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ABSTRACT. Acylsugars present in Lycopersicon pennellii are respon-
sible for the high levels of pest resistance often found in this wild tomato
taxon. We investigated the inheritance of acylsugar contents in segregat-
ing populations of the interspecific tomato cross L. esculentum x L. pennellii
and estimated correlations between leaflet acylsugar contents and the lev-
els of mite repellence. Acylsugar contents were quantified with the
Sommogy-Nelson colorimetric method in the acessions L. esculentum
‘TOM-584’ (P1, low acylsugars), L. pennellii ‘LA-716’ (P2, high
acylsugars), in the interspecific F1 (P1 x P2) and in the F2 (P1 x P2) genera-
tions. Mite resistance was assessed by a repellence test. Broad-sense heri-
tability of acylsugar contents was moderately high (h2

b = 0.476). Frequency
distributions in the P1, P2, F1 and F2 can be explained by the action of a
single major locus, with near-complete dominance of the L. esculentum
allele for low-acylsugar content over the L. pennellii allele for high con-
tent. Indirect selection for high levels of acylsugars in leaflets led to corre-
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lated increases in the levels of mite repellency, indicating that acylsugars
may be the main factor involved in mite resistance.

Key words: Tomato, Allelochemical, Acylsugars, Pest resistance,
Trichomes, Spider mites, Tetranychus evansi,  Lycopersicon esculentum,
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INTRODUCTION

Tomatoes (Lycopersicon esculentum) are susceptible to a wide array of arthropod pests,
particularly in tropical countries. Pest resistance levels of current cultivars are not sufficiently
high to permit a significant reduction in the amount of pesticides used in the tomato crop. Devel-
opment of cultivars with increased levels of arthropod resistance would be an important compo-
nent for integrated pest management programs aimed at reducing the chemical sprays, allowing
for diminished environmental impact (Barbosa, 1994).

The wild tomato species Lycopersicon hirsutum var. hirsutum, L. hirsutum var.
glabratum, L. peruvianum and L. pennellii are reported to be sources of resistance to many
tomato pests (Gentile and Stoner, 1968; Gentile et al., 1968, 1969; Rick, 1973; Kennedy and
Yamamoto, 1979; Williams et al., 1980; França et al., 1984a,b; Ecole et al., 1999). However,
introgression of their arthropod resistance into the cultivated tomato is often limited by difficulty
in maintaining the uniform infestations necessary to select for resistance (Stevens and Rick,
1986). Direct selection for pest resistance is expensive and slow, but indirect selection tech-
niques based on correlated traits with high heritability could be used to speed up introgression
(Juvik et al., 1982).

Several allelochemicals present in wild Lycopersicon taxa have been associated with
pest resistance: methyl-ketones such as 2-tridecanone in L. hirsutum var. glabratum (Williams
et al., 1980; Fery and Kennedy, 1987; Weston et al., 1989; Eigenbrode and Trumble, 1993a,b;
Barbosa, 1994; Maluf et al., 1997; Gonçalves et al., 1998); sesquiterpenes in L. hirsutum var.
hirsutum (Snyder et al., 1987; Eigenbrode et al., 1994; Azevedo et al., 1999); acylsugars in L.
pennellii (Goffreda et al., 1989). These compounds are found in glandular trichomes present in
the leaf surface (Williams et al., 1980; Snyder and Carter, 1985; Carter and Snyder, 1985, 1986;
Carter et al., 1989; Aragão, 1998), and are often associated with moderately high or high herita-
bility values (Maluf et al., 1997; Freitas, 1999). Selection for high allelochemical content would
therefore appear to be an efficient indirect selection technique for pest resistance (Juvik et al.,
1982), as has been demonstrated with high 2-tridecanone or sesquiterpene (zingiberene) content
and resistance to the South American tomato pinworm (Maluf et al., 1997; Azevedo et al.,
1999), and spider mite repellence (Gonçalves et al., 1998; Campos, 1999). Spider mite
(Tetranychus spp.) repellence mediated by these allelochemicals can be measured by quick,
inexpensive techniques (Weston and Snyder, 1990), and can therefore be taken as indicative of
the level of resistance to other arthropod pests (Aragão, 1998; Campos, 1999).

The challenge posed by the silverleaf whitefly Bemisia argentifolii, also known as bio-
type B of the sweet potato whitefly B. tabaci, in the 1990’s, has brought renewed interest in
breeding for pest resistance in tomatoes. This insect is now considered a major world pest of
many horticultural and field crops. In the USA, damages have amounted to several billion dol-
lars since it was reported for the first time in Florida greenhouses in 1986 (De Quattro et al.,
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1997). Schuster et al. (1989) estimated that Bemisia argentifolii caused 25 million dollars in
damage to tomatoes in the State of Florida in 1989. Whitefly damages can be direct, when they feed
on the sap and can cause irregular fruit ripening, or indirect, through the transmission of viral
diseases, particularly geminiviruses (Van Lentere and Noldus, 1990; De Quattro et al., 1997).

Lycopersicon pennellii accessions (particularly LA-716) have shown a very high level
of resistance to the whitefly Bemisia tabaci/Bemisia argentifolii complex, as well as to aphids
(Macrosiphum euphorbiae, Myzus persicae), mites and Lepidopteran pests (Gentile et al., 1968,
1969; Juvik et al., 1982; Goffreda et al., 1989), including the South American tomato pinworm
Tuta (= Scrobipalpuloides) absoluta (França et al., 1989). Multiple pest resistance of L. pennellii
‘LA-716’ is due to the presence of type IV glandular trichomes that occupy the whole surface of
the plant, together with the viscous phytochemicals that they secrete (Gentile et al., 1968; Goffreda
et al., 1989). These phytochemicals are glucose and sucrose esters of fatty acids (acylsugars),
and can play an important role in the resistance to tomato pests. The presence of type IV glandu-
lar trichomes that secrete acylsugars is controlled by at most two unlinked genes in crosses of L.
pennellii with L. esculentum (Lenke and Mutschler, 1984). Purified acylsugars act by reducing
feeding of the aphids Macrosiphum euphorbiae and Myzus persicae, by reducing feeding, larval
development and survival of Helicoverpa zea and Spodoptera exigua, and by reducing oviposi-
tion and feeding of the leaf miner Liriomyza trifolii and of the silver leaf whitefly Bemisia
argentifolii (Goffreda et al., 1988, 1989; Hawthorne et al., 1992; Rodriguez et al., 1993; Juvik
et al., 1994; Liedl et al., 1995).

While acylsugars are encountered mainly in L. pennellii and other wild species, their transfer
to the cultivated tomato, L. esculentum, would contribute to increased levels of pest resistance in this
commercial species. Information on the genetic control of acylsugar production and/or the chromo-
somal regions associated with that production would facilitate the transfer of these characteristics to
the cultivated tomato. The present study reports on the inheritance of acylsugar contents in an inter-
specific cross of L. esculentum x L. pennellii. Also, plants with varying levels of acylsugars were
selected from a segregating population from this interspecific cross, and tested for spider mite repellence
(Weston and Snyder, 1990), in an attempt to verify whether indirect selection for high acylsugar
contents would indeed lead to increased levels of arthropod resistance.

MATERIAL AND METHODS

Acylsugar determination

Acylsugars in tomato leaflets were quantified by the method described by Resende (1999).
Six leaf disks were taken from the upper third portion of each tomato plant with a 3/8" diameter
cork borer (4.2-cm2 total leaf area), and placed in a test tube with 1 ml dichloromethane for
extraction of acylsugars. The tubes were stirred with a Vortex mixer for 30 s. Leaflets were
removed, the solvent was evaporated, and 0.5 ml 0.1 N sodium hydroxide dissolved in methanol
(Merck) was added. The mixture was evaporated, the residue was maintained at 100oC and
methanol was added three times at 2-min intervals to guarantee the completion of the saponifica-
tion reaction. After evaporation of the methanol, the residue was dissolved in 0.4 ml water.
Acylsugars can exist as both acylglucose and acylsucrose, therefore after saponification a mix-
ture of glucose and sucrose is obtained. Sucrose was converted into glucose and fructose by
adding 0.1 ml 0.04 N hydrochloric acid, boiling for 5 min and cooling. The Sommogy-Nelson
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reagent (Nelson, 1944) was added and the mixture was heated to boiling for 10 min and cooled to
room temperature in a stream of cold water. Arsenomolibdate (0.5 ml) was added, the solution was
stirred on a Vortex mixer for 15 s and the absorbance was measured at 540 nm in a spectrophotom-
eter (Nelson, 1944). A standard curve was determined using standard glucose solutions, and absor-
bance readings were converted to concentrations expressed in nmol/cm2 of leaf area.

Genetic material

The tomato populations utilized in this studied were derived from an interspecific cross
between L. esculentum ‘TOM-584’ and L. pennellii ‘LA-716’. ‘TOM-584’ is a tospovirus-
resistant tomato breeding line with oblong-shaped fruit and indeterminate growth habit obtained
from HortiAgro Sementes Ltda., Ijaci, MG, Brazil, with a genetic background similar to the
standard open-pollinated Brazilian cultivar Santa Clara. ‘LA-716’ is an accession of L. pennellii
obtained from the Tomato Genetics Stock Center/University of California, Davis, CA, USA,
known to possess high levels of acylsugars in the leaves (Shapiro et al., 1994). F1 (TOM-584 x
LA-716) seed was obtained by crossing TOM-584 (female parent) to LA-716 (pollen source). F1
plants were sib mated to obtain F2 (TOM-584 x LA-716) seed.

Plants of TOM-584, LA-716, F1 (TOM-584 x LA-716) and F2 (TOM-584 x LA-716)
were grown in a 128-cell tray spray filled with a commercial substrate, and transplanted 4 weeks
later to 500-ml plastic pots filled a soil + humus + fertilizer potting mix. Total numbers of plants
grown were 48, 48, 48 and 256, respectively, for TOM-584, LA-716, F1 (TOM-584 x LA-716)
and F2 (TOM-584 x LA-716). Six to seven weeks after transplanting, leaf disks were collected
as previously indicated from fully expanded leaflets of each plant, and used for acylsugar deter-
minations. A block of six plants each of TOM-584, LA-716 and F1 (TOM-584 x LA-716) plus
32 plants of F2 (TOM-584 x LA-716) were sampled per day, so that all plants in the experiment
were sampled within an eight-day period.

Generation mean analysis and estimation of broad-sense heritability

Mean acylsugar contents and their respective within-population variance estimates were
obtained for TOM-584 (= P1), LA-716 (= P2), F1 (P1 x P2) and F2 (P1 x P2). Environmental variance
(VE) was estimated as the geometric mean of the population variances of P1, P2 and F1. Genetic (VG)
and phenotypic (VF) variances, as well as broad-sense heritability (h2

b) were calculated as indicated
by Mather and Jinks (1977). Generation mean analyses were performed on the P1, P2, F1 and F2
generations by the weighted least squares method (Mather and Jinks, 1977), to estimate the additive
[d] and nonadditive [h] mean components and the mean degree of dominance (MDD = [h]/[d]).

Frequency distribution of acylsugar content and test of the hypothesis of monogenic
inheritance

Frequency distributions of plant acylsugar contents were obtained for each generation
studied in the trials. An arbitrary truncation point (TP) was chosen to permit a clear discrimina-
tion between the parental phenotypes: the TP value corresponded to an acylsugar content below
which fell most of the plants of the resistant parent, and above which fell most of the plants of the
susceptible parent. In this experiment TP was taken as equal to 40 nmol/cm2 leaf area, based on
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the observed frequency distributions in P1 and P2.
Because of the continuous nature of the variable under study, classification of pheno-

types into discrete classes (high/low acylsugars) was not used in this study. Data on the means
and variances of P1 and P2 were used to estimate expected frequencies of plants below the TP in
these populations, as well as in the F1 and F2, assuming monogenic inheritance and different
presumed degrees of dominance.

For each of the different presumed degrees of dominance, the monogenic hypothesis
tested was based on the following assumptions and procedures:

a) Acylsugar contents are normally distributed in populations P1, P2, F1 and F2.
b) Parental generations P1 and P2 are assumed to have expected means and variances

equal to their respective observed mean and variance values. Frequencies of plants where acylsugar
content was below or equal to the truncation point (≤TP) were obtained from the theoretical
normal distribution assumed for P1 and P2, and were taken to represent the respective expected
frequencies under the proposed model.

c) The mean of the F1 population was admitted as being:

1F  = ( 1P + 2P )/2 + MDD . ( 1P - 2P )/2

where: 1P  and 2P  are the respective parental means, and MDD is the presumed degree of
dominance under consideration. The expected variance of the F1 population was admitted as
being equal to its estimated variance.

d) The frequency of F1 individuals with acylsugar values ≤TP was estimated from the
normal distribution assumed for that population, and was assumed to be the true (expected)
frequency under the model.

e) under the hypothesis of monogenic inheritance, the expected frequency of plants in F2
with acylsugar values ≤TP was calculated as the weighted average of the expected frequencies in
P1, P2 and F1 (weights 1:2:1, respectively), as estimated in (b) and (d).

f) expected numbers of plants with acylsugar contents ≤TP in P1, P2, F1 and F2 were
calculated by multiplying the expected frequencies (obtained in (b), (b), (d) and (e), respectively)
by the total number of plants tested per generation.

g) expected numbers of plants with values ≤TP in P1, P2 and F2 were compared with
their respective observed values in each generation, and the significance of the deviations was
estimated with a χ2 test (with three degrees of freedom).

h) significant χ2 values would lead to the rejection of the hypothesis of monogenic inher-
itance under the degree of dominance considered. On the other hand, a nonsignificant value of χ2

would lead to nonrejection of such a hypothesis. Values of χ2  for each monogenic hypothesis/
presumed MDD tested were plotted against their respective hypothetical MDD’s. The range of
MDD values for which χ2 values fall below the critical value would represent the MDD range
for which the monogenic hypothesis cannot be rejected.

Acylsugar content vs repellency to spider mites

Plants were selected from population F2 (TOM-584 x LA-716) (hereafter designated
BPX-370) based on contrasting acylsugar contents: 2 low acylsugar and 4 high acylsugar plants
were selected of 256 F2 plants analyzed. These plant genotypes were subsequently maintained
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clonally via axillary shoot cuttings, and reserved for use in mite repellence tests. The six selected
F2 genotypes were tested for mite repellence along with plants of TOM-584 (susceptible check),
LA-716 (resistant check), and F1 (TOM-584 x LA-716) .

Resistance to spider mites Tetranychus evansi was quantified through the thumb-
tack bioassay (Weston and Snyder, 1990). Spider mites, identified as Tetranychus evansi by
the Department of Entomology, Universidade Federal de Lavras, Lavras, MG, Brazil, were
collected from highly infested sweet potato, Ipomoea batatas, plants. Fully expanded to-
mato leaflets of similar sizes were removed from the apical region of flowering plants. One
leaflet of each the 9 genotypes was attached to a sheet of styrofoam with a metallic thumb-
tack (9 mm in diameter) placed in the center of its adaxial surface. The 9 leaflets were
randomly placed on the styrofoam sheet, and comprised one replication. Altogether, four
replications were used. Ten female spider mites were transferred with a fine artist’s brush to
the head of each thumbtack. The trial was carried out in a chamber at 16 ± 1ºC and 64 ± 4%
relative humidity. Distances traveled by each mite onto the leaf surface were measured as
the shortest distance between the mite and the thumbtack edge, and were recorded after 20,
40 and 60 min. Mites that stayed on the thumbtack were considered to have travelled a
distance equal to zero.

The contrast between the low acylsugar and the high acylsugar F2 genotypes was esti-
mated. Also, the distances traveled by mites onto the selected F2 genotypes were regressed against
their respective acylsugar contents. Data of TOM-584, LA-716 and the F1 were not included in
the regression, but were analyzed separately through a standard analysis of variance and mean
separation test, to confirm whether the thumbtack bioassay was able to detect differences in mite
repellence between the check treatments.

RESULTS AND DISCUSSION

Acylsugar contents in L. pennellii ‘LA-716’ were twice as high as those found either in
L. esculentum ‘TOM-584’ or in the F1 (TOM-584 x LA-716) (Table 1). F1 and F2 means were
only slightly (ca. 14%) higher than those found in TOM-584, indicating that recessive gene(s)
are responsible for the high acylsugar content found in LA-716.

Table 1. Mean total acylsugar contents and respective variances in Lycopersicon esculentum ‘TOM-584’ (P1),
Lycopersicon pennellii ‘LA-716’ (P2), F1 (P1 x P2) and F2 (P1 x P2).

Genotypes Number of
plants sampled

Mean concentration of
acylsugars (nmol/cm-2 leaf area)

Variance estimate

TOM-584 (= P1)
LA-716 (= P2)
F1 (P1 x P2)
F2 (P1 x P2)

48
48
48

256

28.2599
63.7495
32.8712
39.4111

172.3493
565.7194
124.7208
438.6591

Deviations from a simple additive-dominant model were not significant (Table 2), indi-
cating that epistasis is not important in the expression of the trait. Both the additive ([a]) and the
nonadditive ([d]) mean components differ significantly from zero, and the estimated mean degree
of dominance was -0.74, an indication of near-complete dominance of the L. esculentum allele(s)
over the L. pennelli allele(s). Broad-sense heritability estimated was moderately high (h2

b =
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The environmental variance component (VE) includes both plant-to-plant and within
plant variation. Because the within plant variation could probably be reduced by a more repre-
sentative sampling of the leaflets, we presume that the estimated value for broad sense heritabil-
ity could be increased.

The frequency distributions of acylsugars among plants in TOM-584, LA-716, F1 and
F2 indicate continuous variation for the trait, and no obvious discrete segregation pattern is
indicated in the F2 (Figure 1). However, the hypothesis of monogenic inheritance is not rejected
for the range of degrees of dominance between about -1.20 and -0.60 (Figure 2) - a range that
encompasses the point estimate of -0.74 obtained in the generation mean analysis (Table 2).
These distributions can therefore be explained by segregation of a single major locus with a
degree of dominance within that range. Even though the action of modifier loci is not excluded,
the action of a single major gene locus is evident, in which the recessive allele of L. pennellii is
responsible for high acylsugar contents. Lenke and Mutschler (1984) indicated that type IV
glandular trichomes, that exude acylsugars, show a rather simple inheritance: the number of type
IV trichomes is under the control of two unlinked genes. There is no discrepancy, however,
between their findings and those of our trial, because those authors did not measure acylsugars
directly, but rather the morphological structures to which they are associated. On the other hand,
their conclusion that inheritance of the number of type IV trichomes is not complex is compatible
with our conclusions relative to acylsugar contents.

In F2 genotypes selected for their contrasting acylsugar contents, spider mite Tetranychus
evansi repellence was related to acylsugar concentration: distances travelled by mites onto the
leaf surface after 20, 40 and 60 min were significantly shorter in the high acylsugar than in the
low acylsugar genotypes (Table 3), and distances after 40 and 60 min were significantly and
negatively correlated with acylsugar contents (Table 3). Increased mite repellence is an indirect
response to selection for high acylsugars.

0.476), indicating that nearly 50% of the total genetic variation can be explained by genetic
effects (Table 2).

Table 2. Generation mean analysis and estimate of broad-sense heritability for total acylsugar contents (nmol/cm-2 leaf
area) in the interspecific cross Lycopersicon esculentum ‘TOM-584’ x L. pennellii ‘LA-716’.

Average degree of dominance = [h]/[d]          -0.74
(χ2 = 1.81 ns)

Variances Estimates

Broad-sense heritability [h2
b]

[d] = additive genetic effects, [h] = nonadditive genetic effects.

Genetic (VG)
Environmental (VE)

208.70
229.96
0.476

Model parameters Estimate ± SE

[m]
[d]
[h]

46.00 ± 0.01
-13.14 ± 0.01
17.74 ± 0.01
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Figure 2. Inheritance of total
acylsugar contents in the inter-
specific cross Lycopersicon
esculentum ‘TOM-584’ x L.
pennellii ‘LA-716’: test of mo-
nogenic hypothesis under dif-
ferent presumed degrees of
dominance.



J.T.V. Resende et al. 114

Genetics and Molecular Research 1 (2): 106-116 (2002) www.funpecrp.com.br

Table 3. Average distances traveled by Tetranychus evansi after 20, 40 and 60 min on the adaxial leaf surface of
Lycopersicon esculentum ‘TOM-584’, L. pennellii ‘LA-716’, F1 (TOM-584 x LA-716) and of selected clones of
population F2 (TOM-584 x LA-716): mean distances and their relationship with acylsugar levels.

Genotype Acylsugars (nmol/cm-2) mm travelled by mites onto leaf surface after(1)

CONCLUSIONS

It is apparent from the moderately high value of heritability and the rather simple inher-
itance pattern that acylsugar contents in plant leaves can effectively be increased by selection in
segregating populations. Even though actual estimates of heritabilities for arthropod pest resis-
tances in this interspecific cross are not available in the literature, it is expected that lower values
of heritability might be obtained (Juvik et al., 1982), due to difficulties in ensuring uniform
infestation in a host (plant) x pest x environment system.

It is reasonable to assume that indirect selection for acylsugar contents (a higher herita-
bility trait) can be more effective towards increasing arthropod resistance levels in tomato plants
than direct selection for arthropod resistance per se. The mite repellence responses found in our
experiment support this assertion.
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