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Table 1 Important carotenoids in different horticultural plants
Wkh4 DA Eey] FERAY bR 230k
Name Latin name Color Major carotenoids Reference
AR . /LSRR B-FREE I B N T4 K 4 B-Cryptoxanthin, B-carotene, ly-
Carica papaya L. (2]
Papaya Yellow/red pulp copene, etc.
i runus persica HERN LG T R E Antheraxanthin, luteoxanthin [17]
Peach Batsch. Yellow pulp
i L BRI/ R U B DR L« E MR AR Violaxanthin, B-caro-
Mangifera indica 1.. . [18-19]
Mango Yellow pulp/peel tene, a-carotene, lutein, etc.
A Citrus 1 21/ FE IR/ R PR R ACZY B A B R VAT L EK B-Cryptoxan- '3.13]
Citrus R Red/yellow pulp/peel thm, v1olaxamhm, antheraxanthin, citraurin, phytoene '
) L1/R /3 - -
PG I . /AN FMLLR B-HIE R VARMAR R IAR ORI
Citrullus lanatus Red/orange/yellow [1,4]
Watermelon Ip Lycopene, B-carotene, phytoene, violaxanthin, lutein, zeaxanthin
pu
£1L/K /AR A
Bl o § AT % KB IR S B-W10 b 3% a0 3 BB Cap-
Capsicum annuum Red/orange/yellow [20-21]
Pepper | santhin, zeaxanthin, lutein, B-carotene, a-carotene, cryptoxanthin
pulp
EAWE V8RR
kAN [/ REIR FAMLLE B-IAE ME oW NFE EIKFE Lycopene, B-carotene,
. Daucus carota 1.. Red/orange/yellow . [22]
Carrot a-carotene, lutein
root tubers
o Lycopersicon esculen- 21/ #E AR TALLR B8 bR VEAFMLLR SEAFML R Lycopene, B- (5]
Tomato tum Red/yellow pulp carotene, phytoene, phytofluene ;
SES » . . B . 7
Chin Brassica rapa L. spp. A a-#1% MR B-#1E P FE FMLE a-Carotene, B-carotene, lyco (23]
“hinese ) B
cabbage pekinensis Orange leaf pene
i o BRZR IR BB oW DR B R ENLLER U
T A4 /1 A = “ B
. Tagetes erecta l.. %% Lutein, zeaxanthm, violaxanthin, a-carotene, B-carotene, ly- [24-25]
Marigold Yellow/orange petals .
copene, capsanthin, etc.
HAE ,
e/ A i -
Sweet Osmanthus fragrans B/Ram o NE B-H1E FZFE «-Carotene .3- carotene [26]
Orange/yellow petals
osmanthus
Epia Chrysanthemum mori- ¥ AL .
HIRE p- ¢ Lutein .- carot 27
Chrysanthemum folium Yellow petals PR p#I% X Lutein.p- carotene 27]
ey = Dendrobium nobile A PARER Lo BRE T FOR BT AEZ5 # T Lutein, a-cryptoxanthin, zea- (28]
Dendrobium Lindl. Yellow petals xanthin, anthcraxamhm
a2 Oncidium Gower A s : :
28T Violaxanth 29
Oncidium Ramsey Yellow petals R Violaxanthin [29]
RAEH A AR
“ymbidium hybri -1 = B-C 5
Cymbidium Cymbidium hybrida Yellow petals B-H1% N % p- Carotene [30]
. Lilium lancifolium 1 /(O AL TEZY TR LW AL R B 21 R 55 Antheraxanthin, violax- N
HE Lily ’ . [31-33]
Thunb. Orange/yellow petals  anthin, capsanthin, capsorubin, etc.
PE-S Lonicera japonica A ST KRBT o D E oy N FAE Violaxanthin, zeaxan- [34]
Honeysuckle Thunb. Yellow petals thin, a-carotene, y-carotene, etc.

ST R AT EAL DR SR S 2 R UM
4 il (carotenoid cleavage dioxygenases, CCDs) il 9-
= - A S B S 2R RN Al (9-cis-epoxycarot-
enoid dioxygenases, NCEDs )", 7EJSHHE N KSR
i e, CCD1 M CCDA fEHT ) Y (P M A A A G

e RAEE AR AR SR B AR A

)[40]

Y, CCD1 A CCD4 LA Cyo 2

A2

BIEE N 2R Cy, I
ST | R 7 TN P g 2
i AP 25 B0 i -2 5 5 C e B C oy B 0 IR0
KA N R CCDA i 244 7 LR IS & L B-#7

15, % J% B-citraurinene %5 K AR (o KW it , (21 A AHHE
SR ) b F B0 S0 R I A £ 51000 gty
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T I S b BT A R R S AR R ) 2 B T OGRS
FE . H R 2 FOR [R) SRR R R AT 458 7 A
PEAR M2, P45 5 2 2 S BOR WA 22 57 XK, i 0T
G UE A L PR 0002 e AR AR O B 5 b AR £
1 (LL R ) AR (B S ) F AR 2 58 AR TR i RNA-
seq M 77 A6 ) SNP #EATIR G AR A 40 240 43 B (BSA,
bulked segregant analysis) , FF-45 A& 4> FhRic 21 TR 240
SENL, 8 78 HE CCD46 %o 3 A28 T 8 R R
TEAEMRSE B AL B 58 b, % AE R AL 2R A8 B F L 0
BITEARTEAT T BSA S AT 45 A 4 4L I e, 0
BT A R CCD4', K= RAHEE A
SR b Al TR LA . AN AE S AL DR T R
CmCCD4a 78 A iR I 3R i 7E F A dl A
KiE Rk, #E— il i RNATRAE T CmCCD4a %2
A N R MR E AR, R M O O E S
(10 S0 Ak Hh U R P AS (] 35 DR 250 ol J 9 U 0
THER A 3 25 AL Y

4 KPETEPMERBEEXBEET
FR SN H

S AR T 30 S DR A 4 R X % B TR R
TR P 2 A N AR SN i 25 S 0 T R A
(£2). TEAEMBZES BAE N R AGAE A ) o
TIE S, T B[R] 24 A X %) AR S mT foff 35 PR Iy i R 3 [
Fikm LA, NI FEER 227 . PSY S22
BN FE A A A AR Y B H , F 9 R TE K R
B, PSY 4t [X 24~ SNPs #l InDels 45 5, 7]
RS E N R AR, LRI E M,
T AR i £ 8 5 RS2 7 b 20 3 A Ak i S A
LCYb2 11 g bt X 5 75 5 | i 7 il £1 3 K AR R i ™
AL AN, BT S LRSI L, CCD4 Gt

X &A1 224k SNPs B e R i i e 14 A L Ak
R AR A AR Ak, AT S BB G Mt A |
GO MR AR, BT CCD4 3 R 4w 5
XAfi A T —A~ CACTA 2 AU J3E 1 3 B4 A T g 12
O, TR 288 TR BRI A R AR e AR A A Y
FIE b 2 8 N R AR E R Y s
Wi LR IR RN T AR R CCD4 G X HY
SNPs 78 5 R BUCH 2 DI RE TR, K E PR O &
ﬂ_%—mz,%ﬂo

B T b X 2 4, I 3h 1 1248 5 000 AT B 4 5 )
BE D B 5E SR T B0 A A 8 N R AR Al
1% i CCD4b B2 KA 2§ rh 38 in 1 Harbinger 2844
MITE §% i . ZJHFIRCICR G GUS BTG PER
M F B, MITE %% J&+ 1 /9 SNP2° (CAACTG) 7] 3
SR BT M AR 3 CCD4b R 38T 4T e M
TR B2 B-A7 5 R L BRI AL A R A A
Pt B b AR A 1R O B R A i DX R h
[ & A T AR 5, W SR 2l 8 | 3R S A i I
CRTISO (9 X 28728 S 3 U g 2 |, [R5 211
88 bp Btk T R & 1 Sk R - S AR a3 i LAt S
PRl ¢ 3K 1 32 52 W), die 4 1ij % i 21 R (prolycopene ) 7E
GEAR A R LRI R IR AT Y CCD4
ZEP " R BT R G A X AR SR T R T2
NEMHE, EXRLCY ™ BB N 0 T -
B3 S I . KEEfFoe R YRS bR
A e A B 5 A0 SE L R ek B I AR G012
Ja BN T Pk LR L R R B R B T AR R R
ARSI 5 —ER

TER A AT IS5 8 b 28 5 19 53 1 #L ) 5L Ak
R 2 S B BOF & T TR AR R 2 bRl
REA AL TH B MR . WE AR MR b R B,
CRTISO JA 35 88 bp 2R ] G2 (A 1 Jr 9875 hy BT
B, BT & T InDel 3t 445 74574 Br-Pro-
Indel,, F] A RS B -0, 206 0 75 R RIS ok i
KA N ERGES LCYe BB, BRI SIS X AL 5
A5 o8 MR B-HE DR BRI EE SR
A N ZAR AR, R gD X AR 5 B TR S
19, % 5 AT PCR 3™ 3 n ek %6 7 A8 S -4k
FERIUST DR g, 2 B D 2R I I 3 PR AR S
FEAT AL AT DL 6 AP 2 R R AR W2 e, i A
AR TE R 1 o hRic
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Table2 Genetic mechanism of variation of promoter and/or coding regions of key genes
of carotenoids metabolism in plants
L/ B LT %44 Fil BEH 5 5 SCHik
Name Latin name Color Gene Variation Reference
FeWI MR DI STRALS: e e T4 A GG % e 4 T A
k Prunus persica L. /SRR AU SNPs A8 5 FEi 5848 4 STR variation in coding region, trans-  [59,64-
Peach Batsch. Yellow/white pulp 4 poson insertion, retrotransposon insertion, sequence insertion, 67]
CCD4 SNPs mutation and frameshift mutation etc.
FAL L1/ FMLLE B-I
P Carica papaya 1.. Red/yellow fruit At 3k A Zifih X 24~ SNPs AE 53 Variation of two SNPs in coding region [68]
apaya meat LCYB
Feld PRA
M Citrus 1 /LT R U4 RS 3 7 MITE % ) 74 A MITE transposon insertion in pro- [15]
Citrus R Yellow/red peel [l 4 moter region
CCD4
FhE PR
M Brassica napus L W/ H A i AUIME L 26 5 X CACTA-like 5% J8 746 A CACTA-like transposon in- (61
Rape N pus L. Yellow/white petals 4 sertion in coding region
CCD4
Brassica oleracea | Kl PR HIGX ZA SNPsZE S Variation of multiple SNPs in coding re- (62]
P atboglabra Bei =/ e fEXUNABGIE  gion [69]
Cabbage "¢ i’(’ P Yellow/white petals 4 i X CACTA-like %% J% T 4fi A CACTA-like transposon in- [7b]
Y CCD4 sertion in coding region
L ot e 2
Bl Capsic i 1 R /RS /f;iiﬁﬂgng% ity X 21~ SNPs 45 57 Variation of multiple SNPs in coding re- (711
Pepper apstcum anuan L. Orange/yellow fruit "' PSY gion
N VARE E ES NN o . . .
BN o B/H/ AR pi l\;& Hifith [X 21~ SNPs 45 5 Variation of multiple SNPs in coding re-
. Daucus carota Orange/yellow/ e . [72]
Carrot white root pcH 8"
= ey
K Manihot esculent /R /f}l‘fﬁgl% Zi it X Z 4~ InDels 42 5 Variation of multiple InDels in coding (73]
Cassava arnotescucenta v Jiow/white root - JPSY region ’
Je P RA
M3 Brassica oleracea #E/ A UM SE 20 15 X CACTA-like %% J38 F4fi A CACTA-like transposon in- (63]
Brocceoli var. botrytis Yellow/white petals A 4 sertion in coding region
CCD4
Jee pRA
FE il Solanum lycopersi- L1/ e fRBUMAREE 485 X 24 InDels 48 5% Variation of multiple InDels in coding [74]
Tomato cum L. Red/white petals [l 4 region
CCD4
g BN
Tt Solanum lycopersi- /LT RSE %?E;,&_Eiﬂ i 324~ SNPs % 5 Multiple SNPs variation in promoter re- (57]
Tomato cum L. Yellow/red fruit LCYB gion °
138 Brassica rapal R/t W MRS HE)F 88 bp i A i X A HE AR R 5 FIT 414 A Insertion of
Chinese qg“ pehi P y \4 Orange/white oA A 88 bp sequence in promoter region, amino acid variation and se- [60]
cabbage SSp- perinensts leaves CRTISO quence insertion in coding region
L 4—0‘% N .
BN o mavs 1 / FURPRL %ﬁu{fésﬁ Jit 8l T InDels 1 4 % X 2 FE R A5 5 The variation of InDels in (73]
Maize e mays L. Yellow/white grain LCYE promoter region and variation of amino acid in coding region ’
s Sl PRA
i /TR KU .
Petunia  Petunia X hybrida /A ?.E% iU e 2 iy IX MITE # & 4fi A MITE repeat insert in coding region [76]
hbrida Yellow/white petals A 4
b cCcD4
ik Feld pPRA
D C » PEAN Al =
Chrysan- Chrysa?zf‘,hfmem ﬁ/b{m% . LI A il XK B2k Large fragment deletion in coding region [77]
themum morifolium Yellow/pink petals B 4

CCD4
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Progress on studying color difference of horticultural plants caused by
gene variation of carotenoid metabolic pathway

ZENG Xumei, XI Wan,ZHU Linlin, YUAN Jinmei, XIONG Kangshun, WANG Caiyun,ZHENG Riru

Key Laboratory of Horticultural Plant Biology, Ministry of Education/ College of Horticulture and
Forestry Sciences, Huazhong Agricultural University, Wuhan 430070, China

Abstract Carotenoids are secondary metabolites and pigments widely existed in horticultural plants.
They play an important role in the growth and development of plants and ornamental value.It is also a natu-
ral active substance with high-value, which is beneficial to human health. Therefore, the metabolic regula-
tion of carotenoids has always been a research hotspot in horticultural plants. The differences in the compo-
nents and contents of carotenoid are one of the important reasons for the diversity of color and nutritional
value of horticultural plants. Analyzing the molecular mechanism of the formation of high-quality traits is the
premise and basis for directional improvement. To date, the metabolic pathway of plant carotenoids has
been clarified. A large number of studies have shown that mutations of promoters and coding regions in met-
abolic pathways are the key factors causing the diversity of carotenoid metabolism.This article reviewed the
strategies of studying the genetic mechanism of carotenoid variation in horticultural plants, the types of vari-
ation in promoters and coding regions, and the effects of variation on carotenoid metabolism.It will provide
a theoretical basis for the directional improvement of carotenoids in horticultural plants.

Keywords carotenoid ; plant color; genetic variation ; transcription regulation ; molecular marker assist-

ed breeding
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