 mM of KCI, at 94°C / 1 min at 50°C / 1 min at 72°C; and a
200 mM of Tris-HCI, pH 8.4), 1.5 U ofaqgDNA final extension of 3 min at 72°C.
polymeraselvitrogen Carlsbad, CA, USA), 0.25 The robustness and the specificity of the primer
UM of each primer, 0.2 mM of each dNTP pair were assessed using DNA from the reference
(Pharmacia Freiburg, Germany), 25 ng of DNA isolates ofG. citricarpaandG. mangiferagTable
and 1.5 mM of MgGlin a total volume of 2%l. 1) that had been validated using the pathogenicity
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tests (Baldassari, 2005). Specificity was alseetest (PCO) based on the genetic similarities estimated
against the cultures of the common citrusvith the RAPD markers (Fig. 2) showed high
endophyte, Colletotrichum gloeosporioidesand  diversity of the isolates of groups | and Il, witte
against leaves of orange and lemon trees. clear formation of subgroups that corroborated

those observed in Fig. 1.

These four groups (I - IV in Figs. 1 and 2) were
RESULTS AND DISCUSSION considered as distinct populations according to the

AMOVA, which indicated that 62.8% of the
RAPD markers were used in the present study t@enetic variation was between the populations,
investigate the distribution of genetic variability @though substantial variation was found in
among the isolates @. citricarpa, G. mangiferae Populations (37.29%<0.0001) (Table 3). The high
andPhyllostictaspp. (Tables 1 and 2), resulting ingenetic variability observed in and among the
141 polymorphic markers. Species-specific bandgroups was surprising, given that all the studied
were found both forG. citricarpa and G. strains belonged to the genGaignardiaand its
mangiferae anamorphPhyllosticta Using the same method,
The analysis using RAPD markers allowed for th&everal studies have demonstrated that such low
discrimination of the isolates into four main greup levels of similarity were mainly found among the
with 5% genetic similarity. The high bootstrapgenera, including the phylogenetically distant ones
values P>90%; Fig. 1) confirmed the robustness offMotta et al, 2002; Azevedo et al., 2000; Mehta,
the groupings. A Principal Coordinate Analysis2001).

Table 3- Analysis of molecular variance (AMOVA).

Source of variation DF SS Variation components % o¥ariation
Among populations 3 599.430 18.11 62.80
Within populations 55 590.028 10.73 37.20*
Total 58 1189.458 28.84
*(P < 0.01)

The low genetic similarity among these groups hastrains isolated in Brazil and one strain isolated
also been observed using data from AFLP and ITSouth Africa.

sequences. Baayen et. §2002) suggested the Subgroup Ib was composed of strains obtained in
existence of at least three distinct species drazil, Japan, South Africa, and Mexico.
Guignardia coexisting in Brazilian citrus plants: Group Il included the isolates of considerable
G. citricarpa (causing CBS) and two endophyticgenetic diversity, with broad geographical
speciesG. mangiferagBaayen et a) 2002), and distribution and considerable host diversity (Table
P. spinarum 3). This was shown by the composition of the
Group | included thes. citricarpa isolated from  subgroup lla, which included the strains Gf
the CBS lesions (Fig. 1). The high variability mangiferaefrom South Africa, Brazil, Costa Rica,
observed in this group did not seem to bdJnited States, and Thailand obtained from
associated with the geographical origin of thesdifferent hosts (Tables 1 and 2). In addition, the
strains, which were obtained in differentfungusP. capitalensishas already been described
continents. Two subgroups could be recognized ias causing disease in orchids (Okane et al., 2001).
this group: la and Ib. Subgroup la included the
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PC{ 308 CES lesions — Braal
PCFLAZ CES lesions - Brazl
FC7LES CE$ lesions - Brazil
+=0.9797 (£=0.002) PCAE CES lesions - South Mrica
PCFLOG Ia  CESlesions - Bragil
PCFLES CES lesions - Erazl
S— 4y EB2 1mions - b
esions — Brad
Iﬂm%} PCPE CES lesions - Brazl
PCi3 CE S lesions — Braal
PCiEC CEB 5 lesions — Japan
PCiQ CE S lesions — Braal
PCIC CE%lesions — South &rica
FCEC Ih CBSlesions — South Mrica
PCac CE S lesions - South Mrica
P 8c CEB 5 lesions — Mexioo
PEi0C CE S lesions - South Mrica
[:93%0 PCi2C CE% lesions - Bragl
el ECO1 /5 Citrus - Braal

FGE1313 Guajavae psidii - Brazl
EC1ES%E Citrus - Bragl

EC143 Citrus - Brazl

EC131 Citrus - Brazl

ECFTiLP Citrus - frgentina
EC14C fraliaceae —Costa Rica

ECZC Lamiaceas — South Mrica

_E EC3C Moracezs - Thailand
ECTC Citrus - EUA
IT(100%;) ECZIC . japonica - EUA

ECALC Pittosporacess - ELL

ECi3C Ua |5 racess - South fric 2
EC14C fraliaceae — South Mrica
ECZ0C Rubizceas - ELIA
EG3Z Paullinia cupana - Bradl
ECOLZ3 Citruz — Braa
ECAC Zarniacease — South Mrica
(F2%) ECIEC Fortumelia - ELIL
— ECMLC Sapotacess — ELIA
— ECATLC Citrus - EUA,
EEM152 ! paraquarien s - Brazil
EEM3Ta |, paraquarienss - Brazil
ECMIE Citrus - Bradl
ECMi5 Citrus - Brazl
EEMOA ! paraquarienss - Brazil
EEM34 ! paraquarienss - Brazil
Eemrs b ) pareguariensis - Brazil
EEM1TE ! paraquarienss - Brazil
- EEM1EZ ! paraguanien s - Brazil
EEM3T1 ! paraquarienss - Brazil
ECMi1 Citrus - Brazl
ECMLZ Citrus - Bradl
ECMiT Citrus - Braal
ECMi4 Citrus - Braal
ECMLY Citrus - Bradl
]]I(ll:ll:l%:l'_: ECFRS Citrus - Brazl
ECFRE Citrus - Bragl
IV (99%5) e Citrus - Erazil
I EEM12 ! paraguanienss - Brazil
L EEM 202 ! paraquanienss - Brazil
FTrrvrfvypvypvyvyvyryvrn
nm 02 (] & 1m

Figure 1 - Dendrogram generated from the genetic similarityrinabtained using RAPD analysis
of the isolates from Tables 1 and@oup |: G. citricarpa, Group II: G. mangiferaeand
Phyllostictasp.;Group Ill: Phyllostictasp,Group IV: Phyllostictasp. Bootstrap values
(%) of each group are shown in parentheses.
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8.7%

N

15.3%

Figure 2 - Principal Coordinate Analysis (PCO) of endophytesdal on genetic similarity.
Group I: G. citricarpa Group Il: G. mangiferaeand Phyllostictasp.; Group Il
Phyllostictasp., Group 1V: Phyllostictasp. la, Ib, lla e llb indicate the subgroups
identified in Figure 1.

Subgroup lla included all the reference strains afhe strains in this subgroup showed genetic siitylar
G. mangiferage six endophytic isolates from higher than those obtained from the same host
citrus, one endophytic isolate fronPaullinia  plants, such as ECMi5 and ECOL23 (Fig. 1). The
cupana (Guarand), and the strain PGB1515ormation of the subgroup Ilb indicated a tendency
obtained from a lesion iGuajavae psidi{Table for grouping strains based on the geographical
1). The presence of th&uignardia psidij a location of their host plants.

pathogen of the guava tree, in subgroup lldespite the genetic diversity observed in grouplll,
indicated that this strain might belong to Be the isolates were considered as belonging to the
mangiferae species and was classified &  species G. mangiferae (P. capitalensis Future
psidii due to its host plant in another case obtudies including the sequencing of the ITS1-5.8S-
synonymy. This reinforced the idea that thdTS2 region of the rDNA might help elucidate this
same microorganism could behave as aissue.

endophyte or as a pathogen depending on tt@roup Il included three isolates &hyllostictasp.
host. This difficulty in establishing the limits endophytic ofC. limon obtained in the municipality
between the endophytic and pathogenic specied Rio Negro, Parana, Brazil in 1997. These isalate
has been underscored by several authors (eghowed low genetic similarity (<10%) with the
Azevedo J.L. et al., 2000; Aradjo, et al., 2000)remaining isolates. These results not only
On the other hand, given the high geneticorroborated the data obtained using other markers
diversity in group Il, it was possible that moreby Baayen et a2002), but also suggested that these
than one species dbuignardia similar to G. strains could belong to another species of
mangiferaewas endophytic in these plants. Phyllosticta Sequencing data (not shown) suggested
Eight endophytic isolates obtained frollex that these strains belonged EBx spinarum The
paraguariensis (erva-mate) in 2000 were positioning of these lineages in relation to the
classified in subgroup llb, as well as sevenmemaining groups was clearly shown by the PCO in
endophytes isolated from citric plant, all ofFig. 2. Group IV was composed only of two
which in the plants located in the State ofendophytic isolates frontex paraguariensigFigs. 1
Parana, Brazil. It was noteworthy that althoughand 2), which showed low genetic similarity witle th
they were obtained from distantly related hostsiemaining groups (Fig. 1). In addition, they were

Braz. Arch. Biol. Technol. v.52 n.5: pp. 1063-10%&pt/Oct 2009



1070 Stringari, D. et al.

intermediate between group 1l and theResults also underscore the efficiency of RAPD
remaining isolates ofG. mangiferaeand G. markers, not only in the studies of population
citricarpa according to the PCO (Fig. 2). Given structure and in the assessment of genetic vatiabil
that it was not possible to identify the speciesn fungus populations, but also to suggest the
based on the morphological characters alone, thresence of distinct species of a given genuseén th
strain was classified asPhyllosticta sp. surveys of the endophytic community of the studied
Therefore, there were at least three species thlabsts.

are morphologically similar t&. citricarpaand

were endophytic inCitrus spp. and llex Development of Specific PCR Primers
paraguariensisn Brazil, namelyG. mangiferag  The strains in Tables 1 and 2 were tested usingsPCR
P. spinarumandPhyllostictasp. with the GCP1/GCP2 primer pair. Only strains in
It was clear that the isolation froRitrus spp. Group | (Fig. 1) showed the amplification of a band
that were morphologically similar toG. of approximately 350 bp (Fig. 3).

citricarpa did not necessarily meant that the hosThe primers ITS1 and ITS4 were used as positive
was contaminated with the causal agent of CBSontrols of the amplification (White et al., 1990).
The identification using the morphological andThese primers are universal for fungi and allow for
physiological characters was imprecise andhe amplification of the ITS1 —5.8S — ITS2 regidn o
time-consuming, being inadequate for thehe rDNA. All the strains amplified an
analysis of fruits to export (Baayen et, @002). approximately 650 bp fragment (Fig. 3), which was
Thus, it was necessary to develop diagnosticonsistent with the expected fragment sizes ca. 700
methods that would be rapid and efficientbp for ascomycete (White et al., 1990).

(Bonants et al 2003).

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 117 18 19 20 M

B650bp
ITS

320bp
GCP

Figure 3 - Agarose gel electrophoresis of PCR using the pripagis GCP1/GCP2 and ITS1/ITS4,
and isolates of>. citricarpa andG. mangiferaeLegend: M: 100 bp. DNA Ladder. 1:
Reference strain db. citricarpa PC28/05 (Table 1); 2 - @. citricarpa(Table 2); 10:
Reference strain @&. mangiferadeC22/05 (Table 1); 11 - 2@&. mangiferagTable 2).

Therefore, the isolates of the pathogenic fungu&. citricarpaandG. mangiferagFig. 4) validated in
G. citricarpa obtained from several different the pathogenicity test for CBS (Baldassari, 2005)
countries could be discriminated from thedemonstrated the efficiency in obtaining the SCARS
endophytic strains oGuignardia spp. isolated and developing new primers for the identificatidn o
from Citrus spp. using the GCP1 and GCP2the causal agent of CBS.

primers. The correct assignment of the strains of
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Figure 4 - Agarose gel electrophoresis of PCR using the pripag GCP1/GCP2 and isolates of
G. citricarpa, G. mangiferaeand Phyllostictasp. 1: Negative control without DNA; 2:
PGEM-T: plasmid containing the 373bp cloned fragm8nP. spinarum(ECPRO05); 4
- 6: Reference strains dB. citricarpa (PC28/05, PC32/05, PC33/05); 7: Strain
PC13/96 ofG. citricarpa 8 - 10: Reference strains &. mangiferae(EC 01/05,
EC19/05, EC22/05); 11: Negative controColletotrichum gloeosporioides12:
Negative control: DNA of citrus leaves.

CONCLUSIONS de Goes (UNESP/Jaboticabal, SP - Brazil) for
providing some of the fungal strains, and the
The high genetic variability observed among thérazilian agencies CNPq and FAPESP for
groups obtained using RAPD  markersfinancial support.
corroborated previous studies (Baayen et al., 2002;
Rodrigues et al., 2004) with respect to the
existence of at least three distinct species JqRESUMO
Guignardia and its anamorptPhyllosticta that
were very similar morphologically to the pathogenMarcadores de RAPD foram utilizados para
G. citricarpa coexisting in Citrus spp. and investigar a distribuicdo da variabilidade genética
hampering the identification of the plants andde linhagens de Guignardia citricarpa, G.
fruits free from the causal agent of CBS. mangiferae, e Phyllosticta spinarum isolados em
The use of RAPD markers allowed for thediversos hospedeiros no Brasil, Argentina,
classification of isolates intds. citricarpa G. México, Costa Rica, Tailandia, Japdo, EUA e
mangiferaeandPhyllostictasp.. The fact that most Africa do Sul. O fungo Guignardia citricarpa Kiely
endophytic isolates from different hosts andPhyllosticta citricarpa McAlp Van Der Aa) é o
regions could be grouped as belonging Go agente causal da Mancha Preta dos Citros (CBS),
mangiferaeconfirmed that a single fungus speciesuma doenca que afeta diversas plantas citricas,
could endophytically colonize several host speciecausando dano a aparéncia dos frutos,
In addition, the high genetic similarity betweee th prejudicando a exportagdo. Diversos estudos tém
strain of G. psidii a guava pathogen, with the demonstrado a existéncia de uma espécie
strains of G. mangiferaeindicated that the same endofitica muito semelhante morfologicamente a
microorganism might be found acting as arG. citricarpa, e que permanece de forma endofitica
endophyte in some plants and as a pathogen mo mesmo hospedeiro. Dificultando assim, a
others. In other wordsG. mangiferae could identificacdo de plantas e frutos livres do agente
colonize certain types of the plants withoutcausa da CBS. A analise do perfil de RAPD
causing symptoms of CBS (citric plants and otherevelou uma clara discriminagdo entre isolados
hosts) and became pathogenic in other plamatogénicos de G. citricarpa e isolados endofiticos
species (guava trees and orchids). (G. mangiferae e P. spinarum). A Analise de
The GPC1/GCP2 was efficient in the identificationCoordenadas Principais (PCO) baseada na matriz
of G. citricarpa as the causal agent of CBSde similaridade genética dos marcadores RAPD,
through PCR. demonstrou a formacdo de quatro grupos, sem
relacdo com origem geografica ou com
hospedeiros utilizados. A analise de Variancia de
ACKNOWLEDGEMENTS Marcadores Moleculares (AMOVA) indicou que
62,8% da variacdo genética é encontrada entre as
We thank Dr. Carlos Aguilar-Vildoso (Instituto populagbes (G. citricarpa, G. mangiferae, P.
Agronémico de Campinas/Brazil) and Dr. Antoniospinarum and Phyllosticta sp.). Entretanto,
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variagdo substancial foi encontrada dentro dest&onants, P.J.M., Carroll, G.C., Weerdt, M., van
populagdes (37,2%). Bandas de RAPD exclusivasBrouwershaven, LR., Baayen, R.P. (2003),
de isolados de G. citricarpa foram clonadas, Development and validation of a fast PCR-based
sequenciadas e utilizadas na obtencdo de SCAR etection method for pathogenic isolates of thausit

; e . lack spot fungus@Guignardia citricarpa. European
(Squgnce Characterlze_d Amplified Reglons_), qQue ; 5iant Pathol 109, 503-513.
permitiram o desenvolvimento de novos primersg.

. . e > oelho, A.S.G. (2005), Avaliacdo de dendrogramas
especificos para a identificacdo de G. citricarpa. paseados em estimativas de distancias/similaridades

Reacdes de PCR (Polymerase Chain Reaction)yengticas através do procedimento de bootstrap.
utilizando este par de primers corroboraram 0s Software, V. 3.03. Universidade Federal de Goias,
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population genetics data analysisEvolutionary
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