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Abstract The change from vegetative to reproductive
development (earliness) in ¸ycopersicon chesmannii line
L2 was delayed for 20 weeks when compared to other
¸ycopersicon species under greenhouse conditions. The
interspecific hybrid of ¸. chesmannii L2 and ¸. esculen-
tum E9, a cherry tomato cultivar, also showed this
delay in reproductive development. The distribution of
this character in the F

2
-derived population showed

a bimodal shape, plants could be scored easily as
‘‘early’’ or ‘‘late’’ in two nutrient conditions (optimum
and high salinity). A QTL with major effects on earli-
ness was detected in salinity, which explained 35.6% of
the phenotypic variation. The effect of this QTL greatly
diminished under control conditions, indicating differ-
ences in the genetic control of earliness between treat-
ments. ACC synthase or phytochrome B2 are the
products of candidate genes for such a major QTL.
Other QTLs with minor effects, and epistatic interac-
tions, are also involved in earliness under both condi-
tions. A ‘‘late’’ F

2
subpopulation yielded twice as much

as an ‘‘early’’ F
2
; conversely, ‘‘early’’ plants were taller

than ‘‘late’’ plants, regardless of the treatment. QTL
analysis, carried out in both subpopulations, showed
that yield differences may be explained by chesmannii
alleles showing negative additive effects at some QTLs
only in the ‘‘early’’ subpopulation. The effect of popula-
tion subdivision on QTL analysis was investigated
by computer simulations to show sample-size or
random effects; thus, important pleiotropic or regula-
tory effects of genes controlling earliness on yield that
affect QTL analysis, have been reveiled. Therefore

alleles controlling earliness in ¸. chesmannii have to be
taken into account for a more efficient utilization of the
genetic resources of this species.

Key words QTLs · Epistasis · Genetic resources ·
Plant height · Regulatory genes

Introduction

Wild germplasm represents the major reservoir of
genetic variation for crop species. Unfortunately,
utilization of this genetic potential is not an easy task
and germplasm banks are still under-utilized and un-
der-developed. The application of molecular-marker
technologies allows an easier development of these
genetic resources in the pre-breeding process. The in-
trogression of genomic regions from wild germplasm
into an elite cultivar usually produces a decrease of
agronomic merits; thus, the interactions of the introg-
ressed genes with the cultivar background generally
reduce the expected favorable effects (Doubley et al.
1995). In tomato, wild germplasm is being used with the
aid of molecular markers to improve agronomic traits
such as soluble solids (Azanza et al. 1994; Chetelat et al.
1995), earliness (Lindhout et al. 1994), fruit color
(Grandillo and Tanksley 1996), yield (Tanksley et al.
1996), and salt tolerance (Monforte et al. 1996).

In a previous study, we compared quantitative trait
loci (QTLs) involved in the ‘‘salt tolerance’’ of three
families derived from crosses of tomato cultivars and
wild species (Monforte et al. 1997 a, b). Two of the
families had the same tomato cultivar as the recipient
(¸ycopersicon esculentum line E9, a cherry tomato cul-
tivar) and two different donor genotypes: ¸ycopersicon
pimpinellifolium line L5 and ¸ycopersicon chesmannii
line L2. One of the objectives was to study the effect of
the genetic background on QTL detection. ¸. chesman-
nii and its hybrid with E9 were extremely late, and



F
2

plants were clearly classified into two subpopula-
tions differing by 20 weeks in ‘‘ripening time’’ (earliness,
EA). In this previous study, only non-late (i.e. normal)
plants were included in the QTL analysis of salt toler-
ance because late plants had been over-exposed for an
additional 20 weeks to salt treatment and, therefore,
this could be a confounding factor in the evaluation of
‘‘salt tolerance’’. It was found (Monforte et al. 1997 b)
that chesmannii alleles always showed negative effects
at the detected salt tolerance QTLs (i.e. ¸. chesmannii is
not a suitable donor of salt tolerance). Unexpectedly,
‘‘late’’ ripening plants yielded more fruits than ‘‘early’’
plants of the same family, either in the presence or the
absence of salt. Several questions arose from this find-
ing: (1) which genes are involved in the delay of ripen-
ing?, (2) why do ‘‘late’’ plants yield more tomatoes than
‘‘early’’ plants, especially under salinity, and (3) how do
the answers to the previous questions affect the man-
agement of genetic resources of ¸. chesmannii to intro-
gress salt tolerance or fruit yield QTLs into tomato
cultivars?

In order to answer these questions, in the F
2

family
derived from ¸. chesmannii L2 we have carried out:
(1) a QTL analysis of earliness, yield and plant height,
(2) a comparative QTL analysis between ‘‘early’’ and
‘‘late’’ subpopulations, and (3) an investigation by
computer simulation of the effect of random popula-
tion subdivision on QTL analysis. Two nutrient condi-
tions, optimum and high salinity, were considered in
each case.

Materials and methods

Plant materials

Plants belong to the C family described in Monforte et al. (1997 a, b).
They were derived from a cross between ¸. esculentum Line E9 and
¸. chesmannii Line L2 and consisted of 30 plants from each parental
and F

1
hybrid and 400 F

2
plants derived by the self-pollination of

a single F
1

plant. Seeds were germinated in March 1996 and plants
were grown in a greenhouse with a 25$10°C temperature control.
Plants were divided into two populations of equal size and grown
under two treatments. Control plants were cultured in individual
pots filled with peat plus sand and irrigated with tap water (approx-
imately 2 dS/m). For the salt treatment, plants were grown on sand
and irrigated with a one-half Hoagland solution plus 171.1 mM
NaCl (conductivity 15 dS/m). Not all plants produced fruits; the final
number of individuals analyzed were 103 for the saline treatment
and 178 for the control.

Traits

Three yield components were studied in each plant: fruit number
(FN), total fruit weight (TW) and average fruit weight (FW) in grams,
measured 9 weeks after plants started yielding. Earliness (EA) was
measured as the length of the vegetative cycle (from seed to the
ripening date of the first fruit) in weeks relative to the ripening date
of the first plant that yielded mature fruits. Height (HE) of the plant
in cm was recorded at the sixth week of treatment and the internodal

distance (ID) in cm between the 9th and 10th leaf was measured
when plants were 3- months old.

Genotyping

Molecular markers (isozymes and RFLPs) were analyzed on every
productive F

2
plant (Monforte et al. 1996, 1997 a). We included in

this study a second RFLP detected with the TG182 probe. It was
named TG182b and is linked to the TG23 marker on chromosome 5.

Sampling simulations

One-hundred replicates of simulated data were obtained by ran-
domly splitting the total F

2
experimental populations into two

samples of size equal to the ‘‘early’’ and ‘‘late’’ subdivisions in each
growing condition (51 and 52 for the saline population, and 101 and
77 for the control).

Data analysis

Means and standard errors were calculated for each trait within the
two developmental classes: ‘‘late’’ and ‘‘early’’. EA was analyzed by
two approaches: it was considered as a categorical (‘‘early’’ or ‘‘late’’),
or as a continuous, variable (measured in weeks). Putative QTLs
affecting earliness were identified by either linkage analysis, using
MAPMAKER (Lander et al. 1987), or by single-marker mapping
analysis, as in Bretó et al. (1994). The Bonferroni correction was used
in order to have an overall significance level of 0.05. Epistatic
interactions affecting EA and FN were analyzed by two-way
ANOVA for pairwise combinations of significant marker loci.

QTL analysis of yield and vegetative traits was carried out as
described in Monforte et al. (1997a) in the whole population, in both
subpopulations including the ‘‘early’’ plants or the ‘‘late’’ plants, and
in the simulated subpopulations. The effect of EA, measured as
a categorical variable, on yield or vegetative traits was studied by
one-way ANOVA using earliness classes (‘‘late’’ or ‘‘early’’) as the
classification factor.

Results

Earliness
Plants could be classified into two groups or sub-
populations: ‘‘early’’ plants (EA ranging from 1—10
weeks), which yielded fruits from June to September,
and ‘‘late’’ plants (earliness above 20 weeks), which
yielded fruits from November to February. Parental
genotypes clearly differed in this trait: ¸. chesmannii
was extremely late and ¸. esculentum cerasiforme E9
was mostly ‘‘early’’ ; this behavior was unaffected by the
saline treatment. EA of the F

2
plants ranged from very

early to extremely late, showing a bimodal distribution
in both growing conditions (Fig. 1) with an important
proportion of transgressive segregants at both tails of
the distribution.

Markers associated with EA, and estimates of the
genetic effects of the putative QTLs, are presented in
Table 1, along with the significant epistatic interac-
tions. As expected from the bimodal distribution,
a QTL with major effects (eaTG23—TG182b) was
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Fig. 1 Frequency distribution for earliness of F
2

plants under con-
trol and salt treatments (in weeks)

Table 1 Markers, intervals (in boxes), and epistatic interactions
associated with earliness. Estimates of additive effects (a), dominance
deviations (d) and their contribution to the total variability of the
trait in % (R2)

Marker Earliness

a d R2

Control
TG23 4.68 2.65 9.5
TG68]TG339 7.4

Salinity
TG23 9.52 5.02 35.6
TG182b 7.71 1.85 24.6

TG68 6.03 !1.08 11.5
TG68]TG28 9.54

detected in salinity, although its effect was less impor-
tant under control conditions.

Under salt treatment, a closer relationship between
the distribution of EA and the segregation at marker
TG23 was observed: homozygous plants for the es-
culentum alleles at this marker were ‘‘early’’, whereas
homozygous plants for the chesmannii alleles at this
marker were ‘‘late’’. In fact, when EA was recorded as
a categorical variable (i.e. ‘‘early’’ versus ‘‘late’’), linkage
analysis showed a putative unique locus affecting EA
linked to TG23 with a LOD score of 8.2 and a distance
of 32 cM. At least a second genetic locus linked to the
TG68 marker was also involved in EA, its effect being
more evident when plants were heterozygotes at the
TG23—TG182b marker interval. An epistatic interac-
tion between TG28 and TG68 was significant for EA
under salinity. Epistatic interactions at both conditions
have important contributions to the phenotypic vari-
ation and present only one common marker locus
(TG68).

Pleiotropic effects of genes controlling
earliness on yield and vegetative traits

Means and standard errors of yield and vegetative
traits of ‘‘early’’ and ‘‘late’’ subpopulations under both
treatments were computed (Table 2). Early plants were
taller than late plants, especially under salinity, but the
most important differences were observed in TW and
FN; ‘‘late’’ plants yielded twice as much as ‘‘early’’
plants. Differences in FW were not significant. Trait
differences between ‘‘late’’ and ‘‘early’’ subpopulations
were observed in both treatments. In order to investi-
gate whether or not these trait variations had a genetic
basis, QTL analysis within ‘‘late’’ and ‘‘early’’ sub-
populations and the F

2
plants as a whole was studied

for both treatments (Tables 3—5). A set of QTLs, mostly
associated with the interval TG23—TG182b (where at
least one important gene controlling EA is located),
was detected only in one subpopulation or else showed
a change in the direction of the additive effects. The
chesmannii alleles were associated with a positive in-
crease in the trait value of ‘‘late’’ plants, whereas
they reduced the trait value of ‘‘early’’ plants
(tw—fnTG23—TG182b) under control conditions. Three
epistatic interactions involving a common genomic in-
terval controlling EA (TG23 and TG182b) contribute
importantly to the variation of FN under salinity.

In order to check if these differences in QTL detec-
tion between EA subpopulations were due to sampling
size, an investigation of the effect of random population
subdivision on QTL analysis was carried out by com-
puter simulation for each trait and treatment. Three
general situations occurred.

(1) Depending on how low or high the contribution of
the QTL to the trait, a small or large proportion of
subpopulations will present a significant effect at this
QTL, respectively. The means for a, d and R2 will be
close to those obtained for the global F

2
.
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Table 2 Basic statistics of fruit weight (FW), number of fruits (NF), total fruit weight (TW), height (HE) and internodal distance (ID). P is the
significance level (in %) for the significant mean comparisons between both earliness classes

Trait Control Salinity

Early Late Early Late

Means SE Means SE P Means SE Means SE P

FW 2.61 0.25 2.13 1.02 1.62 0.15 1.64 0.12
NF 4.35 0.41 11.07 0.83 0.01 3.57 0.37 8.98 1.55 0.16
TW 10.02 1.04 17.76 1.24 0.01 5.73 0.79 11.69 2.01 0.91
HE 45.16 1.00 41.39 0.97 0.82 76.92 1.87 64.35 2.36 0.01
ID 4.21 0.16 4.02 0.13 6.46 0.24 5.6 0.44 1.47

(2) If a QTL is detected in less than 5% of the
simulated populations, or is not detected at all but is
detected in the ‘‘late’’ or the ‘‘early’’ subpopulations, we
conclude that its detection is in fact an effect of the
earliness subdivision.
(3) If the mean for a over significant simulations for
a QTL is very different from that observed at either the
‘‘late’’ or the ‘‘early’’ subpopulations it must again be
due to the subdivision into earliness classes.

Situation 1 is explained as random fluctuations due to
sampling size. Situations 2 and 3 have to be interpreted
as pleiotropic or regulatory effects of genes governing
earliness.

Statistics for a, d and R2 have been included in
Tables 3—5 (in italics) for simulated subdivisions (if
higher than 5 reps. were significant) where a marker
locus was found associated to the trait in the ‘‘late’’ and
‘‘early’’ subpopulations. It is clear that some QTLs are
not detected just by random subsampling, namely
fnTG23 (in control and salinity), fwPgm2—TG15 (in sa-
linity), twTG23—TG182b (in control), idTG15 (in control)
and heTG48—TG180 (in control). Therefore their differ-
ential detection, when both EA subpopulations are
compared, can not be explained by the random sub-
sampling but by the actual specific subdivision into
earliness classes, which is a proof at the QTL level of
the pleiotropic effects of the genes involved in EA on
the quantitative traits studied.

Discussion

The distribution of earliness in the F
2

population
showed a clear bimodal shape under both salt and
control treatments, indicating the segregation of a gene
with major effects. This conforms with earliness in
segregating populations of rapesed cultivars (Ferreira
et al. 1995), and with heading date for rice (Li et al.
1995).

Differences in earliness between tomato cultivars and
wild relatives usually ranges from several days to a few

weeks (Lindhout et al. 1994; Grandillo and Tanksley
1996), so the late fruit yield of ¸. chesmannii L2 (origin
Galapagos islands) has to be considered exceptional
within the genus ¸ycopersicon. Earliness at ripening
date is closely related to flowering date (i.e. the dura-
tion of the vegetative cycle). During the development of
recombinant inbred lines from the family under study,
it was observed that the delay in flowering date is
followed by a delay in ripening date. However, the
bimodal distribution of both traits is only found when
RILs are grown under greenhouse conditions (data not
shown). Therefore, sunlight filtering through the green-
house plaques is the major cause of the extreme delay in
flowering.

QTL analysis in the salt-treated population con-
firmed the segregation of a major QTL influencing
earliness linked to the marker TG23 (Table 1), which
we have called eaTG23—TG182b. When plants are
homozygous at this QTL, it determines their EA class;
whereas when they are heterozygous, the action of
a second QTL (eaTG68) becomes more evident. Other
loci with minor effects (as suggested by the significant
epistatic interaction between the TG68 and TG28
markers) must also influence earliness. De Vicente and
Tanksley (1993) also detected earliness QTLs around
TG23 and TG68 markers in a cross involving an acces-
sion of ¸. pennelli. The estimated additive effects at
these QTLs were negative and their contribution quite
similar to what we have found under control conditions
but much smaller than in the case of salinity. Therefore,
these QTLs might be orthologous and differences could
be explained by allelic variability at these QTLs and
the great influence of salinity and sun-light conditions
on the contribution of chesmannii alleles. TG23 is close
to CHS3 (chalcone synthase, involved in flavonoid bio-
synthesis), PHYB2 (phytochrome B2; Van Tuinen et al.
1997) and even ACC4 (ACC synthase). The analysis of
RILs will allow a fine mapping of the region and,
additionally, to test more thoroughly the effects of
epistatic interactions and environmental conditions.

By including computer simulations we have been
able to check the repeatability of QTL detection across
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Table 3 Markers, intervals (in boxes), and epistatic interactions associated with fruit number and total weight in control and salinity for the F
2

population as a whole (All) and for each
earliness subpopulation (Late or Early); a, d and R2 as in Table 1. The results of random subsampling simulations are in italics in the row immediately below if more that five of them
resulted in a significant association with the trait

Marker Fruit Number

All Late Early

a d R2 NSS a SD d SD R2 SD NSS a SD d SD R2 SD

Control
TG23 4.07 1.75 9.8 !2.21 !0.55 20.6

7 3.8 0.13 !1.22 0.97 12.4 2
TG134 6 3.86 0.34 !2 1.55 15.4 2

Salinity
TG23 !0.75 !0.59 2.5
TG28]TG23 19.38
TG48]TG23 11.02
TG134]TG182b 14.81

Markers Total Weight

All Late Early

a d R2 NSS a SD d SD R2 SD NSS a SD d SD R2 SD

Control

TG48 !5.23 1.51 9.5 !6 1.33 11.7 !4.23 1.95 10.3
90 !5.27 0.77 1.71 1.45 10.4 3 72 !5.84 0.95 1.52 1.68 12.8 4

TG180 !3.45 !2.66 7.2
27 !4.86 0.77 !2.04 2.01 12.4 4 26 !4.37 0.74 !2.2 1.08 10.2 3

TG23 !5.66 !1.3 20.6
TG182b !6.96 !3.96 35.9
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Table 4 Similar information as in Table 3 except for Fruit Weight

Marker Fruit Weight

All Late Early

a d R2 NSS a SD d SD R2 SD NSS a SD d SD R2 SD

Control

TG48 !0.69 !0.34 23.9 !0.66 !0.32 27 !0.73 !0.37 21.9
98 0.7 0.13 0.33 0.14 25.2 2.1 100 !0.68 0.09 !0.36 0.1 24.5 5

TG180 !0.86 !0.46 18 !0.62 !0.39 30.3 !1.19 !0.66 18.4
91 !0.9 0.18 !0.4 0.22 24.9 9 100 !0.88 0.13 !0.43 0.16 22.1 7

TG134 !0.76 !0.08 10.6 !0.76 !0.08 10.6 !1.19 !0.66 18.4
43 !0.66 0.18 0.08 0.26 16.9 4 47 !0.69 0.18 0.01 0.2 14.8 3

Salinity
TG48 !0.44 !0.02 10 !0.51 0.05 15.7

44 !0.55 0.08 !0.03 0.17 17.2 5 24 !0.56 0.12 !0.07 0.19 18 7
Pgm2 !0.49 0.08 10 !74 0.15 21.3

15 !0.69 0.12 0.13 0.23 22.1 6 18 !0.75 0.15 0.22 0.25 22.1 6
TG182 !0.5 0.35 15.1
TG339 !0.36 0.33 10.8 !0.5 0.4 16.2

28 !0.49 0.08 0.27 0.2 15.9 4 22 !0.5 0.08 0.24 0.19 15.9 4
TG15 !0.45 !0.02 10.3 !0.51 !0.02 13.1

9 !0.65 0.1 0.1 0.38 20.9 6 8 !0.61 0.11 !0.07 0.19 20.7 5
TG28 !0.21 0.34 5.2
TG134 6 !0.55 0.04 0.19 0.23 15 2 11 !0.51 0.09 0.32 0.21 13.9 2
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Table 5 Similar information as in Table 3 except for vegetative traits

Marker Height

All Late Early

a d R2 NSS a SD d SD R2 SD NSS a SD d SD R2 SD

Control

TG182 4.12 0.31 8 5.08 !1.63 16.3
32 5.5 0.72 0.52 2.05 15.3 4.1 51 4.89 0.62 0.09 1.33 11.8 3.1

TG339 5.3 !0.39 12.9 4.7 0.35 9.1 5.31 !0.85 17.8
69 5.75 0.92 0.07 1.62 17 4.8 84 5.3 0.74 !0.61 1.37 14.4 4

TG15 4.55 !0.83 11.7
28 6.31 1.00 !0.75 2.43 23.1 6.4 50 5.38 0.7 !0.89 1.31 16.2 3.5

TG48 !3.8 !2 10.7 !4.31 !2.91 14.4
44 !4.86 0.8 !1.42 1.68 15.7 5.2 73 !4.44 0.67 !1.78 1.3 14.1 3.3

TG180 !3.48 1.34 6.4 !4.07 1.78 9.9
31 !4.62 0.72 1.92 1.54 11.9 3.2 60 !4.17 0.53 1.43 1.34 9.9 2.1

Markers Internodal distance

All Late Early

a d R2 NSS a SD d SD R2 SD NSS a SD d SD R2 SD

Control

TG48 !0.54 !0.16 10.2 !0.54 !0.22 10.6 !0.55 !0.07 9.9
51 !0.67 0.11 !0.21 0.22 15.1 5.1 67 !0.59 0.09 !0.26 0.17 12.5 2.9

TG180 !0.48 !0.22 8.2 !0.5 !0.05 8.4
18 !0.74 0.11 !0.08 0.24 15.7 4.5 45 !0.68 0.09 !0.11 0.17 13.4 2.6

TG15 0.59 0.05 18.7

Salinity
TG28 !0.63 0.03 7.3 !0.87 !0.05 14.1

8 !0.92 0.08 !0.28 0.48 17.5 2.8 19 !0.96 0.12 !0.08 0.38 17.7 3.4
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different samples of the same population, whether salt-
treated or not. Little information is presently available
on the repeatability of QTL identification across differ-
ent samples and environments. A number of confound-
ing factors, such as different sets of markers, sources of
parental lines, type of progeny, different sets of environ-
ments and particularly sampling of progeny, have been
reported as possible causes of inconsistency in QTL
detection (Beavis 1994). Based on simulation experi-
ments the latter author provided indications that these
inconsistencies may occur because of a small number of
progeny. By contrast, experimental data suggest re-
peatedly that this is seldom the case, the more frequent
situation being the presence of one or two major QTLs
that explain a large part of the variability, and a num-
ber of minor loci accounting for smaller amounts of the
phenotypic variance (Beavis 1994). The analysis of
simulations confirms the differences found for QTL
detection, comparing presence versus absence of salt or
‘‘early’’ versus ‘‘late’’ experimental subpopulations. All
QTLs detected in the global F

2
are also detected in

more than 5% of the subsamples, except for fwTG28 (in
salinity). Given that the latter QTL shows a low contri-
bution in the F

2
, its detection must be affected by the

reduction of sampling size in simulations. On the other
hand, there are two cases, fnTG134 (in control) and
fwTG134 (in salinity), that are detected in more than
5% of the random subpopulations (6—11%) but not in
any experimental one. This could be due to spurious
detection, i.e. by chance there is a difference in perfor-
mance between some individuals differing in genotype
at the marker locus. In the process of sampling most of
the chance associations are broken up, due to the fact
that at each new simulated sample a different subset of
the population is represented. Thus, we have seen that
most estimates in the global populations (especially for
a) are close to their means over significant samples.

‘‘Late’’ subpopulations yielded more fruits and grew
less than the ‘‘early’’ subpopulations. Yield differences
were particularly surprising under salt treatment be-
cause late-yielding plants had been exposed longer
to the stress agent; that is, ‘‘late’’ F

2
plants showed

a higher salt tolerance than ‘‘early’’ F
2

plants. A QTL
analysis comparison of ‘‘early’’ and ‘‘late’’ subpopula-
tions suggests that differences in yield (in control), were
caused by changes in the genetic effects at QTL alleles
( fn—twTG23—TG182b) (Table 3). A positive additive ef-
fect of the chesmannii allele at fnTG23 was observed in
the ‘‘late’’ subpopulation whereas this effect is negative
in the ‘‘early’’ subpopulation, making this QTL unde-
tected in the F

2
as a whole. The random subsampling

simulated by computer shows that this situation can
not be explained by the process of subsampling but
rather by the specific classification of plants into earli-
ness classes; i.e. it should be interpreted as a pleiotropic
(regulatory) effect of the genes controlling earliness on
the yield-QTL alleles. We have shown in Table 2 that
there is an association or phenotypic correlation be-

tween earliness and FN, TW, HE and ID. The genetic
cause of such a correlation is chiefly pleiotropy, which
is a common property of major genes, but has not
frequently been considered in quantitative genetics.
Linkage is also a cause of transient correlation, parti-
cularly in populations derived from crosses between
divergent genotypes, as in our study. This might be the
case for fnTG23 and eaTG23—TG182b but, even so, this
earliness QTL, or another one, is causing the additive
value of the chesmannii allele at fnTG23 to change
drastically from minus 2.21, in the ‘‘early’’ subpopula-
tion, to plus 4.07, in the late subpopulation. Increased
yield in salinity for the ‘‘late’’ subpopulation, i.e. salt
tolerance, is explained, at least in part, by the ap-
pearance of epistatic interactions with important
contributions (11—19.4%). These important epistatic
interactions involving TG23-TG182b that affect FN in
salinity re-inforces the idea of pleiotropy through
epistasis. A model to explain the trait differences be-
tween the two subpopulations can be suggested given
that most yield QTLs suffering pleiotropic effects show
negative additive effects for the chesmannii alleles in the
‘‘early’’ subpopulation,. The genetic effects of chesman-
nii alleles at yield QTLs would be negative compared to
the esculentum alleles unless the switch to reproductive
development was promoted by chesmannii alleles at
earliness QTLs. It is as if the factor induced by the
esculentum alleles at earliness QTLs would not activate
the chesmannii alleles of yield QTLs. Hence, the yield of
populations derived from this cross will depend greatly
on the pleiotropic or regulatory effects of genes govern-
ing earliness on yield-QTL alleles. This is not the first
time that pleiotropic effects have been attributed to
earliness genes; for example, on plant height in rice (Li
et al. 1995) and on fruit weight in tomato (Banerjee and
Kalloo 1989; Kemble and Gardner 1992; Lindhout
et al. 1994). We have found no association between
earliness and FW, but the chesmannii allele at
fwPgm2—TG339 is only detected, and with negative
effect, in the ‘‘early’’ subpopulation for salinity. How-
ever, it is important to point out that, in these studies,
other wild species are involved and the location of
earliness genes is different from that in our experiment.

Jiang and Zeng (1995) have developed a statistical
model to test pleiotropy using the composite interval-
mapping procedure. This test is based on the hypothe-
sis of equality of the positions for the QTL having an
effect on trait 1 and the QTL affecting trait 2 relative to
the flanking markers. From the functional point of
view, pleiotropy is here interpreted as an enzyme coded
by a gene at the QTL that is involved in two different
metabolic pathways (traits). In our study, the pleio-
tropic effects resemble more the regulatory action of
a gene controlling earliness on the expression of other
genes involved in yield and height.

These pleiotropic effects of earliness genes on yield
and vegetative traits have important consequences for the
management of the genetic resources of ¸. chesmannii
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germplasm. ¸. chesmannii has been proposed as a salt
tolerance donor by several authors (Rush and Epstein
1981; Jones 1986; Läuchli 1986; Mahmond et al. 1986;
Asíns et al. 1993), whereas other authors consider it as
low salt-tolerant (Shanon et al. 1987; Cuartero et al.
1992; Saranga et al. 1992). We showed previously that
¸. chesmannii contains QTLs involved in salt tolerance
not detected in ¸. pimpinellifolium (Monforte et al.
1997b), and have now shown that the gene effects
depend greatly on the genotype at the loci governing
earliness. Considering the F

2
population as a whole,

some QTLs, such as fnTG23 in control or
fwTG23—TG182b in salinity, would not have been detec-
ted. Even worse, if we had studied only the ‘‘early’’
population, we would have concluded that ¸. chesman-
nii is not suitable for improving the salt tolerance of
tomato cultivars. Therefore, we suggest taking into
account the presence of pleiotropic effects of the genes
controlling earliness in order to achieve a more efficient
utilization of the ¸. chesmannii germplasm.
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