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The incidence of several viral diseases
such as those caused by Tomato mosaic virus
(ToMV) and Tomato spotted wilt virus
(TSWV) makes tomato landrace cultivation
practically nonviable in many areas of south-
eastern Spain, especially in open-field condi-
tions (Ruiz et al., 2005). ‘De la Pera’ and
‘Muchamiel’ are two tomato landraces that
are very appreciated as a result of their
organoleptic fruit quality. The Miguel Her-
nández University breeding program for the
introgression of virus resistance into Spanish
landraces has already resulted in the release
of two breeding lines, UMH 1200 and UMH
1203, both homozygous for Tm-2a, Ty-1, and
Sw-5 genes (Garcı́a-Martı́nez et al., 2011,
2012). These breeding lines allow farmers to
obtain acceptable harvest under intense virus
infection conditions. However, when com-
pared with the original landraces under low
virus incidence conditions, important yield
decreases were obtained for these breeding
lines, ranging between 50% and 75% de-
crease for UMH 1200 and between 40% and
50% for UMH 1203 (Garcı́a-Martı́nez et al.,
2011, 2012). These results are the result of
the introgressed genes and/or to the linkage
drag, as previously reported in processing
tomatoes (Tanksley et al., 1998) and in fresh
tomato (Rubio et al., 2012), although the
yield problems are mainly the result of the
introgression of the Ty-1 gene for Tomato
yellow curl virus (TYLCV) resistance. For
this reason, we have developed the breeding
lines UMH 1422 and UMH 1415 without
TYLCV resistance. The two lines are useful
for tomato cropping in the spring to summer
growing cycle, when the incidence of the
viruses caused by TYLCV is less intense.
Both lines have medium-sized fruits (70 to
90 g) with a bell shape and green shoulders

(Fig. 1). Organoleptic characteristics of the
fruits are similar to those of the original
landrace. UMH 1422 is homozygous only
for the Tm-2a resistance gene, whereas UMH
1415 is homozygous for the Tm-2a and Sw-5
resistance genes. These breeding lines ob-
tained yields similar to the original landrace
in several trials.

Origin

Breeding lines UMH 1422 and UMH
1415 were obtained by crossing a De la Pera’
cultivar (accession P21, previously selected
for fruit morphological characteristics, high
yield, and uniformity) with the commercial
cultivar Anastasia F1 (Seminis Vegetable
Seeds, St. Louis, MO) used as the donor
parent of the Tm-2a, Sw-5, and Ty-1 genes
(Pérez de Castro et al., 2007), conferring

resistance to ToMV, TSWV, and TYLCV,
respectively. Using marker-assisted selection
for the three virus resistance genes, nine
backcross generations to the De la Pera
cultivar were performed. Several trials under
different infection conditions (mechanical
inoculation for ToMV and natural infection
for TYLCV and TSWV) were carried out to
control the presence of the resistance alleles
in the backcross generations and the effec-
tiveness of the molecular markers. In addi-
tion, a high selection pressure for ‘De la Pera’
characteristics (bell shape, green shoulder,
low sensitivity to blossom-end rot) and good
agronomic behavior were applied during all
backcross generations. After the selfing of
a single triple heterozygous plant from a
BC9F9 family followed by two additional
generations of selfing and selection, the pure
breeding lines UMH 1422, homozygous only
for Tm-2a, and UMH 1415, homozygous only
for Tm-2a and Sw-5, were selected using
molecular markers and multiplied by self-
pollination in a greenhouse under controlled
conditions.

Description and Performance

UMH 1422 is homozygous for Tm-2a

(ToMV resistance gene), whereas UMH
1415 is homozygous for Tm-2a and Sw-5
(ToMV and TSWV resistance genes, respec-
tively). The lines have indeterminate growth
with intermediate foliage density. From 2009
to 2011 we cultivated UMH 1422, UMH
1415, and the recurrent cultivar P21 under
different conditions (open field, greenhouse,
and mesh-covered net house) in the spring to
summer crop cycle, the most widely used
growing cycle in the traditional area of ‘De la
Pera’ tomato cultivation. UMH 1422 showed

Fig. 1. Fruits of UMH 1415.
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similar or better agronomic characteristics
than the original cultivar P21 (Table 1). UMH
1415 yielded similarly or lower than UMH
1422, whereas the differences with the culti-
var P21 depended on the trial. A significant
decrease in both titratable acidity and solu-
ble solid content of fruit was found for the
breeding lines compared with the landrace,
in the three trials, being less marked in the
trial performed under the mesh-covered net
house in 2011 (Table 1). However, tomato
tasting panels composed of untrained tasters
found no significant differences between the
breeding lines and P21 line for flavor,
texture, and overall acceptability, although
the panels detected differences for external
appearance (Table 2). UMH 1422 received
higher scores for external appearance than
UMH 1415 and P21, whereas UMH 1415
and P21 showed no significant differences
for this trait. Results of sensory analysis
indicated similar organoleptic values of the
breeding lines and the traditional cultivar,
suggesting that the introgressed resistance
genes have not reduced significantly fruit
organoleptic quality.

Use
UMH 1422 has genetic resistance to

ToMV, whereas UMH 1415 has genetic re-
sistance to ToMV and TSWV, viruses that
usually affect tomato landrace cultivation in
southeastern Spain, especially in open-field
conditions. These breeding lines could be
useful for tomato cultivation in the spring to
summer growing cycle, when the incidence of
the diseases caused by TYLCV is less intense,
as a result of the low population levels of the
whitefly vector Bemisia tabaci (Genn.). The
reduced linkage drag in these lines is not only
evident from the consumer acceptability sim-
ilar to that of the recurrent landrace, but also
from the no decrease in yield. As previous
releases produced by our breeding program,
UMH 1422 and UMH 1415 are being licensed
to a private company to develop F1 hybrids by
crossing them with other landraces and breed-
ing lines to use the genetic resistance in
a heterozygous state. In addition, UMH 1422
and UMH 1415 have been incorporated into
breeding programs to facilitate the introgres-
sion of the resistance genes into several other
tomato Spanish landraces.

Availability

Small trial seed samples of the UMH 1422
and UMH 1415 breeding lines are available
for research purposes (contact the authors).
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Table 1. Yield traits, titratable acidity (TA), and soluble solids concentration (SSC) of the breeding lines UMH 1422, UMH 1415, and ‘De la Pera’ landrace
(accession P21) grown in the open field, greenhouse, and mesh-covered net house in the spring to summer crop cycle.

Marketable yield (kg/plant)z Avg fruit wt (g)z Fruit number per plantz TA (g/100 g)y SSC (�Brix)y

Open field 2009
UMH 1422 2.61x 82.8 31.7 ab 0.53 a 4.25 a
UMH 1415 2.67 74.3 36.1 b 0.51 a 4.02 a
Accession P21 2.23 76.6 28.9 a 0.63 b 5.81 b

Greenhouse 2010
UMH 1422 2.65 c 88.7 b 30.3 0.56 ab 4.99 a
UMH 1415 2.32 b 82.7 b 27.9 0.53 a 4.84 a
Accession P21 2.02 a 70.2 a 28.8 0.60 b 5.30 b

Mesh-covered net house 2011
UMH 1422 2.85 b 74.2 b 38.4 0.55 ab 5.01 a
UMH 1415 2.51 a 68.0 a 37.1 0.53 a 5.12 ab
Accession P21 3.08 b 79.7 c 38.7 0.59 b 5.25 b

zMean of 10 plants per plot for two replicates.
yMean of 10 fruits per plot for two replicates.
xMean values in a column followed by a different letter are significantly different according to Duncan’s multiple range test (P < 0.05).

Table 2. Sensory analysis for the breeding lines UMH 1422 and UMH 1415 and ‘De la Pera’ landrace
(accession P21) grown in the mesh-covered net house in 2011 in the spring to summer crop cycle.z

Line cultivar External appearancey Flavor Texture Overall acceptability

UMH 1422 2.7 bx 2.2 2.6 2.3
UMH 1415 2.3 a 2.5 2.5 2.4
Accession P21 2.4 a 2.4 2.5 2.4
zFor sensory analysis, fruits were washed and cut into wedges. The tests were conducted according to the
ranking method (Gould, 1983).
yEach value is the mean of the scores of 42 untrained tasters on a 1 (bad) to 3 (good) scale.
xEach value in a column followed by a different letter are significantly different according to Duncan’s
multiple range test (P < 0.05).
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