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ABSTRACT. Berry texture of grapes (Vitis labruscana Bailey, V. vinifera L., and their hybrids) can be characterized by 
two factors: 1) diffi culty of breakdown in mastication and 2) fi rmness, which can be mechanically measured as de-
formation at fi rst major peak (DFP) and maximum force (MF) of the force-deformation curve in fl esh puncture tests. 
Crisp texture (easily breakable and fi rm fl esh texture), one of the most important factors for the quality of table grapes, 
corresponds to a combination of small DFP (≤2.5 mm) and large MF (≥0.9 N). Obtaining offspring with crispy fl esh 
is a primary objective in grape interspecifi c hybrid breeding at the National Institute of Fruit Tree Science, Japan. 
In this study, the expected proportion (EP) of offspring with crispy fl esh as a genotypic value was estimated using a 
population consisting of 23 full-sib families each with eight offspring. An analysis of variance in the offspring, which 
estimated between-family and within-family variances, and the regression analysis of the family mean (Fm) of eight 
offspring in each full-sib family on mid-parental value (MP) were conducted for DFP and MF. The results revealed that 
the total genetic variation in offspring was mostly explained by the variance due to the regression and the within-family 
variance for both DFP and MF. No signifi cant heterogeneity of within-family variance was detected by Bartlettʼs test 
for either DFP or MF. Therefore, a simple model was used to calculate EP: Fm is solely determined by the regression 
of Fm on MP, and all families have an equal within-family genetic variance due to segregation. Since merely a weak 
correlation relationship existed between DFP and MF, its infl uence was omitted in calculating EP. The EP of offspring 
having crisp texture was estimated to be 11% for an MP value of DFP of 2.5 mm (DFP for ʻItaliaʼ), 6% for a DFP of 
3.5 mm (DFP for ʻAthensʼ), and 3% for a DFP of 4.5 mm (DFP for ʻBathʼ); the MP value of MF was assumed to be 0.7 
N (MF for ʻSteuben  ̓and ʻItaliaʼ) in this calculation.

Grape (Vitis L.) is the most important fruit crop in the world, 
grown on over 9 million hectares (Alleweldt et al., 1990; Reisch 
and Pratt, 1996). The leading cultivars are European grapes (V. 
vinifera) (Alleweldt and Possingham, 1988; Alleweldt et al., 
1990), which account for more than 90% of the world produc-
tion (Winkler, 1962). This species includes table-use cultivars 
producing large berries of high quality. However, it requires a 
warm and dry climate (Hedrick, 1925) and is highly susceptible 
to fungal diseases such as downy mildew [Plasmopara viticola 
(Berkeley et Curtis) Berlese et de Toni] and anthracnose [Elsinoe 
ampelina (de Bary) Shear] (Winkler, 1962). The failure of early 
colonists to establish V. vinifera in eastern North America was 
due to the species  ̓ lack of resistance to native diseases, soil 
pests, and low winter temperatures in the northernmost areas 
(Einset and Pratt, 1975). Therefore, interspecifi c hybrid cultivars 
which perform better in northern regions have been developed 
by crossing V. vinifera grapes and native species of the United 
States. The most commonly used native species was the fox grape 
(V. labrusca L.), and interspecifi c hybrid cultivars showing V. 
labrusca characteristics are classifi ed as V. labruscana (Bailey 
and Bailey, 1930). 

There is a large difference in berry texture between V. vinifera 
and V. labruscana (Galet, 1979; Hedrick, 1925). The fl esh of V. 
vinifera breaks down easily when chewed, whereas V. labruscana 
is diffi cult to masticate (Bourne, 1979) and forms a gelatinous 
mass (Galet, 1979). The fi rm and easily chewed fl esh of V. vinifera 
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cultivars is termed “crisp,” a highly desirable character in table 
grapes. In contrast, the texture of V. labruscana is considered 
responsible for the limited consumption of V. labruscana as a 
fresh fruit (Bourne, 1979). 

To characterize the texture of food products, various instru-
ments, such as the Texturometer (Friedman et al., 1963) and the 
Instron Universal Testing Machine (Bourne and Mondy, 1967), 
have been developed. Mechanically measured variables most 
often used to defi ne textural characteristics are force and defor-
mation (distance) (Bourne, 1966), and several related variables 
have been determined in apple (Malus ×domestica Borkh.) 
from force-deformation diagrams using the Instron Universal 
Testing Machine (Abbott et al., 1984). The texture and fi rmness 
of various fruit crops was puncture- and compression-tested by 
the same machine (Abbott et al., 1984; Brown, 1968; Lee and 
Bourne, 1980).

Sato et al. (1997) studied berry texture instrumentally with a 
fl esh puncture test using a rheometer (an Instron-type machine). 
They showed that the degree of diffi culty of breakdown in mas-
tication and fl esh fi rmness could be expressed as deformation at 
DFP and MF, respectively, in the force-deformation curve, because 
of the high correlation between the measured values and the re-
sults of sensory tests. According to Sato et al. (1997), V. vinifera 
cultivars showed a small DFP and a wide variation of MF in the 
test. These properties related with descriptive sensory terms such 
as “fi rm,” “crisp,” and “melting,” used in the literature (Galet, 
1979; Hedrick, 1925; Weinberger and Harmon, 1974). 

Vitis labruscana grapes, on the other hand, exhibited wide 
variation in both DFP and MF (Sato and Yamada, 2003; Sato 
et al., 1997). The texture of V. labruscana grapes was described 
as “tough” or “tender” (Hedrick, 1925; Slate et al., 1962). The 
puncture tests suggested that the term “tough” was used to de-
scribe fl esh with large DFP and MF, while the term “tender” was 
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preferentially assigned to fl esh with small to medium DFP and 
MF (Sato et al., 1997). No V. labruscana cultivars were classifi ed 
as “crisp” due to the positive correlation between DFP and MF 
(Sato and Yamada, 2003; Sato et al., 1997).

Because of heavy rainfall during the growing season, Japanese 
grape farmers have primarily grown interspesifi c hybrid cultivars. 
However, almost no hybrid cultivars in Japan so far has fully met 
the high expectations of Japanese consumers regarding high eating 
quality. The National Institute of Fruit Tree Science (NIFTS) has 
conducted breeding programs for more than 30 years to create 
grape cultivars with excellent eating quality, large berries, dis-
ease resistance, and a high degree of cold hardiness. So far, the 
NIFTS released fi ve new diploid cultivars that were selected from 
crosses of V. vinifera, V. labruscana, and their hybrids (Yamada 
et al., 2004, 2005; Yamane et al., 1988, 1991, 1992). However, 
no studies on the genetics of fl esh texture have been reported yet. 
Therefore, it has been unknown whether interspecifi c crosses can 
yield offspring with crispy fl esh or not.

The proportion of offspring having genotypic values exceeding 
a critical value in selection is the most important information for 
fruit breeders. A method for predicting the expected proportion 
(EP) was established by Yamada et al. (1994, 1995, 1997) and 
Yamada and Yamane (1997). The objective of this study was 
to estimate the expected proportion of offspring having crispy 
fl esh in interspecifi c hybrid breeding by quantitating fl esh texture 
instrumentally. 

Materials and Methods

THE POPULATION. This study was carried out using offspring 
from the table grape breeding program at NIFTS. Nine cultivars/
selections of V. vinifera. and eight interspecifi c hybrids were used 
as parents (Table 1). All parents were diploid. The interspecifi c 
hybrid selections resulted from crosses among V. labruscana and 

V. vinifera cultivars. The offspring population (184 individuals) 
consisted of 23 full-sib families each with eight offspring (Table 2). 
The crosses were made solely for the purpose of genetic improve-
ment without a specifi c mating design. Seedlings initially were 
grown in a greenhouse. One shoot was taken from each seedling 
and was grafted onto a ̒ Kober 5BB  ̓rootstock. These plants were 
planted in the vineyard with 0.6 × 3.2-m spacing. 

TEXTURAL EVALUATION. A fl esh puncture test was performed on 
the berries from parents and offspring harvested at their respective 
ripening time. In the test, deformation at fi rst major peak (DFP, 
distance from sample surface to fi rst rupture) and maximum force 
(MF) were measured using a rheometer (model NRM 2010J-CW; 
Fudoh, Tokyo) according to Sato et al. (1997). A fl esh section 
of 8-mm thickness was cut longitudinally from each berry. The 
sample was mounted on the stage of the rheometer which had a 
4-mm-diameter hole. A plunger with 3 mm diameter was used 
at a puncturing rate of 50 mm·min–1. Force of compression and 
distance from the surface of the sample were recorded as a force-
deformation curve, from which DFP and MF were determined. 
Five berries from one cluster of each offspring were analyzed in 
the fi rst fruiting year without annual repetition, while fi ve ber-
ries each from four clusters from one vine of each parent were 
evaluated with three annual repetitions. 

ESTIMATION OF THE GENETIC PARAMETERS FOR DEFORMATION AT 
FIRST MAJOR PEAK AND MAXIMUM FORCE. The data were transformed 
logarithmically to improve the normality of the distribution. Family 
mean (Fm) was calculated as the mean value of eight offspring 
vines in each full-sib family. Regression analysis was carried out 
with Fm as the dependent variable and the mid-parental value 
(MP) as the independent variable. According to the model by 
Yamada et al. (1997), the performance of DFP and MF of the jth 
offspring in the ith family is given by Yij:

Yij = μ + βxi + di + wij 
where μ = overall mean across offspring and families

xi = deviation of MP of the ith family from the overall mean
β = coeffi cient of regression of the family mean on MP
di = deviation of the family mean from the regression
wij = within-family deviation contributed by genetic and envi-

ronmental effects in the jth offspring of the ith family.
The deviation of each family mean from the regression (di) and 

the deviation of each offspring from the family mean (wij) were 
tested for normality of the distribution by Kolmogorov–Smirnov s̓ 
one sample test (Campbell, 1974); both were approached to be 
normally distributed around each family mean. The homogeneity 
of within-family variances was tested by Bartlettʼs test (Snedecor 

Table 1. Deformation at fi rst major peak (DFP) and maximum force 
(MF) from fl esh puncture test for grape cultivars/selections used as 
cross-parents.

 Cultivars/ DFP MF 
Species selections (mm) (N)
Vitis vinifera Alphonse Lavallee 1.94z 0.59z

 Italia 1.79 0.54
 July Muscat 2.32 0.89
 Katta Kurgan 2.07 0.75
 Madereine Celine 1.87 0.67
 Rizamat 1.79 0.93
 Rosaki 2.06 0.78
 Sekirei 2.29 0.63
 105 – 54 1.98 0.78
Interspecifi c hybrid Alden 2.38 0.55
 Akitsu 7 5.39 1.02
 Akitsu 21 2.69 1.10
 Baffalo 6.28 1.06
 North Red 5.00 0.45
 Seneca 2.07 0.62
 85 – 62 3.03 0.50
 103 – 37 1.90 0.76
zMean value of four berries in each of fi ve clusters on a single vine for 
3 years. 105 – 54 = an F1 of ʻNeo Muscat  ̓x ʻCardinalʼ, Akitsu 7 = an 
F1 of ʻTakasago  ̓x ʻCampbell Earlyʼ, Akitsu 21 = an F1 of ʻSteuben  ̓x 
ʻMuscat of Alexandriaʼ, 85 – 62 = an F1 of ʻSteuben  ̓x ʻRizamatʼ, 103-
37= an F1 of ʻKatta Kurgan  ̓x ʻTakasagoʼ.

Table 2. Crossing combinations of parental grape cultivars/selections in 
23 full-sib families used in this study. 

Cross combination Cross combination 
Alphonse Lavallee x Alden North Red x Akitsu 7
Alphonse Lavallee x July Muscat North Red x Buffalo
Alphonse Lavallee x Rizamat North Red x Madeleine Celine
Alden x Rizamat North Red x Rosaki
Akitsu 21 x Alden Rizamat x Sekirei
Italia x Alden Seneca x Akitsu 7
Italia x North Red 85 – 62 x Alden
Italia x Rizamat 85 – 62 x Alphonse Lavallee
July Muscat x North Red 85 – 62 x Italia,
July Muscat x Seneca 103 – 37 x Akitsu 7
Katta Kurgan x North Red 105 – 54 x Alden
Madeleine Celine x Buffalo
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and Cochran, 1972). No signifi cant heterogeneity was detected at 
P = 0.05 for either DFP or MF. Therefore, offspring in each fam-
ily were assumed to distribute normally around the family mean 
estimated by the regression line, with within-family variance. 

A one-way analysis of variance (ANOVA) for the data of each 
offspring was performed to estimate between-family variance 
(σ2

bf) and within-family variance (σ2
w) (Table 3). σ2

w consists of 
genetic (σ2

wg) and environmental variance (σ2
we). According to 

Yamada et al. (1993, 1994, 1995, 1997) and Yamada and Yamane 
(1997), σ2

wg was calculated by subtracting σ2
we from σ2

w. σ2
we was 

assumed to be the environmental variance in fi ve berries in a 
cluster on a single vine measured in 1 year. According to Sato et 
al. (2000), the environmental variance of the mean performance 
in offspring (σ2

we) is σ2
we = σ2

b/yvcb + σ2
c/yvc + σ2

v/v + σ2
vy/yv 

+ σ2
gy/y + σ2

y/y, where σ2
b is the variance among berries within 

clusters, σ2
c is the variance among clusters within vines, σ2

v is 
the variance among vines within genotypes, σ2

vy is the variance 
due to interaction between vine and year, σ2

gy is the variance 
due to interaction between genotype and year, σ2

y is the variance 
among years, y is the number of years repeated, v is the number 
of vines per genotype, c is the number of clusters per vine, and b 
is the number of berries per cluster. Estimates of environmental 
variance components have been obtained previously (Sato et al., 
2000). Here, σ2

we was estimated as σ2
b/5 + σ2

c + σ2
v + σ2

vy + σ2
gy + 

σ2
y (b = 5, c = 1, v = 1, and y = 1). The environmental variance 

of the mid-parental value (σ2
MPE) was also estimated as (σ2

b/60 
+ σ2

c/12 + σ2
v + σ2

vy/3 + σ2
gy/3 + σ2

y/3)/2 (b = 5, c = 4, v = 1, and 
y = 3). Here, the environmental variance among mid-parents is 
half of the variance among individual parents.

ESTIMATION OF THE EXPECTED PROPORTION OF OFFSPRING HAVING 
GENETICALLY CRISP TEXTURE. The expected proportion of offspring 
having genotypic values was calculated based on a normal den-
sity function. As shown in the Results section, the variance due 
to di was so small for both DFP and MF that it could be omitted 
in estimating EP. Therefore, EP was calculated using a model in 
which the genotypic value of offspring was distributed as shown 
in Fig. 1. True mean value within a family, Fm (n = ∞), that is, 
family-mean with no error due to the number of offspring within 
the family, were estimated by the regression of the family-mean 
under eight offspring on MP. The Fm (n = ∞) is the estimate of the 
family mean as a genetic value with no error due to the number 
of offspring within the family. Each offspringʼs genotypic value 
in a family was assumed to be distributed around Fm (n = ∞) 
with the within-family genetic variance, σ2

wg.

The expected proportion (EP) of offspring below a critical 
value (s1) of DFP was: 

u = – (z1 – Fm1) 2 / (2σ2
wg),

where Fm1 is Fm (n = ∞) for DFP. 
On the other hand, the expected proportion of offspring ex-

ceeding a critical value (s2) of MF was:

u = – (z2 – Fm2)2/(2σ2
wg),

where Fm2 is Fm (n = ∞) for MF.
Previous reports (Sato et al., 1997; Sato and Yamada, 2003) 

showed that DFP in V. labruscana, which consists mostly of in-
terspecifi c hybrids, was larger than in V. vinifera, although there 
was nearly the same variation in MF in both species. Moreover, 
MF in V. labruscana was positively correlated to DFP, whereas 
in V. vinifera it was not. In the present study, however, the coef-
fi cient of determination (r2) between DFP and MF was 0.05 for 
the whole offspring population. The very low correlation in the 
present study may be due to the fact that the offspring population 
was mainly derived from backcrosses of interspecifi c hybrids to 
V. vinifera cultivars/selections and crosses among V. vinifera.

As the correlation between DFP and MF was week in our 
data, the two variables were assumed independent of each other 
for simplifi cation in estimating the expected proportion of off-
spring having crisp texture. Since crisp texture corresponds to a 
combination of DFP (≤2.5 mm) and MF (≥0.9 N), the expected 
proportion of offspring having genetically crisp texture in a family 
was estimated as EP [z1 ≤ log (2.5)] × EP[z2 ≥ log (0.9)]. 

Table 3. Expected mean squares of analysis of variance and regres-
sion analysis using 23 full-sib families each with eight offspring 
in grapes. 

Source of
variation df Expected mean squares
Between-family 22 σ2

w + 8σ2
d + 8σ2

r = σ2
w + 8σ2

bf

Regressionz 1 σ2
w + 8σ2

d + 176σ2
r

Residual 21 σ2
w + 8σ2

d

Within-family 161 σ2
w

Total 183 
zRegression of family mean on mid-parental value. σ2

w = within-family 
variance. σ2

d = variance component associated with the residual from 
the regression. σ2

r = variance component associated with the regression. 
σ2

bf = between-family variance = σ2
r + σ2

d.

Fig. 1. Model diagram in calculating an expected proportion of offspring having 
genotypic values exceeding a critical value for maximum force from fl esh 
puncture test in grapes. The proportion is expressed as the area exceeding a 
critical value. Conversely, the proportion for deformation at fi rst major peak is 
expressed as that of portion below a critical value. 

EP [z1 ≤  log (s1)] = 1

)log( 1
exp

2

1
dz

s
u

wg
∞−σπ [1]

EP[z2 ≥  log (s2)]  = 2
)log( 2

exp
2

1
dz

s

u

wg

∞

σπ [2]
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Results

ANALYSIS OF DEFORMATION AT FIRST MAJOR PEAK. The mean 
value of DFP was nearly identical in MP [0.4312 (log 2.70 mm)] 
and parental mean [0.4017 (log 2.52 mm)] (Table 4). The vari-
ance of DFP in MP (0.0172) was about half of that in the parental 
group. These results suggested that crosses were made randomly 
within the parental cultivars/selections. The genetic variance of 
MP (σ2

MPG), which was obtained by subtracting σ2
MPE (0.0006) 

from the phenotypic variance of MP [σ2
MPP (0.0172)], was 0.0166. 

The ratio σ2
MPG/σ2

MPP was 0.97, indicating that MP was highly 
heritable. The overall mean DFP of the offspring was 0.3401 (log 
2.19 mm), which was near that of MP.

ANOVA revealed that the regression of Fm on MP was highly 
signifi cant (Table 5). The between-family variance (σ2

bf) consisted 
mostly of the variance associated with the regression (σ2

r ), which 
accounted for 91% of the σ2

bf (Table 6). This result indicated that 
the genetic variation among families was mostly explained by 
the MP value. The regression equation obtained was Fm = 0.781 
MP + 0.003 (Fig. 2A). The SE of the regression coeffi cient was 
±0.098. σ2

wg was estimated at 0.0152. 
Based on these estimates, the expected proportions (EP) of 

offspring having genotypic values below a critical value were 
calculated based on parental measurements of fi ve berries each 
from four clusters on a single vine for 3 years (Fig. 3A). The EP 
of offspring having DFPs smaller than 2.5 mm decreased as the 
mid-parental values increased. It was 75% for MP = 2.5 mm, 
40% for 3.5 mm, and 18% for 4.5 mm. 

ANALYSIS OF MAXIMUM FORCE. MF had similar mean values in 
MP (0.65 N) and in the parents (0.72 N) (Table 4). Its variance 

Table 4. Overall mean and variance of the parental and mid-parental 
populations in deformation at fi rst major peak (DFP) and maximum 
force (MF) from fl esh puncture test in grapes.

 DFP MF

 Mean Variancez Mean Variancez

Parenty 0.4017z 0.0304 –0.1450z 0.0139
 (2.52 mm)  (0.72 N)
Mid-parent 0.4312z 0.0172 –0.1848z 0.0054
 (2.70 mm)  (0.65 N)
zLog transformed value.
ySee Table 1.

Table 5. Analysis of variance for deformation at fi rst major peak (DFP) 
and maximum force (MF) from fl esh puncture test using 184 offspring 
from 23 full-sib families in grapes.z 

 DFP MF

Source of Sum of Mean Sum of Mean 
variation squares squares squares squares
Between-family 2.4516 0.1114** 2.4628 0.1120**

Regression 1.8418 1.8418** 0.8062 0.8062**

Residual 0.6098 0.0290 1.6566 0.0789
Within-family 3.4370 0.0213 7.4480 0.0463
Total 5.8886  9.9108 
zData was analyzed after logarithmical transformation.
**Signifi cant at P ≤ 0.01.

Table 6. Estimates of variance components obtained from the analysis 
of variance in deformation at fi rst major peak (DFP) and maximum 
force (MF) tested from fl esh puncture test using 184 offspring in 23 
full-sib families in grapes.z

 Estimates

Variance components DFP MF
Between-family (σ2

bf) 0.0113 (35)z 0.0082 (16)z

   Regression (σ2
r) 0.0103 (32) 0.0041 (8)

   Residual (σ2
d) 0.0010 (3) 0.0041 (8)

Within-family (σ2
w) 0.0213(65) 0.0463 (84)

   Genetic (σ2
wg) 0.0152 (47) 0.0349 (64)

   Environmental (σ2
we) 0.0061 (18) 0.0114 (20)

Total 0.0326 (100) 0.0545 (100)
zValues within parenthesis indicate the proportion to the total variance. 
σ2

w = σ2
wg + σ2

we. ANOVA was performed after the data were transformed 
logarithmically.

Fig. 2. Relationship between mid-parent (MP) and family mean (Fm) for 
deformation at fi rst major peak (DFP) (A), and maximum force (MF) (B) 
from fl esh puncture test in grapes. Each value represents the mean of eight 
offspring from each family. Five berries from a single vine were measured for 
each offspring without yearly repetition. Mid-parental values were based on 
measurements repeated for 3 years, using 20 berries from a single vine.
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in MP (0.0054) was less than half of that in the parental group 
(0.0139). σ2

MPG was 0.0036, and the σ2
MPG/σ2

MPP ratio was 0.67, 
lower than in DFP. The overall mean MF of the offspring, –0.2685 
(log 0.54 N), was slightly smaller than that of the MP. 

ANOVA revealed that the offspring population had small be-
tween-family and large within-family variance (Tables 5 and 6). 
The within-family variance (σ2

w) accounted for 84% of the total 
variance. Seventy-fi ve percent of the within-family variance was 
genetic variance (σ2

wg). The results indicated that the genetic varia-
tion in the offspring was not largely due to differences between 
families but, rather, to genetic differences within families.

The regression of Fm on MP was highly signifi cant (Table 5); 
the equation obtained was Fm = 0.920 MP – 0.099 (Fig. 2B). The 
SE of the regression coeffi cient was ±0.288. σ2

d (0.0041) was 
50% of σ2

bf, but accounted for only 9% of the genetic variance 
in the offspring population (the sum of σ2

bf and σ2
wg) (Table 6). 

Consequently, the infl uence of σ2
d was disregarded in the fol-

lowing analysis.
The EP of offspring having genotypic values exceeding a criti-

cal value (0.9 N) was calculated from the parental performance 
in fi ve-berry samples from four clusters on a single vine with 
three annual repetitions (Fig. 3B). The EP of offspring having 
MF above 0.9 N increased as the MP values increased, i.e., 4% 

for MP = 0.5 N, 15% for MP = 0.7 N, and 30% for MP = 0.9 N. 
The EP, however, was <50% when the MP value was less than 
the critical value because the family mean estimated was less 
than the MP value. 

EP OF OFFSPRING WITH CRISP TEXTURE. When the MP value 
for MF was 0.9 N, the EP of offspring with crisp texture greatly 
decreased as the MP value for DFP increased (Fig. 4), ranging 
from 28% (MP for DFP = 2.0 mm) to 2% (MP = 5.5 mm). Thus, 
14 times as many offspring should be raised for MP = 5.5 mm 
in DFP than for MP = 2.0 mm to obtain offspring having crisp 
texture when the MP for MF is 0.9 N. When the MP for MF was 
0.5 N, the EP was <4%. For MP = 0.7 N MF, the EP was 11% 
when DFP = 2.5 mm, 6% when DFP = 3.5 mm, and 3% when 
DFP = 4.5 mm. 

Discussion

Sato and Yamada (2003) measured DFP and MF in 62 V. vinifera 
and 25 V. labruscana cultivars, and found wide species-dependent 
variation. The parental cultivars/selections in the present study 
(Table 4) had a mean DFP value (2.52 mm) close to that of V. 
vinifera table-use cultivars (2.06 mm) but smaller than that of 
the V. labruscana table-use cultivars studied before (4.20 mm; 
Sato and Yamada, 2003). However, the variance of DFP in the 
parental cultivars/selections [0.0304 (Table 4)] was larger than 
that of the V. vinifera table-use cultivars (0.017) and comparable 
to that of the V. labruscana table-use cultivars (0.034). 

On the other hand, the variance of MF in the parental popula-
tion [0.0139 (Table 4)] was only 27% of that in the V. vinifera 
table-use grape cultivars studied by Sato and Yamada (2003), 
while the mean value was similar to those of V. labruscana (0.75 
N) and V. vinifera table-use cultivars [0.82 N (Sato and Yamada, 
2003)]. Thus, the parental cultivars/selections in the present study 
had a narrower genetic variation in MF than in DFP. 

In the model, EP is infl uenced by 1) variation in mid-parental 
value, 2) regression, 3) within-family variation in offspring, and 
4) critical value in selection (Yamada et al., 1997). While the 
critical value is based on breeding objectives, the other factors 

Fig. 3. The expected proportion of offspring having genotypic value below a 
critical value for deformation at fi rst major peak (DFP) (A) and exceeding a 
critical value for maximum force (MF) (B) from fl esh puncture test in grapes. 
The expected proportions were predicted from mid-parental values which were 
based on measurements repeated for three years, using 20 berries from a single 
vine. Small alphabetical letters indicate a critical value in selection, 1.5 mm 
(a), 2.5 mm (b), 3.5 mm (c), and 4.5 mm (d) for DFP and 0.6 N (a), 0.9 N (b), 
and 1.2 N (c) for MF, respectively. Vertical bars indicate the range of the EP in 
±SE points of family mean in a cross predicted by the regression. 

Fig. 4. The expected proportion of offspring having genetically crisp texture [2.5 
mm ≥ deformation at fi rst major peak (DFP), and 0.9 N ≤ maximum force (MF)] 
from fl esh puncture test in grapes. The expected proportions were predicted 
from mid-parental values which were based on measurements repeated for 3 
years, using 20 berries from a single vine.
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are infl uenced by the population analyzed and the inheritance 
pattern of the trait. As for the population analyzed, there were 
differences between DFP and MF.

With respect to DFP, the parental and the MP populations 
were characterized by a small mean value and wide variation. 
The reason for the small mean DFP was that only a few hybrid 
cultivars/selections with large DFP (Akitsu 7, ̒ Buffaloʼ, and ̒ North 
Redʼ) and a relatively large number of V. vinifera cultivars/selec-
tions were used as parents (the crosses included 13 interspecifi c 
hybrid x V. vinifera and four V. vinifera x V. vinifera). 

The phenotypic DFP variance in parents was comparable to 
that in the V. labruscana cultivar population studied by Sato and 
Yamada (2003). Although a high diversity of parental combina-
tions were chosen for crossing, crosses showing DFP values in MP 
over 5 mm were rare (Fig. 2A) because the parental mean DFP in 
the present study was as small as the mean DFP of the V. vinifera 
cultivar group studied previously (Sato and Yamada, 2003).

The residual variance of the regression (σ2
d) in DFP accounted 

for only 9% of the between-family variance (σ2
bf), indicating 

that the variation of DFP among family means could be mostly 
explained by the MP value. The small value of the ratio σ2

d/σ2
bf 

led to an EP estimation with a small error in DFP. Generally, σ2
d 

is infl uenced by the environmental variance involved in the MP 
value and unknown factors such as dominance effect. The very 
high σ2

MPG/σ2
MPP in DFP, an indicator of the degree of genetic 

determination of the MP value, showed that the environmental 
effect on MP value was small and that the 3-yearʼs evaluation 
was suffi cient to successfully determine the parental genotypic 
value of DFP. 

Dominance effect tended to increase σ2
d. However, the small 

σ2
d value we found suggested negligible dominance effects in the 

population studied. Large genetic variation of MP, on the other 
hand, can reduce σ2

d/σ2
bf, because it increases the between-family 

variance. In DFP, the small ratio σ2
d/σ2

bf resulted from three fac-
tors: 1) a high σ2

MPG/σ2
MPP ratio, 2) negligible dominance effects, 

and 3) wide genetic variation of MP. 
As mentioned above, the parental and MP populations showed 

narrow variation in MF. The data in this study was obtained 
from the offspring of crosses which were made solely for the 
purpose of genetic improvement. In grape breeding, soft-fl eshed 
parents are likely to be crossed with fi rm-fl eshed ones because 
breeders aim to obtain fi rm-fl eshed offspring. Thus, the narrow 
MP variation in MF might be due to the choice of parents in the 
breeding program.

σ2
d accounted for 50% of the σ2

bf for MF. As described above, 
σ2

d was infl uenced by the environmental variance of the MP 
value. The moderate σ2

MPG/σ2
MPP value for MF (0.67) suggests that 

σ2
d would be reduced if repeated parental evaluations provided 

high σ2
MPG/σ2

MPP value. It was also probable that the small MP 
variance in MF reduced σ2

bf and thus σ2
MPG/σ2

MPP. The small MP 
genetic variance also resulted in a high σ2

d/σ2
bf ratio. If parents 

were randomly selected from a population with a wide range of 
fl esh fi rmness, the resultant wide MP variation would increase 
σ2

bf. In addition, with respect to MF, the population studied 
here was characterized by large within-family variance (σ2

w) as 
compared to small σ2

bf, and narrow MP variation. Therefore EP 
was not largely infl uenced by MP in this population. The same 
situation has previously been described in a study on soluble 

solids content of a japanese persimmon (Diospyros kaki Thunb.) 
breeding population (Yamada et al., 1997).

The EP for MF could be predicted with reasonable accuracy, 
because σ2

d accounted for only 9% of the total genetic variance 
in the offspring (σ2

bf + σ2
wg). In this study, however, MP ranged 

only from 0.5 to 0.9 N. To determine EP precisely when the MP 
value for MF is beyond this range, further genetic studies using 
parents having fi rmer or softer fl esh are required. Since the mean 
value of DFP in MP population was small, the correlation between 
DFP and MF in the offspring population was weak (r2 = 0.05). 
Therefore, the EP of offspring having crispy fl esh was estimated 
assuming that DFP and MF were independent of each other. In 
spite of weak correlation, the EP of offspring with crisp texture 
was low: only 12% when DFP = 3.5 mm and MF = 0.9 N in MP. 
The EP was further reduced to less only 5% if MP values of DFP 
were larger than 4.5 mm DFP. This indicated the diffi culties in 
obtaining offspring with crispy fl esh in interspecifi c breeding.

Interspecifi c hybridization of American species and V. vinif-
era began in the 19th century (Reisch and Pratt, 1996; Snyder, 
1937). Some improved hybrid cultivars such as ʻJupiter  ̓(Clark 
and Moore, 1999), ʻSaturn  ̓(Moore et al., 1989), and ʻRemaily 
Seedless  ̓(Pool et al., 1981), which had crisp or semi-crisp tex-
ture, had been produced by several cycles of selection among 
interspecifi c hybrid cultivars/selections. However, in the early 
stages of those breeding activities, it probably was diffi cult to 
obtain cultivars with crispy fl esh. No interspecifi c hybrid cultivars 
with crispy fl esh were described in the early literatures (Hedrick, 
1908, 1925). The failure to obtain such cultivars may have been 
due partly to the fact that other trait such as muscat fl avor and 
seedlessness were considered of prime importance (Slate et al., 
1962; Wellington, 1937). However, the results in the present study 
suggest the diffi culty to obtain offspring with crisp texture in the 
breeding using V. labruscana as parents, in which MP commonly 
has larger than 5 mm DFP. 

The present study showed that the family mean of DFP was 
mostly determined by the DFP in MP. This indicated that selection 
over generations and backcrossing to V. vinifera [(V. labruscana 
x V. vinifera) x V. vinifera] may result in a certain percentage 
of offspring having small DFP and crisp texture. Recently, the 
NIFTS interspecifi c breeding program released two new diploid 
cultivars, ʻShine Muscat  ̓ (Yamada et al., 2004) and ʻOriental 
Star  ̓ (Yamada et al., 2005), both of which have crisp texture. 
However, since the objectives of interspecifi c breeding are to 
combine disease-resistance with fruit quality, it is desirable to 
cross interspecifi c hybrids to obtain disease-resistant offspring, 
rather than to backcross V. vinifera. Unfortunately, the present 
study suggests that the proportion of offspring having crisp texture 
that are obtained from crosses of interspecifi c cultivars/selections 
is considerably lower than that in the backcrosses. 

Our results can be used also in the breeding of V. vinifera, 
which lacks cultivars having large DFP. Offspring having crisp 
texture can be readily obtained in crossing parents with small DFP, 
for example, ̒ Muscat of Alexandria  ̓(2.04 mm for DFP and 1.05 
N for MF), ʻCardinal  ̓(1.42 mm and 0.94 N), or ʻJuly Muscat  ̓
(2.22 mm and 0.64 N) (Sato and Yamada, 2003). Crosses with MP 
values similar to those of ̒ Muscat of Alexandriaʼ, ̒ Cardinalʼ, and 
ʻJuly Muscat  ̓are expected to yield 37%, 33%, and 9% offspring 
with crisp texture, respectively. 
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