












Carotenoid analysis
HPLC analysis of carotenoids in mature fruits was performed

in Prof. Kim’s Laboratory. UV-visible detector was used to

measure of carotenoid contents.

PCR analysis
Genomic DNA was extracted from leaves. Two sets of

oligonucleotides were used to amplify the CCS and PSY

genes with DNA.
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Carotenoids are major pigments coloring yellow, orange and red in plants. In Capsicum, phytoene synthase (PSY), capsanthin-capsorubin synthase (CCS), β-Carotene hydroxylase (Crtz-2) and

lycopene β-cyclase (Lcyb) were identified to be involved in the carotenoid synthesis pathway. Orange and yellow colors in pepper can be resulted from mutations in these four genes but the

relationship between the colors and the four candidate genes has not been fully elucidated. We examined these four carotenoid biosynthesis genes and measured the carotenoid contents of C.

annuum MicroPep Red (MR), MicroPep Yellow (MY) and their F2 population. MicroPep lines have dwarf phenotypes. Mutation of the two candidate genes, PSY and CCS, were identified in the MY

line. These mutations of PSY and CCS genes cosegregated with the fruit colors in the F2 population with a phenotypic ratio of 9:6:1(red:orange:yellow). In the F2 population, red peppers (PSY/CCS)

accumulate higher levels of total carotenoid than those of yellow peppers (psy/ccs). In the orange peppers, we were able to classify the carotenoid content profile according to genotypes

of PSY and CCS. Total carotenoid content in type 1 (PSY/ccs) was much higher than that in type 2 (psy/CCS) but capsanthin was accumulated more in type 2 than type 1. These results show

that PSY and CCS genes affect the fruit colors of pepper in different ways in the carotenoid pathway. Moreover markers developed in this study can be used to distinguish the fruit colors of pepper.
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Carotenoids are piments which determine the fruit color

synthesized in plastid. They have role in photosynthesis,

attract pollinator or seed despensor and protect against

photo-oxidation. The inheritance of mature fruit color in

pepper is controlled by three loci: Y, C1 and C2 (Hernandez

and Smith 1985). Candidate gene approach identified the

CAPSANTHIN–CAPSORUBIN SYNTHASE (CCS) as a

candidate for Y (Lefebvre et al. 1998; Popovsky and Paran

2000; Lang et al. 2004). The PHYTOENE SYNTHASE (PSY) has

been found as a candidate for C2 (Thorup et al. 2000; Huh et

al. 2001).

Mutations in CCS can result in a yellow fruit color (Lefebvre

et al. 1998; Ha et al. 2007) and mutations in PSY have been

associated with the orange fruit color of Habanero pepper

(Hernandez and Smith 1985; Huh et al. 2001). Some orange

peppers showing yellow and orange colors are associated

with a mutation in CCS (Popovsky and Paran 2000; Langetal.

2004).

To gain a better understanding of the genetic control of fruit

color variation in pepper, we measured carotenoids contents

of MicroPep F2 population and analysed the CCS and PSY

genes.

Introduction Results & Discussion

PCR polymorphism 
PCR amplification was performed using the total DNA of two parents and F2 population with primers for the PSY, Crtz-2, LCYB and

CCS genes. Fragments of the PSY and CCS genes were obtained from the pepper plants with red fruits, but not from those with

yellow fruits. No polymorphism of PCR products was detected between the two parents for Crtz-2 and LCYB. The presence or

absence of the amplified fragment almost completely cosegregated with the red, orange or yellow fruit color, respectively, in the

F2 population (Figure 2A, Table 2). In CCS, insertion over 7kb was detected from MicroPep yellow (Figure 3). In case of PSY, We

found mutation from -17kb to PSY gene region (Table 3). From cDNA, we could not amplify fragment of the PSY gene from the

plants with yellow fruits (Figure 2B). We identified premature stop codon in CCS from the plants with yellow fruits (Figure 4).
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Figure 1. Mature fruits of pepper

used in this study. (A) MicroPep

red, yellow; (B) MicroPep red ×

yellow F1; (C) MicroPep red × yellow

F2 . Bar 3cm.

MicroPep red MicroPep yellow F2 red F2 orange (type 1) F2 orange (type 2) F2 yellow

Genotype
PSY + - + + - -

CCS + - + - + -

neoxanthin 37.75±0.22 2.02±0.05 51.94±3.42 42.41±4.8 6.43±0.18 13.15±0.59

capsorubin 231.23±29.83 0.08±0.04 151.91±7.51 ND 12.06±1.04 0.75±0.09

violaxanthin ND 1.81±0.01 63.7±1.42 19.76±3.63 3.74±0.28 4.17±0.05

capsanthin 893.94±102.06 4.01±0.01 466.59±18.01 4.58±0.05 29.76±3.03 4.5±0.02

antheraxanthin ND 1.76±0.01 ND 13.11±0.89 2.25±0.07 2.2±0.12

zeaxanthin 303.58±25.2 2.38±0 81.11±3.15 76.85±5.52 6.41±0.77 3.88±0.11

lutein ND 3.13±0.07 10.17±1.08 32.84±2.13 4.37±0.11 4.46±0.12

α-cryptoxanthin 14.55±0.87 1.3±0.51 44.9±2.97 72.62±2.83 ND 2.31±0.25

β-cryptoxanthin 42.86±1.54 1.02±0.04 45.14±6.4 9.95±0.63 0.76±0.03 1.36±0.11

α-carotene 40.82±2.18 0.92±0.08 65.51±6.59 36.27±1.58 0.14±0.01 0.68±0.1

β-carotene 59.4±6.4 2.71±0.04 124.51±13.73 12.68±0.52 2.12±0.02 2.64±0.09

total carotenoids 1624.12±119.47 18.51±0.28 1053.8±37.27 310.25±6.34 57.28±4.26 33.39±0.76

* ND: Not detected.

Table 1. Carotenoid accumulation in Capsicum fruit expressed as μg g-1 fresh wt pericarp, in mature fruit. F2 red, orange, yellow: fruits with red,

orange, yellow color in MicroPep red × MicroPep yellow F2. F2 Orange fruits have two genotype.

R Y

F2

R R O O R Y O O O Y

CCSPSY
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Figure 2. PCR polymorphism of the CCS and PSY genes in the F2

segregating population. (A) PCR amplification from gDNA. ▶1,399

bp in CCS, ▷ 943 bp in PSY (B) PCR amplification from cDNA. ▶589

bp in PSY, ▶ 1,475 bp, ▷ 481 bp in CCS MR: MicroPep red, MY:

MicroPep yellow, R, O, Y: F2 plants with red, orange and yellow fruits,

respectively.

Fruit color

Genotype Red Orange Yellow Total

PSY/CCS +/+ 158 5 2 165

+/- 48 4 52

-/+ 65 65

-/- 14 14

Total 158 118 20 296

Expected ratio Actual ratio χ² P

Phenotype 9:6:1 158:118:20 1.00 0.61

Genotype 9:3:3:1 170:54:70:16 3.30 0.33

A

B

Table 2. Analysis of genotype and phenotype in the F2 segregating

population.

ATG/ ………/AAG/GTA/TGT/……………………….……….......……………..../CTT/TGA

1    / ………… / 106 / 107 / 108 / ……………………………………………………..……./ 498 /  *
MR

MY
ATG/ …… /AAG/ATT/GTA/CGT/ACC/CGT/ATC/GGC/GGT/GGA/TAA

1    / ……… / 106 / 107 / 108 / 109 / 110 / 111 / 112 / 113 / 114 / 115 /   *            

Figure 4. Coding sequences of CCS. Mutations in sequences are in

red. The numbers depict the amino acid positions and the asterisk

indicates the stop codon. Premature stop codon was detected in

MicroPep yellow.
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Carotenoid profile
The major carotenoid in the red fruits was capsanthin (Table

1). In the yellow fruits, only trace amount of carotenoids

were accumulated. In the orange fruits, we were able to

profile the carotenoid contents according to the genotypes

of PSY and CCS. In type 1 (PSY/ccs) and type 2 (psy/CCS), the

major carotenoids forming compounds were zeaxanthin and

capsanthin, respectively. Total carotenoid content in type 1

was much higher than that in type 2, but capsanthin, the

final carotenoid product, was more accumulated in type 2

than type 1. Distinguishing the individual fruits between

type 1 and type 2 by naked eyes was difficult, but overall

view of populations demonstrated that the type 2

population tended to be more reddish color than type 1.

Results & Discussion
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Figure 5. The PSY gene structure. The PSY genomic regions consist of six

exons (box) and five introns (solid line) in MicroPep red. Number indicate primer

set (Table 3) used for PCR polymorphism test of PSY.

Plant materials
Pepper accessions

Capsicum annuum cv

MicroPep (red) and

Capsicum annuum cv

MicroPep (yellow) were

employed as parents and

a total of 298 F2

individuals were used as

a population for genetic

analysis.

Figure 3. The CCS gene structure and mutation analysis in CCS.

(A) The CCS genomic regions consist of one exon (box) in MicroPep

red. (B) PCR polymorphism of the CCS gene. There is an insertion

over 7kb in MicroPep yellow. ▶ 9 kb, ▶ 1,475 bp, ▷ 401 bp

Primer set 

number
Region

Forward primer lo

cation (bp)

Reverse primer loc

ation (bp)
Product size Red Yellow

1

Upstream

-22004 -21008 996 + +

2 -18552 -17693 859 + +

3 -17712 -16765 947 + -

4 -14206 -13678 528 + -

5 -10008 -9079 929 + -

6 -6496 -5921 575 + -

7 -5146 -3841 1305 + -

8 -3943 -665 3278 + -

9
Gene

-228 1171 1399 + -

10 1194 2980 1786 + -

11
Downstream

2973 4927 1954 + +

12 4823 5936 1113 + +

Table 3. Summary of PCR polymorphism test of the PSY genes. 

1 1497
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Over 7kb
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