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Abstract: Potato is the fourth largest grain crop in China, and is also an important cash crop for both food and
vegetable use. It is of great significance for guaranteeing national food security, enriching vegetable basket and increasing
farmers’ income. Potato flesh color in nature presents the changes from white to cream, yellow to orange, and red to
purple, while carotenoids, as natural colorants, are the main pigment materials to form yellow, orange or red colors.
with important biological functions. They not only play an important role in tuber color change during potato growth and
development, but also affect its nutritional quality and commercial value. In recent years, the goal of potato genetics
and breeding is developing towards improving the nutritional quality of tubers, and the cultivation of potato varieties
with high carotenoid content has gradually become an important direction of breeding. This review provides an overview
of the varieties and contents of carotenoids from potato germplasm including cultivated tetraploids and wild diploid,
cloning and functional analysis of alleles and haplotypes of key genes [ ( p—carotene hydroxylase ( Chy ) , zeaxanthin

cyclooxygenase (zep ) , lycopene e—cyclooxygenase (LCYe ) ] in carotenoid synthesis and metabolism pathway and
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the improvement of potato carotenoid content by conventional breeding and fortifying methods; and the identification of

key regulation genes of potato carotenoid pathway and the utilization of wild type diploid resources of potato carotenoid is

prospected. It is of great significance for the research on the regulation and expression of genes related to potato carotenoid

synthesis and metabolism, the breeding of potato varieties with high carotenoids and the improvement of potato nutritional

quality in the future.

Key words: potato; diploid; carotenoid; synthetic and metabolic gene; biofortification
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Fig. 1 Synthesis and metabolism regulation of carotenoids in plants

22 DRERPE MEREVMEBMIER

H 20 22 80 AEAIT b Eh 44 SEH45 1 25 A 2 44
BB LR, 25508 NRIEFA Chy .| zep.
LCYe ST &0 vl , HARSCAFA SN 4 o
221 B-¥W¥ M EAELBAR (Chy) B
RN, FEDEE T, RS P
Yy #EHIE, I HEN T 35 ik b 122,
Brown %5 [351 7 — /™ Stenotomum phureja-S %% 32
NS D UE 2 [P ANSyF (o SR o/ NI Y i A= )
AR, DB RAE DR E 3 S alk
Y 7S Y AL R A s SR A SE R OR 5]
R HHT6k= BHHEER Papa Amarilla 3£ ZE L
Shrs A PEIESE, B9 T OR Kk 5 i 1k
BAFEY e — S0 R 1200 . Brown 270 R Y
Y 2 BF N, X A5 Papa Amarila fif
AP RIS DR RIS E p- I b
R AL Chy S0 LR T 405, RS A3t
STEREEIAE NFEARTH A Chy A

(idN B) , MEAHRNAEAE D, W B- #E h
KRB s L Y 55 Y A7 s B A
Kloosterman 45 1281 i F] 44KPOCI [% %] i#f 47 RNA
FIRTHTEE B D EEE R eQTL, (i T 3%
etafk, 5 Chy2 SER B EARL. Wolters &5 [
MEAAEARIL AL 7322 th el 3] Chy2 JEH, 2K
2255bp, & 7 MAMNET, FFMRIANZEEE B —
A0 e PRI A T 1 PR R B PR ) S PR R PR g a2k
B4 A HA%E R 20 4> phureja F1 chaconese [ H.
FR .11 A AR B B XS 2 R LG R SNP A7 s 0F
TR, BIN chy FERAEAE 8 SRR ZEAL Y
FAERY LA BRLARTRD 3 R R R R 2 [A) HLAT B
AIRHOCHE 120 G AT 3 (T S N (A 2 0
o, R th WA SR ], R AT e
J& Brown iziE HH Y B 7L AR, AE DUAE AR 5
il S eSS Rt il ¢ Y VAR GR oF =BFa= I (1] 175
S 3 DIAMR LA AR, TR TE Bk
TGRSR I R A AR R (R

i



fl, RIS SR IOC 2,
222 ERFRFEAEHILR (zep) zep JBIE
RS 0 R — BRI, 25 FOKE T
G2 W T, A6 24 B o ) 2 S i o A A 100
DLER AL zep FEDR P 8 H 8 B He 25 v 1K ¥ T
ARSI PR EEHIN P, Morris 7 B4 %
TR R B zep i KO- SHZERINE N RE
RGBT 2, R BAC SCF s S
2 zep FEIN, 3 b X AR AR A AR AT I 51 4y
Mr, RIAFAE S A ml, Horpafi fnpd s Al 1
TE S ARG R RIS N AR AE e, RH
fEAY 1 SR E P OCHE, 7E A% K vP92-030 fiF
& ( A5k G254 5 SUH2293 4232 () J5 4% )
WA Zep E 1 H A 1 258 4 A 41 135 AL IE
P, EA G254 &4 Chy2 S 3L 2 fl 6, A
SUH2293 &4 Chy2 i FE N 3 Fil 5, 254 G254
1 SUH2293 ¥ & A Zep S 1 12, HATF
£ IvP92-030-9 FI IvP92-030-11 FE IR HI #5 R Fe 1Y |
EWA TR EH Chy2 i KN 3 F1 Zep 2547
HHE 146, RPRGERNDBRETEZREDY
Chy2 5N FEN 3 FIBRTER) Zep SR 3EA 1 BO4EA
[FIFAEAE L2

X F K B E A (Zep ) S HER Y 43
BraRil, Frfa AR ESEERAN (245K ) 3
PRI Y35 5 —ANRE 2 I R IR IKOF FRAIR Y Zep 2531 JE
N1 4y, 5 HAD Zep 00 HE P9 31 7 LR K
M, Btk Zep SEAi N 1 B9 — AN E TR IETE
—A A LTROK A i 8258 7 91 )il s B e -7 471
TEHAD Zep 857 FE PR ih BONAFFERY 1200 o TAE Y
fithr, W ADEAT A Stenotomum phureja Il
GBI R LA SN S 1, HED zep S50 3
1 AJRESZ S. phureja FTdFA 127,
223 FamZALEEAR (LCYe) LCYe &
MR MR o- SIS DR AT 0, UL
B LCYe R p-WAE PR EM T 2, FIH
T BAC SCETERE LCYe, £ 11 MM T, H
A5 AHEAIER, RAESAER 2 F1 5 1 SNP Y
RASG | AR A, (H7E Cx E BHARLIER
B LCYe 1A X Hy 8 BB A B (5 7 A s 120

AN, Goo 25 1330 X 5 4~ Th 4% 2 b ity 25
B RGN R T, S5 R RITE
BRI A i A Golden Valley H, Z 508 M EAE
WA R AR I RER A JE RN psyl . psy2. pds Fll
zds ¥ KR, JCHOR A N R A T

115

3EME LN psy . pds F zds 323k B MG R, 1M
LCYe il zep 135 1 W ALK, Chy2 JERTE i A
A A R RGS, AR, LTS A
BB MRS Chyl BIFIA.
2.3 GREXNET MEMEREE

TR NSNS b R R 2 3 2%,
Bl BCH ( B—carotene hydroxylase ) . LOX ( Lipoxy
genases ) FIZSHHE N Z 24 0UNARE (CCD) &
8. (1) BCH&42: B-#H% MRIEP-AE b
HEALHERIT, B p- W1 D ZRALAN B- B2
B, BRI Y TR, FOKR B oK
SRR 0 A A T RETE U R oK B R R4
FeaUsE BT, X — AR N AT,
FOEA (21, (2) LOX i&fe: NRAA MM
A N R AR O R RN 2 —, P
MELRBRE A, 2T HR A, el
JoT () SR A R A b R HE 5 TR 4 SR b
RE LOX MHe fUREfif nl P A A bl . S8R L p-
REG AR R s e S A S . (3)
CCDs i 12 : FRHMIRN IS b RPSEHH
I 2R AU AR AT A A IR A B2 3 |
3R, R 9- i - PRI N BN ( NCED )
SUEFLIR A ABA DT SRS N R 20U
S — D/ G, TER R TR R 9
AR, AL4E 5 4> NCED Hil 4 4~ CCDs, A
FE PR S5 51 AR R . DRI, A LA R A i
PSS AAIG] o 324 1k, B AZRI0T BB
om0 A 0 SR b SERE R COD kR K
TR

FHT, e B h oSS 22 2L
T4 CCD4, WFFE R BLH AR ZErh CCD4 £
AR T A B =ZE, R RNA T4, T
P B8 CCD4 HE K Y RBKF-, SRS b
RO, AR R ARG 2~5 %, 26
EAEE N RS RGN B T R e R Y
I, WS SR BT BE R AR N SR N 3R A XU
AR IR 0

3 ALY BENFRIEEDRERPE
NEE=
31 EMFEK

e N 2R SRR T IR Y O 5% O
KNS DR LB EFF I RAE T &M R



116

55 L 62 4y [ S8R B v L B A8 B B IR AT
PER DR IR AT, SIS MR O &
BE (% T 6038 ng/100g) AU WEIE 13 1y, DL
WA R . Hod, 728-6. Kuroda, 113k %5,
opouta, K7 IHEHE MK F & 4505k 7039,
72.12, 74.88. 78.93. 91.84 ug/100g, LI KF7fZE
A DR N T SR BRI
N T A, S F AT B
BN ER A R ARSI T,
B E . B, Inca—no—mezame & HA phureja .
S0 AR SR, 2001 AERERPRIH ], A2
o, PRI MRS RS (530~741 pg/100g,
FW) , FENFARER (5 40%) , HAHMR
PrEALIE R, IRZTEN, B URIEEREUN
PR 2 7E Inca—no—mezame FF K 4 5 G HT,
EE N FEFEOER . SRS MRS EN
il Al Inca—no—hitomi, % AP N R F
ik 576 pg/100 g (FW) , HBRZEF=E KT Inca-
no—mezame "4 . Sakamoto &5 (4] F| ] B} 74X Saikai
35 FIACAS Saikai 33 £ F H Nagasaki Kogane, Zeh
PR S N 2 & EIEKT Inca-no-mezame, {H
HXF PON, PVY MIF AR B s, =2
ret KT Inca—no—mezame
32 EFEREL

Sikgi e FEAR, @it E BT
DI ] el D B U TP S 8 N R RN
i, HAESEEMIEIn il i, B
PR AL S PRSI PR SR
R RIS E Y MR
A HGRE WS RRSIE, Flan, @t zep 19
Fik, W EOK R ) SR B Ak, R R bk
RYCEP ) F K T E R 4~130 15 Y . 7R
LSRR AR IR, 5IA LCYe B9
SR BUTER LCYe, SRS EPEIING MRS
A, KA N RS EEERER. mi
1445, SRS MRS 25652 i
DUERZSIA S DRI A chyl Fl chy2, LR
) B- S N FE Sk 38, B PR AR
EF 45T

TR L5 I A SR R R ST R RS IR TA
1 N & T i 21 K A B crtB ( Bacterial phytoene
synthase ) A SHE 55 DUAS AR 3G BN A% (AR HF A=
Fieb, FERAR G SE DR DU (AR G A b 2 b, 28

THE MRS E AR IR B 7 65, PR
S E 1945, p- A N RN AT ILT
AR, FEFERLRI AP & ik 11 pg/g (DW );
MT7EEF A A Mayan Gold H, 5 R B 2K A 2251
W NRT R 45 DR E R R
MR S PRI S ARCCIRE B MO R A
B CrtB . FARZL R LA (Crtl) . FFARLL
E P IMLEF (CrtY ) 553 A FEH, HhZER BB
BRA, HARMEREM LR LA Ay, 28 b
ROy 20 %, p- $AE MRS EIE 3 600
fifo BUAN, A HHGE LA H AL FAREY ok
) Him A YRR AR s 2 8 P R R
Kok, HEdEe k25 W R,
EEIENBOR T4 & AR R 2R Rl 8 DR B i,
JeH R R p- S MR MR RS, X
JEARREE XIS N R TR EAA R A B

X
4 RE

41 ERILEBRPE NEESRBEHEXER
Hel, R7ESRE2EME MR G g ¢
FEILR D) RE DT TH T T AR SY . (HACbR I, 2
HAEE N Z IR ] LA A S PR R R | A
SRS . BEAF TR MBS RS 1) . i,
TEAU RS T I 412 11 H L FE 1 SDGS (Set domain
group 8 ) HRAGTEARIR A, R N TR A RO
Kl crtiso FH T 32 FLR 458 1 T B (05T HH AR S
WS, BRI IRACEREAL, M FR G i sl
SRR A, HiTE &k MR LN F 1
o aEES e AN e M R HCA S
i, EZH MYB K%, BBX K%k, NAC Fjk.
MADS-box % . AP2/ERF %%, MYB %% .
BBX FK % A NAC Z % H (1) — S 5% S PR 730 20 8
TSI N RIS B R B R A
Pirh A E P R R MADS-box ZK . AP2/
ERF ZJ% H 18— L6 2 S5 PR D) 2 3 2o R 1 VE D B9
PR L 2 N RG0S i,
FERL R I v A IR 3R B AER - PIF1 (bHLH
FIG) 2, TR SR ' AL TR E
RIN ( Ripening Inhibitor, MADS-box % J% ) LI
AN R IR CpNACT Bpada 2 8 M a5,
TEWAFYE DT, RS N R IR N %
A A B R AR, AR R B s



WA N FZ R EELGH 5. 7RI
O, TSR R (LB, H
JEAF ) RAEMUE, SIS N RR B
ANTAl, Pola & 155 FEANTARL EE T %F BRARGHE A7 40 2
KL, 20°C FHAUEBL, 30°CTF Bt
SR EIE R AT H AR LT, K MRS ETHE,
56 M RARAHCHEER (U psy. LCYD 4§ )
Fik FiH, Alba 50! & BUZT AN B AT AR 8 75 i 2R
SEH LR SR AIGN. 60 > EhES 2 N FhofE 2
g SR IV 3~4 S, BIARA I B F K B,
R BB RE 2SS N R e ), Kt
TG —DAZ IR s 20 2 2R G U
P BAR R A
42 MMEDREEEFLEMEENA

LRSS TSRS A BARZ S b
ROOUR, H AR R e DU AR 25 ) T AR A
FEREARSCEIAE N 2R G LA L R A2 4 Fn AL il £
Mro HRT, Chy2 1 zep 18 — f5 R {6 2 A 1 il
LI SE Th E 2 HUS RAriE e, (0 A A it
BRI A2 IR A R g, tesh, T ALk
AR R ISR N A SR R A T AR AR A
W FERREE R AR AR TR IR R B =, i AR AR Y
FEARZRACANGERN,  ana] A1) A Al A A4} sl )
A A Wy T Bl 3 S IR S AR5 b v i T 4
RS N EOKE, WEASRI— ).

S# 32k ( References ) :

[1]  BRITTON G, LIAAEN-JENSEN S, PFANDER H, MERCADANTE A
7, EGELAND E S. Carotenoids Handbook [M] . Berlin, De: Birkhduser
Verlag, 2004.

(2] r#kE . MHg 2 s MR ISR 248 (D] . 2RI« ek
bR, 2020.

FANG Q Y. Gene mining for regulation of carotenoid metabolism in
Citrus [D] . Wuhan: Huazhong Agricultural University, 2020.

[3] MAYZ, HOLT N E, LI X P, NIYOGI K K, FLEMING G R. Evidence
for direct carotenoid involvement in the regulation of photosynthetic
light harvesting [J]. Proceedings of the National Academy of
Sciences of the United States of America, 2003,100 (8) :4377-4382.
DOI:10.1073/pnas.0736959100.

[4] LUANY, FU X, LU P, GRIERSON D, XU C. Molecular mechanisms
determining the differential accumulation of carotenoids in plant
species and varieties [J]. Critical Reviews in Plant Sciences, 2020,

39 (2):125-139. DOI:10.1080/07352689.2020.1768350.

wn
[}

VELISEK J. The chemistry of food [M]. Oxford,UK: Wiley Blackwell, 2014.
SANDMANN G. Carotenoids of biotechnological importance [J].

—
N
[}

Advances in Biochemical Engineering/Biotechnology, 2015, 148

[14]

117

(277) : 449-467. DOI:10.1007/10_2014_277.
RODRIGUEZ-CONCEPCION M, AVALOS J, BONET M L, BORONAT
A, GOMEZ-GOMEZ L, HORNERO-MENDEZ D, LIMON M C,
MELENDEZ-MARTINEZ A J, OLMEDILLA-ALONSO B, PALOU
A, RIBOT J, RODRIGO M J, ZACARIAS L, ZHU C F. A global
perspective on carotenoids: Metabolism, biotechnology, and benefits for
nutrition and health [J]. Progress in Lipid Research, 2018, 70: 62—
93. DOL: 10.1016/j.plipres.2018.04.004.

FASSETT R G, COOMBES J S. Astaxanthin in cardiovascular health
and disease [ J]. Molecules, 2012, 17: 2030-2048. DOI1:10.3390/
molecules17022030.

MORDENTE A, GUANTARIO B, MEUCCI E, SILVESTRINI A,
LOMBARDI E, MARTORANA G E, GIARDINA B, BOHM V.
Lycopene and cardiovascular diseases: an update [ J]. Current
Medicinal Chemistry, 2011, 18 (8): 1146-1163. DOI:10.2174/
092986711795029717.

SILVA J S, CHAVES G V, STENZEL A P, PEREIRA SE, SABOYA C J,
A RAMALHO A. Improvement of anthropometric and biochemical, but
not of vitamin A, status in adolescents who undergo roux—en-Y gastric
bypass: a l-year follow up study [ J] . Surgery for Obesity and Related
Diseases, 2017, 13 (2) :227-233. DOI: 10.1016/j.s0ard.2016.09.002.
PREE, Z8 R 2, AEXGE . D A T R ST S R (1] 4
FER N T (2], 2010 (8) : 70-73. DOI:10.3969/jissn. 1671-9646

(X).2010.08.019.

CHEN J, QIN Y Z, XIONG X Y. Study on potato germplasm resources
and utilization of agricultural products processing [ J]. Academic
Periodical of Farm Products Processing, 2010 (8) : 70-73. DOI:
10.3969/jissn.1671-9646 (X ) .2010.08.019.

MORRIS W L. Carotenogenesis during tuber development and storage
in potato [ J] . Journal of Experimental Botany, 2004, 55 (399) : 975—
982. DOL: 10.1093/jxb/erh121.

MASHABA C S, BARROS E. Screening South African potato, tomato
and wheat cultivars for five carotenoids [ J]. South African Jounal of
Science, 2011, 107: 9-10. DOI:10.4102/sajs.v10719/10.507.
FERNANDEZ-OROZCO R, GALLARDO-GUERRERO L,
HORNERO-MENDEZ D. Carotenoid profiling in tubers of different
potato (Solanum sp.) cultivars: Accumulation of carotenoids mediated
by xanthophyll esterification [ J]. Food Chemistry, 2013, 141 (3) :
2864-2872. DOL: 10.1016/j.foodchem.2013.05.016.

WENHE L U, KATHLEEN H. Carotenoid content and color in diploid
potatoes [ J]. Journal of the American Society for Horticultural
Science, 2001, 126 (6) : 722-726. DOI: 10.21273/JASHS.126.6.722.
LANDRUM J T, BONE R A. Lutein, zeaxanthin, and the macular
pigment[ J]. Archives of Biochemistry and Biophysics, 2001, 385(1):
28-40. DOI:10.1006/abbi.2000.2171.

OLMEDILLA B, GRANADO F, BLANCO I, VAQUERO M, CAJIGAL
C. Lutein in patients with cataracts and age-related macular
degeneration: A long—term supplementation study [ J]. Journal of The
Science of Food and Agriculture, 2001, 81 (9) : 904-909. DOI:10.
1002/jsfa.905.

BREITHAUPT D E, BAMEDI A. Carotenoids and carotenoid esters



118

[19]

[20]

[22]

[26]

(28]

in potatoes (Solanum tuberosum L.) : New insights into an ancient
vegetable [ J]. Journal of Agricultural and Food Chemistry, 2002, 50
(24): 7175-7181. DOI1:10.1021/jf0257953.
BROWN C R. Breeding for phytonutrient enhancement of potato [ J].
American Journal of Potato Research, 2008, 85 (4): 298-307.
DOI:10.1007/512230-008-9028-0.
HEJTMANKOVA K, KOTIKOVA Z, HAMOUZ K, PIVEC V, VACEK
J, LACHMAN J. Influence of flesh colour, year and growing area on
carotenoid and anthocyanin content in potato tubers [ 1. Journal of
Food Composition and Analysis, 2013, 32 (1) : 20-27. DOI: 10.1016/
j.jfea.2013.07.001.
SULC M. KOTIKOVA Z, PAZNOCHT L, LACHMAN J. Changes
in carotenoid profile during potato (Solanum tuberosum L.) tuber
maturation [ J] . American Journal of Potato Research, 2021, 98 (2) :
85-92. DOI:10.1007/512230-020-09805-0.
RS, VRS . 2R MERACHIRE SR A 5 (1] e
2, 2016 (16) :193-199. DOL:10.11937/bfyy.201616049.
LU C F, LIU Y T. Regulation of carotenoid metabolism and color
variation in plants [ J]. The North Garden, 2016 (16) :193-199. DOI:
10.11937/bfyy.201616049.
BONIERBALE M W, PLAISTED R L, TANKSLEY S D. RFLP maps
based on a common set of clones reveal modes of chromosomal evolution
in potato and tomato [J]. Genetics, 1988, 120 (4) :1095-1103. DOI:
10.1093/genetics/120.4.1095.
GEBHARDT C, RITTER E, DEBENER T, SCHNACHTSCHABEL
U, WALKEMEIER B, UHRIG H, SALAMINI F. RFLP analysis and
linkage mapping in Solanum tuberosum [ 1] . Theoretical and Applied
Genetics, 1989, 78: 65-75. DOI: 10.1007/BF00299755.
BROWN C R, EDWARDS C G, YANG C P, DEAN B B. Orange flesh
trait in potato: Inheritance and carotenoid content [ J]. Journal of the
American Society for Horticultural Science, 1993, 118 (1) : 145-150.
DOI:10.1007/BF00023087.
BROWN C R. Breeding for phytonutrient enhancement of potato [J].
American Journal of Potato Research, 2008, 85: 298-307. DOI:
10.1007/s12230-008-9028-0.
BROWN C R. KIM T S, GANGA Z, HAYNES K, DE JONG D,
JAHN M, DE JONG W. Segregation of total carotenoid in high level
potato germplasm and its relationship to beta—carotene hydroxylase
polymorphism [ J]. American Journal of Potato Research, 2006, 83
(5):365-372. DOIL:10.1007/b{02872013.
KLOOSTERMAN B, DE KOEYER D, GRIFFITHS R, FLINN B,
STEUERNAGEL B, SCHOLZ U, SONNEWALD S, SONNEWALD
U, BRYAN G J, PRAT S, BA 'NFALVI Z, HAMMOND ] P,
GEIGENBERGER P, NIELSEN K L, VISSERRGF, BACHEM C W B.
Genes driving potato tuber initiation and growth: identification based
on transcriptional changes using the POCI array [ J]. Functional and
Integrative Genomics, 2008, 8 (4) : 329-340. DOI:10.1007/s10142—
008-0083—x.
WOLTERS A M A, UITDEWILLIGEN J] G A M L, KLOOSTERMAN
B A, HUTTEN R C B, VISSER R G F, VAN ECK H J. Identification
of alleles of carotenoid pathway genes important for zeaxanthin

accumulation in potato tubers [J]. Plant Molecular Biology, 2010, 73

[35]

[36]

[38]

(6):659-671. DOI: 10.1007/s11103-010-9647-y.

TANAKA Y, SASAKI N, OHMIYA A. Biosynthesis of plant pigments:
anthocyanins, betalains and carotenoids [ J ] . The Plant Journal, 2008,
54 (4):733-749. DOIL:10.1111/j.1365-313X.2008.03447.x.

ROMER S, LUBECK J, KAUDER F, STEIGER S, ADOMAT C,
SANDMANN G. Genetic engineering of a zeaxanthin-rich potato by
antisense inactivation and co—suppression of carotenoid epoxidation

[J]. Metabolic Engineering, 2002, 4 (4) : 263-272. DOI:10.1006/
mben.2002.0234.

DIRETTO G, TAVAZZA R, WELSCH R, PIZZICHINI D, MOURGUES
F, PAPACCHIOLI V, GIULIANO G. Metabholic engineering of potato
tuber carotenoids through tuber-specific silencing of lycopene epsilon
cyclase [ J]. BMC Plant Biology, 2006, 6 (1) : 13. DOI: 10.1186/1471—
2229-6-13.

GOOY M, KIMT W, HA S H, BACK K W, BAE J M, SHIN Y W, LEE
S W. Expression profiles of genes involved in the carotenoid biosynthetic
pathway in yellow—fleshed potato cultivars (Solanum tuberosum L.)
from South Korea [ J] . Journal of Plant Biology, 2009, 52 (1) : 49-55.
DOI:10.1007/s12374-008-9003-9.

TRBE, SBRE, SRR, AR, KRR . IRV A AL S R A
T PR A 5t (1] e BB, 2001, 29 (5) : 565-566. DOI:
10.3969/j.issn.0517-6611.2001.05.001.

ZHANG Y, WU Y J, WU J D, TONG J P, ZHENG L Y. Lipoxygenase
and the deterioration of rice grain in storage [ J]. Journal of Anhui
Agricultural Sciences, 2001, 29 (5): 565-566. DOI: 10.3969/
Jj-issn.0517-6611.2001.05.001.

ZHANG B, LIU C, WANG Y, YAO X, LIU K D. Disruption of a
CAROTENOID CLEAVAGE DIOXYGENASE 4 gene converts flower
colour from white to yellow in Brassica species [ J]. New Phytologist,
2015, 206 (4) : 1513-1526. DOI: 10.1111/nph.13335.

T, T s, T4, 2R SR G A IR PR AT 5
JELI]. TR R, 2021, 48 (5) : 18-27. DOI: 10.16768/j.issn.
1004-874X.2021.05.003.

FU X M, TANG J C, YANG Z Y. Research progress in biosynthesis and
metabolism regulation of carotenoids in tea plants [ J]. Guangdong
Agricultural Sciences, 2021, 48 (5) : 18-27. DOI: 10.16768/j.issn.
1004- 874X.2021.05.003.

B, BB, AT, EWZ, JURME . BBUR I bR A
Yre AT e L] A AL BE R4 41, 2019, 20 (2) : 239-248.
DOL: 10.13430/j.cnki.jpgr.20180720002.

LI Q H, SHAO D K, LI J, WANG Y Y, GONG Z H. Research progress
of carotenoid biosynthesis in pepper fruit [J]. Journal of Plant
Genetic Resources, 2019, 20 (2) : 239-248. DOI: 10.13430/j.cnki.
iper.20180720002.

O, BRZE, W, WRIHER, T, SO, JORNI L AR CRSE T2
W MRS R PR E R 1] R IEEESE, 2019 (7) : 23-35.
YU J W, ZHANG Y, HU X, PAN Y L, PAN Y, ZHANG X G, SU C G.
Research progress on synthesis and regulation of carotenoids in tomato
fruits [ 1]. China Vegetables, 2019 (7) : 23-35.

X AT 2N IR KR G SRR SiCCD 1 5E B 5 D g 2
(D] Erhalipse R, 2019.
LIU J. Cloning and functional analysis of the key gene SiCCD1 of



[41]

[45]

[47]

[49]

[50]

carotenoid degradation pathway in Foxtail Millet [D] . Jinzhong: Shanxi
Agricultural University, 2019.
CAMPBELL R, DUCREUX L J M, MORRIS W L, MORRIS J
A, SUTTLE J C, RAMSAY G, TAYLOR M A. The metabolic and
developmental roles of carotenoid cleavage dioxygenase 4 from potato
[J]. Plant Physiology, 2010, 154 (2) : 656-664. DOI: 10.1104/
pp-110.158733.
TR, A AR, BB A, BARHE, AT A, T SR
NERBTRMORHRE (1] . EPIZ6, 2019 (2) : 71-77. DOL:10.16035/
j-1ssn.1001-7283.2019.02.010.
HAO Z Y, YANAG G D, QIU G W, HUZ Y, WAGN L. C, WANG H Y.
Screening of high carotenoid resource materials in potato [ J]. Crops,
2019 (2) : 71=77. DOI: 10.16035/j.issn.1001-7283.2019.02.010.
ISHII G, MORI M, OHARA A, UMEMURA Y. Food chemical
properties of a new potato with orange flesh / HiGG M, AHVENAINEN
R, EVERS A M, TIILIKKALA K. In: Agri-food qualityii: quality
management of fruit and vegetables [M]. Cambridge, UK: Woodhead
Publishing, 1999: 357-359.
KOBAYASHI A, OHARA-TAKADA A, TSUDA S, MATSUURA-
ENDO C, TAKADA N, UMEMURA Y, MORI M. Breeding of potato
variety “Inca—no—hitomi” with a very high carotenoid content[J].
Breeding Science, 2008, 58 (1) : 77-82. DOI: 10.1270/jshbs.58.77.
SAKAMOTO Y, MORI K, MATSUO Y, MUKOJIMA N, WATANABE
W, SOBARU N, CHAYA M. Breeding of a new potato variety “Nagasaki
Kogane” with high eating quality, high carotenoid content, and
resistance to diseases and pests [ J|. Breeding Science, 2017, 67 (3) :
320-326. DOI: 10.1270/jsbbs.16168.
DIRETTO G, WELSCH R, TAVAZZA R, MOURGUES F, PIZZICHINI
D, BEYER P, GIULTANO G. Silencing of beta—carotene hydroxylase
increases total carotenoid and beta—carotene levels in potato tubers[ J].
BMC Plant Biology, 2007, 7(1): 11. DOI: 10.1186/1471-2229-7-11(a).
DUCREUX L J, MORRIS W L, HEDLEY P E, SHEPHERD T,
DAVIES H V, MILLAM S, TAYLOR M A. Metabolic engineering of
high carotenoid potato tubers containing enhanced levels of carotene
and lutein [ J]. Journal of Experimental Botany, 2005, 56 (409) : 81—
89. DOI: 10.1093/jxb/eri016.
DIRETTO G, AL-BABILI S, TAVAZZA R, PAPACCHIOLI V, BEYER
P, GIULIANO G. Metabholic engineering of potato carotenoid content
through tuber—specific overexpression of a bacterial mini—pathway [ J].
PLoS ONE, 2007, 2(4): 350. DOI: 10.1371/journal.pone.0000350(b).
CAZZONELLI C I, POGSON B J. Source to sink: regulation of
carotenoid biosynthesis in plants [J]. Trends in Plant Science, 2010,
15 (5) : 266-274. DOI: 10.1016/j.tplants.2010.02.003.
CAZZONELLI C I, CUTTRISS A J, COSSETTO S B, PYE W,
CRISP P, WHELAN J, FINNEGAN E J, TURNBULL C, POGSON
B J. Regulation of carotenoid composition and shoot branching in
Arabidopsis by a chromatin modifying histone methyltransferase, SDG8
[J]. Plant Cell, 2009, 21 (4) : 39-53. DOI: 10.4161/psh.4.4.8193.
AT, RELHY, XV . By h s MR (1] .
R, 2021, 34 (1) : 1-8. DOI:10.16861/j.cnki.zgge.2021.0001.
DIAO W N, ZHU H J, LIU W G. Research progress on carotenoids in
vegetable crops [ J]. China Melon, 2021, 34 (1) : 1-8. DOI: 10.16861/

119

j-enki.zgge.2021.0001.

[51] B, Ehen . ety 2 3 MR SRR Uk

JE L] 4y FH P& Fh, 2021, 19 (13) : 4401-4408. DOL: 10.13271/
j.mpb.019.004401.
FAN B L, WANG X Y. Research progress of transcription factors
regulating carotenoid synthesis pathway in plant [J]. Molecular
Plant Breeding, 2021, 19 (13) : 4401-4408. DOI: 10.13271/j.mpb.
019.004401.

[52] TOLEDO-ORTIZ G, HUQ E, RODRIGUEZ-CONCEPCION M.
Direct regulation of phytoene synthase gene expression and carotenoid
biosynthesis by phytochrome—interacting factors [ J| . Proceedings of
the National Academy of Sciences of the United States of America,
2010, 107 (25) : 11626-11631. DOI: 10.1073/pnas.0914428107.

[53] FUCC,HANY C, FAN Z Q, CHEN J Y, CHEN W X, LU W ],
KUANG ] F. The Papaya transcription factor CpNACI modulates
carotenoid biosynthesis through activating phytoene desaturase genes
CpPDS2/4 during fruit ripening[ 1. Journal of Agricultural and Food
Chemistry, 2016, 64: 5454-5463. DOI: 10.1021/acs jafc.6b01020.

[54] SUN T H, YUAN H, CAO H B, YAZDANI M, TADMOR Y, LI L.
Carotenoid metabolism in plants: The role of plastids [ J]. Molecular
Plant, 2018, 11 (1) : 58-74. DOI: 10.1016/j.molp.2017.09.010.

[55] POLA W, SUGAYA S, PHOTCHANACHALI S. Influence of postharvest
temperatures on carotenoid biosynthesis and phytochemicals in mature
green chil (Capsicum annuum 1..) [J]. Antioxidants ( Basel) , 2020,
9 (3):203-216. DOI: 10.3390/antiox9030203.

[56] ALBA R. Fruit- localized phytochromes regulate lycopene
accumulation independently of ethylene production in tomato [ J]. Plant

Physiology, 2000, 123 (1) : 363-370. DOI: 10.1104/pp.123.1.363.

(T kg

Zk, W, AR, JTAA
HFELAEFLHRKZOFARD
BEFHREER, T AEARLEASF
B AR 4 B 50 BT B4 S A B NS R AR
(A, P RLEKFRPHRLKF
RN EAEFIF, JRE GAEF L
HARFHHRAT S RFER, YEHK
NFLLBEEVREREE.

FENFELAEREFTAFATA
¥R BB AP RS A, 2000 F5) ) &4 R LA F RS
BT AR, B EHT AL AR ERAR FRA, T
FARRABHLER, BRELEHLTXNFREA, JTEAED
BERMERAFRSAXFELELBAB 20 50; K A4
R FREHAEZFL1R, THEAEREERIE L 52
DM, ZHER 2R REWFTRAELR; HFLHFERF A,
I AR AN R, BH RS KM AT R
Far M T EF A, B @RE 33 T m> kb, A%
FRARFE, EHPHE 23R, KA L L 40 25; FiF
Tk BB RENEA 54, ERAFA LR 6 4, RM4FEH
A4,

Vv



