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Abstract A segregation population of 184 genotypes
derived from a pseudo-testcross of table grapes (Vitis
vinifera), together with 203 AFLP and 110 SSR markers
was used to detect quantitative trait loci (QTLs) for fruit
yield components. Diffferent QTLs, a low percentage of
phenotypic variance explained by the QTLs detected and
QTL instability over years were detected for each fruit
yield component. These results confirm the complex
genetic architecture of the yield components in grape-
vine due to the perennial nature of this species, which
has to adapt to yearly variations in climate. Phenotypic
correlation analyses between fruit yield components
were also performed. The negative correlation between
berry weight and the number of berries per cluster seems
to have an indirect negative effect on cluster weight, as
revealed by the path coefficient analysis; however, this
negative correlation was not supported at the molecular
level because no coincident QTLs were observed be-
tween these traits. Nonetheless, the possibility to select
seedless genotypes with large berries without affecting
cluster weight needs to be substantiated in future
experiments because factors such as sample size and
heritability might influence QTL identification in table
grapes.

Introduction

Fruit yield is the most commonly measured but poorly
understood trait in grapevine. It is an extremely complex

quantitative character both because of the number of
segregating loci controlling all of the traits involved in
yield and of the influence of non-genetic factors. A
multitude of investigations have been conducted on the
inheritance of yield and yield components in fruit tree
species using the classical biometrical approach, and
while these studies have been useful for making predic-
tions on the genetic progress occurring in plant breeding
programs, they have not provided information on indi-
vidual genes (or group of genes) influencing quantitative
trait loci (QTLs). However, genetic studies for quanti-
tative traits have recently been greatly facilitated by the
development of molecular markers. Modern strategies
for investigating the genetic basis of yield components or
other quantitative traits are based on the construction of
genetic linkage maps that have been constructed using
the available molecular markers. Subsequent informa-
tion gained from the constructed genetic linkage maps
together with agronomic data collected from field
experiments allow the identification of QTLs associated
with variability of the agronomic trait under study. This
approach may improve traditional methods of breeding,
particularly in fruit tree species which have long juve-
nility periods, large plant size and show reproductive
irregularities. To date, a number of QTL analyses have
been reported in fruit tree species (Conner et al. 1998;
Dirlewanger et al. 1999; Garcı̀a et al. 2000; King et al.
2000; Wang et al. 2000; Ballester et al. 2001; Quilot et al.
2004), including grapevine (Striem et al. 1996; Lahogue
et al. 1998; Dalbò et al. 2001; Doligez et al. 2002; Fischer
et al. 2004).

One of the major objectives of table grape breeding is
the development of seedless genotypes with large berries,
as all traditional seedless grape varieties develop smaller
berries than their seeded counterparts. In Vitis, some
QTL analyses have been carried out on the relationship
between the seedless trait and berry weight (Striem et al.
1996; Lahogue et al. 1998; Doligez et al. 2002; Fischer
et al. 2004), however there is not information available
on the association of the seedless trait with the other
fruit yield components. The success of a new table grape
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variety will depend not only on its seedlessness and berry
size but also on the cluster weight and vine yield. Thus,
knowledge of the genetic relationship among fruit yield
components based on a QTL analysis is economically
important in table grapes.

The objective of our investigation was to acquire
information on the association between molecular
markers and fruit yield components in table grapes in
order to improve our understanding of the inheritance of
these fruit traits and to facilitate the selection for seed-
less genotypes in breeding programs.

Materials and methods

Plant material and trait measurements

The plant material consisted of 184 progeny plants from
a double pseudo-testcross between two table grape cul-
tivars, Italia (seeded) · Big Perlon (seedless). The off-
spring of this cross are highly variable with respect to its
fruit: approximately 50% seedless genotypes (including
seedless genotypes with small seed traces and large seed
traces) and 50% seeded genotypes. The plants were
grown on their own roots (2 m between rows and 1 m
within a row) under normal conditions of irrigation,
fertilization and pest control. Environmental sources of
variation between genotypes and between fruit within a
genotype were minimized through pruning and cluster
thinning. The plants flowered and fruited in 2000. The
following fruit traits—vine yield, number of clusters per
vine, cluster weight and number of berries per cluster
(from two to three representative clusters), berry weight
(from 100 random berries)—were measured for each
genotype in three consecutive years (2002–2004).

The normality of each trait distribution was evalu-
ated by the Shapiro-Wilk test and probability plots (SAS
Institute 1988). The data were transformed (square-root)
to fit a normal distribution. The repeated-measures
analysis of variance (years, genotypes within year) was
applied to estimate the repeatability over years (Fal-
coner and Mackay 1996) for each fruit trait. The geno-
type stability across years was studied for each fruit trait
by correlation analysis between years. Phenotypic cor-
relations between traits were determined in each year.
Path coefficient analysis (Li 1956) was also performed
because it provides more information among variables
since this analysis allows the direct and the indirect effect
of correlated traits to be evaluated; the direct path
coefficients were estimated by multiple regression anal-
ysis (SAS Institute 1988).

Molecular markers and QTL analysis

DNA extraction and the molecular marker detection
were carried out as described in Fanizza et al. (2003) and
Grando et al. (2003). The QTL analysis was based on
individual parent linkage maps for Italia (I) and Big

Perlon (BP) constructed using 203 amplified fragment
length polymorphism (AFLP) and 110 simple sequence
repeat (SSR) markers. The file maps were obtained by
JOINMAP software (Van Ooijen and Voorrips 2001); the
linkage groups were numbered according to the refer-
ence map of Riaz et al. (2004) and the international
agreement achieved within the IGGP (International
Grape Genome Program). Potential QTLs for each fruit
yield component were detected using MAPQTL5 software
(Van Ooijen 2004). Interval mapping analysis was ini-
tially performed to find regions with potential QTL ef-
fects, and then scored markers in those regions were
used as co-factors in multiple QTL models (MQM anal-
ysis, also performed with MAQTL5). The threshold level at
which a QTL was declared significant was determined by
performing 1,000 permutations of the data, which
maintained a chromosome-wise type error rate of 0.05
(Churchill and Doerge 1994). The amount of phenotypic
variation simultaneously explained by all QTLs found
for each continuous variable trait was determined using
a stepwise regression analysis (SAS Institute 1988).

Results and discussion

Field trait analysis

The frequency distributions of the yield and fruit yield
components are reported for only 1 year (Fig. 1) as
these components showed approximately the same dis-
tribution for the 3 years of the investigation. For berry
size, the weight of the berry is used (Fig. 1) as we de-
tected a high correlation (r=0.97) between berry volume
and berry weight in the first year of observations and in
other experimental tests. All traits showed a continuous
variation, which is typical of quantitative traits, without
any differentiation between seedless and seeded geno-
types; the berry weight ranged from 1.5 g to 6 g for
seedless genotypes and from 2.5 g to 9 g for seeded ones,
while the number of berries per cluster ranges from 33 to
240 for the seedless genotypes and from 31 to 158 for the
seeded ones. The data were transformed (square-root) to
improve the normality and used in all subsequent anal-
yses.

The repeatability, which also set the upper limit to the
broad-sense heritability (Falconer 1996), was estimated
for each fruit yield component over 3 years (Table 1).
These analyses show that the yield components have a
low to moderate repeatability, with the number of
clusters per vine having the lowest repeatability (0.11)
due to it being largely affected by the year environment
variations. In-depth information is available in grape-
vine on the influence of the environmental conditions on
bud fruitfulness and, consequently, on the number of
clusters (Buttrose 1974; Perez and Kliewer 1990; Mullins
et al. 1992). The other fruit yield components, such as
the cluster weight, number of berries per cluster and
berry weight, show moderate repeatability (Table 1),
suggesting that there is some environment influence for
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these traits also, although the degree of environmental
influence is variety-dependent.

The differential genotypic sensitivity to year envi-
ronment variation was estimated by phenotypic corre-
lation of the same trait between years (Falconer and
Mackay 1996) minimizing the environmental sources of
variation between genotypes through pruning and clus-
ter thinning. Low phenotypic correlations between years
(Table 1) were observed for the number of clusters per
vine (r ranges from 0.13 to 0.34) and for the number of
berries per cluster (r ranges from 0.41 to 0.47), while
higher correlation values were observed for the berry
weight (r ranges from 0.63 to 0.77). Thus, the geno-
type · year interaction predominantly affects the num-
ber of clusters per vine and the number of berries per
clusters; this is due to the differences in sensitivity each
genotype shows to yearly climate variations, especially
during the fruit bud formation and the berry set, which
determine, respectively, the number of clusters per vine
and the number of berries per clusters. Other investi-
gators (Ewart et al. 1977; Mullins et al. 1992) have
associated the yield variability of some grape varieties to
the poor fruit-set caused by environmental factors.

Since genotypes react differently to yearly climate
variations, the correlations between fruit yield compo-
nents were determined in each year (Table 2). Positive
correlations were detected between vine yield and num-
ber of clusters per vine (r varies from 0.73 to 0.77 in the
3 years) and cluster weight (r varies from 0.48 to 0.70).
Thus, vine yield is correlated mainly to the number of
clusters per vine and to some extent to the cluster
weight. On the other hand, cluster weight is positively
correlated to a larger extent with the number of berries
per cluster (r ranges from 0.73 to 0.78) and to a less
extent with the berry weight (r ranges from 0.36 to 0.52).
Other authors (Smart et al. 1982; Dunn and Martin
2000; Lopez-Miranda and Yuste 2004) who have anal-
ysed fruit yield components within some grape varieties
have reported that the most important trait responsible
for cluster weight under normal cultural and climatic

Table 1 Phenotypic correlations between years and repeatability
for each trait

Trait Year 2002 2003 Repeatability

Yield/vine 2003 0.26** 0.15
2004 0.06 NS 0.34**

Number of
clusters/vine

2003 0.34** 0.11
2004 0.13 NS 0.28**

Cluster weight 2003 0.53** 0.47
2004 0.52** 0.53**

Number of
berries/cluster

2003 0.41** 0.35
2004 0.44** 0.47*

Berry weight 2003 0.63** 0.54
2004 0.77** 0.72*

*P £ 0.05; **P £ 0.01; NS, not significant

Fig. 1 Frequency distribution of 184 progeny plants for each trait.
Parental phenotypes indicated by arrows. I Italia, BP Big Perlon

b
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conditions is the number of berries per cluster. Con-
versely, a negative correlation was detected between the
number of berries per cluster and berry weight (r varies
from �0.15 to �0.26), which has a negative effect on the
cluster weight. In fact, the path analysis (Table 3) shows
that cluster weight is influenced indirectly either via the
number of berries or via berry weight by this negative
correlation. Thus, the selection of seedless genotypes
with large berries and good cluster weight might be
hampered by the negative correlation between the
number of berries and the berry weight. Nonetheless, a
better evaluation of the genetic relationships between the
number of berries and berry weight and other fruit yield
components can be obtained by means of the QTL
analysis with the objective of searching for the coinci-
dence of QTLs between traits.

QTL analysis

The results of the QTL analysis for the fruit yield
components are presented in Table 4. Our results show
that there were no stable QTLs across years for each of
the components of fruit yield analysed. For the number
of clusters per vine, different QTLs were detected in 2003
(Cn3.1, LOD score: 3.28; R2: 7%) and in 2004 (Cn4.1,
LOD: 4.23; R2: 10%; Cn4.2, LOD: 4.17; R2: 10%). For
cluster weight, the same QTL was detected in 2003
(Cw3.1, LOD: 3.01; R2: 1.3%) and in 2004 (Cw4.1,
LOD: 3.32; R2: 6.7%). For the number of berries per

vine, several QTLs were detected, but none of these were
observed in successive years. The same observations
were made for the berry weight. Other investigators have
detected stable QTLs for berry weight in table grapes
(Doligez et al. 2002) and wine grapes (Fischer et al.
2004); however, the QTLs detected in these investiga-
tions were all different. These different results might be
due to the different progenies used. In particular, the
table grape progeny of Doligez et al. (2002) was derived
from two partially seedless parents and included a large
number of seedless genotypes with a relative uniform
and medium-sized berry, while our progeny, derived
from a seeded · seedless cross, showed a much higher
variability for berry weight as well as a low repeatability
over years. This variability in berry weight in the dif-
ferent progenies might have affected the detection of the
QTLs and together with progeny size and heritability
might play an important part in explaining the different
results. Small sample size and medium-to-low trait her-
itability might have biased QTL detection (Beavis 1998;
Melchinger et al. 2004). Nevertheless, the instability of
QTLs over years has been reported in other fruit tree
species (Conner et al.1998; Garcı̀a et al. 2000; Wang
et al. 2000; Quilot et al. 2004).

The lack of QTL stability in different years for all of
the traits analysed might be due to the presence of
different genes or the differential expression of these
genes as a result of differential genotypic sensitivity to
yearly climate variations. Yearly variations in temper-
ature had a considerable effect on the flowering and

Table 2 Phenotypic correlations between traits in different years

Character Year Number of clusters/vine Cluster weight Number of berries/cluster Berry weight

Yield/vine 2002 0.77** 0.48** 0.14 NS 0.15 NS
2003 0.73** 0.65** 0.58* 0.22*
2004 0.74** 0.70** 0.51* 0.39**

Number of clusters/vine 2002 �0.09 NS �0.15 NS �0.024 NS
2003 0.10 NS 0.11 NS �0.07 NS
2004 0.10 NS 0.09 NS 0.018 NS

Cluster weight 2002 0.78** 0.36**
2003 0.77** 0.39**
2004 0.73** 0.52**

Number of berries/cluster 2002 �0.26**
2003 �0.25**
2004 �0.15 NS

*P £ 0.05; **P £ 0.01; NS, not significant

Table 3 Path coefficients showing direct and indirect effects of the number of berries per cluster and berry weight on the cluster weight

Trait Year Direct effecta Indirect effect via Total correlation

Number of berries/cluster Berry weight

Number of berries/cluster 2002 0.94 �0.15 0.79
2003 0.91 �0.16 0.75
2004 0.83 �0.10 0.73

Berry weight 2002 0.60 �0.24 0.36
2003 0.63 �0.23 0.40
2004 0.63 �0.12 0.51

aResidual effect = 0.14, 0.17 and 0.20, respectively, for 2002–2004
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berry set of some of the genotypes, affecting QTL
stability of the number of berries per clusters and
cluster weight. In addition, yearly variations in the
amount of rainfall during the development of berries
also had an effect on berry weight. On the other hand,
the observed differences in QTL detection over years
might be explained by alternate bearing due to the
difficulty to regulating plant growth and the growth-
yield balance of some genotypes, which is not uncom-
mon in fruit tree species. If all these factors are taken
into consideration, it is logical to imagine that a large
number of genes and different physiological mecha-
nisms might be involved in the determination of each
fruit trait in response to yearly environmental varia-
tions. Thus, the detection of different QTLs for the
same trait should be expected in different years because
QTL detection will depend on the environmental con-
ditions of that specific year. This will result not only in
an increase in the number of QTLs but will also affect
the detection of different QTLs across years for each
fruit trait.

From the data presented in Table 4, it is clear that the
detected QTLs explain a low percentage of the pheno-
typic variance for each fruit yield component. The QTLs
with the highest R2 values were detected for berry weight
(Bw2.3 and Bw2.1 with R2=19% and 10%, respec-
tively). Only a few other QTLs with a relatively high R2

(about 9–10%) were observed: for number of berries per
cluster (Bn4.1) and for number of clusters per vine

(Cn4.1 and Cn4.2). However, most of the detected QTLs
had low R2 values. The main explanation for the low
percentage of phenotypic variance accounted for by the
detected QTLs is the large number of QTLs with small
effect; most of these remain undetected and will not
contribute to an explanation of the phenotypic variance.
Consequently, estimates of QTL number should be
considered as lower bounds. In addition, part of the
unexplained variance might be attributable to the
interaction between QTLs, which was not determined in
this experiment. Limitations in QTL statistical meth-
odology and in the experimental designs might lead to
biased results in the estimation of both QTL number
and the phenotypic variance explained by the detected
QTLs. Sample size and heritability are the most relevant
factors in QTL detection. As the variance explained by a
QTL decreases, the number of progeny must increase, as
suggested by Lander and Bolstein (1989). When the trait
heritability is low, the size of a population must be rel-
atively large—100–1,000 individuals (Staub et al.1998).
Simulation and experimental studies (Beavis 1998;
Melchinger et al. 2004) have shown that the results for
the number of QTLs and for the proportion of explained
variance by the detected QTLs are biased when a small
sample size and a medium-to-low trait heritability are
used. This underscores the importance of interpreting
QTL mapping results with caution when the sample size
is not large and there is a medium-to-low heritability or
repeatability.

Table 4 Characteristics of the detected QTLs for each trait measured in different years

Trait Year Linkage groupa Parentb QTLc Nearest marker LOD score LOD thresholdd R2 (%)e

Number of clusters/vine 2003 19 I Cn3.1 mCTC eATC9 3.28 2.7 7
2004 8 BP Cn4.1 VVS4 4.23 2.5 10

8 BP Cn4.2 VMC7H2 4.17 2.5 10
Cluster weight 2002 12 I Cw2.1 mCAC eACA7 3.19 2.6 2.3

2003 5 BP Cw3.1 mCAT eAAG13 3.01 2.8 1.3
16 I Cw3.2 VMC1E11 2.98 2.5 4

2004 5 BP Cw4.1 mCAT eAAG13 3.32 2.7 6.7
17 BP Cw4.2 mCTC eATG12 3.02 2.7 4

Number of berries/cluster 2002 8 BP Bn2.1 mCAT eAAG4 3.72 2.6 5
12 BP Bn2.2 mCTG eATT3 3.12 2.6 7
17 I Bn2.3 mCTG eATC8 3.02 2.8 6
2 I Bn2.4 VVI055 3.19 2.8 1.2

2003 5 BP Bn3.1 mCAT eAAG137 4.09 2.7 4
7 I Bn3.2 mCAT eATT1 3.01 2.7 4.5

2004 7 BP Bn4.1 VMC7A4 4.25 2.6 9
7 BP Bn4.2 mCAT eATG15 4.25 2.6 1.5
5 I Bn4.3 mCAG eATG15 3.32 2.2 2.8
7 I Bn4.4 VVMD7 3.02 2.2 5.7
7 I Bn4.5 VMC16F3 2.83 2.2 4

Berry weight 2002 5 I Bw2.1 mCAT eATT2 3.31 3 10
16 I Bw2.2 mCTA eAAG5 3.35 3 3
5 BP Bw2.3 VMC3B9 3.2 2.7 19

2003 4 BP Bw3.1 VMC7H3 3.13 2.5 5
13 BP Bw3.2 mCAG eAAG13 2.95 2.5 2

2004 20 BP Bw4.1 mCAT eAAG14 3.19 2.5 5.8
20 I Bw4.2 mCTG eAAG3 3.24 2.8 4.8

aLinkage group as International Grape Genome Program (IGGP)
bI, Italia; BP, Big Perlon
cQTLs are named using an abbreviation for the trait; the number is
used to distinguish QTLs for year and order

dDetermined by a permutation test at P £ 0.05
eCoefficient of determination
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In our investigation, we also analysed the relation-
ships between fruit yield components by looking for the
simultaneous expression of QTLs between correlated
traits. In the past, associations between fruit traits in
grapevines have usually been tested by comparing ei-
ther unrelated genotypes or various treatments within a
single genotype. Using these approaches, it is difficult
to show if two traits are causally related or if they
merely vary in association. By identifying coincident
QTLs between traits, it might be hypothesised that
these traits are controlled by closely linked genes or a
unique gene with pleiotropic effect. This is important in
plant breeding because trait selection can be affected.
In our study, even though berry weight and number of
berries per cluster were negatively correlated (Tables 2,
3), we did not detect any coincidence of the QTLs
(Table 4) between these traits. This might indicate that
the genes controlling berry weight and the number of
berries per cluster function independently of each
other. If this were to be the case, there is the possibility
of selecting seedless genotypes with large berries with-
out affecting the cluster weight. Nonetheless, this needs
to be confirmed in follow-up experiments because the
lack of QTL coincidence between the number of berries
and berry weight might be due to other factors—sam-
ple size, heritability, etc.—which might influence the
QTL identification.

In conclusion, this study draws a complex picture of
the genetic architecture of the fruit yield components of
grapevine due to the perennial nature of this species,
which has to adapt to yearly variations in climate. The
detection of different QTLs, the low percentage of the
phenotypic variance explained by the detected QTLs and
QTL instability over years for each fruit yield compo-
nent confirm the quantitative genetic model of the yield
components in grapevine. In addition, the negative
phenotypic correlation between berry weight and num-
ber of berries per cluster, which might hamper the pos-
sibility of selecting for seedless genotypes with large
berries without affecting the cluster weight, is not sup-
ported at the molecular level because of the lack of QTL
coincidence between these traits. Nevertheless, this needs
to be substantiated in future experiments because other
factors such as sample size and heritability might influ-
ence the identification of QTLs.
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