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Abstract — The objective of this work was to determine the inheritance of resistance by antixenosis in tomato
plants (Lycopersicon esculentum) to tomato leafminer [7uta absoluta (Lepidoptera: Gelechiidae)]. Evaluations
were performed for tomato plants of the generations P, P,, F;, F,, RC; and RC,. The measured characteristic
in the parents, BGH-1497 (P, male) and 'Santa Clara' (P, female), and in the F,, F,, RC, and RC, generations
was the number of eggs per plant. This number was converted to the oviposition nonpreference index. The
inheritance of antixenosis resistance of genotype BGH-1497 is ruled by a gene of greater effect and polygenes
in epistatic interactions, with a phenotypic proportion of 13:3 between susceptible and resistant genotypes,
respectively.

Index terms: Lycopersicon esculentum, Tuta absoluta, genetic resources.
Heranca da resisténcia antixenética de tomate a traga-do-tomateiro

Resumo — O objetivo deste trabalho foi determinar a heranga da resisténcia por antixenose em plantas de tomate
(Lycopersicon esculentum) a traga-do-tomateiro [Tuta absoluta (Lepidoptera: Gelechiidae)]. As avaliagdes
foram realizadas em plantas de tomate das geragdes Py, P,, F;, F,, RC, e RC,. A caracteristica medida nos pais,
BGH-1497 (masculino P,) e 'Santa Clara' (feminino P;), e nas geragdes F,, F,, RC, ¢ RC, foi o numero de ovos
por planta. Este nimero foi transformado em indice de ndo preferéncia por oviposi¢ao. A heranga da resisténcia
por antixenose do gendtipo BGH-1497 ¢é governada por um gene de efeito maior e poligenes em interagdes
epistaticas, com uma propor¢ao fenotipica de 13:3 entre gendtipos suscetiveis e resistentes, respectivamente.

Termo para indexagdo: Lycopersicon esculentum, Tuta absoluta, recursos genéticos.

Introduction

The tomato leafminer Tuta absoluta (Meyrick)
(Lepidoptera: Gelechiidae) is one of the major pests
attacking the commercial tomato (Lycopersicon
esculentum Mill.), and it occurs in most South
American countries (Leite et al., 2004). The larvae
damage the leaves creating perforations in the form of
galleries, since they feed on mesophyll tissues (Franca
et al., 2000). New shoots, flowers and fruits are also
attacked (Michereff Filho & Vilela 2001).

This pest is controlled with the use of insecticides,
which may lead to insect resistance, decrease natural
enemies and increase production costs (Siqueira
et al., 2000). Alternative methods to replace chemical
control have been used, such as genotypes of resistant
tomato plants (Toscano et al., 2002). Hence, the genetic
resources of tomato plants have been evaluated for use
as possible sources of resistance (Moreira et al., 2005).
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Plant resistance may occur by antixenosis and
antibiosis mechanisms. Antixenosis is characterized
by lower utilization of the host by insects, for food,
oviposition and shelter (Fancelli et al., 2005, 2008).
There may be several causes for this mechanism,
which can be chemical (Frelichowski Junior & Juvik,
2005; Resende et al., 2008), physical (Khush & Panda,
1995) and morphological (Dhillon et al., 2005), and
may influence oviposition, nutrition and permanence
of the insect on a plant.

According to Duvick (1986), the use of genetic
resources plays an important role in breeding programs
to obtain insect-resistant plants. Resistant genotypes
are routinely used to breed pest-resistant cultivated
plant varieties, and also to maintain insect population
at an acceptable level (Vendramim & Nishikawa,
2001). The use of genetic resources of cultivated
L. esculentum maintained in the germplasm banks is
an alternative to recover the lost genetic variability,
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in order to improve plant resistance to pests (Oliveira
et al.,, 2009). In addition, agronomic characteristics
of tomato genotypes have been characterized (Abreu
et al., 2006); however, there is still little information
on the effect of these resistant genotypes against
T absoluta. So far, only the genotype BGH-1497 has
had its strength proven, but there are few known studies
on inheritance by antixenosis (Oliveira et al., 2009).

The objective of this work was to determine the
inheritance of resistance by antixenosis in tomato
plants to T. absoluta.

Materials and Methods

The experiment was carried out at the Universidade
Federal de Vigosa (UFV), Vigosa, MG, Brazil.
The tomato genotype BGH-1497 from the Banco
de Germoplasma de Horticultura (Horticultural
Germplasm Bank — BGH) of the UFV was used, since
low preference for oviposition of 7 absoluta had been
detected in this genotype in previous studies (Oliveira
et al., 2009).

The cultivar Santa Clara (Isla Sementes, Porto
Alegre, RS, Brazil) was the female parent (P)),
while genotype BGH-1497 was the male parent (P,).
The seeds obtained from this crossing originated
the F, plants. Some plants of the generation F, were
autofecundated to produce the generations F,, while
others were crossed with BGH-1497 and 'Santa Clara'
to obtain the backcross generations RC, and RC,,
respectively. Evaluations were performed for 15, 15,
16, 220, 64 and 64 tomato plants of the generations P,
P,, Fy, F,, RC; and RC,, respectively.

Seeds from parents BGH-1497 and 'Santa Clara',
and from the generations F,, F,, RC, and RC, were
sown on a styrofoam tray with 128 cells, in a substrate
with carbonized pine bark + vermiculite Bioplant
(Bioplant Agricola Ltda, Nova Ponte, MG, Brazil).

Plants from parents BGH-1497 and 'Santa Clara' and
from the generations, F,, F,, RC, and RC,, with three
definitive leaves, were transplanted to 300 mL plastic
cups. After 30 days, the seedlings from generations P,
P,, Fi, RC,, RC, and F, were placed and equidistantly
disposed inside a cage with wooden corners, covered
with an organza cloth, with 3.0 x 1.0 x 0.8 m in length,
width and height, respectively. The cages were placed in
a greenhouse, at temperature of 25+5°C and air relative
humidity of 75%. The cultural treatments applied to the
tomato plants followed the recommendations by Silva

et al. (2008). The irrigation was performed twice a day,
without any chemical control of pests and diseases.
The infestation was conducted with 200 adult
leafminers released in each cage, regardless of
sex. The evaluations were carried out after every
12 hours of exposure of the seedlings to adult
leafminers, by counting the number of eggs per
plant for each generation. Data from the egg count
were used to generate the nonpreference index (NPI)
for the oviposition of the tomato plant leafminer:

NPI = [(100 - P)/(100 + P)]100,

in which: P is the percentage of oviposition, considered
as 100% preference for oviposition, when the tomato
plant had the highest number of eggs in the evaluations.
By definition, a nonpreference index equal to zero was
adopted for the plant with the highest oviposition rate.

Based on the variance analysis, the following
estimates were obtained (Cruz et al., 2004): genotypic
variance in generation F, (63r), Gurs =GOt - Guer2;
phenotypic  variance in generation F, (of),
Of2 = Oup + Guam + Ohera; environmental variance in
generation F, (Gher2), Gwer2 =0%1; additive variance
(CAﬁFz ), 6%11:2 =2 6?;1:2 - (62gRC1P1 + GéRC2P2); variance due
to dominance deviations (i), G = cszgpz - 625
broad-sense heritability (h%p), hip = 84/6%;
narrow-sense heritability (hip), hip = 63/6%,
hie, = [6ar2 /(Bip2 + Gapr + Guerz )] Cruz et al., 2004,
obtained the following estimates for average degree of
dominance (ADD):

variance-based — ADD = (2 &/ &)™,
average-based — ADD = {[2F, - (P, + P,)]/ P, - P,};

and minimum number of genes involved in character
determination (n), n = {[R¥1 + 0,5K?)]/86%,}; in
which: 6%, is the phenotypic variance in P; 6%, is
the phenotypic variance in P,;6%, is the phenotypic
variance in F,;6%, is the phenotypic variance in F;
62gRClp1 is the genotypic variance in RCl;E is the average
of Fy; 6§RC2P2 is the genotypic Variancg in RC,; R?is the
total amplitude in F,; K is the ADD; P, is the average
of the parent with higher magnitude; P, is the average
of the parent with lower magnitude.

The environmental variance was estimated in F,
through phenotypic variance in P,. The environmental
variance was calculated in RC,; with the estimator
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(VIP,+V{F,)/2, and the environmental variance in RC,
was calculated with (VIP,+V{F,)/2.

The generation averages were analyzed with the
complete and the additive-dominant models. In the
complete model (m, a, d, aa, ad, dd), the parameters
were estimated with the ordinary least squares
method. In the additive-dominant model (m, a, d), the
parameters were estimated with the weighted least
squares method, in accordance with the methodology
described by Cruz et al. (2004). The variances and
generation averages were analyzed with the GENES
software (Cruz, 2001).

In order to test the hypothesis of monogene
inheritance and the presence of polygene loci (or
modifiers) affecting the character, an alternative
methodology based on the estimators of maximum
likelihood was used (Menezes et al., 2005). In the
most general model, there is a gene with higher effect,
as well as polygenes with additive effects and the
same dominance and environmental variances for all
generations. Independent genes, polygenes and genes
with greater effect, were also admitted. Based on the
functions of likelihood for each model, it was possible
to compose tests of interest, considering different
hypotheses. The tests were carried out with the GENES
software (Cruz, 2001).

Results and Discussion

A difference in the nonpreference index (NPI) was
observed for the different generations obtained from
the crossing between the cultivar Santa Clara and the
genotype BGH-1497 (Fs4=2.81, p=0.017). The NPI
averages observed for P;, RC, and RC, were higher
than the expected ones, and an inverse response was
observed for the averages of P,, F, and F, (Table 1).
The NPI average observed for the parent BGH-1497
was 38% lower than that for the parent 'Santa Clara’,
indicating lower preference for the genotype in
comparison to the cultivar by 7. absoluta insects.

The back crossings were observed to achieve similar
averages, but showed contrasting phenotypic variances
(Table 1). The average degree of dominance was 1.17.
Cabral et al. (2001, 2002) did not verify significant
transgressive segregation in the generations of the
crossings among four oat genotypes, since the genes
that control certain characters are not distributed
complementarily among the parents, which allows
of the accumulation of favorable or unfavorable
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genes in the progenies. Variance-based, 5.37 genes
controlling antixenosis-resistance in BGH-1497 were
estimated, which indicates polygene inheritance. The
inheritance of this type of resistance is the expression
of genes of several loci, each contributing with a small
additive effect. The significant advantage of horizontal
resistance is its ability to control a wide spectrum of
insect biotypes and, in opposition to vertical resistance,
it shows difficulties for transferring from one genotype
to another and is more stable and durable (Khush &
Panda, 1995; Vendramim & Nishikawa, 2001).

The genotypic variance in population F, was
attributed to additive effects due to the negative values
of the variances related to the deviations of dominance,
which was considered zero for the calculation of the
average degree of variance-based dominance (Table 2).
Robinson & Cockerham (1965) stated that this occurs
because of the impossibility of isolating the effects of
the genotype-environment interaction. Several studies
emphasize the importance of evaluating progenies in
more than one environment to obtain more consistent
estimates of the variance components, thus avoiding
to overestimate the environmental variance (Carvalho
et al., 2002; Coelho et al., 2010).

Linch & Walsh (1998) reported that many authors
prefer to consider negative heritability equal to zero
to avoid problems in the discussion of their data,
consequently, the occurrence of negative heritability
is possible when genetic variance is low. Researchers
should evaluate the nature of their data and decide for

Table 1. Averages of the nonpreference index (NPI) for
Tuta absoluta in tomato plant generations Py, P,, F,, F,, RC,
and RC, from the crossing 'Santa Clara' x BGH-1497,
components of average and average degree of dominance.

Population NPI
P, 22.68
P, 14.11
'Santa Clara' female parent (F,) 23.40
BGH-1497 male parent (F,) 24.44
RC, 26.16
RGC, 28.75
Average of the homozygotes (m) 20.17
Gene additive effect (a) 2.23
Dominance deviation effect (d) 9.30
Chi-square (%>) 3.16™
Average degree of dominance (ADD) 1.17
Number of genes (1) 5.37

"Nonsignificant.



Tomato plant inheritance of antixenotic resistance 77

the most adequate option. In this research, zero was
chosen instead of negative variance.

The estimated values of heritability were intermediate
and allowed of genetic gains through the phenotypic
selection of resistant individuals by antixenosis in
segregant generations (Table 2). The effect of the
genotype-environment interaction was not evaluated,
since the experiment was conducted in only one
environment. According to Allard (1960), heritability
is not a property of the character, but of the population
and of environmental conditions. Therefore, the values
should be considered as an indication of heritability
favorable to the development of tomato genotypes,
which are resistant by antixenosis to tomato leafminer.

Comparing model 1 to model 5 of the inheritance
tests, which confronts the existence of a gene with
higher effect, it becomes evident that such a gene
does exist (Table 3). Comparing model 1 to model 7,
which confronts the existence of a gene with higher
effect plus polygenes, with only one gene of higher
effect, there is evidence of polygenic effects. Thus, the
existence of a gene with higher effect with additive and
dominance effects, together with polygenes, seems to
be the most adequate model to explain the inheritance
of the resistance of BGH-1497 to T. absoluta. Both
were significant for this work, evidencing the presence
of a gene with higher effect and of polygenes as well.
The analysis of the generations indicated 5.37 loci
(Table 1), which is in accordance with the analysis of
the models in Table 3.

Table 2. Variances of the generations Py, P,, F;, F,, RC,
and RC,, based on the crossing between 'Santa Clara' and
BGH-1497, estimates of the components of variance of the
additive-dominant model, and broad-sense heritability of the
nonpreference index for 7" absoluta in tomato plants.

Population Variance
P, 118.05
P, 215.99
F, 395.33
F» 348.98
RC, 323.99
RC, 467.49
Environmental variance (62E) 118.05
Genotypic variance ( 6¢) 230.94
Additive variance (G ») 232.73
Dominance variance ( 5 p) -1.79
Narrow-sense heritability (ﬁr) 66.17
Broad-sense heritability (02) 66.69

For the characteristic of gene effect, it is possible
to achieve superior homozygotic genotypes from the
selection in the populations derived from F,, which is
of interest for a breeding program that seeks to make
genotypes less attractive to tomato leafminers. Hence, it
it is possible to obtain superior homozygotic genotypes
by means of a selection based on the generation F,,
and the gains in the selection cycles will be most likely
satisfactory, since the component with an additive
nature is of significant magnitude.

The phenotypic proportion of 9:7 (susceptible:
resistant) was significant at 5% probability with the
chi-square test, while the other phenotypic proportions
were rejected (Table 4).

According to Cruz et al. (2004), the additive variance
indicates how easily genetically superior genotypes can be
identified, whose selection canresultin more advantageous

Table 3. Hypothesis tests of hierarchical genetic models for
the nonpreference index for 7Tuta absoluta in tomato plants.

Test between  Degree of freedom Chi-square Probability
models ()

1vs.2 3 13.5 0.0008
lvs.3 1 6.9 0.0087
1vs. 4 4 14.7 0.0059
lvs.5 5 6.9 0.0319
1vs. 6 6 14.0 0.0138
1vs.7 5 11.4 0.0400
1 vs.8 6 14.9 0.0247
1vs. 9 7 14.2 0.0411
2vs. 4 1 1.2 0.3134
2vs. 6 2 0.5 0.6528
2vs. 7 2 ® ab
2vs. 8 2 1.4 0.7922
2vs.9 3 1.7 0.8825
3vs.5 4 0.0 0.9999
3vs. 6 1 7.42 0.1155
3vs. 8 5 7.0 0.1797
3vs.9 6 7.74 0.2581
4vs. 6 1 ® ab
4vs. 8 2 0.02 0.9894
4vs.9 3 0.16 0.9842
5vs. 6 3 7.42 0.0598
5vs. 9 5 7.74 0.1714
6vs.9 2 0.32 0.8521
7 vs. 8 1 2.84 0.0917
7vs. 9 2 2.98 0.2254
8vs. 9 1 13.45 0.0002

(UNegative value, possibly due to the convergence problem; vs., versus;
ab, absence.
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gains. As a consequence, the additive variance identifies
the genotypes of tomato plants which are less attacked by
tomato leafminers, namely, genotypes which are resistant
by antixenosis to tomato leafminers.

By studying the genetic inheritance of the resistance
of Stemphylium solani and its phytotoxin, in three
cotton cultivars, Mehta & Arias (2001) observed
that epistatic effects represent 9.62% of the available
variability. The authors also pointed out that, although
the values of the effects are low, they should not be
disregarded, because they are important to define the
breeding program.

The values of the epistatic interactions can be
even higher than the ones indicated by the complete
model, because, according to this model, in the
study of genotypic variance, the population is in
Hardy-Weinberg equilibrium and neglects epistatic
variances (Cruz et al., 2004). The genetic models
that neglect epistatic variances, therefore, may be
biased in some way (Cockerham, 1954). The epistatic
components of the genetic variation, detected in this
study, can be exploited by adopting back crossings to
develop genotypes with superior characteristics.

The phenotypic proportion that best explained the
data of this experiment was 13:3, namely, 13 susceptible
to 3 resistant, because of the better adequacy of the
chi-square test, allowing of the creation of two possible
figures to identify the genotypes for each generation
(Figure 1 A and B).

The NPI phenotypic average in P, was superior to
that of P,, probably because P, is a strain of tomato. That
justified the use of a phenotypic variance of P;, when
calculating the environmental variance in F,, since P,
is a commercial variety and it is in homozygosis, which
is demonstrated by a smaller phenotypic variance, in
comparison to the other generations.

Table 4. Chi-square test (y%?) for the phenotypic proportion
for antixenosis resistance to tomato leafminer, in generation
F,, resulting from the crossing between 'Santa Clara' and
BGH-1497®.

Observed frequency  Hypothesis  Expected frequency Ve
Susceptible Resistant Susceptible Resistant
3:1 165 55 2.94m
176 44 9:7 124 96 50.43%
13:3 179 41 0.23m

According to the analysis of average and variance,
there are two genes that rule the resistance by
antixenosis in BGH-1497 and the epistatic effects
are responsible for a considerable percentage of
the available genetic variability of the antixenosis
resistance character (Figure 1A and B). Based on such
information, it was concluded that the genotypes of
the parents and generations would be in accordance
with figures 1A and B. Nevertheless, due to the high

A
Santa Clgra BGH-1497
(Susceptible) (Resistance)
AABB 2abb
| F, |
AaBb
RC, F, RC,
AABB-1 AABB-1 AaBb-4
AABb-2 AABb-2 Aabb-2
AaBB-3 AADbb-1 aaBb-2
AaBb-4 AaBB-2 aabb-1
AaBb-4
Aabb-2
aaBB-1 Resistant
Bb-2 esistan
o individuals
B
Santa Clara BGH-1497
(Susceptible) (Resistance)
Aabb aaBB
| F, |
AaBb
RC, F, RC»
AABb-2 AABB-1 AaBB-2
AADbb-1 AABb-2 AaBb-4
AaBb-4 AADbDb-1 aaBB-1
Aabb-2 AaBB-2 aaBb-2
AaBb-4
Aabb-2
aaBB-1 .
2aBb-2 Resistant
aabb-1 individuals

Figure 1. Possible genotypes of each generation of tomato
plant, provided by the crossing between 'Santa Clara' and

BGH-1497, considering the phenotypic proportion of 13:3
(AB) for susceptible and resistant genotypes respectively.

(MResistant (NPI > 89%), susceptible (NPI < 89%); ¥’ (1, 0.05) = 3.84.
*Nonsignificant. *Significant at 5% probability.
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phenotypic variability of P,, in comparison to P;, P,,
was possibly composed of advanced strains of tomato
plants, since the 13:3 proportion allows of the inference
of possible genotypes of P,. Thus, P, may show a strain
with genotype aabb or a strain with genotype aaBB.
In both cases, the presence of the gene allows of the
manifestation of the resistance character by gene b or
B. This way, if P, has an AAbb genotype, and P, aaBB
genotypes, aaBB and aaBb are responsible for tomato
antixenosis resistance to 7. absoluta in the presence
of aa and, at least, one gene B (Figure 1A). Thus,
supposing that P; shows an AABB genotype, and P, an
aabb genotype, in the presence of aa and at least one
gene b, the genotypes aabb and aaBb give to tomato
plants antixenosis resistance to tomato leafminer
(Figure 1B).

Dominance effects and gene interactions are less
important in autogamic species (Arias, 1986). However,
nonallelic gene interactions cannot be ignored in the
basic genetic mechanisms. It must be pointed out that
the epistatic effects in this study were considerable,
and the environmental effects were of significant
magnitude. Therefore, the estimates of the genetic
parameters are likely to show a substantial bias, which
should be taken into consideration before any kind of
breeding method is recommended for use in the studied
population. Thus, more studies are necessary to define
which would be the genotype of P,, aabb or aaBB.

Conclusion

The inheritance of antixenosis resistance to Tuta
absoluta of the tomato genotype BGH-1497 is
ruled by a gene with higher effect and polygenes in
epistatic interactions, with a phenotypic proportion
of 13:3 between susceptible and resistant genotypes,
respectively.
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