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Table 1 Carotenoids accumulated in some major carotenoid-enriched horticultural crops

Comman name Wariety Color Major carotenoid Minar caratenoid Referenoa
Vegatable Tomato Wild typea Red Lycopsena p-camtena, phytoena, C-carotens 41
Delta Oranga/rad d-camotena, oopena Lutein, x-carotene 44
Beta Orange p-carotene, kycopane phytoena 41, 23
Oild-gold Golden Lycopene p-camotena, phytoena 41, 23
Pepper Red Capsanthin 2eaxanthin, cryptaanthin, pcarotene 45
Orange Zeaxanthin, capsanthin, lutein p-camtena, cryptoxanthin 45
Yl kowy Lutein, f-carotens Zeavanthin, a-caratana 46
Carmt Orange f-caratene a-Ccartens, lutein 14
Red Lycopena, B-caratena Lutesin 14
Yellow Lutein p-camotensa 14
Sweet potato Orange f-carotene a-camntena
Cauliflower Or Orange f-caratene
Dark green vegatables Grean Lutein, p-carotene a-canmtene, zeaxanthin
Fruit Melan Cantaloupe Orange f-caratene 54
Citrus Orangea Orangea Violaxanthin B- crypoxanthin, phytoene 15
Mandarin Orange B- cryptoecant hin Phytoane, violaxanthin, B-carotena 15
Grapafruit Red B-caratane or lycopena, phytoana Phytafluenea
Watermelon Red Lycopene B, C-caratena, Violaxanthin 21,41
Yellow Violaxanthin or Neweanthin Lurtesin 21
Orange f-caratene Phytoene, wcopene, C-cantena 41
Peach Redhawen Yellow Antheraxanthin, lutecxanthin, p-cryptoanthing, f-carotena b9
eaanthin
Papaya Red Lycopenea p-cryptoanthing, f-carotena 58
Yellow p-cryptoxanthin, p-camtena Lycopene 58
Flower Marigold Yellow to oranga Lt 94
Chrysanthemum Yellow to orange Lutein and its epaxide Violaxanthin, p-caratene 65
Oncidium Gower Ramsay Yellow Violaxanthin Lutein &b
Sunkist Orange Violaxanthin, p-camtenea Lutesin
Cemanthus Zi Yingui Butter yellow p-carotene a7
Jingui Golden yellow p-carotene, lutein a-Cartansa a7
Chenghong Dangui  Orange-red a-caratene, f-camtana Lutein a7
Lily Connecticut king  Yellow Antheraxanthin, violaxanthin, lutein  p-camtana o8
Saija and tiger lily  Red Capsanthin Antheraxanthin 28 88
Adanis Red Astaxanthin, adonirubin p-camtena, Astaxanthin a9

€ 2015 Manjing Agricultural University

Horticulture Research (2015)
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Fig. 3.3. Representation of a fully differentiated chromoplast acting as a metabolic sink with the
accumulation of carotenoid-bearing structures. The following elements contribute to the metabolic sink:
stimulation of carotenoid biosynthesis in the membrane, emergence of vesicles from the inner membrane
that generate carotenoid-bearing bodies, import of proteins and lipid precursors that participate in the
sequestration of carotenoids, active energy provision through ATPases, stimulation of the development of
stromules, and accumulation of quinones, carotenoids and lipid material in plastoglobules. PAP, plastid

lipid-associated protein; CAP, carotenoid-associated protein; Fib, fibrillin; see Plate 1 for abbreviations for

the enzymes of the carotenoid biosynthesis pathway.
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Carotenoid Metabolism and Regulation
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Carotenoid biosynthesis pathway in plants.
Transgenic interventions in enzyme
characterization are shown in green and their
mutants in red. Broken arrows indicate the
involvement of multiple steps. Phytohormones,
aroma volatiles and other compounds indicated in
blue showing direct (solid arrows) or indirect
(broken arrows) connections  with carotenoid
biosynthesis pathways. Photomorphogenic signal
transduction factors are shown in the grey box. A

Gibberzlling €======ccceccccccan- Geranylgeranyl diphosphate step in polyamine action on lycopene accumulation
Quinones 'LJE'-.-' (psy-1) is highlighted. Inhibitory (blunt-ended lines) and
%ﬂg”}rperglllf (hp-1) DDBA Phytoene stimulatory (with arrowheads) effects are shown.
FOPHETaE U EET - - - L PSY, phytoene synthase; PDS, phytoene
COP1-like ! PDS _ _
! desaturase; ZDS, (-carotene desaturase; CRTL-B,
HY5] T -Carotene _ ) _
el 705 lycopene B-cyclase; CRTR-B, B-ring hydroxylase;
_ Piehuledvipie? S Lycopens— — — - —— - CRTR-E, e&-hydroxylase; ZEP1, zeaxanthin
- | . - - -
Polyamines- - - - - - - - - - * lC:HTL-:- . epoxidase; VDEZ1, violaxanthin de-epoxidase;
v ~RTI-E (Beta, old-gold)! ; . } )
S-Calotene CHTL-E (Defta) ~Carotene ! NSY, neoxanthin synthase; CRTL-E, lycopene &
CRTL-B _ _ 1 cyclase; NCED3, 9-crs-epoxycarotenoid
- 'LHTL':' . dioxygenase 3; TAO3, abscisic-aldehyde oxidase
a-Carotene Vitamin A< ----- B-Carotene - - —— — — - ! Y9 ’ ' y '
l:: RTR-E, CHRTH-B CRTR-B W .
Lutein Zeaxanthin Carqltrenl::lrl:l )
(Xanthophyll} VDETTLEE:' ::npﬁ-]clerl.ed volatiles
Anthraxanthin
Abscisic acid voe1f] zer
e 8-cis-Violaxanthin<—Violaxanthin
s ADSCiEiC{— Xanthoxin  NCED3 MNSY
aldehyde = =1

LQ{J’S-Nemanmin <« Meoxanthin



MEP Pathway
ipP P, DMAPP

\ﬁpps

GGPP RN, PAP22, OR
|PSY=_sGR1, PIF1
15-cis-Phytoene -
ipns
9,15,9'-tri-cis-{-Carotene
|z-1s0

Earu?e nes

4
J,EDS

|cRTiso
AlltransLycopene

LCY‘V \Eﬁfa

! G-Carotene y-Carotene Apmtemrds
: Lf_‘:"r'Bl ch*-,-fB :
-, a-Carotene f-Carotene “CCD  B-lonone
[ ' o ?Stringula{:tune
CYFaTA J’ CYPITC ll: HYB :
“teeb . L
- CYPSTC l\ l/ﬂ"r'PQ?A l CHYB :i----> PB-Citraurin
9 vDef| zEP '
I Eapsanﬂ‘nin?ca x
| vDE || zEP
R o P
Capsorubin < S
i MCED
,_fNHS !-?---3- ABA

Figure 1. General carotenoid metabolic pathway in horticultural
crops. PSY catalyzes the first committed condensation step from
GGPP to produce the first C40 carotene, phytoene. Following several
desaturation and isomerization steps, lycopene is produced. The next
cyclization yields the xz-carotene and f-carotene branches. A wide
range of carotenoids are degraded by CCDs or NCEDs to produce
apocarotenoids. IPP, isopentenyl diphosphate; DMAPE dimethylallyl
diphosphate; GGPP, geranylgerany! diphosphate; P, isopentenyl
diphosphate isomerase; GGPPS, GGPP synthase; PSY, phytoene
synthase; PDS, phytoene desaturase; Z-150, [carotene isomerase;
ZD5, C-carotene desaturase; CRTISO, carotenoid isomerase; LCYE,
lycopene e-cyclase; LCYB, lycopene fcyclase; CHYB, p-carotene
hydroxylase; CYPO7C, cytochrome P450-type monooxygenase 97C;
ZEP, zeaxanthin epoxidase; VDE, violaxanthin de-epoxidase; CC5, cap-
santhin-capsorubin synthase; NX5, neoxanthin synthase; CCD, carot-
enoid cleavage dioxygenase; NCED, 9-cis-epoxycarotenoid
dioxygenase. Metabolites are bolded and colored acaording to their
compound colors, whereas black indicates no color. Enzymes and
regulators are not bolded. Solid arrows indicate biosynthesis and
dashed arrows indicate degradation PSY regulators are colored in
blue. Dotted rectangles separate different groups of carotenoids.
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Fig. 21.2 A simplified presentation of anthecyanin biosynthesis in plants. PAT phenylalanine ammonia Iyase;
C4H, cinnamate-4-hyroxylase; 4CL. 4-coumaryl CoA ligase; CHS, chalcone synthase; CHI, chalcone isomerase;
F3H, flavanone-3-hydroxylase; DEE, dihydroflavonol-4-reductase; ANS, anthocyanin synthase; UFGT, UDP-
ghucose flavenoid 3-oxy-glucosyltransferase. (Adapted from Jaakela et al., 2002.)
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