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Abstract

Nowadays, despite of being a typically temperate fruit crop, peach is found in subtropical and even tropical
altitude zones, due to breeding efforts. Genetic knowledge and phenotypic and environmental parameters
directly or indirectly influence the characters of economic importance in peach, and they are of great importance
for breeding programs orientation. The aim of this study was to estimate heritability of a color shade character of
peach flesh, measured by the Hue angle, chroma and lightness to evaluate its distribution in the populations,
testing the possible existence of maternal effect. Results showed that parameters related to color shade of peach
flesh have a medium heritability. Parents selection based on phenotype allows a medium genetic improvement
for the mentioned character. This heritability is predominantly additive, without maternal effect. The Hue angle
is the correct parameter to be used to classify and study yellow-flesh peaches and nectarines in relation to their
color shade. However, the multivariate analysis of principal components, using the three parameters Hue angle,
chroma and lightness, is an alternative of high accuracy.

Keywords: Prunus persica (L.) Batsch, maternal heritability, progeny segregation
1. Introduction

Fruit quality attributes are determinant for consumer acceptance and market value, being the flesh color a
primary component (Williamson et al., 2006). Generally, in fruit commercialization, cultivars are classified in
white or yellow-flesh peaches and nectarines (Adami et al., 2013; Raseira et al., 2014). However, several shades
can be found inside those of white-flesh as white-green, white and white-cream; and inside those of yellow-flesh
as light-yellow, yellow, yellow-orange and orange (Byrne et al., 2012; Castro & Barbieri, 2014; Raseira &
Franzon, 2014). There is a third less known phenotypic group with red flesh (“Red blood flesh’), which has a
dominant inheritance character, regardless if the background color is white or yellow (Werner et al., 1998; Bassi
& Monet, 2008).

Carotenoids (orange pigments) and xantophylls (yellow pigments) give color to the flesh, both are located in the
chloroplasts (chromoplasts) and found in greater quantity in yellow fruits as compared to white fruits. Among the
carotenoids, the most common are fS-carotene and ff-cryptoxanthin, which are the primary factors of pro-vitamin
A (Tourjee et al., 1998; Gil et al., 2002; Bassi & Monet, 2008). Yellow-flesh cultivars show a -carotene content
between 2 and 3 mg per 100 g of fresh mass, whereas white-flesh cultivars present amounts up to 10 times
smaller, varying from 0.01 mg to 1.8 mg per 100 g of fresh mass (Vizzotto et al., 2006; Adami et al., 2013).
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Color flesh is a simple Mendelian inheritance trait controlled by a single gene pair, with white (¥) dominant in
relation to yellow (y) (Connors, 1920). However, differences in the shades between yellow or white genotypes
may be due to a more complex control, by locus Y, acting on other loci, and/or maternal effect (Williamson et al.,
2006; Raseira & Franzon, 2014).

The communication of color perception in scientific experiments implies not only the evaluation and description
of colors by an individual, but also the interpretation by another person of the described colors. Color Charts
have played an intermediate role in this process for a long time, and the Royal Horticultural Society (RHS)
recommends Color Charts, being the standard reference used by horticulturists worldwide. However, visual color
assessment is often defective. The increased availability of portable color measurement instruments has made
possible a more objective assessment (Voss, 1992).

Although peache’s flesh color shade has little relevance for fresh fruit market, it is very important for the
Brazilian canning industry, due to the variability on yellow shade of flesh of the cultivars used for this purpose.
A negative factor for the compote quality that is found in the same package (can or glass) is fruits of light-yellow
flesh, together with fruits of orange flesh (Raseira et al., 2014).

In order to estimate the color shade of peach flesh heritability, Corréa (2007) concluded that, for detailed studies,
as an inheritance, Color Charts use is not efficient, and recommended the use of colorimeter and the Hue angle
value for calculation. The same researcher observed a higher frequency of individuals with similar tonality to the
female parent, suggesting a possible maternal effect.

The aim of this study was to estimate the heritability of the color shade character of peach flesh, measured by the
Hue angle, chroma and lightness, in the broad and narrow-sense. Moreover, it is to evaluate its distribution in the
populations, testing the possible existence of maternal effect in the character inheritance.

2. Method
2.1 Plant Material

The study was developed in the Fruit Breeding Laboratory and Post-Harvest Laboratory of Embrapa Temperate
Agriculture, Pelotas, Rio Grande do Sul, Brazil (31°40"' S, 52°26' W, alt 57 m asl.), during 2015-2016 and
2016-2017 cycles. Seedlings (F; progenies) derived from hybridizations, as well as their parents, were described
in Table 1.

Table 1. Parents of F1 progenies studied, flesh color and number of seedlings of each progeny, in the Peach
Breeding Program at Embrapa Temperate Agriculture, Pelotas, Rio Grande do Sul, Brazil

Parents .
F, progeny N° seedlings
? S

2008.159* Conserva 1526 (CP; Yellow-flesh) ‘Cerrito’ (CP; Yellow-flesh) 7

2009.38 ‘Cerrito’ Conserva 1526 23
201226  Cascata 1055 (FMP; White-flesh) ~ ‘Chimarrita’ (FMP; White-flesh) 8

2012.43 ‘Chimarrita’ Cascata 1055 25
201249  Conserva 672 (CP; Yellow-flesh) ~ Conserva 1526 (CP; Yellow-flesh) 8

2012.61 Conserva 1526 Conserva 672 7
201252 Conserva 947 (CP; Yellow-flesh) ~ Conserva 1600 (CP; Yellow-flesh) 17

2012.66 Conserva 1600 Conserva 947 12
201268  Conserva 1662 (CP; Yellow-flesh) ~ ‘Maciel’ (CP and FMP; Yellow-flesh) 24

2012.88 ‘Maciel’ Conserva 1662 17
201231 Cascata 1359 (FMP; Yellow-flesh)  Cascata 1577 (FMP; White-flesh) - 31
201246  ‘Chordo’ (FMP; White-flesh) ~ ‘Maciel’ (CP and FMP; Yellow-flesh) 25
201299  Necta 506 (Yellow-flesh nectarine) ~ ‘Sunmist’ (White-flesh nectarine) - 20
2012107 Necta 532 (Yellow-flesh nectarine) ~ Necta 480 (Yellow-flesh nectarine) - 25
2012111 Necta 540 (Yellow-flesh nectarine) ~ ‘Morena’ (Yellow-flesh nectarine) - 25
2012114  ‘BRS Rubimel’ (FMP; Yellow-flesh) ~ TX2D163 (FMP; Yellow-flesh) 21

Note. * Internal progeny identification at Embrapa; CP = Canning peach; FMP = Fresh market peach.
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Parents were represented by three plants (clones obtained by grafting), and from each plant, five fruits were
harvested and evaluated, totaling fifteen fruits in each evaluated cycle. Samples of five fruits per seedling were
used for progeny individuals.

2.2 Colorimeter, Hue Angle, Chroma and Lightness

Fruits were harvested at commercial maturation stage in the four quadrants of the plant, at similar heights, being
the epidermis background color and flesh firmness the main factors to determine harvest. After that, fruits were
taken to the post-harvest laboratory, where two cuts were made on the flesh in mid-depth between the epidermis
and the stone, one on each side of the fruit and perpendicular to the suture. Fruit color shade of flesh was
measured with the Minolta CR-300 electronic colorimeter, with D65 light source and 8 mm aperture.

The colorimeter used performs the readings in the CIELAB color measurement system or CIE 1976 L*a*b*, in
which, the L* coordinate is the lightness and expresses the degree of lightness of the measured color (100 =
white; 0 = black). The a* coordinate expresses the degree of variation between green and red, being associated
with peach fruits ripening (Byrne et al., 1991), and the b* coordinate expresses the degree of variation between
blue and yellow (Trevisan et al., 2004; Silva, 2013). The a* and b* values are not independent variables, so they
are not analyzed directly (CIE, 2007); however, they are used to calculate the Hue angle (4,,) or color angle (CIE,
2007; Trevisan et al., 2004; Voss, 1992), and the chroma (C*,,) or color saturation (Voss, 1992; Bible & Singha,
1993; CIE, 2007). The A, is the angle between the hypotenuse and 0° on a* axis and expresses the color tones.
For the interpretation, the results are expressed in degrees and vary from 0 to 360°, initiating the opening in the
+a* axis = 0° (red color); 90°+b* (yellow); 180°-a* (green) and 270°-b* (blue) (Figures 1a and 1b).

greenish yellow yellow h

orange yellow c:

yellow green orange
(a*, b*)

yellowish green reddish orange

+h* yellow

green red

hab
purplish red
180° 0°
bluish green

reddish purple

greenish blue purple

violet

blue purplish blue

270°

Figure 1. (a) Diagram with the sequence of colors according to Hue angle (adapted from Voss, 1992; Chitarra &
Chitarra, 2005). (b) Geometry of the CIELAB color model (adapted from Macevoy, 2005). a* and b* = CIELAB
coordinates; -a* = green; +a* = red; -b* = blue; +b* = yellow; h,, = Hue angle; C*,, = chroma; L* = lightness

Hue angle is calculated with the following formula (Voss, 1992; CIE, 2007):

ha = tang”" (b*a*) (1)
and chroma, with (Voss, 1992; Bible & Singha, 1993; CIE, 2007):
C*ab = (a* + b*¥)"? @)

The A, C*,, and L* values were used in this research analysis.
2.3 Heritability Estimation

Broad-sense heritability (H?) was estimated for the parameters referring to the color shade of peach flesh (/1
C*,, and L*). The mean variance observed among clones was considered as the mean environmental variance
(6¢)). The variance observed among individuals belonging to the same progeny was used as the total phenotypic
variance (sz), (genetic effect + environmental). The genetic variance (ng) was calculated by subtracting the
environmental variance from the total variance of each progeny (Wagner Junior, 2003; Cdrrea, 2007). Finally,

238



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 8; 2019

the calculation of the H> was estimated by dividing the genetic variance by the total variance (Allard, 1960;
Griffiths et al., 2015):

H = ¢ l(a; + 0.) A3)
Narrow-sense heritability (h?) was estimated from the regression of the average of parental phenotypic values

versus the means of offspring phenotypic values (Griffiths et al., 2015). The h? estimated value corresponds to
the regression coefficient “b” of the equation of the line below (Falconer & Mackay, 2001; Griffiths et al., 2015):

Y=a + bx 4)
2.3.1 Maternal Effect and Frequency Distributions

The maternal effect was evaluated by comparing the progeny of one of the crosses with the progeny of their
reciprocal crossing (F; vs. reciprocal F;), by t-test at 5% significance (Londero et al., 2009) for the studied
parameters (A, C*,, and L¥).

Frequency distributions and their histograms were calculated with color shade data. The yellow flesh individuals
were classified into the following flesh color categories: greenish-yellow, light-yellow, yellow, yellow-orange
and orange (Castro & Barbieri, 2014); whereas the white-flesh ones were: white-green, white and white-cream or
white with red spots (Castro & Barbieri, 2014; Raseira & Franzon, 2014). The limits of these colors were defined
by h,, values, in agreement with the diagrams proposed by Voss (1992), Chitarra and Chitarra (2005) and
Adriano et al. (2011).

2.3.2 Multivariate Analysis

A multivariate analysis was performed using a methodology of principal components with the three variables
(hap, C*,p and L*), identifying groups of individuals according to the classification previously proposed.

3. Results and Discussion

High variability was detected for 4,,, which was indicated by the interval 62.17 to 100.79°, with an average of
87.13+£5.34° and phenotypic variance of 28.47 among progenies of yellow-flesh individuals. However, for
white-flesh seedlings, the interval was 44.17 to 112.43°, with an average of 98.67+10.28° and phenotypic
variance of 105.78 (Table 2). For this same parameter, the parents used ranged from 74.15 to 101.63° for those
of yellow-flesh and from 89.30 to 111.41 for those of white-flesh.

The descriptive parameters for /,, in the yellow-flesh fruits presented lower values than those of white-flesh
(Table 2), where the majority of individuals with yellow-flesh was classified among the colors of yellow-orange
(< 85°) and light-yellow flesh (> 90°) (Figure 1A). These values obtained for 4, corroborate with those found by
Corréa (2007), who, when analyzing progenies of yellow-flesh peaches, observed /4, values between 75 and 89°.
They are also in agreement, but with a wider range, with the average values obtained by Mayer et al. (2008),
who studied four genotypes of yellow-flesh peaches and found 4., values between 90 and 100°.

Table 2. Descriptive statistics of coordinates a* and b* and, of the Hue angle (%,;), chroma (C¥*,;) and lightness
(L*) variables, evaluated in 16 peach progenies and their parents, separated in yellow-flesh and white-flesh in the
2015-2016 and 2016-2017 cycles, Embrapa Temperate Agriculture, Pelotas, Rio Grande do Sul, Brazil

Yellow-flesh White-flesh
a* b* Ry C*, L* a* b* Rap C*, L*

Mean 2.79 5244 87.13 5273 70.32 -3.39 20.61 98.67 21.20 75.28
Eo Phenotypic Variance 23.77 17.75 28.47 18.41 15.23 14.11 19.73 10578 20.72 11.14
5 CV(%) 17493 8.04 6.12 8.14 555 110,96 21,56 1042 2147 4.43
ﬁ Minimum -8.83 39.10 62.17 40.87 37.10 -11.06  12.13 44.17 13.01 60.55

Maximum 21.15  73.85 100.79 74.38 80.98 19.27 54.08 11243 54.13 84.14

o Mean 468 5465 8532 5513 7114 5500 1993 10342 20.60 75.61

»  Phenotypic Variance 32.20 19.66 33.05 21.49 13.23 4.88 15.55 19.73 18.26 6.26
g CV (%) 121.33  8.11 6.74 8.41 5.11 4417  19.78 4.29 20.74 3.31
A& Minimum -9.50 43.64 74.15 4380 55.51 -10.61  13.11 89.30 1342 69.42

Maximum 18.87 66.68 101.63 69.29 79.09 0.19 31.36  111.41 3236 80.41

Note. a* and b* = CIELAB coordinates; -a* = green; +a* = red; —b* = blue; +b* = yellow.
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The highest values were obtained in progenies of white-flesh peaches, with a minimum value of 44.17° and
maximum of 112.43° (Table 2). Some of these measurements, with very low values for 4,,, may be due to the
presence of spots or traces of reddish colorations, which influence the correct color definition. These reddish
colorations are present in the ‘Chimarrita’ and ‘Chordo’ parents and in some individuals of their progenies
(2012.26,2012.43 and 2012.46).

High values obtained for 4, corroborate with those found by Silva (2013), who analyzed 116 individuals of
yellow and white-flesh, belonging to five progenies and reported /%,, values between 44 and 106°. However, the
same author did not mention whether these extremes were from yellow or white-flesh fruits.

Chroma or color saturation is the measure that goes from the center of the CIELAB system (C*,, = 0 = gray) to
the direction of pure colors (C*,,= 100) (Figure 1B), being that C*,, with higher values indicative of higher
purity or color intensity (CIE, 2007). For this parameter, a high variability was also observed and for the
evaluated seedlings, intervals between 40.87 and 74.38 (yellow-flesh) and between 13.01 and 54.13 (white-flesh)
were obtained (Table 2). For this parameter and in both cases, genotypes with transgressive segregation were
registered; in other words, individuals within progenies had more extreme values than the parents.

Lower average values for C*,, were observed in fruits of white-flesh (Table 2), presenting a mean of 21.20+4.55
for progeny individuals and 20.60+4.27 for white-flesh parents. In contrast to the white-flesh fruits, higher C*,;,
values were found in the yellow-flesh fruits, mean of 52.73+4.29, for seedlings, and 55.13+4.64 for yellow-flesh
parents. This was the expected result, since this character indicates the color intensity, being greater in the
genotypes of yellow-flesh (Figure 1B). Similar values were observed by Mayer et al. (2008), when evaluating
four genotypes of yellow-flesh peaches, that found C*, values between 55 and 65.

L* coordinate within the CIELAB color measurement system expresses the measured color lightness degree (L *
= 100 = white; L* = 0 = black) (Figure 1B). High variability was also detected for this parameter. The mean
values with lowest L* were found in yellow-flesh genotypes, and this coordinate ranged from 37.10 to 80.98
(seedlings) and 55.51 to 79.09 (parents). Moreover, the highest L* values were observed in the white-flesh
genotypes, ranging from 60.55 to 84.14 (seedlings) and from 69.42 to 80.41 (parents). Studies performed in the
same colorimeter model were used to evaluate yellow-flesh peach fruits and reported L* values between 60 and
73 (Tourjee et al., 1998; Mayer et al., 2008). Therefore, it had less range than those found in the present study,
perhaps due to a smaller number of studied genotypes.

Progenies, where at least one of the parents was white-flesh (2012.26, 2012.43, 2012.31, 2012.46 and 2012.99),
were segregated to both white and yellow-flesh, linked to the parents heterogosity. However, this fact was not
considered during the estimated heritability calculation neither for the subsequent studies, given its monogenic
condition (Connors, 1920), and the fact that the research interest focused on the different flesh color tonalities of
fruits.

H? for Hue angle parameter was estimated as 77.40%, among all the evaluated progenies with yellow-flesh
parents. It should be noted that only one progeny originated from hybridization of two white-flesh parents. This
heritability value was lower than the estimate found by Corréa (2007), which was 90%, when having a
colorimeter to perform the measurements. The same author used color charts of the Royal Horticultural Society
in some color measurements, and the H? estimate in this case was 25%, concluding that, for detailed studies of
inheritance of this character, the use of color charts was not efficient.

The h? for h,, was 60.41%, by the linear regression between the /,, mean values of parents (midparent) and the
mean values of progenies (mean of offspring) of yellow-flesh (Figure 2a).
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Figure 2. Narrow-sense heritability (h?) for (a) Hue angle (A,), (b) chroma (C*,) and (c) lightness (L*) in peach
progenies of the Peach Breeding Program at Embrapa Temperate Agriculture in the 2015-2016 and 2016-2017
cycles, Pelotas, Rio Grande do Sul, Brazil

H’ estimate for C*,, was 43.36% and 70.21% for L* among all the progenies evaluated, when the two parents
were yellow-flesh. The h? for these parameters was estimated as 34.98% for C*,; (Figure 2b) and 60.51% for L*
(Figure 2c¢).

H? can be considered high for both 4,,and L* and medium for C*,. However, this estimate has little use for
breeding programs, where h? has major importance. Selection effect depends on the magnitude of the additive
genetic variance and not on the total genetic variance. Thus, heritability in the narrow-sense is a relevant factor
when predicting the response of selection (Griffiths et al., 2015). The estimated h® for A, and L* parameters
were medium (60.41% and 60.51%, respectively), and medium to low for C*,, (34.98%), indicating that the
parameters concerning the color shade of flesh are fairly easy transmitted. Therefore, with these results, it can be
concluded that the selection of the parents based on the phenotype can be effective, where a medium genetic
advance for the color shade character of peaches flesh is expected (Allard, 1960; Falconer & Mackay, 2001).

Based on the results obtained from the 16 progenies and the color perception (Table 3), fruits were classified
according to the shades of yellow and white-flesh, and the limits of these classes were defined according to /4,
value (Table 4).

Table 3. Means of Hue angle (%,,), chroma (C*,,) and lightness (L *) characters in the 16 progenies of peach and
their parents in the 2015-2016 and 2016-2017 cycles, in Embrapa Temperate Agriculture, Pelotas, Rio Grande do
Sul, Brazil

F| progenies I/ Yellow-flesh color shade * C*, L* White-flesh color shade **
2008.159 82.51 yellow-orange 56.81 69.86

2009.38 82.96 yellow-orange 53.32 68.22

2012.26 98.33 21.41 76.35 white

2012.43 97.65 21.19 75.32 white

2012.49 85.81 yellow 54.02 71.14

2012.61 82.29 yellow 55.46 70.17

2012.52 87.35 ligth-yellow 53.91 71.00

2012.66 85.62 yellow 53.25 70.15

2012.68 82.43 yellow 55.15 69.84

2012.88 84.48 yellow-orange 53.59 72.04

2012.31 99.46 18.49 74.25 white

2012.46 102.19 22.79 75.40 white with red spots
2012.99 93.80 20.83 72.34 white-green
2012.107 88.57 yellow 52.06 67.74

2012.111 88.64 yellow 51.87 67.34

2012.114 91.30 ligth-yellow 52.82 74.01
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Parents

Conserva 1526 84.00 yellow-orange 57.72 72.39

‘Cerrito’ 80.12 yellow-orange 56.62 67.50

Cascata 1055 100.03 22.22 78.90 white with red spots
‘Chimarrita’ 103.30 19.62 74.09 white with red spots
Conserva 672 83.96 yellow-orange 56.00 72.51

Conserva 947 86.11 yellow 56.09 71.97

Conserva 1600 79.72 orange 57.05 69.38

Conserva 1662 79.03 orange 58.90 68.99

‘Maciel’ 83.55 yellow-orange 57.67 71.79

Cascata 1359 88.81 yellow 55.65 71.08

Cascata 1577 103.72 16.68 77.02 white-cream
‘Chorido’ 103.71 22.55 76.33 white with red spots
Necta 506 89.86 yellow 53.69 71.12

‘Sunmist’ 99.13 25.79 73.91 white

Necta 532 90.06 ligth-yellow 53.60 72.04

Necta 480 82.46 yellow-orange 53.36 65.87

Necta 540 93.77 ligth-yellow 54.16 71.18

‘Morena’ 88.56 yellow 48.87 67.14

‘Rubimel’ 90.22 ligth-yellow 52.82 72.14

TX2D163 96.50 greenish-yellow 48.67 76.95

Note. CIELAB color measurement system, Minolta CR-300 electronic colorimeter, D65 light source, 8 mm. *
orange (h,, < 80); yellow-orange (80 > h,, < 85); yellow (85 > h,, < 90); ligth-yellow (90 > hy, < 95);

greenish-yellow (hy, > 95). ** white-green (hy, < 95); white (95 > hy, < 100); white-cream or white with red
spots (h,, >100).

Table 4. Color shade defined based on Hue angle (%,;), chroma (C*,;) and lightness (L *)

Yellow-flesh White-flesh
Color shade hap C*, L* Color shade hap C*, L*
Orange <80 >57 >68 White-green <95 >20 <73
Yellow-orange 80to85 53to58 65t073 White 95t0 100 18to22 73to76
Yellow 85 to 90 51 to 57 67 to 73 White-cream or > 100 16 to 23 > 74
Ligth-yellow 90t095 50to55 71to75 white with red spots
Greenish-yellow >95 <50 >175

In the case of yellow-flesh progenies, histograms were constructed, using the relative frequency distributions of
individuals by class (Figure 3). In Figures 3a to 3k, the distribution of the individuals of the four F, progenies
with their respective F; reciprocal progenies was compared. Thus, it was possible to observe if there were
differences when using a parent as a female or male (pollen).
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Figure 3. Relative frequency distribution histograms for the color shade character of peach flesh, classified
according to Hue angle (%) value (Table 4), in yellow-flesh peach progenies in the 2015-2016 and 2016-2017
cycles, in Embrapa Temperate Agriculture, Pelotas, Rio Grande do Sul, Brazil. The 4,, mean value of the female
parent is represented by Pr and the male parent by P,;; Cons. = “Conserva”; Casc. = “Cascata”

The existence of transgressive segregation was generally verified; in another words, there were individuals with
higher #%,, values than any of the parents. This trend was also reported by Corréa (2007), who worked with
yellow-flesh peach progenies and used #,, for the analysis.

In the histograms, a differentiated behavior was not evident when using a genotype as female or male parent, in
the case of reciprocal progenies (Figures 3a vs. 3b, 3c vs. 3d, 3e vs. 3f and 3g vs. 3h). With the exception of
Figures 3g and 3h, the distribution in the graphs has the same tendency. It seems to be more concentrated in the
class or near the class of the darkest parent, regardless of whether it is female or male parent. Deviations may be
associated with the presence of some other genes (other than the Y/y gene) with a minor effect, which are
controlling the color shade. This result is in disagreement with Corréa (2007), who observed a higher
concentration of individuals with flesh tonality similar to the female parent, suggesting a maternal effect for this
character.

Through the #-test, the hypothesis of maternal effect in the five studied reciprocal crosses was tested. In all cases,
the F; progeny versus their F reciprocal progeny (Londero et al., 2009), for the studied parameters (%,;, C*,, and
L*) was not significant by the #-test (p > 0.05). That is, there were no significant differences between the
reciprocal progenies, indicating that there is no maternal effect on the transmission of this feature.

Flesh color shade is a complex character to analyze, and it is most correct to consider the three parameters (%,
C*,, and L*) together. In this way, a principal components analysis was also performed, with the three
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parameters. Tourjee et al. (1998) had already reported the importance of this analysis in the genotype
classification according to their flesh color shade. This type of analysis is one of the pioneer methods of
multivariate analysis, allowing to condense the matrix of correlations between the variables into a “principal
components” of the total variability of the experiment. Thus, it allows to transform a set of intercorrelated
variables into another set of uncorrelated variables that are the factors. These factors are a linear combination of
the original variables. The first component (PC 1) better summarizes the information obtained and the second
component (PC 2) summarizes the remaining information (Bisquerra, 1989).

The analyzed variables must be sufficiently correlated between them to justify the factorization of the correlation
coefficient matrix, and, thus, justify the principal components analysis (Carmona, 2014; Varella, 2008). The
three parameters studied for the flesh color shade (4., C*,, and L¥) had highly significant correlations (p <
0.0001).

The importance of a principal component is assessed by the ratio of the total variance explained by the
component (Cruz & Carneiro, 2012; Varella, 2008). The cumulative proportion of the total variance between the
first two principal components was 96.6%. According to Cruz and Carneiro (2012), for applications in several
areas and in studies of genetic divergence, the number of principal components used has been those that
accumulate 80% or more of the proportion of total variance. The first two principal components were used,
which mean good approximation in a two-dimensional (bi-plot) representation (Figure 4).

Table 5 shows the eigenvectors values and the correlation matrix of the first two principal components with the
original variables. The cophenetic correlation coefficient was 0.988, indicating a low degree of distortion
between the original data and the graphical representation (Cruz & Carneiro, 2012; Varella, 2008).

Table 5. Relative Eigenvectors and correlations of the principal components (PC) with the original variables:
Hue angle (%,;), chroma (C*,;) and lightness (L *)

Eigenvectors Correlations with the original variables*
el e2 PC1 PC2
hap 0.60 -0.27 0.96 -0.16
C*p -0.58 0.50 -0.94 0.29
L* 0.55 0.82 0.88 0.48

Note. * Cophenetic correlation coefficient (CCC) = 0.998.

The principal components are “artificial” variables that were obtained by linear combination of the three
considered parameters. Each of the parents and the progenies take values that were projected on the graph
(Figure 4), and its interpretation is based on the most correlated parameters (Cruz & Carneiro, 2012; Varella,
2008). Consequently, the first principal component (PC 1) combines /,, and L*, showing very high positive
correlations of 0.96 and 0.88, respectively. Thereby, PC 1 on the abscissa (x) axis, separates the parents and the
progenies that have higher values for these parameters from those that have low ones. It was ordered from left to
right, those with the lowest to the highest 4, for example, from orange and yellow-orange to light-yellow and
greenish-yellow (Figure 4). This PC 1 also separates those that presented lower to higher L*, from the darker
colors to the clearer ones. In addition, PC 1 is strongly correlated with C*,,, but in a negative way (-0.94),
ordering from left to right those that presented the highest to the lowest C*,,, for example, from the sharper
colors to the less saturated colors.
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Figure 4. Principal component (PC) analysis, with Hue angle (%,,), chroma (C*,;) and lightness (L *), showing
the categories defined for yellow-flesh and white-flesh fruits (Table 4) in the 2015-2016 and 2016-2017 cycles,
in Embrapa Temperate Agriculture, Pelotas, Rio Grande do Sul, Brazil. Averages of the progenies and the
parents obtained in the two cycles were used

The second axis (v) corresponds to PC 2 and is moderately correlated with C*,, and L*, positive correlations of
0.29 and 0.48, respectively. It was ordered from the bottom to the top, those that present higher to lower values
for these parameters.

The color categories previously defined with the 4, values, for fruits of yellow-flesh are represented with circles
(Figure 4). In the red circle are grouped the progenies and parents of orange and yellow-orange flesh color (%, <
85), in the orange circle the yellow-flesh color (85 > A,, < 90), in the yellow circle the light-yellow flesh color
(90 > h,p <95), and in the light-green circle the greenish-yellow flesh color (4., > 95) (Figure 4).

It is observed that the categories previously defined agreed with the identified groups by the principal
components graph (Tables 3 and 4). All cultivars, selections and progenies of yellow-flesh follow the direction of
the A, axis. The orange, yellow-orange, and yellow shades were located in the left quadrants of the graph, those
with light-yellow in the center, and those with greenish-yellow in the upper right quadrant.

Conserva 1600 and Conserva 1662 parents were grouped on the extreme left of the chart in the upper left
quadrant (Figure 4). These two selections were the only ones classified with orange color shade of flesh, and 4,
values below 80° (79.72° and 79.03°, respectively).

The 2012.66 and 2012.88 progenies are at the limit of the groups between color shades of yellow-orange and
yellow flesh (Figure 4), with average values of 85.62° and 84.48°, respectively, being within the limit defined for
these two categories. The same can be observed for the parents ‘BRS Rubimel’, Necta 506 and Necta 532, but
between yellow and light-yellow flesh color shade, with mean values of 90.22°, 89.86° and 90.06°, respectively
(Table 3).

Furthermore, in Figure 4 the categories defined above for white-flesh fruits are circled. In the brown circle,
progenies and parents of white-cream or white with presence of red spots are grouped (%,, > 100); in the blue
circle, the ones with white-flesh color (95 > 4,, < 100), and in the dark-green circle, the white-green flesh (4,, <
95).

The 2012.99 progeny had seedlings classified with white-greenish flesh, located on the left of lower right
quadrant (Figure 4). The shades white and white-cream or white with red spots are located on the right of the
right quadrants (lower and upper). Within this last group the parents ‘Chimarrita’, ‘Choréo’ and Cascata 1055,
and 2012.46 progeny present white-flesh with red spots distributed in the flesh, mainly near the stone, and
Cascata 1577 parent has a white-cream flesh with some reddish coloration only near the stone.

Measuring the color shade of flesh in canning peaches, fresh and processed, Tourjee et al. (1998) performed the
principal components analysis directly with the coordinates obtained by the colorimeter (L*, a* and b*). They
differentiated three groups of fruit color according to the content of carotenoids that they had, emphasizing the
importance of studying these complex characters with multivariate analysis techniques.
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4. Conclusions
Heritability of color shade parameters (Hue angle, chroma and lightness) is medium in peaches.

Hue angle is the correct parameter to be used to classify and study the color shade of yellow-flesh peaches and
nectarine fruits.

No maternal effect was found in the transmission of the character of flesh color shade.

Principal component analysis is an option for this study involving complex characters, such as the flesh color
shade.
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