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transgenic potato, cv. Achat, expressing the PVY?° coat proten.
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SUMMARY

The coat protein (CP) gene of the potato virus Y strain “o”
(PVY®) was introduced into potato, cultivar Achat, via
Agrobacterium tumefaciens-mediated transformation. Sixty three
putativetransgenic lineswere challenged against the Brazilian strains
PVY-OBR and PVY-NBR. An extremely resistant phenotype,
againgt the two strains, was observed in one line, denominated 1P.
No symptoms or positive ELISA results were observed in 16
challenged plants from this line. Another clone, nhamed as 63P,
showed a lower level of resistance. Southern blot analysis showed
five copies of the CP gene in the extremely resistant line and at |east
three copiesin the other resistant line. The stability of the integrated
transgenes in the extreme resistant line was examined during several
in vitro multiplications over a period of three years, with no
modification in the Southern pattern was observed. The stability of
the transgenes, the absence of primary infections and the relatively
broad spectrum of resistance suggest that the extremely resistant
line obtained in this work can be useful for agricultural purposes.

Keywords: Solanum tuberosum, GMO.

RESUMO

Resisténcia extrema a duas estirpes do Potato virus Y (PVY)
de batata transgénica, cv. Achat, expressando o gene da capa
protéica do PVY®°.

O gene da capa protéica (CP) do Potato virus Y estirpe
“0", foi introduzido em batata cultivar Achat, via
Agrobacterium tumefaciens. Sessenta e trés linhas
possivel mente transgénicas foram desafiadas com as estirpes
brasileiras PVY-OBR e PVY-NBR. Uma linha apresentou
extrema resisténcia as duas estirpes inoculadas, e foi
denominado clone 1P. N&o foram observados sintomas
sistémicos de infeccdo e as plantas foram negativas em Elisa
Outra linha, denominada clone 63P, mostrou algum nivel de
resisténecia. Andises por Southern blot indicaram a presenca
de pelo menos cinco copias do gen CP no clone 1P e pelo
menos trés copias no clone 63P. A estabilidade do gene
introduzido no clone 1P foi avaliada durante trés anos, apds
varias multiplicagfes in vitro. N&o foram observadas
mudangas no padrdo do Southern blot. A estabilidade do
transgene, na auséncia de infecgdes primérias e relativo largo
espectro de resisténcia sugerem que o clone 1P pode ser
utilizado para fins comerciais.

Palavras chaves: Solanum tuberosum, OGM.
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tato virus Y (PVY) belongs to the
Potyvirus genus (Ward & Shukla,
1991). Under field conditions, the virus
is aphid transmitted in a non-persistant
manner. Like the majority of plant
viruses, has a single-stranded, positive
sense RNA genome. The RNA is
approximately 10 kb and, as a member
of the family Potyviridae, has a 5'-
terminal genome-linked protein (VPg)
anda3' poly(A) tail (Shuklaet al., 1998).
It contains a large open reading frame,
which is translated into a large
polyprotein that is processed by viral
proteasesinto at least eight polypeptides.
The coat protein (CP) geneis located at
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the 3' end of the viral genome and its
sequence has been established for severa
PVY strains (Bravo-Almonacid &
Mentaberry, 1989; Hay et al.,1989;
Puurand et al., 1990; Robaglia et al.,
1989; Thole et al., 1993; van der Vlugt
et al., 1989;Wefels et al., 1989).

PVY infects potato (Solanum
tuberosum) causing necrosis, mottling
or yellowing-vein clearing of leaflets,
leaf dropping and premature death (de
Bokx, 1990). In fields established with
infected tuber seeds, yield reduction is
dramatic (De Bokx & Piron, 1990;
Brandolini et al., 1992). To avoid it,
growers are compelled to a frequent

renewal of tuber seed stocks, with
lasting effects on production costs,
growers income, and final potato prices
for consumers. PVY has been reported
to infect potato in Brazil for at least 25
years(Alba& Oliveira, 1976), athough
its actua importance has been masked
for two decades by the joint occurrence
of PLRV (Camaraet al., 1986). In 1994
severe losses exclusively due to PVY
were reported, mainly on fields planted
with cultivar Achat (Figueira, 1999).
Achat is one important potato cultivar
in Brazil (Torres et al, 1999).

Strategies to reduce losses by virus
infection are based in the use of virus-
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free seed potatoes and specia cultural
practices (Gugerli, 1986). Usually these
procedures do not offer permanent
solutions to PVY infection. The
development of resistant cultivars in
potato can be a more effective strategy
but, due to the tetraploid nature of its
genome, potato breeding isknown to be
extremely difficult. However the ability
to transform plants using Agrobacterium
tumefaciens Ti plasmids has made it
possible to produce plants with new
traits without severe changes in the
genetic background of the cultivar. CP
mediated protection have been used in
several cropsto obtain transgenic plants
resistant or tolerant to virus infection
(Hull & Davies, 1992).

Frequently, CP mediated protection
results in resistance against the
respective virus. Thiskind of resistance
was observed with Tobacco mosaic
virus, Alfalfa mosaic virus, Cucumber
mosaic virus and both Potato virus X
and Potato Virus Y (Cuozzo et al., 1988;
Lawson et al., 1990; Powell-Abel et al.,
1986; Tumer et al., 1987). Resistance
has a so been found in potato. Farinelli
et al. (1992) reported resistance (but not
immunity) in transgenic potatoes
expressing the CP-gene of PVYN, One
line was completely resistant to PVYN
and partially resistant to PVY°. More
recently, Hassairi et al. (1998)
demonstrated for the first time a real
heterologous immunity in potato:
transgenic potatoes expressing the
Lettuce mosaic virus (LMV) CP gene
were extremely resistant to PVY©°.

Thispaper describestheintroduction
of the coat protein (CP) gene of PVY©°
into potato cv. Achat in order to produce
transgenic plants with high resistance
against PVY.

MATERIAL AND METHODS

Genetic construction

The CP gene from an international
“0” strain, obtained from The
International Potato Center (CIP), Peru,
PVY© was previously cloned and
sequenced (Bravo-Almonacid and
Mentaberry, 1989). A sequence
comprising thelast 17 codons of theviral
replicase, the CP gene, and the complete
3 non-coding region of the viral gRNA

”
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was contained in plasmid pBSY 8.
Appropriate elementsfor theinitiation of
trandation were provided by an 88 bp
cDNA fragment contained in clone
pUCY5. They comprised positions 113
to 201 of the PVY gRNA (Raobaglia et
al., 1989) and included part of gRNA 5
non-coding region, the AUG codon of the
vira polyprotein and the first 5 codons
of the P1 protein. To fuse both sequences
in a continuos reading frame, the
fragment from pUCY 5wasdigested with
Xba | and Hinc Il and ligated upstream
of the pBSY8 sequence, creating
pBSAUGCP. The recombinant
polypeptide encoded by this sequence
containsthecleavagesitefor theNlavira
protease (Riechmann et al., 1992). The
whole sequence was removed from
pBSAUGCP by digestion with Xba | and
Eco RV, and cloned in the binary
expression vector pBI121 (Jefferson,
1987) previoudy treated with Sst | and
T4 DNA polymerase to produce a blunt
end, and digested with Xba | to excise
the b-glucuronidase gene and generate
compatible cloning sites.
Plant transformation
Source of explant

Axillary shoots of potato, cv. Achat,
from virus free plants, established in
vitro, wereremoved at 3-weeksintervals
and inter-nodal segments were excised
and transferred to medium consisting of
MS (Murashige & Skoog, 1962) salts
and, in mgxL-%: sucrose 30,000; i-
inositol 100; thiamine-HCI, 1.0;
pyridoxine-HCI, 0.05; nicotinic acid,
0.05; glycine, 2.0; naftaleneacetic acid
(NAA), 0.05; kinetin (Kin), 0.05;
giberellic acid (GA3) 0.2; and Phytagar
(Sigma) 7,000. Cultures were kept at
25°C and illuminated for 16 h per day
with 62 mmolm-2s?t of cool white
fluorescent light.

Agrobacterium strain and growth
conditions

Agrobacterium tumefaciens
LBA4404 carrying plant transformation
vector pBI-PVY containing the PVY®
coat protein gene and NPT Il genewere
used. The bacteria grew in medium
consisting of Lurias broth (LB) (bacto-
tryptone, 10 g.I'; bacto-yeast-extract, 5
g.I'Y; and sodium chloride, 10 g.I')
supplemented with kanamycin (kan), 50
mg.l"*and streptomycin (Str), 300 mg.l-

1 pH 7.5 beforeautoclaving. Antibiotics
were cold sterilized using Pro-X 0.22
mm membrane filtration before being
added to cooling medium. Cultures for
transformation experiments were
inoculated in 250 ml Erlenmeyer flasks
containing 50 ml of LB medium with
Kan and Str. Inoculated flasks were
placed in an orbital shaker (0,175 g, 150
rpm, r=10 mm), at 28°C and cultures
grown overnight to A, =0.8. Culture
aliquots of 15 ml were centrifuged at
5,000 rpm (Beckman J2-21, JA-20
rotor) for 10 min at 4°C. The supernatant
was discarded and the pellets were
resuspended in 15 ml LB medium
(Torres et al., 1993).

Explant transformation

Nodal segments were dipped into
bacterial suspension for 10 min, blotted
with sterilefilter paper and cocultivated
for 48 h on shoot initiation medium
containing MS (Murashige & Skoog,
1962) salts and, in mgxI; sucrose
30,000; i-inositol 100; thiamine-HCI,
1.0; pyridoxine-HCI, 0.05; nicotinic
acid, 0.05; glycine, 2.0; ribosilzeatin
(Zea), 3,0; and Phytagar (Sigma) 7,000.
After cocultivation, explants were
immersed for 30 min in 200 ml of MS
salts, 3% sucrose with 100 mgl? of
cefotaxime (Cef) and 500 mgl?
carbenicillin (Carb). Explantswerethen
placed in selection/shoot initiation
medium containing Kan at 50 mgl 2, Cef
100 mgl-t and Carb 500 mgl2. Following
shoot initiation, surviving plantletswere
transferred every 14 days to fresh
medium. For rooting, plantlets were
transferred to medium containing MS
salts, vitaminsand 0.5 mg.L * of indole-
3-butyric acid.

Plant inoculation with PVY
strains and virus detection

Two PVY strains were used for
resistance evaluation, PVY-OBR and
PVY-NBR (Inoue-Nagata et al., in
press). PVY-OBR is an ordinary strain
collected from potato, which causes
mottling and pearl spots symptoms in
Nicotiana tabacumplants. PVY-NBRis
anecrotic strain isolated from potato and
causes necrosis in N. tabacum. Both
strains were maintained in N. tabacum
plants under mechanical inoculation.

Potato plants to be inoculated were
grown from virus-free tubers obtained

119



originally from the 63 different in vitro
explants screened in selective media
(kan®). Three plants per genotype were
used: two plants were inoculated with
each of the PVY strains and the third
was kept virus-free and grown together
as a negative control. The inoculation
was conducted two to three weeks after
emergence and consisted rubbing the
potato leaves previously dusted with
Carborundum with a PVY infected
macerate of Nicotiana tabacum leaves
at 1:10 dilution in 0.01 M phosphate
buffer plus 1% sodium sulfite. The
plants were inoculated twice, with the
same PVY dirain, over 48 hours. Non-
transformed virus-free potato plants,
cultivar Achat, were also inocul ated and
used as a positive control. The clones
that did not show symptoms were
selected. New tubers of these plants
were planted and the plants were
inoculated in the same way as described
above, using eight plants per clone and
two viral dilutions in the inoculation
suspension: 1:20 and 1:40. ELISA was
performed 15 and 21 days after the first
inoculation, using polyclonal antibodies
against PVY in a double antibody
sandwich format (Clark & Adams,
1977). All bioassays were performed
under controlled conditions to avoid
aphids and to prevent any risk of
environmental spread of transgenic
material.

Southern blot analysis

Genomic DNA from non-infected
putative transgenic and non-transformed
Achat plants was extracted from young
leaves (Dellaporta et al., 1983). Twenty
mg of DNA from each sample were
digested with Eco Rl or Xba | (Eco RI
cutstwicein CPgenereleasingthewhole
geneand Xba | cutsonceinthe T-DNA).
The products of digestion were separated
on a 0.9% agarose gel and blotted onto
Hybond-N membrane (Amersham,
USA). Hybridization was carried out
using the CP or npt |l gene *2P-labeled
probes (Sambrook et al., 1989).

RESULTS AND DISCUSSION

In thisstudy, transgenic plants of the
potato cultivar Achat were obtained,
which showed extreme resistance to
Brazilian strains PVY-OBR and PVY -
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NBR. Sixty-three kanamycin resistant
plants were regenerated in genetic
transformation experiments and they
were mechanically and isolatedly
inoculated with the two Brazilian PVY
strains. Two clones, 1Pand 63P, showed
no symptoms, aswell asnegativeresults
for PVY in ELISA, and were selected
for further analysis. Other clones, were
either moderately resistant (showed
delayed and attenuated symptoms) or
were completely susceptible.

In a second round of assays, after
micropropagation, the resistant clones
were challenged with the two PVY
strains. Line 63P showed some
phenotypic abnormalities, smaller
tubers and dlower plant growth, when
compared to non-transformed plants.
Two out of 16 plants of the 63P clone
showed milder symptoms and the virus
could be detected by ELISA. The clone
1P showed no symptoms and a negative
EL I SA assay. Thisclonewas considered
to be extremely resistant to both strains
of PVY.

Southern blot with DNA digested
with Eco | revealed the presence of at
least three copies of the npt Il gene in
both lines 1P and 63P (Figure 1). The
intense hybridization bands observed in
clone 1P, when compared with clone
63P indicated that the number of copies
of the introduced gene in line 1P may
be higher thanintheline 63P. Additional
Southern hybridization of total genomic
DNA digested with Xba | (cuts once in
the CP gene) indicated that the line 1P
has probably five copies of the CP gene
(Figure 2). Since the construction pBI-
PVY used in transformation
experiments has an open reading frame,
theoretically the resistance could be
protein mediated.

The stability of the integrated
transgenesin the extremeresistant clone
1P was examined by Southern blotting
hybridization. Potato is an asexually
propagated plant and during the process
of transformation by Agrobacterium,
chimeric plants can be obtained.
Therefore it is important to analyze
wether, after several generations of
propagation, the introduced transgenes
are stable in the acceptor genome.
Consequently, a comparative Southern
blot analysis was performed with DNA
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Figure 1. Southern blot hybridization of
genomic DNA from potato plants
transformed with pBI-PVY t-DNA (lanes 1
and 3) and control plant (lane 2). Genomic
DNA was digested with Eco RI and
hybridization was carried out using npt 11
gene ¥2P-labeled probes. Lane 1- Clone 63 P
showing at |east three copies of theintegrated
npt Il gene. Lane 3- Clone 1 P showing at
least three copies of the integrated npt |1
gene. Brasilia, Embrapa Hortalicas, 2.000.

extracted from the primary transformant
and DNA from the same line after
several in vitro multiplications in a
period of three years. The same pattern
was obtained for the two DNA
preparations (Figure 2), indicating that
the integrated transgenes were stably
mantained during the vegetative
propagation. In the case of potato, this
isavery important feature, asvegetative
propagation ishow potato seedtubersare
obtained.

Thehomology degree of the CP gene
used in the transformed plants (from
PVY©) with the PVY-OBR and PVY-
NBR is respectively 95.9 and 93.3%
(Inoue-Nagata et al., in press). It is
believed that a broad spectrum
resistance can result in a stable
resistancein thefield and thus, the most
pressing practical need for transgenic
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Figure 2. Southern hybridization of genomic
DNA from potato plantstransformed with pBI -
PVY t-DNA and control plant, showing the
number of copiesand stability of theintegrated
transgenes in clone 1 P. Genomic DNA was
digested with Xbal and probed with afragment
of the CP-gene. Lane 1: clone 1P from primary
transformant; lane 2: untransformed potato;
lane 3: clone 1P after several in vitro
multiplications over a three years period.
Brasilia, Embrapa Hortdigas, 2.000.

resistant plants is for high-level, broad
spectrum resistance (Baulcombe, 1996).

In this study we selected two highly
resistant potato lines,1P and 63P, against
two PVY dtrains, in transgenic potato
cv. Achat. The two lines were twice
challenged and, the 1Plinedid not allow
systemic virus multiplication and
symptom expression. This line also
demonstrated stability of the integrated
transgenes over a period of three years,
after  successively in vitro
multiplications. The stability of the
transgenes, the absence of primary
infections and the relatively broad
spectrum of resistance suggeststhat this
line can be used for agricultural
purposes. However, greenhouse
experiments can only give an indication
of plant performance. Thus, field
experiments are being conducted to
confirm wether this transgenic line has
retained all the agronomic
characteristics of “Achat”, and the
resistance, under natural disease
pressure.
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RESUMO

Foi conduzido um experimento em estufa plastica na Universi-
dade Federal de SantaMaria(RS), com o objetivo deavaliar aeficién-
cia de solugdes nutritivas sobre a produtividade de cultivares de al-
face (Aurora, Livia, Regina, Brisa, Mimosa e Ver6nica) em
hidroponia. O experimento foi realizado no periodo de outubro a
dezembro de 1998, em delineamento experimental de blocos ao aca-
so, com duas repeticdes. Avaliou-se sete solugdes nutritivas reco-
mendadas por Uedanasuaformulagdo completa; Castellane & Arau-
jo (50% e 100% da concentragdo); Furlani (50% e 100% da concen-
tracdo); Bernardes (50% e 100% da concentracéo). Os resultados
demonstraram que as solucfes nutritivas completas, recomendadas
por Castellane & Araujo e Furlani foram as mais eficientes na pro-
ducdo de aface. A solugdo nutritiva Ueda apresentou a menor pro-
dutividade, mesmo quando comparada com as solugGes diluidas
(50%). As cultivares Regina e Mimosa mostraram os melhores de-
sempenhos e a cultivar Aurora mostrou pouca adaptacdo para culti-
VO nessa época do ano.

Palavras-chave: Lactuca sativa, cultivo sem solo, cultivo
hidrop6nico.

ABSTRACT

Efficiency of nutrient solutions and performance of lettuce
cultivars in hydroponics.

The efficiency of seven different hydroponic solutions was
evaluated on theyield of six lettuce cultivars (Aurora, Livia, Regina,
Brisa, Mimosa and Verdnica). The experiment was performed from
October to December 1998, in a randomized blocks designed with
two replications. The nutrient solution recommended by Ueda was
analyzed in its complete formulation (100%), and Castellane &
Araujo; Furlani; and Bernardes in its complete and half formulation
of nutrients concentration (100% and 50%). The nutrient solutions
recommended by Castellane & Araujo; and Furlani, without dilution
(100%), resulted in higher yield. The use of Ueda nutrient solution
resulted in the lowest yield, even when compared with diluted
solutions (50%). Regina and Mimosa cultivars presented the best
performance and Aurora the worst one.

Keywords: Lactuca sativa, soilless culture, hydroponic conditions.
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hidroponiaé umatécnicade culti-

vo de plantas em meio liquido que

tem se expandido no mundo todo como
meio de cultivo de hortaligas, pois per-
mite o plantio durante todo o0 ano, além
de atender perfeitamente as exigéncias
de producdo com uniformidade, alta
qualidade, alta produtividade, desperdi-
cio minimo de &gua e nutrientes e o mi-

nimo uso de defensivos agricolas
(Alberoni, 1998).

No Brasil, a hidroponia estd bastante
disseminada. Em praticamente todos os
Estados cultiva-se nesse sistema, princi-
pamente a aface (Teixeira, 1996). Essa
espécie é amais difundida entre os pro-
dutores por se tratar de cultura de f&cil
manegjo e por ter ciclo curto, garantindo

répido retorno do capital investido
(Koefender, 1996). No mercado estéo
disponiveis muitas cultivares de alface,
mas pouco se sabe a respeito de suas
adaptacbes a hidroponia, ndo havendo
recomendacdo de cultivaresparaesses s
tema de cultivo (Gualberto et al., 1999).
Um aspecto fundamental para o su-
cesso do cultivo hidropbnico é a esco
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122

Hortic. bras., v. 19, n. 2, jul. 2001.



