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ABSTRACT

Garlic viruses often occur in complex infections in
nature. Inthis study, agarlic viruscomplex, collected infields
inBrazil, waspurified. RT-PCR was performed using specific
primers designed from the consensus regions of the coat
protein genes of Onion yellow dwarf virus, a garlic strain
(OYDV-G) and Leek yellow stripe virus (LY SV). cDNA of
Garlic common latent virus (GCLV) was synthesized using
oligo-dT and random primers. By these procedures individual
garlic virus genomes were isolated and sequenced. The
nucl eotide sequence analysis associated with serological data
reveals the presence of two Potyvirus OYDV-G and LYSV,
and GCLV, a Carlavirus, simultaneously infecting garlic

plants. Deduced amino acid sequences of the Brazilianisolates
were compared with related viruses reported in different
geographical regionsof theworld. Theanalysis showed closed
relations considering the Brazilian isolates of OYDV-G and
GCLV, and large divergence considering LY SV isolate. The
detection of these virus species was confirmed by specific
reactions observed when coat protein genes of the Brazilian
isolates were used as probes in dot-blot and Southern blot
hybridization assays. Infield natural viral re-infection of virus-
free garlic was evaluated.

Key words: OYDV-G, LY SV, GCLV, detection, coat
protein, PCR, probes, epidemiology.

RESUMO
Complexoviral do alho: I dentificacdo de Potyvirus e Carlavirus naregi&o central do Brasil

InfecgBes virais em alho sdo normalmente causadas
por um complexo viral. Neste estudo, um complexo viral de
alho, coletado em campo, foi purificado. Procedeu-se a
amplificagdo por RT-PCR usando oligonucleotideos dese-
nhados para regides-consenso dos genes das proteinas
capsidiais de Onion yellow dwarf virus, estirpe do alho e
de Leek yellow stripevirus. cDNA de Garlic common latent
virus foi sintetizado usando oligo-dT e oligonucleotideos
aleatérios. Por estes procedimentos clones de diferentes
espéciesviraisforam isolados e sequenciados. A andlise das
sequéncias nucleotidicas e os resultados sorol égicos
revelaram a presenca dos Potyvirus OYDV-G e LYSV edo

Carlavirus GCLV, simultaneamente infetando plantas de
alho. As seqiiéncias de aminoécidos deduzidos dos isolados
brasileiros foram comparadas com aguelas de virus relacio-
nados, relatados em diferentes regides do mundo. A anélise
mostrou pequena variabilidade em relac@o aos isolados
brasileiros de OYDV-G e GCLV, e maior divergéncia em
relacdo aoisolado deLY SV. A deteccdo destasespéciesvirais
também foi obtida por reacdes especificas observadas quando
o genedaproteinacapsidicadosisoladosbrasileirosfoi usado
como sonda em ensaios de hibridizacgo do tipo dot-blot e
Southern blot. Em campo, are-infec¢do natural de aho livre
de virus foi avaliada
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Gene sequences corresponding to OYDV-G, LY SV and GCLV coat proteins

are accessible in GenBank under numbers AF228414, AF228415 and

AF228416, respectively.
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INTRODUCTION

Commercial garlic (Allium sativum L.) is
vegetatively propagated by bulbs. This system often leads
to the accumulation of viruses in plant materials,
permitting their dissemination and inducing yield losses
during successive cultivation (Davis, 1995). A disease
known as the “garlic viral complex” is usually induced by
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simultaneous infections of several viruses belonging to
different taxonomic groups (Van Dijk, 1993a; Van Dijk,
1993Db). It is difficult to separate single virus species from
the viral complex in garlic, as similar characteristics exist
among them, in particular their overlapping, narrow
experimental host ranges and similar symptoms on naturally
infected hosts. These biological features are limiting factorsin
obtaining homogenous virus isolates, consequently the
production of specific antibodiesto theindividual virusspecies
in the garlic virus complex has been hindered.

A variablenumber of Potyvirusesand Carlaviruseshave
been reported infecting garlic plants, but their identity remains
to beelucidated and they probably represent mixtures of well
known viruses or their strains (Kobayashi et al. 1996;
Tsuneyoshi et al., 1998; Van der Vlugt et al., 1999). The
occurrence of three distinct groups of Potyvirusesinfecting
Allium spp. has recently been proposed (Tsuneyoshi et al.,
1998), based on their sequence homology. Two distinct virus
species have been denoted Onion yellow dwarf virus
(OYDV), familia Potyviridae género Potyvirus, garlic (G)
and onion (O) strains, and Leek yellow stripe virus (LY SV),
familia Potyviridae género Potyvirus, based on high levels
of coat protein (CP) amino acid sequenceidentities. A third
group was named Wakegi yellow dwarf virus (WYDV),
which is closely related to Potyvirusesisolated from shallot
(Allium cepa var. ascalonicum Backer), rakkyo (A. chinese
G. Don), Welsh onion (A. fistulosum L.) and Wakegi onion.
Recently, Van der Vlugt et al. (1999) suggested that WY DV
can be classified as oneisolate of Shallot yellow stripevirus
(SYSV), familia Potyviridae género Potyvirus, based on
biological, serological and molecular data. Limited data is
availableintheliteraturefor Carlaviruses(Van Dijk, 1993a),
and as a consequence, the identity and classification of
Carlavirus species infecting garlic remains uncertain.
Carlavirus infecting garlic plants in the world include Garlic
common latent virus (GCLV) and Shallot latent virus (SLV),
asGarliclatent virus (GLV), the Japanese designation of garlic
isolates of SLV.

In addition to the Potyvirusand Carlavirus, garlic plants
have often been infected with virusesfrom Rymovirus, amite-
borne filamentous viruses, which are now all Garlic virusA-D
(Helgueraet al., 1997) considered asmembers of the new genus
Allexivirus, recently ratified.

In Brazil, garlic is largely cultivated in different
geographical areas of the country. Typical virus symptoms
have been found in all commercial fields of garlic. The
agents detected in different areas of the country were reported
as most likely being a garlic viral complex, comprised of
Potyvirusesand Carlaviruses (Assiset al. 1995; Daniels, 1999;
Dusi, 1995; Fajardo et al., 2000). However, the precise
identity of these pathogens and their relationship with
other garlic viruses described elsewhere has not yet been
determined.

In this report we present results on serology, the use
of molecular prabes, and coat protein (CP) gene sequences of
the garlic viral complex found in Central Brazil, confirming
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the presence of three virus species. They represent new isolates
of theOYDV-G, LY SV and GCLV and were denoted OYDV-
G, LYSV,, and GCLV .

BR’

MATERIAL AND METHODS

I solation of the garlic virus complex

Inaprevious survey conducted in Brazil, serologically
related garlic viruseswereidentified in avirus complex (Dusi,
1995; Assis et al., 1995; Daniels, 1999). The origina garlic
viral complex collected in the field in Brasilia-DF was
maintained in a greenhouse through mechanical inoculation
of virus-free garlic plants and of Chenopodium quinoa Willd.
using a 0.05 M phosphate buffer, at pH 7.2. Symptoms were
monitored weekly and plants were checked for the virus
infection by ISEM (immunosorbent electron microscopy).

Decoration tests were performed using polyclonal
antiserum directed to the Potyviruses OYDV-G, LYSV,
Garlic yellow stripe virus (there is evidence that this name
does not refer to a particular virus, but a virus complex),
and to Shallot latent virus (SLV) and Carnation latent virus
(CLV) from the genus Carlavirus. The CLV antiserum cross
reacted to GCLV.

Isolation of purified virus, viral RNA and total RNA

The garlic virus complex was purified from infected
garlic leaves as described by Carvalho & Shepherd (1983).
Total RNA of infected garlic plants was extracted according
to Chomczynsky & Sacchi (1987). Viral RNA was also
extracted from purified virus preparations using the
following procedure. Pellets obtained after centrifugation
over a 20% sucrose cushion were resuspended in 400 pl
RNA extraction buffer (0.2 M NaAc, 10 mM EDTA, pH
5.0) and RNAs were extracted after adding SDS to a final
concentration of 1% (w/v), followed by phenol extractions. RNA
was precipitated using ethanol dissolved in DEPC-treated water
and analyzed by electrophoresis on a 1.2% agarose gel.

Onion plantsinfected with astrain of OYDV (OYDV-
O) were maintained for comparative purposes and submitted
to the same procedures as the garlic viruses. Total RNA of
these plantswas extracted using the same procedure described
above and served as a control.

cDNA synthesis

In order to obtain GCLV cDNA, reverse transcription
(RT) was conducted using approximately 1 pg of viral RNA
and 0.2 ug of oligonucleotide oligo (dT),, ,, using a“Time
Saver cDNA Synthesis Kit” (Pharmacia Biotech). Eco RI/
Not | adaptors were added after first strand synthesis
according to the manufacturer’s instructions to facilitate
cloning.

RT and PCR amplification

For PCR, primers were designed from consensus
seguences of OYDV-G and LY SV strains available in the
literature or based on data bank sequences (Kobayashi et al.,
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1996). The primers denoted 10YDV-G (5 TTA CAT TCT
AAT ACC AAG CA 3), 20YDV-G (5 GCA GGA GAT
GGG GAG GAC GC 3'), 1ILYSV (5" TCA CTG CAT ATG
CGC ACC AT 3') and 2LYSV (5 GCA CCA TAC AGT
GAA TTG AG 3') were employed for cDNA synthesis and
PCR amplification of OYDV-G and LY SV, respectively.
Expected sizes of the OYDV-G and LYSV amplified PCR
productswere 774 bp and approximately 1000 bp, respectively.

First strand cDNA synthesis was performed using
AMYV -reverse transcriptase and 100 ng of the primers
10YDV-G and 1LY SV. Reaction conditions were in
accordance with the manufacturer’s instructions.

For PCR, 10 pl of the RT mix was added to a 50 pl
polymerase reaction mixture containing 20 mM Tris-HCI,
pH 8.4, 50 mM KCI, 1.5 mM MgCl,, 200 uM each dNTPs,
2.5 U of Tag DNA polymerase and 100 ng of each of the
primers 10YDV-G and 20YDV-G or 1LYSV and 2LYSV.
PCR stepswere 94 °C for 5 min, followed by 35 cycles (94°C
/1 min, 50 °C / 2 min and 72 °C / 2 min) and a final
amplification at 72 °C for 7 min RNA extracted from OYDV-
O virions was submitted to the same cycles of amplification
using the same set of primers described for OYDV-G.

Cloning and sequencing of the cDNA and of theamplified
PCR fragment clones

Amplified PCR and cDNA fragments were cloned in
the pGEM-T vector (Promega) or Eco Rl site of the pPBSKS*
(Stratagene), respectively. Recombinant clones from at least
three independent RT-PCR reactions, were sequenced by the
chain termination method, in an automatic ABI PRISM 377
DNA sequencer (Applied Biosystems). Sequences were
compiled and analyzed using a gorithms of the GCG package
from the University of Wisconsin. GenBank searches were
performed using BLAST.

Hybridization Assays

PCR fragments of 335 bp from OYDV-G and LYSV,
obtained using Langeveld et al. (1991) primers, and GCLV
cDNA clones, obtained as previously described, were used to
prepare radioactive probes according to manufacturer’s
instructions of the “Ready to Go Labelling Kit” (Pharmacia
Biotech). Total RNA from infected plants, and purified virus
RNA extracted from afield garlic virus complex were employed
in the hybridization assays. Southern and Dot blot
hybridizations were performed according to Sambrook et al.
(1989). Total RNA from healthy plants and viral RNA
extracted from onion plantsinfected with OY DV-O were used
as controls.

Serological detection of garlic viruses in infected field
material

Serological assays using polyclonal antibodies against
the coat proteins of OYDV-G, LYSV, GCLV and against a
garlic virus complex (mainly consisting of the genera
Potyvirus and Carlavirus), were performed on garlic plants
cultivated during three successive seasonsin two experimental
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fields (EmbrapaHortalicas and AguaFria) starting from virus-
freebulbsstocks. L eaf samplesweretaken from infected plants
in the field, diluted 1:10 (w:v) and analyzed by DAS-Elisa
according to standard methods.

RESULTS

I solation of garlic virus complex

Neither in inoculated garlic plants nor in C. quinoa
local lesion extracts there was evidence that a single virus
specieswas occuring. By ISEM in the same sample extract it
was often observed that virus particleswere decorated by two
or more antisera.

PCR, cloning, sequence determination and analysis of
garlic virus complex

DNA fragments comprising the complete CP gene
were successfully amplified for OYDV-G and LY SV species
by RT-PCR. To LY SV, a part of the polymerase (NIb) gene
was included in the amplified PCR fragment. Using the
primers 10YDV-G and 20YDV-G, DNA fragments of
expected sizes (774 bp) were successfully amplified. With
the primers 1LY SV and 2LY SV, single specific DNA bands
of approximately 1000 bp were amplified by RT-PCR. The
specificity of these amplified bands to each viral RNA was
confirmed by the expected size of the amplified PCR product
displayed. Theamplified fragmentswere purified, cloned into
pGEM-T vector and sequenced.

The open reading frame (ORF) representing the CP
geneof OYDV-G Brazilian isolate contained 774 nucleotides
(Figure 1), thereby potentially coding for a protein of 257
amino acids residues with a predicted M, of about 28 kDa.
The ORF inthe LY SV, CP gene contained 870 nucleotides
and encoded a deduced protein of 289 amino acids and a
predicted M, of 31 kDa (Figure 2). For both OYDV-G_, and
LYSV,, isolates, the predicted gene product approximately
corresponded in size to the CP proteins asdetermined by SDS
polyacrylamide gels in other studies. No amplification was
observed for OYDV-O using the same primer combinations
as used for OYDV-G.

The nucleotide sequence of alargeviral clone obtained
by cDNA synthesis showed an open reading frame of 960
nucleotides, potentially coding for a protein of 319 amino
acidsresidueswith apredicted M of about 36 kDa. This ORF
had high homology to GCLV (Figure 3). A search in the
EMBL protein database reveal ed that the deduced amino acid
sequences of OYDV-G,, LYSV, and GCLV , clones had
high homology with the CP proteins of each reported virus
species found elsewhere.

Coat protein amino acid sequence identity of the
OYDV-G,, to those of other OYDV-G isolates reported in
garlic varied between 95.0-99.2%, whereas for LYSV CP
protein ranged between 85.9-88.6% (Table 1A and 1B). For
the GCLV ., isolate the amino acid sequence identity ranged
from 94.0 to 94.5 with other GCLV isolates and 53.2-53.7%
identity with GLV isolates, the related Carlavirus sequences
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1 GCAGGAGAT GGGGAGGACGCAGCTGCACAAT CAAGCACAT CAAAACAAGT TTCGAAGCAG
A GDGEUDAAAQSSTS K QV S KAQ

61 AAGGATAAAGACGT TGAT GCAGGCACAACCGGAAAAT TCACAGT GCCAAGGATTAAAGCA
K DKDVDAGTTG GKTFTVPRI KA

121 TTGTCTGACAAAATGCGCTTTCCGAAAGT TGGT AAAAGCGTAGT TCTCAATGCGGAGCAC
L S DKMRFPIKVGKSV VL NATEH

181 TTGTTGGCATACAAACCAGATCAAATTGAATTATACAACACACGAGCAACACAGCAACAA
LLAYKPDO QI ELYNTRATG QO QNOQ

241 TTTGAAAATTGGT TTGGT GCGATCAAAAAGGAATAT GACGT GAAT GACGAACAGATGAAG
FENWFGAI KKEYDVNDTE-OQMK

301 ATAATACTGAACGGGT TGATGGT TTGGT GTATTGAGAACGGCACGT CTCCAAATTTATCA
Il 1 L NGL MVWCI ENGTSZPNTL S

361 GGCAATTGGACTATGATGGACGGT GACGAGCAGGT TGAGTATCCCTTGGCACCGATTCTG
GNWTMMDGDEOQVEYPLAPI L

421 GACAACGCAAAACCGACGT TCAGACAAATAATGGCACATTTCAGT GACGCAGCT GAAGCG
DNAKZPTFRQI MAHTFSDAATEA

481 TATATTGAGTATAGAAAT GCCACTGAAAAATACAT GCCCCGGTATGGACT TCAGCGAAAC
Yl EYRNATEIKYMPRYGL QRN

541 CTAACAGAATTAAGTTTAGCACGT TACGCATTCGACTTTTATGAGATGACTTCAAAAACT
L TELSLARYAFUDTFYEMTSKT

601 CCCAAGCGAGCTAAGGAAGCACACATGCAAAT GAAGGCGGECAGCGGT TAGAGGGGCAACT
P KRAKEAHMQMIKAAAVRGAT

661 AACCGTTTGITTGGCCTGGATGGTAAT GTAAACACGACAGAAGAGGACACGGAAAGACAC
N RLFGL D GNVNTTETEUDTERH

721 ACAGCAGCAGATGTAAACAAGAACCAACACACGTTGCTTGGTATTAGAATGTAA 774
T AADVNKNOQHTLILGI RM*

FIG.1- Completenucleotide sequence (above) and amino
acid sequence (below) of Onion yellow dwarf
virus Brazilian isolate coat protein. The
nucleotides are numbered from the 5' terminus
of theviral RNA. Theasterisk indicatesthestop
codon. The DAG motif related to aphid
transmission is underlined.

available in literature (Table 1C). Remarkably for LY SV, the
homology of Brazilian LY SV significantly differsfrom those
previously described from other countries (Table 1B).

Comparing the nucleotide sequences of the OYDV-
Gy LYSV,, and GCLV, coat protein gene with published
sequences, 95.1%, 81.6% and 83.3% identities were found
with other OYDV-G, LY SV and GCLV isolates, respectively
(Table 1A, 1B and 1C).

Hybridization based identification of garlicvirusesin field
samples

A dot-hybridization was performed using radioactive
probes obtained from specific cDNA clones of GCLV .. The
results showed that probes were able to readily recognize the
homologous virus in total RNA extracted from garlic tissues
infected with the virus complex (Figure 4). Specific reactions
were observed in similar dot-hybridization assays using
OYDV-G,,and LY SV, radioactive probes (datanot shown).

A Southern blot using a specific OYDV-G,_, PCR
probe demonstrated that under high stringency it is possible
to distinguish between OYDV-G and LY SV (Figure 5A and
5B), the two major Potyviruses infecting garlic under field
conditions, since the heterol ogous reactions were absentees.

Virusre-infection under field conditions
Virus-free garlic plants cultivated during three
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1 GCCGGCGACGAACTAGAT GCAGGGACACAAGCAAGCAAGAATCAAAGGAATAACGCAGAC
A GDELDAGT QASIK KN QRNNAD

61 AAATCTATTGAGCAACGAAGCCCACTAGT GT CACAAACAAATTTAAACGAGGCGAAGEGEC
K SI EQRSPLVSQTNLNEAEKG

121 AGTGGGAGTAGT TCGGGT CAAAACGT GAACAGAGACAGAGATGT AAATGT CGGCACCACA
S GSSSGQQNVNRDARDVNYVGTT

181 GGAACTTTTAGIGTACCACGGATAAAACAAAT CCCACAAAAAGGCATAGTAATTCCAATG
G TFSVPRI KQI PQKGI VI PM

241 GACGGAGGGAAATCAATACTCAACTTAGACCATCTACTACAATACAAGCCAAGTCAATTA
DGGKSI L NLUDHLTLIO QYKZPSOQL

301 TGCATATCAAACACT AGAGCCACGAAGGCACAATTTATGACT TGGAAGGCGAGGCTGCAA
cClI §SNTRATIKAQFMTWKARTLQ

361 GAGGAATATGGCGTCACTGAGAGT GAGATGAGCATCATTCTAAATGGCTTAATGGT GTGG
EEY GVTESEMSI I L NGL MV W

421 TGCATTGAGAACGGGACT TCACCCAATATAAACGGCGT TTGGACAATGATGGATGGCGAG
cCl ENGTSPNI NGV WTMMD GE

481 GAGCAAGTCGAATTTCCTTTACGCCCTGT TGT TGAGCACGCACAACCAACGCTACGTCAG
EQVEFPLRPVVEHAQPTILRDAQ

541 ATAATGGCGCACTTCTCAGCATTAGCAGAAGCCTACAT TGAGAT GAGGAACT CAGAGCAG
I M AHF S AL AEAYI|l EMRNSEQ

601 GCTTACATGCCGCGATATGGATTACAAAGAAATCT TACAGATAT GGGTCTCGCACGGTAT
A Y MPRY GLQRNLTWDMGL ARY

661 TCATTTGACTTCTATGAAATCACATCAAGAACACCAGT TAGAGCGCGCGAGGCTCATGCA
S FDFYEI TSRTWPVRAREAHA

721 CAAATGAAAGCAGCTGCCTTACGTAATTCAAGGCCAAAGCT GT TTGGATTAGACGGCAAC
Q MKAAALIRNSRPIKLFGLDGN

781 GTCACAACCACGGAT GAGGACACGGAGAGECACACGGCACATGACGT GAATGCACGGATG
vV T T TDEDTERHTAHDVNARWM

841 CACCATCTTGATGGTGCGCATATGCAGTGA 870
HHL DG GAMHMAQ *

FIG. 2 - Completenucleotide sequence (above) and amino
acid sequence (below) of Leek yellow stripe virus
Brazilian isolatecoat protein. Thenucleotidesare
numbered from the5' terminusof theviral RNA.
The asterisk indicates the stop codon. The DAG
motif related to aphid transmission isunderlined.

successive growing seasons in two distinct geographical areas
were analyzed by ELISA using a polyclonal antiserum against
avirus complex and against three specific garlic viruses. In
agreement with the sequencing data, the results of the
serological tests showed that two Potyviruses, OYDV-G and
LY SV, and a Carlavirus, GCLV, re-infected the garlic plants
under field conditions. The results indicate that these viruses
are widely spread in the garlic growing areas in Brazil, often
occurring in mixed infections, and causing significant
degeneration of the crop after a few multiplications under
field conditions.

DISCUSSION

Determination of the identity of the viruses that make
up the garlic virus complex is important not only from the
taxonomical point of view, but it constitutes an essential
requirement for the production of virus free-garlic stocks and
the development of detection methods. The virus identity is
also important to the study of virus epidemiology and to
support breeding programs for the development of garlic
cultivars resistant to virus infection.

The identification of virus infections in garlic plants
has been based on serology, host range and sequence data of
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[N

ATGT CAGT GAGT GAAACAGAGGAACAGAGATCGCGAAGACT GGCT TCAGAGCGAGGCGAT
M SV S ETEE QRS SRRLASERGTD

61 GCTGAACGACGGAAAAAT GATGCAGCAGT GAGAGCT AGGCAGGATGCTGCAATCGATTCT
A ERRKNDAAVRARO QDA AAI DS

121 GAGGAACCTGCTGACT TGCAAGAAACGAGCGT TAATGATGT TGATCTGCGTCAAATGGAA
EEPADLQETSVNDVDLROQME

181 AATAGGGTCCAGGAAGCCAAGCGGTTTTTGGAGCGCTTTAACAAGCTTAAGAAGT TCCAG
N RV QEAKRTFLERTFNIKILKKFQ

241 GCGGACAATATGACGGCAGGTGAGAT CAAGAAT GGAGGGT TTGAAACT GGGAGGCCAAAA
A DNMTAGEI KNGGFETGRPK

301 CTGAACATTGCGECCAATTTGCGTGECGACACTGCTAATGTATTTACTAGBCCCAGCATG
L NI AANLIRGDTANVFTRPSM

361 GATGCTTTAATAGCATTGGACTTCAAAGCTGAATCCTTGGECTGI CGCGACTGCTGAAGAC
DALI ALDFIKAEZSLAVATAETD

421 CTAGCTGCTATCACTGCTAAATTTGAACAGCT TGGGGT GCCAACTGAGAGATTAGCTCCA
L AAI TAKFEAOQLGVZPTEIRLATP

481 CTTTGITGGTCGATTGCAAGGTACTGIGCAGATACAAGT TCTTCATATGTGECTGATCCG
L CwsI ARYCADTSSSYVADFP

541 AAAGGAACTTTTGAATACCCAGGGGGTGCTATAACAAGCGACGCTGT TTATGCCGTCATC
K G T FEYPGGAI TRDAVY AWV

601 AAAGAAGT TACGACTCTGAGGGCTTTCTGCAGAGCTTTTGCACCAGTGGTTTGGAATGAA
K EVTTLRAFCRAFAPVV WNE

661 ATGTTAATCGCTAAAAGACCTCCTGCT GGCTGGCAAACCAAAGGT TACACTGCTAGTACA
M LI AKRPPAGWOQTIKGYTAST

721 AAGTATGCTGCCTTTGATACTTTCGATTACGTACTTAATTCTGCTTGCGTCCAGCCACTT
K'Y AAFDTZ FDYVLNSACVQPL

781 GAGGGGATTATACGGGT TCCAACT GATGAGGAGACCATAGCT CACATGACCAACAAACGG
E GI I RV PTDEETI AHMTNKR

841 ATTGCTATTGATAGGAATAGGCGCAAT GGCOGGT TTTCAAGCACAAACAGT TTAGT TACT
I A1l DR NRRNGRTFSSTNSLVT

901 GGGGECATGT TCGGTAAGGATATCAAGCTAAATTTCAATGGATCCAACAATGCAGACTAG 960
G GMF GKDI KL NFNGSNNAD *

FIG. 3- Completenucleotide sequence (above) and amino
acid sequence (below) of Garlic common latent
virus Brazilian isolate coat protein. The
nucleotides are numbered from the 5' terminus
of theviral RNA. The asterisk indicatesthe stop
codon.

the coat protein gene (Kobayashi et al., 1996; Tsuneyoshi et
al., 1998; Van der Vlugt et al., 1999). In Brazil, however, the
identity of garlic viruses causing severe losses in bulb
production has not yet been established. In this study, three
virus specieswere found simultaneously infecting garlic plants
in Brazil. Based on amino acid homology and serological
reactions these viruses were identified as two isolates of the
Potyvirus genus OYDV-G_, and LYSV,__, and an isolate of
the Carlavirus genus, GCLV .. These characterized virus
isolates had nucleotide sequence identities of 95.1%, 81.6%
and 83.3% and amino acid sequence identities of 99.2%,
88.6% and 94.5% with homologous OYDV-G, LYSV and
GCLV characterized el sewhere, respectively. Within the same
species, virus strains aso showed high specificity. The non
amplification of OYDV -0, included for comparison, with the
primers specific to OYDV-G corroborate the biological and
molecular differencesfound between these two distinct strains.
OYDV-G very rarely can infect onion plants and vice versa
(Conci et al., 1992) and comparison of the deduced aminoacid
sequences showed a similarity of 88% between the viral coat
proteins of onion and garlic strains of OYDV (Kobayashi et
al., 1996).

These three virus species seem to be widely spread in
thegarlic growing areasin Brazil and in many other countries
around the world causing significant degeneration of the crop

Fitopatol. bras. 26(3), setembro 2001

FIG. 4 - Dot blot hybridization with a P2 cDNA probe
from GCLV .. Samplesrepresented: (1A and 1B)
Total RNA extracted from healthy onion (Allium
cepa) plants; (2A and 2B) Total RNA extracted
from healthy garlic (Allium sativum) plants; (3A
and 3B) Total RNA extracted from onion plants
infected with OYDV-O; (4A and 4B) Total RNA
from field infected garlic plants; (5A and 5B)
Purified cDNA clonefrom GCLV,; (6A and 6B)
Purified PCR fragment of OYDV-O; (7A and
7B) Purified PCR fragment from the garlic
Potyvirus complex; (8A) Purified RNA of garlic
virus complex; (8B) Purified RNA of OYDV-O.

FIG. 5 - Southern blot hybridization of LYSV, (lanes 1,
2,3,5,6and 7) and OYDV-G,, (lane4) fragments
of the coat protein (335 bp, arrow). (A) agarose
gel analysisof cloned fragmentsdigested with Pst
I/Nco | restriction enzymes; (B) hybridization
with OYDV-G,,_ specific P** DNA clone. (M)
molecular marker 1 kb ladder DNA.
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TABLE 1 - Pairwise percent identities of coat protein amino acid sequences (below
diagonal) and coat protein nucleotide sequences (abovediagonal) amongrelated
(A) Onion yellow dwarf virus (OYDV-G), (B) Leek yellow stripe virus (LY SV)
and (C) Garlic common latent virus and Garlic latent Carlavirusisolates from
distinct geographical regions.

(A)

cDNA clone® OYDV-Ggg OYDV-Gagy OYDV-Gyp OYDV-Gzp OYDV-Gars OYDV-Gyar
OYDV-Ggr - 95.1 84.5 83.7 83.8 84.2
OYDV-Gar: 99.2 - 84.5 84.4 84.4 84.1
OYDV-Ginp 96.5 95.7 - 88.9 87.9 99.4
OYDV-Gyp 96.1 95.3 97.7 - 86.6 88.2
OYDV-Gar: 96.1 95.3 96.5 96.5 - 87.2
OYDV-Guae 95.0 94.2 98.5 96.1 95.0 -
(B)

cDNA Clonel LYSV gr LY SV yae LYSV oy LY SV np LYSV LYSV jp
LY SVgr - 81.6 80.6 80.0 81.1 80.2
LY SV yae 88.6 - 82.0 79.7 82.0 80.0
LY SV ¢y 88.6 88.6 - 79.0 81.0 77.4
LY SV np 86.2 85.9 86.9 - 90.6 84.0
LYSV, 85.9 84.8 85.8 95.5 - 84.0
LY SV p 85.9 84.8 86.2 90.3 89.3 -
(€)

¢cDNA clonet GCLVgg GCLV, GCLV, GLV, GLV, GLV;
GCLVgRr - 83.3 81.4 56.7 56.5 56.5
GCLV, 945 - 99.3 46.6 45.7 46.9
GCLV, 94.0 100.0 - 49.4 46.3 47.6
GLV, 53.7 54.3 54.3 - 77.0 78.2
GLV, 53.2 52.5 52,5 91.9 - 97.0
GLV; 53.2 52.5 52.5 91.9 99.3 -

'Accession numbers: OYDV-G,: AF228414 (garlic-Brazil), OYDV-G,,: X89402 (garlic-Argentinal), OYDV-G

ARL" IND:
AB000841 (garlic-Indonesia), OYDV-G,,.: AB000839 (garlic-UAE), OYDV-G, ,: ABO00837 (garlic-Argentina 2),

UAE’

OYDV-G,: AB000838 (garlic-Japan). LY SV .. AF228415 (garlic-Brazil), LYSV .- ABO05611 (garlic-UAE), LYSV

UAE’

X89711 (leek), LY SV.,,: ABO0S610 (garlic-Ching), LY SV ,; D11118 (garlic-Japan), LY SV, .: ABO0S612 (lesk-Indonesia).

CHI® IND"

GCLV,: AF228416 (garlic-Brazil), GCLV : X81139 (garlic-type 2), GCLV,,: X81138 (garlic-type 1), GLV,: D73379,

GLV,: D11161, GLV ,;: D28591.

after only afew multiplications under field conditions (Fajardo
et al., 2000; Takaichi et al., 2001). ELISA results show that
virus-free garlic plants cultivated during three successive
growing seasons were re-infected by OYDV-G and LY SV,
and by GCLV under field conditions.

In contrast to other virus genera, serology isnot avery
good parameter for virus differentiation among viruses of the
genus Potyvirus, as serological cross reactions often cause
misinterpretation of results (Conci et al., 1999). Although
serology can be used for Potyvirus detection, it is not suitable
for Potyvirus taxonomy (Shukla & Ward, 1988). These
observations support the application of molecular techniques
for characterization of the garlic virus complex, as
demonstrated by others (Lot et al. 1998; Nagakubo et al.,
1994; Kobayashi et al., 1996; Tsuneyoshi et al., 1998; Van der
Vlugt et al., 1999). The sequence of the coat protein gene has
been used as an efficient tool in defining the Potyvirus species
(Shukla & Ward, 1988).

Although sequence alignment showed high homology
values, allowing a precise determination of the garlic virus
species, the variation observed can be explained by natural
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strain variation among virusisolates. No correlation between
geographical location and sequence homology in the coat
protein genes of distinct isolates of OY DV has been observed
(Tsuneyoshi et al., 1998; Van der Viugt et al., 1999). The
hypothesis of independent evolution of OYDV isolates
adapting to garlic plants as hosts (Tsuneyoshi et al., 1998) is
partialy confirmed in this research, since the OYDV-G,,
displayed a high homology with other isolates characterized
elsewhere, and the highest homology was observed with an
Argentinean strain. For the LYSV_ isolate infecting garlic
plantsin Brazil, this seems not to be the case, asit showed a
significantly lower amino acid homology with homologous
isolates from distinct geographical areas. Other selection
pressures, such asenvironmental conditions, alternative hosts,
vector efficiency, may therefore beinvolved inthe generation
of these genetic variations, implying an adaptation of this
virus to distinct ecological niches.

Considering the virus from the Carlavirus genus
studied, the GCLV ., showed a similar variation to that
observed in OYDV-G isolates. The significance of the close
relationship (over 94% amino acid sequence identity) between
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GCLV , andthetwo isolatesremainsto beinvestigated. Most
likely, this garlic virus may have been introduced in Brazil
with bulbs from Asian countries, notably from China.

In addition to the RT-PCR (Langeveld et al., 1991;
Takaichi et al., 1998; Tsuneyoshi & Sumi, 1996), theanalysis
of clones obtained from the virus genomes can also be used
to determine the variability of distinct viruses in the garlic
virus complex (Tsuneyoshi et al., 1998). RT-PCR using
specific primers and hybridization with molecul ar probes can
be helpful in the detection of new garlic viruses not yet
characterized (Sumi et al., 1993). Inthiswork, PCR fragments
from OYDV-G and LY SV were labeled and used as probes.
Under high stringency conditions, no cross-reaction was
observed between coat protein sequences of these two
Potyviruses, showing that the virus isolates characterized
bel onged to distinct Potyvirus species and specific probes can
beused for virusdifferentiation, providing an accurate method
for detection of mixed infections of garlic viruses. In addition,
garlic viruses can be detected from total RNA extracts, as
demonstrated for GCLV ...

The present resultsindicate that these distinct detection
and virus differentiation methods can be successfully used to
monitor ahigh quality program of virus-free garlic production
associated with an efficient program of virus eradication from
garlic by meristem-tip culture and thermotherapy (Torres et
al., 2000).
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