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Abstract 
Lycopene is a red pigment in tomato with purported antioxidant properties. As the amount of ly-
copene has been reported to differ in different colored tomatoes or even absent in non-red toma-
toes, the objective of this study was to investigate the inheritance of lycopene content and the col-
or parameters of hybrids using a 10 parent diallel excluding reciprocals. Parents differed in gen-
eral combining ability (GCA) for lycopene and color parameters. “Chocolate Stripe” (purple and 
brown striped) had the highest lycopene content followed by NC 1CS (red colored with the crim-
son gene) with the best general combining ability among parental lines. Hybrids differed in lyco-
pene content and color parameters across two summer and greenhouse experiments, with no in-
teraction between experiments indicating that the lycopene content was consistent. Narrow-sense 
heritability for lycopene was only 9% whereas broad-sense heritability was estimated to be 25%. 
The order of dominance for lycopene content was found as purple-brown > red > blue > yellow > 
green. Heritability estimates for color parameters were close to those for lycopene. This informa-
tion may be useful in developing specialty type tomatoes or increasing lycopene content in toma-
toes. 
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1. Introduction 
Consumers tend to make initial purchases of tomatoes based on external features such as color and appearance, 
making tomato fruit color an important trait. While red fruit color is dominant in most of the cases, there is a 
special demand for different colored tomatoes, especially: pink, bicolor (combination of two colors), yellow, 
orange, green and blue [1]. Tomato fruit color can largely be explained by mutations in the carotenoid pathway. A 
brief overview of the pathway follows (for a more complete review see Lu and Li [2]): yellow flesh (r-mutants) 
caused by a mutation in phytoene synthase (PSY) [3] [4], tangerine flesh color (t-mutants) caused by mutations in 
prolycopene isomerase (CrtISO), accumulation of lycopene resulting in deep red fruit (og/ogc) caused by muta-
tions in β-cyclase [5] [6] and pink tomatoes caused by the y mutation which makes the fruit epidermis clear in-
stead of yellow [7]. Lycopene is an important color pigment since the amount of lycopene is determined based on 
color intensity, particularly red component of the tomato. Lycopene has been shown to have: anti-cancer and an-
ti-oxidant properties [8]-[10], and prevent cardio-vascular diseases [11] and diabetes [12]. The increased con-
sumer awareness and the demand for food containing bioactive compounds, make lycopene a key trait for tomato 
breeders to select for [13]. As the importance of the interrelated traits of color and bioactive compounds increase 
for consumers, the genetics of fruit color becomes increasingly important for tomato breeders—a subject that has 
not been thoroughly investigated outside of the laboratory.  

While tomato is rich in lycopene, isomer type and availability upon consumption of fresh fruit are under dis-
cussion. It has been reported that the cis-isomer of lycopene is more readily absorbed than the trans-isomers, the 
major form in raw tomato [14] [15]. Tomato breeding challenges include increasing lycopene content and cis- 
lycopene isomers.  

It has been realized by consumers as well as researchers for a long time that fruit quality including lycopene is 
the important trait to improve [16]. Realizing this fact, some efforts have been made in the past at NC State 
University, which resulted in some improved varieties released with improved fruit color [17] [18]. It has been 
reported that there is a positive correlation between fruit color and lycopene concentration [19]. Vogel et al. [20] 
used tomato genotypes with tangerine (t-mutant: LA3183), old gold (og-mutant: LA3179), yellow flesh (r-mutant: 
LA3691) and a control genotype (Alisa Craig) with red fruit. Carotenoid profiles and amounts differed among 
mutants. The r-mutant did not have any carotenoids whereas the t-mutant and og-mutant had a reduced level of 
β-carotene but an increased level of trans-lycopene, respectively.  

The objective of this study was to investigate the inheritance of lycopene content and the color parameters of 
hybrids derived from tomato genotypes from diallel cross combinations excluding reciprocals. In this paper, we 
report the findings of experiments involving diallel crosses derived from 10 parents of different colors. Inheritance 
of fruit colorin tomato has not been reported, which may be interesting for tomato breeders aiming to improve 
specialty types of tomatoes.  

2. Materials and Methods 
2.1. Plant Materials 

Ten tomato genotypes with different fruit color were selected as parents. Genotypes used in the crosses are de-
scribed below:  

1. “NC1CS” is a large-fruited fresh-market tomato breeding line with the “crimson” (ogc) gene. It has large, 
smooth fruits and flesh is dark red in ripe fruits [21].  

2. “NC74CAP (2009)-Bk” has blue skin color, and small round fruited. Plant has determinate growth habit.  
3. “NC72LYC (2009)-Bk” has yellow color with the β-gene. 
4. “NC08133-1(x)-7W” has yellow and red stripes on the skin. 
5. “NC28L-1(2008)” has large fruits with red color. 
6. “NC95LYC (2009)-Bk” has large fruits with (r-mutant) yellow color. 
7. “NC1Y” has yellow fruits with the “tangerine” (t) gene. 
8. “Chocolate Stripe” has jumbo fascinated fruits with brown-purple stripes. This is an heirloom variety with 

indeterminate growth habit.  
9. “Malachite Box” also has jumbo fascinated fruits with green flesh color. It has indeterminate growth habit. 
10. “NC161L” [22] has pink fruit color and determinate growth habit.  
All parents were crossed in diallel combinations without reciprocals to produce 45 F1 hybrids in the fall sea-

son of 2009. Four experiments were conducted including 45 F1 hybrids and 10 parents in the field (summer of 
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2010 and 2011) and in the greenhouse (2010 spring and 2011 fall) at the Mountain Horticultural Crops Research 
and Extension Center, Mills River, NC,  

Seeds were planted in 72 cell flats (56 × 28 cm2) in potting mix and transplants, at about 6 weeks from seed 
were planted by hand in the field for summer experiments, and in the plastic pot for greenhouse experiments. 
Plants of each genotype were planted with 45 cm of plant-to-plant, and 150 cm row-to-row spacing in the field 
for summer experiments. The soil was a clay-loam and the natural day light photoperiod was about 14/10 hr 
with 25˚C - 30˚C high and 14˚C - 16˚C low temperatures. Similar temperatures and photoperiods were main-
tained in the greenhouse. 

An experimental unit consisted of four plants in the greenhouse experiments and six plants in the field expe-
riments. They were arranged in a randomized complete block design (RCBD) with three replications in each 
experiment. Parents and their F1s were planted in a three gallon (11356.24 cm3) plastic pot using potting mix in 
the greenhouse. Fruits were harvested when they were ripe.  

2.2. Color Capturing and Image Analysis with the Tomato Analyzer (TA) 
Fully ripe fruit (USDA stage 6) were harvested from the middle four plants from each line. Fruit were taken to 
the horticulture laboratory immediately after harvest and rinsed with tap water to remove debris and then air 
dried. A minimum of six fruit per genotype, free of injury, were sliced in half longitudinally (from stem to blos-
som end) with a sharp knife.  

Tomato Analyzer (TA) software [ver. 2.2 (http://www.oardc.ohio-state.edu/vanderknaap/tomato_analyzer.htm)] 
[23] was used to obtain color parameters CIE L*, a*, b*, hue and chroma estimates. Images were taken from cut 
fruits using a flatbed scanner (Canon Image Scanner CanoScan 8800F Canon, Melville, NY). The scanner and 
fruit were covered with a cardboard box with a black background to avoid effects of ambient light. Detailed in-
struction on taking images of tomato fruits is described by Rodríguez, Moyseenko [24]. Images of at least six 
fruit per line were taken and saved as “.JPEG” file. The Tomato Analyzer was used to estimate the color para-
meters L*, a* and b* of the image. Average data of all fruit per scan was entered in an Excel file for further anal-
ysis. 

2.3. Lycopene Determination 
Following the above measurements, about 250 - 400 g of tomato (one-half slice per fruit) was placed in plastic 
zip lock bags and held at −80˚C until analyzed for lycopene. Tomato slices were thawed and pureed using a 
homogenizer (Polytron PT10-35-GT with 20 mm PTDA generator, Kinematica, Bohemia, NY). Diluted purees 
(1:4 w/w water) were mixed in 50 mL centrifuge tubes then 20 mL poured into a 10 cm cuvette. Absorbance at 
350 nm to 760 nm was measured using a Hunter Lab Ultra Scan Pro equipped with diffuse/8 xenon illumination 
(Hunter Associates, Reston, VA). Lycopene was calculated by subtracting the peak area at 750 nm (background 
light scatter) from that at 560 nm (the peak absorbance wavelength for total lycopene). Total lycopene was cal-
culated using the system of Davis et al. [25]. Lycopene values were verified using HPLC and spectrophotometer 
analyses according to Perkins-Veazie, Collins [26] (data not shown). 

2.4. Data Analysis 
Analysis of variance (ANOVA) of lycopene and color parameters (L, a*, b*, hue and chroma) of F1 and parents 
for each experiment and over experiments were carried out separately using SAS software [27]. The ANOVA 
model over experiments assumed genotypes to be the fixed effect and experiments to be random. Genotypic dif-
ferences among experiments were separated by least significant difference (LSD) at 5% probability level. Com-
bining ability analyses of F1s were conducted separately according to Griffing [28] by using method 4 (partial 
diallel including parents) and model 1 (fixed effect) as described in Diallel-05 [29] to estimate the general (GCA) 
and specific combining ability (SCA) effects. Variance components were also estimated by the same models. 

3. Results 
3.1. Parents and F1s Means 
Among the parents, Chocolate Stripe (74.9 mg/kg) was highest for lycopene content followed by NC 1CS (69.3 
mg/kg) and NC161L (64.6 mg/kg). Level of lycopene in Chocolate Stripe was the same across the environments 

http://www.oardc.ohio-state.edu/vanderknaap/tomato_analyzer.htm
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indicating that it was producing in the similar levels of lycopene in each experiment. NC1CS (dark red) and NC 
161L (pink) were also one of the top lycopene containing parent lines. Dark red color in NC 1CS is because of 
the crimson gene, which gives the gel an orange color. The pink color of NC161L is due to red flesh and a clear 
(transparent) skin. High lycopene content in the pink colored tomato indicated that probably the lycopene was 
being measured from flesh itself. Yellow color genotypes such as 08133-1(×)-7W and NC 1Y had much less 
lycopene as expected. Another yellow color genotype NC95LYC (2009) had no detectable lycopene. Levels of 
lycopene of different parents are given in Table 1.  

3.2. Crosses with Purple Brown Parent 
Chocolate Stripe was the parent with a purple brown stripe and a high lycopene content, Chocolate Stripe × NC 
161L produced better hybrids (70.2 mg/kg) than Chocolate Stripe × Malachite Box (63.8 mg/kg) since NC 161L 
was better than Malachite Box for lycopene. Similarly, NC 1CS × Chocolate Stripe hybrid was better (66.1 
mg/kg) than 08133-1(×)-7Wx Chocolate Stripe (60.3 mg/kg) hybrid for lycopene level since the latter cross in-
volved a yellow fruited parent (Table 1). All crosses with Chocolate Stripe had the best level of lycopene in 
every environment. This indicated that Chocolate Stripe was one of the parents with best GCA.  

3.3. Crosses with Red Fruited Parents 
Red fruited parents were NC 1CS and 28L-1 (2008). NC 1CS combined extremely well with all other parents 
including red, yellow, blue, pink, green and a mixture of purple and brown colored tomato lines for lycopene 
content as well as color parameters. Even with the yellow parents, lycopene was present when crossed with yel-
low and green parents (Table 1). Hybrids involving yellow parents including 95LYC (2009), 08133-1(×)-7W 
and NC 1Y produced reduced levels of lycopene. For example, NC 1CS × 08133-1(×)-7W hybrid had 61.4 
mg/kg whereas NC 1CS × NC 1Y had 60.4 and NC 1CS × 95LYC (2009) had 56.9 mg/kg lycopene, respective-
ly. This indicated that lycopene producing genes were dominant over yellow colored genes in tomato. Similar to 
NC 1CS, hybrids with 28L-1 (2008) produced good levels of lycopene even with yellow colored hybrids (Table 
1). This indicated that red color was dominant over other colors, which was reflected in lycopene content.  

3.4. Crosses with Pink Fruited Parent 
Pink fruited parent, NC 161L, was one of the best parents for lycopene content. It produced high level of lyco-
pene when combined with all colored parents including yellow. The best performing hybrid for lycopene was 
derived from Chocolate Stripe × NC 161L in this study (Table 1). In the pink fruited tomato, the skin is clear 
(transparent) and flesh is red. This indicated that pink fruited tomato is dominant for lycopene content in F1.  

3.5. Crosses with Blue Fruited Parent 
Blue tomatoes are believed to have higher flavonoid levels rather than lycopene. In fact, lycopene level was to-
wards the low end in this study in blue tomato parent (74CAP (2009)). Hybrids developed with this parent pro-
duced relatively low lycopene content except the one with 74CAP (2009) × Chocolate Stripe (69.5 mg/kg). This 
indicated that although less influential in lycopene biosynthesis, blue colored tomato was dominant over yellow 
(at least 48 mg/kg lycopene) and green (59.5 mg/kg lycopene) colored tomatoes. However, purple-brown stripe 
was dominant over blue since the former level was higher over blue tomato in the F1 (Table 1).  

3.6. Crosses with Yellow Fruited Parents 
There were four yellow colored parents with different gene combinations in this study namely 72LYC (2009) 
with the β-gene, 08133-1(×)-7W with red stripe, 95LYC (2009) with ther-gene, and NC1Y with the tangerine (t) 
gene. Several interesting hybrid combinations were found for lycopene content. Although both are yellow, hy-
brid of 72LYC (2009) × 08133-1(×)-7W had almost normal level of lycopene content (51.7 mg/kg). Reduced 
levels of lycopene were found in the hybrids developed from 72LYC (2009) × 95LYC (2009) (39.4 mg/kg), 
72LYC (2009) × NC 1Y (41.7 mg/kg), 08133-1(×)-7W × NC 1Y (50.6 mg/kg) and 95LYC (2009) × NC 1Y 
(52.2 mg/kg). However, 08133-1(×)-7W × 95LYC (2009) produced extremely low levels of lycopene (6.8 mg/kg). 
Furthermore, both of these parents when crossed with Malachite Box either produced extremely low lycopene or  
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Table 1. Lycopene content (mg/kg) and color parameters (L*, a* b*, hue and chroma) in the parents and F1 hybrids of tomato 
derived from parents of different color. Observations are the average of four experiments as described in the materials and 
methods.                                                                                              

Parent and hybrids Lycopene L*-value a*-value b*-value Hue Chroma 

NC1CS 69.3 46.7 34.6 31.1 41.7 46.9 

74CAP(2009) 52.0 47.7 18.4 29.9 58.4 35.3 

72LYC(2009) 43.0 61.8 19.3 42.9 66.2 47.1 

08133-1(×)-7W 13.7 62.9 9.9 46.0 79.1 47.9 

28L-1(2008) 64.1 49.4 29.1 33.2 48.9 44.5 

95LYC(2009) NA 69.1 0.2 41.1 94.1 41.1 

NC1Y 7.7 66.1 10.0 57.4 80.8 58.3 

Chocolate Stripe 74.9 44.2 22.0 30.3 53.9 37.7 

Malachite Box 57.3 61.7 -0.1 39.2 104.5 40.1 

NC 161L 64.6 47.1 31.7 32.7 45.8 45.8 

NC1CS × 08133-1(×)-7W 61.4 48.0 30.2 32.2 47.1 44.5 

NC1CS × 28L-1(2008) 61.4 46.6 32.3 31.5 44.1 45.4 

NC1CS × 72LYC(2009) 43.5 54.3 25.1 36.2 55.4 44.2 

NC1CS × 74CAP(2009) 62.2 49.7 26.7 32.8 50.6 42.6 

NC1CS × 95LYC(2009) 56.9 49.2 28.6 33.5 49.6 44.2 

NC1CS × Chocolate Stripe 66.1 47.2 33.4 32.3 43.9 46.8 

NC1CS × Malachite Box 64.6 47.7 31.0 32.6 46.4 45.4 

NC1CS × NC 161L 63.5 48.2 32.5 31.4 43.9 45.8 

NC1CS × NC1Y 60.4 50.3 30.2 33.7 48.0 45.9 

74CAP(2009) × 08133-1(×)-7W 50.6 48.5 23.9 33.4 54.2 41.3 

74CAP(2009) × 28L-1(2008) 50.2 46.1 24.5 32.1 52.6 40.6 

74CAP(2009) × 72LYC(2009) 48.0 51.9 22.0 37.8 59.9 43.8 

74CAP(2009) × 95LYC(2009) 52.8 48.7 21.2 33.8 58.0 40.1 

74CAP(2009) × Chocolate Stripe 69.5 46.6 26.7 32.1 50.0 42.1 

74CAP(2009) × Malachite Box 59.5 45.8 24.1 32.1 52.9 40.3 

74CAP(2009) × NC 161L 55.7 46.6 26.2 31.4 49.8 41.1 

74CAP(2009) × NC1Y 52.1 48.7 24.9 33.6 53.4 42.0 

72LYC(2009) × 08133-1(×)-7W 51.7 52.6 25.2 36.9 56.4 45.2 

72LYC(2009) × 28L-1(2008) 47.3 50.2 27.3 34.9 51.9 44.7 

72LYC(2009) × 95LYC(2009) 39.4 54.2 21.5 39.3 61.1 45.3 

72LYC(2009) × Chocolate Stripe 62.3 48.2 30.3 33.1 47.4 45.2 

72LYC(2009) × Malachite Box 43.0 50.8 25.1 37.5 56.1 45.9 

72LYC(2009) × NC 161L 40.9 53.7 24.7 37.0 57.2 45.0 

72LYC(2009) × NC1Y 41.7 56.5 23.7 40.1 59.7 46.6 
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Continued 

08133-1(×)-7W × 28L-1(2008) 56.1 50.9 27.4 33.9 51.4 43.9 

08133-1(×)-7W × 95LYC(2009) 6.8 62.8 3.7 48.5 85.8 49.5 

08133-1(×)-7W × Chocolate Stripe 60.3 50.6 28.3 33.8 50.3 44.4 

08133-1(×)-7W × Malachite Box 8.9 64.1 5.8 45.8 83.3 46.2 

08133-1(×)-7W × NC 161L 62.2 49.1 29.6 32.1 47.1 43.9 

08133-1(×)-7W × NC1Y 50.6 49.3 28.8 33.6 49.5 44.6 

28L-1(2008) × 95LYC(2009) 59.6 45.7 27.5 32.9 50.1 43.2 

28L-1(2008) × Chocolate Stripe 66.5 47.3 32.2 33.2 46.0 46.7 

28L-1(2008) × Malachite Box 63.6 47.1 28.0 32.6 49.3 43.3 

28L-1(2008) × NC 161L 53.2 48.6 28.0 33.6 50.8 44.4 

28L-1(2008) × NC1Y 55.6 48.3 29.9 33.5 48.4 45.3 

95LYC(2009) × Chocolate Stripe 65.3 46.5 28.5 33.9 49.9 44.7 

95LYC(2009) × Malachite Box NA 64.1 0.9 42.3 92.8 42.2 

95LYC(2009) × NC 161L 65.1 48.6 27.3 34.0 51.1 43.9 

95LYC(2009) × NC1Y 52.2 49.0 27.7 34.9 51.4 44.8 

NC1Y × Chocolate Stripe 58.4 48.0 31.3 34.0 47.4 46.5 

NC1Y × Malachite Box 54.3 47.3 29.2 33.9 49.2 45.1 

NC1Y × NC 161L 58.5 48.0 31.7 33.8 46.8 46.7 

Chocolate Stripe × Malachite Box 63.8 43.8 19.9 31.2 57.4 37.3 

Chocolate Stripe × NC 161L 70.2 47.0 31.2 33.1 46.5 45.9 

Malachite Box × NC 161L 69.5 47.9 28.4 33.0 49.1 43.9 

LSD(0.05) 8.0 5.0 4.4 4.4 5.5 3.6 

 
did not produce at all (Table 1). This indicated that yellow color was dominant over green suppressing lycopene 
content production.  

3.7. Crosses with Green Fruited Parent 
Malachite Box was the only green flesh parent in this study. When crossed with other colored parents, lycopene 
content was found to be influenced by the gene of other parent (Table 1). This indicated that green flesh color 
was recessive to almost all of the colors in this study. 

3.8. Analysis of Variance 
There was a significant difference (p < 0.05) among genotypes for lycopene content and color parameters in-
cluding L*-value, a*-value, b*-value, hue and chroma (Table 2). However, there was no interaction (p > 0.05) 
between genotypes and environments for lycopene content indicating that the level of lycopene was consistent 
across the experiments, and lycopene content is not influenced by environment. 

3.9. Combining Ability Analysis 
Parents were found to be significantly different for general combining ability (GCA). Based on the GCA, the 
best parent with positive contribution to lycopene content was Chocolate Stripe followed by NC 1CS, 28L-1 
(2008) and NC 161L, respectively. Other parents including Malachite Box, NC 1Y, 72LYC (2009), 08133-  
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Table 2. Analysis of variance for the lycopene and color parameters (L*, a*, b*, hue and chroma) over environments.         

Source DF 
Mean square   F-value   

Lycopene L*-value a*-value b*-value Hue Chroma Lycopene L*-value a*-value b*-value Hue Chroma 

ENV 3 3429.5 3367.2 2599.8 3169.0 5317.5 2716.9 6.56** 533.77*** 420.83*** 1155.28*** 438.26*** 1266.18*** 

REP (ENV) 8 920.2 35.7 15.7 5.6 26.6 7.5 1.76ns 5.67*** 2.53* 2.03* 2.19* 3.49** 

ENTRY 54 962.6 416.1 839.5 284.6 2164.0 126.4 1.84** 65.96*** 135.89*** 103.75*** 178.35*** 58.92*** 

ENV*ENTRY 162 508.7 14.5 21.2 9.0 38.3 8.2 0.97ns 2.31*** 3.43*** 3.27*** 3.16*** 3.8*** 

 
1(×)-7W and 74CAP (2009) were the negative contributors to the lycopene content in the hybrids, respectively 
(Table 3). There was no difference among the parents for specific combining ability (SCA). Although statisti-
cally it was non-significant, a few combinations were notable. All hybrids with Chocolate Stripe and NC 1CS 
had positive gain for lycopene content whereas those with 28L-1(2008) and 74CAP (2009) had a mixture of 
positive and negative contribution with different parents. Other parents either did not have any contribution at all 
or there was a negative contribution for lycopene content. There was no GCA x environment and SCA x envi-
ronment interaction for lycopene content (Table 3). 

3.10. Heritability Estimates 
In order to estimate the heritability from the variance components, parameters were estimated as described by 
Zhang, Kang [29]. Narrow-sense heritability for lycopene was only 9% whereas broad-sense heritability esti-
mate was 25%. Narrow-sense and broad-sense heritability estimates for L*-value, a*-value, b*-value, hue and 
chroma were close to that of lycopene (Table 4).  

3.11. Correlation between Lycopene and Color Parameters 
When lycopene data were examined against color parameters, there was a negative correlation with L*-value (r 
= −0.77) and b*-value (r = −0.79) whereas it was positive with a*-value (r = 0.67) and hue (r = 0.89). There was 
no correlation at all between lycopene and chroma (r = 0.06). This pattern is presented in Figure 1. Generally 
L*-value represents the lightness of the color which means lack of redness. Similarly, b*-value means yellow 
light which means no lycopene, which are negatively correlated. On the other hand, a*-value indicates the inten-
sity of redness, which means there is more lycopene which is what we have found in the present study. 

4. Discussion 
Bicolor parent Chocolate Stripe (purple-brown) was found to have the highest lycopene content level among the 
ten parents. Most of the parents were not analyzed for lycopene content before other than NC 1CS [21], which 
was one of the superior parents in this study. This might be because of presence of the “crimson” gene. The 
crimson gene has been reported to increase the level of lycopene in tomato by up to 74% [30]. However, in our 
previous study, it was not proved to be true [31]. In the present study, a clear association between fruit color and 
lycopene level was established, which was not new information. However, inheritance of fruit color and lyco-
pene level, and color parameters (L, a*, b*, hue and chroma) in F1s found in the present study was novel.  

In the present study, the order of dominance was bi-color (purple-brown) > red > blue > yellow > green. Lev-
el of lycopene was in this order when hybrids were produced by crossing different colored parents. There are li-
mited numbers of published studies supporting this finding since studies were not conducted towards this direc-
tion before.  

Heritability estimates found in the present study were less than in some of the past studies [32] [33]. This may 
be from the conservative estimates used in the present study. However, these estimates were similar to what 
have been reported in our one of the recent studies [34]. In previous studies there was a significant GxE interac-
tion and a non-significant GxEinteraction was found in the present study. That means, a higher level of genetic 
control for lycopene content was expected in the present study. However, the heritability estimate was towards 
the low end. Narrow-sense heritability estimates for lycopene estimated by theparent-hybrid regression method 
were found to be 65% in yet another study [16].  
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Figure 1. Relationship between lycopene and color parameters. Overall, correlation between lycopene and L*-value was 
−0.77, lycopene and a*-value was 0.67, and lycopene and b*-value was −0.79 in this study. Correlation between lycopene 
and hue was 0.89 whereas that between lycopene and chroma was 0.06.                                                

 
Table 3. Analysis of variance for the lycopene and color parameters (L*, a*, b*, hue and chroma) over environments for gen-
eral combining ability (GCA) and specific combining ability (SCA).                                                

Source DF 
Mean square   F-value   

Lycopene L*-value a*-value b*-value Hue Chroma Lycopene L*-value a*-value b*-value Hue Chroma 

GCA 9 2260.4 532.1 1418.5 410.4 3021.7 147.4 4.3** 84.4*** 229.6*** 149.6*** 249.1*** 68.7*** 

SCA 45 1100.6 169.8 308.4 99.4 747.0 35.0 2.1** 26.9*** 49.9*** 36.2*** 61.6*** 16.3*** 

GCA*ENV 27 −750.3 72.2 110.1 9.0 340.8 14.8 −1.4 11.4*** 17.8*** 3.3*** 28.1*** 6.9*** 

SCA*ENV 135 −366.0 31.8 61.5 10.7 158.7 2.5 −0.7 5.0*** 9.9*** 3.9*** 13.1*** 1.1 

 
Table 4. Variance component estimates for lycopene and color parameters (L*, a*, b*, hue and chroma) in tomato. The com-
ponents were calculated by the method as described by Zhang, Kang [29].                                            

Parameter Lycopene L*-value a*-value b*-value Hue Chroma 

Additive variance (VA) −14.07 1.35 2.06 0.17 6.39 0.28 

Dominance variance (VD) −23.7 2.1 4.0 0.7 10.3 0.2 

Error variance (VE) −114.7 10.1 18.9 3.1 50.1 1.0 

Narrow-sense heritability (h2) 0.09 0.10 0.08 0.04 0.10 0.20 

Broad-sense heritability (H) 0.25 0.25 0.24 0.22 0.25 0.31 

Dominance ratio 1.69 1.52 1.93 4.12 1.61 0.58 

5. Conclusion 
Overall, we have reported the inheritance of different color parameters and lycopene content in an F1 derived 
from different colored parents of tomato. With the information of inheritance and dominance for lycopene, it 
may be useful to design and develop populations aiming to improve lycopene content in tomato or specialty to-
mato with different colors for special markets. 
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