
BREEDING, CULTIVARS, ROOTSTOCKS, & GERMPLASM RESOURCES

HORTSCIENCE 30(2):336–337. 1995.

e

b

er

-

g

-
n-

-
il-
-

ni-

le

e-
-
o-
Inheritance of Resistance to Zucchini
Yellow Fleck Virus in Cucumis sativus L.
F. Gilbert-Albertini
Station de Pathologie Végétale, Institut National de la Recherche Agronom
B.P.94, 84143 Montfavet Cedex, France

M. Pitrat
Station d’Amélioration des Plantes Maraîchères, Institut National d
Recherche Agronomique, B.P.94, 84143 Montfavet Cedex, France

H. Lecoq1

Station de Pathologie Végétale, Institut National de la Recherche Agronom
B.P.94, 84143 Montfavet Cedex, France

Additional index words. cucumber, genetic, potyvirus

Abstract. Zucchini yellow fleck virus (ZYFV) is a potyvirus that occurs in cucurbits grown
in some Mediterranean countries. ‘Marketer’ cucumber responded to ZYFV infection
with a severe mosaic, stunting, and leaf and fruit deformation. A high level of resistanc
to this virus was found in a single plant selection of ‘Taichung Mou Gua’ (TMG) cucumber
from Taiwan. In F2 and backcross populations involving TMG x ‘Marketer’, the resistance
to ZYFV was determined to be conferred by a single recessive gene, to which the sym
zyf is assigned.
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Several viruses may cause major losse
cucumber (Cucumis sativus L.) crops, includ-
ing three potyviruses [zucchini yellow mosa
virus (ZYMV), papaya ringspot virus Type W
(PRSV-W), and watermelon mosaic virus ty
2 (WMV2)] (Lisa and Lecoq, 1984; Purcifu
et al., 1984a, 1984b). Zucchini yellow flec
virus (ZYFV) is considered a distinct memb
of the potyviruses, different from the oth
cucurbit potyviruses (ZYMV, PRSV-W
WMV2) regarding serological and host ran
properties (Vovlas et al., 1981). Nevertheless
a distant relationship exists between ZYF
and PRSV-W (Baker et al., 1987; Quiot-Doui
et al., 1990). ZYFV has been reported in som
Mediterranean countries, where it has cau
severe epidemics in cucumber and squ
(Cucurbita pepo L.) by inducing severe mo
saic and vein banding symptoms on leaves
fruit (Avgelis, 1985; Gilbert-Albertini and
Lecoq, 1994; Katul and Makkouk, 198
Vovlas et al., 1981, 1983). Although ZYFV
has not been found yet in cultivated cucur
plants in France, it was recently isolated fro
squirting cucumber [Ecballium elaterium (L.)
A. Rich.] in southeastern France. ZYFV su
vival often has been associated with the pr
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ence of squirting cucumber, a perennial we
common in the Mediterranean basin (Avgel
1985; Gilbert-Albertini and Lecoq, 1994
Vovlas et al., 1981, 1983). Removing thi
weed around vegetable fields could efficien
limit ZYFV spread (Avgelis, 1985).

Various genes govern resistances 
potyviruses in cucumber accessions. Cohe
al. (1971) described resistance to WMV2 go
erned by a dominant gene (Wmv), and Wang et
al. (1984) reported resistance to PRSV-
governed by a recessive gene (prsv).
Provvidenti (1985) reported that a line deriv
from a single ‘Taichung Mou Gua’ plant from
Taiwan (‘TMG-1’) was resistant to ZYMV
PRSV-W, WMV2, and cucumber mosaic v
rus (CMV). The resistance to ZYMV is gov
erned by one recessive gene (zym ) (Provvidenti,
1987), WMV2 resistance by two recessi
genes, and PRSV resistance by one domin
gene (Wai and Grumet, 1991). ‘TMG-2’, a
other single plant selection derived from TM
is resistant to ZYMV, WMV2, and PRSV. I
this study, we determined that ‘TMG-2’ is als
resistant to ZYFV and analyzed the inher
ance of this resistance.
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Table 1. Resistance segregation in progenies f
resistant inbred line ‘TMG-2’ after inoculatio
(ZYFV-Fr).

No. plant
Generation Total Sz

P1 = Marketer 23 23
P2 = TMG-2 26 0
F1 (P1 × P2) 20 20
F1 (P2 × P1) 43 43
F2 (P2 × P1) 232 168
BCs: P1 (P2 × P1) 65 65
BCr: P2 (P2 × P1) 105 54
zS = susceptible plants with mosaic symptoms a
yR = resistant plants without symptoms and with
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ique,
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Materials and Methods

Seed samples of the Taiwanese cucumb
‘TMG-2’ were provided by R. Provvidenti
(Cornell Univ., Geneva, N.Y.). This line was
crossed with the susceptible cultivar Mar
keter, and the F2, BCs (‘Marketer’ x F1), and
BCr (‘TMG-2’ x F1) generations were pro-
duced. Seeds were sown in flats with pottin
soil and then transplanted into 500-cm3 square
pots filled with the same potting soil. Experi
ments were conducted in an insect-proof gree
house maintained at 20 to 25C.

A ZYFV [ZYFV-French isolate (ZYFV-
Fe)] isolate was obtained from squirting cu
cumber collected in southeastern France (G
bert-Albertini and Lecoq, 1994) and main
tained in Cucurbita pepo L. (‘Diamant’). At
the cotyledon stage, seedlings were mecha
cally inoculated by the Lecoq et al. (1979)
method commonly used in our laboratory.

Serological tests were conducted in doub
antibody sandwich enzyme-linked
immunosorbent assay (DAS-ELISA) (Clark
and Adams, 1977), using a polyclonal antis
rum against ZYFV-Fr, IgGs, and alkaline phos
phatase-conjugated IgGs obtained in our lab
ratory (Gilbert-Albertini and Lecoq, 1994).
All absorbance values at 405 nm (A405 values)
were measured with a spectrophotomet
(Multiscan plus, Labsystems, Helsinki, Fin
land) after 1.5 to 2 h substrate incubation.

The inheritance of ZYFV resistance wa
analyzed on the basis of leaf symptoms a
DAS-ELISA readings on young leaves 3 an
4 weeks after inoculation. For the genet
analysis, two independent tests were perform
on parents, F1, F2, and the reciprocal back-
crosses.

Results and Discussion

Chlorotic lesions generally appeared o
ZYFV-inoculated cotyledons or leaves o
‘Marketer’ and ‘TMG-2’ after inoculation.
Severe mosaic symptoms subsequently dev
oped on the ‘Marketer’ leaves, and fruit pro
duced on these plants were small and mottle
Symptoms were absent on noninoculate
‘TMG-2’ leaves. The virus was detected with
high A405 values in DAS-ELISA in cotyledons
and leaves (inoculated or noninoculated) 
‘Marketer’ plants (A405 values >1.5). Inocu-
lated ‘TMG-2’ cotyledons and leaves pre
sented variable A405 values (0.5 to 1.6). The
virus was detected in the first two leaves abo
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rom crosses between the susceptible ‘Marketer’ and the
n with a French isolate of zucchini yellow fleck virus

χ2

Ry Ratio Value Probability
0

26
0
0

64 3:1 0.83 0.36
0

51 1:1 0.09 0.77

nd high absorbance values at 405 nm in DAS-ELISA.
out virus detected in the upper leaves in DAS-ELISA.
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the inoculated cotyledons, with a mean abso
bance value <0.6. In the upper leaves, the vir
was neither detected by DAS-ELISA nor wa
it recovered by back-inoculation to suscep
tible cucumbers.

Like plants of the susceptible parent, the 1

plants reacted to inoculation with ZYFV with
severe mosaic and high A405 values (Table 1).
Mosaic symptoms similar to those in the su
ceptible parent developed on some F2, BCr,
and BC plants. No plants showed milder mo
saic symptoms than those observed on t
susceptible parent. The presence of sympto
was correlated with high A405 values (>1.5),
and the virus was either not detected or d
tected only at low concentrations (A405 < 0.1)
in leaves without symptoms. Results of th
two tests were homogeneous; F2 and BCr
generation segregation was similar in the tw
tests according to a heterogeneity χ2 test (F2, χ2

= 0.0004 with P > 0.9; BCr, χ2 = 0.13 with P >
0.7). The F2 progeny segregated for suscept
bility and resistance in a 3:1 ratio. The BC
progeny segregated in a 1:1 ratio. All plan
resulting from BCs were susceptible.

The frequency of ZYFV-Fr-resistant plant
in progenies of a ‘TMG-2’ x ‘Marketer’ cross
may be explained by the action of one rece
sive gene (symbolized zyf). To our knowl-
edge, this is the first report of ZYFV resistanc
in cucumber (Provvidenti and Hampton, 1992

TMG previously has been resistant again
several viruses (ZYMV, PRSV, WMV2, and
CMV), and it has excellent horticultural char
acteristics (Provvidenti, 1985). Studies of ge
HORTSCIENCE, VOL. 30(2), APRIL 1995
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netic relationships between these different 
sistances will make the selection of a mul
resistant commercial cultivar easier.
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