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Abstract: The carotenoid content fluctuates during flower development in plants. The synthesis and me-
tabolism of carotenoids are regulated by multiple genes. Analyzing the expression differences of carotenoid
synthesis and metabolism genes at different flower development stages can provide a theoretic basis for the
study of the regulation mechanism of the carotenoid synthesis and metabolismin C. praecox, as well as
the artificial regulation of the carotenoid content. In this study, the differences in gene expression related
to carotenoid synthesis and metabolism were analyzed at different flower development stages and chilling
requirements(CR) accumulation based on the transcriptome database of C. praecox. The flowers in dis-
played petal stage (DP), open flower stage (OF), and senescing flower stage(SF) of C. praecox were
used as materials to determine carotenoid and f-carotene contents by organic solvent method and high per-
formance liquid chromatography(HPLC). Quantitative real-time PCR technique was used to further verify
the differences of genes expression related to carotenoid synthesis and metabolism in three stages of flower
development. The results showed thatfrom DP to OF, the expression of carotenoid synthesis gene
CpPSY?2 and the carotenoid content were increased. In SF, the expression of carotenoid metabolism gene
CpNCEDs was increased, the expression of CpPSY2 was decreased, and the carotenoid content was de-
creased. The expression of CpLCYB was low throughout the three stages. The highest expression of
CpBCH1la and CpBCH 1b were observed in OF, while CpBCH 2 in SF, which resulted in the gradual de-
crease of B-carotene content, and affected the contents of different components of carotenoids. The expres-
sion of CpCCD la reached to the highest in OF and the floral aroma was the strongest at this time. This
may be related to the cleavage of B-carotene by CpCCD la to produce aromatic substances. The expression
of carotenoid synthesis and metabolism related genes differed greatly, which affected the total carotenoid
content and content of each component during the flower development in C. praecox.
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UEHE Chimonanthus praecox NIEHERHEHWEETHEA, EREFSENEELGRER, BEVENELSE
FEAE BRI, AT AR AR AR Dy st Mg DR L (o an s, S FRAR N AR 44 . IR Z AN &, R E
P X R TR AR SRR T ARG I A B L AR, I R S S
PEFEAR & B, (et T AT IE N Rk 225 L LN R 38 . SEN T REMFsT ik, [RIR, 54 cDNA SR
e S B R M IO AR R BT B TR, R PR E KA 10 M AR A
B RaamERREREY . BT UERIEEEZmOAR, e SEMrERmEEY. 3Er. 2
YR N A 1000 2R, FEshY . MY . HERANE TR TR, SR S PR R
FAET I 4B, RS, WA O BA D, FAE TP RR S N REMYOLEENE R D L5 E %
PERNY . s L ARFAE AR A R A8, HA AR R o Ao B R B 8 S A O Rk AR 4
B NS W 1 A R R S 5 AN () AR, 3 RT3 i A ORI R A6 A W, S| R JUAE R R S
fEARF T L AN, I N RS SR B YE R (abscisic acid, ABA) . 4 4 i (strigo-
lactones) % [ £ W) A B

2-C-H JL-D- R % B % -4-1% T8 (2-C-methyl-D-erythritol-4-phosphate, MEP) & #& 1 H #2 % g ( meval-
onate, MVA) R AWM I G WA BT i 4et ™. 28808 N AR 4 5 5 1500 J86 45 9 R (isopen-
tenyl diphosphate, IPP)ifi it MEP i& 4 & W (1), 1 H i E-3-# 12 (glyceraldehyde 3-phosphate, GA3P)
FPS i 2 38 (pyruvate) 78 1- it 40-D- AR B #-5-B B2 5 B (1-deoxy-D-xylulose 5-phosphate synthase, DXS)fE
AT KA486 B, A i 1-5 % -D- A i B -5-85 R (1-deoxy-D-xylulose 5-phosphate, DXP), B 1-ii 5-D-
AN R B -5- B 158 1 JR S 44 il ( 1-deoxy-D-xylulose 5-phosphate reductoisomerase, DXR) L, & id— R
A TPPH'Y . IPP 7E IPP %447 (isopentenyl diphosphate isomerase, IPD [k T %4 4k S — W 35 75 4 5
T BERR (dimethylallyl diphosphate, DMAPP), DMAPP fE 4= JL 3 M 4 )L K A i R 5 1 B (geranylgeranyl
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diphosphate synthase, GGPS/GGPPO)VERH T 5 3 4~ IPP KA 46 & R . A2 20 ik (4l 4= JLFE 4 2F LSS £
PR (geranylgeranyl diphosphate, GGPP). GGPP i /\ & F 4 % & Wi (phytoene synthase, PSY) i fk ,
465 1 1 15-M- /N B i 41 & (15-cis-phytoene).  15-Mx0-/\ & % il 41 & 72 /\ & % il 1 % B 2 8 (phy-
toene desaturase, PDS) FIZEH & N K R HIEfF (C-carotene isomerase, ZISOXERH T, A ¢ &, i
B ONETE G E D E A (Ccarotene desaturase, ZDS) MIZE W] & [~ E 55 #J [ (carotenoid isomerase,
CrtISOMER FIE 4 s F M 41 % (all trans lycopene). 42 20 ik 41 K A9 B4k I 17 R 75 i 41 K 30 1L il
(lycopene B-cyclase, LCYB 4 lycopene e-cyclase, LCYE)ifk, A IR AS G () 2S8H 2 M2, B B-iH & |
EE2ABHOM oI FEGE LABHM LA e MOV oW1 MR 5406 F P450 $1 8 b B AL
(cytochrome P450 carotene hydroxylase, CYP97) & A= i b Az i 8 2 (lutein) ™. 98 N & 5 -3 K1k
Jiff (B-carotene hydroxylase, CHY-B3/BCH) & & K # Jit #1 S B (zeaxanthin epoxidase, ZEP) & W i, E K
Jii (zeaxanthin) . 2575 it / 85 32 3% i (violaxanthin) Z5 ¥ Jii. 4878 o 7] 3 o 387 25 i & il ¥ (neoxanthin syn-
thase, NXS) AL #E— T8 1B 8 R (neoxanthin) ™', B-5A % N XAl g5 & b K 0% XU 4 B (carote-
noid cleavage dioxygenases, CCD)Zidt— B 51| 52 W 240 . 4 i /1 4 IR | 4% R A ML & 8 (volatile
organic compounds, VOCs)"* 145 o ¥ O HHT 5 B il 4 9--FR 48 28] & N 2 XU B (9-cis-epoxycarote-
noid dioxygenases, NCED) Ak 22 fife A 150 B 7% TR 45 18 4 iy 4 4 Jo 22
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1 #R57RZE
1.1 SRE#H

BT VG 1 R 2 AR T TR B AR 5 o0 A T8 A S AR AR ) 0 30 5 S 2 5000 P2 R AR 4T 1 8 A0 4 2E R DR
T8 R T IR B S LB RS TR e 2 8 N 3R A S AR A DG 0 S TN V4 R A 2 A B N K A — B H TG R
HUE RS, SRR (displayed petal stage, DP) . BHHH (open flower stage, OF) . 3 M (senescing
flower stage, SEYRIAE(E 2), ARV E 3 NMEW = EE, REFN MRS IHBEE R K, RI5HRGE
F—80 CukAH ™, T 5 RNA $2H, 55 BUM [F A B T 2880 8 b R P2 HL

DP. #EMW, OF. KW, SF. wKi
B2 #BEAREEZERBEEAR

1.2 BEAREAERAXAEZ NENRNESENTE
1.2.1 BREAT I ZTHRREEZTML

KA HLEE F 2 X T N R AT RS M RE. o S PRIBCEE ) L BT 0 M AR A 0. 2 g
TR 5 B A 10 mL B0, A 10 mL 80 % P BRIV . H M5 I S8R % B B2 IR BOR {65
W LR A B L T, SR AR E O HL(GEE Thermo)5 000 r/min, 4 “C B0 10 min, PR L
HW, BEEE A CRAEFH. BB ES 3 ). T 300 pL FIFWT 96 FLEGFRHR T, FH Varioskan
Flash il tR1¢ (35 E Thermo) 43 7 %€ HAF 663 nm.646 nm,470 nm & GHE, MG ES 3 Ik, LK
SRR OEHERAE.
1.2.2 BAF M ERRE S ZNL

B-H B N A B I E ] AU AR 3% 2 (high performance liquid chromatography, HPLC). 433l
PRI 2 g SR AR L 88 T 3O R S R 1) B A AL . R AR N v B SR R OKE OK B T 10 mL B0,
FIA 8 mL 80 % NER W . BT 4 °CUKFREGIR#E 48 h. MR EEWAKE (4 CH .0 5 min, JHNEIE R E R
VELULIE B0, HEVELA, 5IF LEWR, €8 E 25 mL, 1 0.22 mm AHLIESL, &M, SN0 HE
53 FIH 40 CHER 2R KGR T IR MR . ARG 4 mL LR O ERE M. . IRA bRke i il &
PL 10 mg/L IR A A i Ch bn fEGE B i W, & R Y B R W o 0..005,0.01,0. 05,0.1,0.25,0.5,0. 75,
1.0,5.0 mg/L MARUER W . 2F 0. 22 mm AHLUEK, #H. LL SO NERE W A= 1, FIH UV755B 44k 7]
WA 6T C RIS R o 7RI 300~700 nm yu N, B8 SRR K, e 28 D R B
i FIH Agilent1100 series &80 (015X (£ Agilent) BEAT AR EE shie, W& B % P XS R, K
SRR EAE, BINAE A EHE S A GraphPad Prism 9 347 J7 22 0 8 X B 2 4.
1.3 BEAREAERALXAE N EERERHERREZERSW

Xt U AR [ 46 2 T o 0 2 S 2L 5008 PP 2 8 D SR S S R R AT 3k 25 SR 40T, AT TBtools Hi "
HATRRN RS ESHRESH, ERREIAZREENEFRANHAEYHEBEEL ST RFMAERF
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(www. bioinformatics. com. cn) #£47 GO (gene ontology, GO) & £ 5% TE K 2. SHE IR 37 0 1 M5 76 28 R IR
I I T T B9 e 3 2L 008 e b 28 8 D RAHE B SR T Rk 2 R 8. A TBtools B AF it 172 A

Tk BIELH. A KRR Adobe Tllustrator 2020 #4740 4 M FE k.
1.4 WHEAEELEREE RNA BIRBE KF R cDNA

TEICEE IR L B TT I L WO AR AL S AR, SR A AE SR AR 28 B AE 77 ) RN Aprep Pure FH ) &1 RNA
BEGRF) &7 B RNA $#28. FH 1% TBE BisHEEE AL B 3k (AL 575 —) Ml NanoDrop 2000¢ 43 Y6 Y6 B 11 (58
E Thermo)f il RNA A58 M:, 4 ok . DIFREUAY B RNA MMk, F TaKaRa 22 Al 4 =B Prime-
Seript RT-PCR Kit % st F & 17 cDNA 25— 19 & L.
1.5 WIEAEELEMPAERBAET PEEREREHEXERE qRT-PCR 5547

TEICHS A I A 2850 8 N R A S AR G [] A B SE RS 2 i PCR 57 i A7 RIS U0 UE. 1% A W5 Ay
CpActin-b F CpTublin FEHAE 520 E B PCR BN S5 K. FIH Primer Premier 5. 0 #{4F #1124

PR B A B R Y SE R E B PCR 514, R4 KA HEATHI MG WL, 51975 L3 1. W Bio-Rad 1Q5 (£ [H
Bio-Rad) #F 47 AN [R) £6.199 45 3k P S i o it PCR RGN , 7 15 R SCk[25 ), #5255 R 22 Sl e R
IFHAT G A
F1 LHEHE=PCR3IPE
He N NAGEIEY R 51
CpActin-b AGGCTAAGATTCAAGACAAGG TTGGTCGCAGCTGATTGCTGTG
CpTublin TAGTGACAAGACAGTAGGTGGAGGT GTAGGTTCCAGTCCTCACTTCATC
CpGGPS1la CTTTGTAAGATTTTGCTCCCCCG CGATCATGTAGTAAGATAACCTGGC
CpPSY? GGCGTCCACCTGTCATTTCTATCTG CCCATCAACGCCCAGAAAAT
CpPDS CAAGTGAGTTGTGCTTTCCTTATTC TTGGGAAGGTTTTGATGATCAGATC
CpZDS GTTGTTTCCCCCAGAACCTGAGCAC CAGCTCCAATGATAGCCACTTTAAG
CpCrtISO GGCGAAAGATGATTGACAACTAAG CAAAAGATTAGTGCAGCAATGTGC
CpLCYE GAACAGATGGCGAATCTGCTTT TTAAGAACCTCAGCCTCTCTGCATT
CpLCYBla GTTTGGGGCAGTCTGTGGCA TCAACAGTGTCTCCATTCCAAAGC
CpZEP CACTGCGAGTTCTCATTGTTGC GCTTTCATGTTTCCACCTTTCC
CpCCD1 TTGATTTCCCACTCTCTGGTTCTGC GTCTGTATCTGCTGTTGATTTTCC
CpNCED CCAAAGTTACCTACTCCTTACACGC GGACCCGAGTCACTGGTTCCTTCAT

1.6 HEEAE NFEARSKRIPELEEMNETN S

5 AP TR F T 10 e A 2 DR MR 5 18 K T I %) 5 S 2L BB PR rp i R S 8 N R A 5 AR 0 6 IR
ﬂ%%ufﬂi%ﬂsmmcﬂof%ﬂﬁwwwqmg%oth T ER A EAE D 25 A A R AH AR
W B, U RS SIS B MR A B 2 R B B G B KR R

2 ZFERE5H5H)
2.1 WBEAERELEHNBEERAT INESE

MR BT, PR O, AR P S P R BT A BRI R, IR
WK 3 demr s MO R 5147 pg/g, 3 AR Y 3R TR AR R O () 3a) 3R W TE I A R OT 1Y o R
e, K N EA ML, W CpPSY FkETHE. Y N E S REARE TR HP @& e
EOEN 24.99 pg/g. MBEFES TEIFHOE 245, S SEIFH -E PRI EZEFBE, HARKH
W 235 KF- (&l 3b).
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41 ok 4
e e
A £ *
i 20 w10
E %
K @,
0 0
DP OF SF DP OF SF
a b

B T b2 . R OF iEHdH, RS bR &R,
AR Ty 22087 X Dunnett ZH L, * R p<<0.05, % x R p<0.01).
B3 BEARELZENBEXPENR(a)MBPHATENR(D)EE
2.2 HIAEELXERNBELAT NREHEREERRZER
Xof Wt A AN () 46 ¢ B I S0 2 S 2H B0Hi P b 5 2R W B N R G S AR R DG i 3 PR B AT O 8 R R GA 2% S O
Br. FIH TBtools B kAT %3k 22 S PR & 23 il (1 ).

I B comp34993 c0_seql CCS 1.20
[ W compl2737 _c0_seql CrtISO 0.90
I . comp234_c4_seq2  GGPSIc 0.60
| B comp6947_c0_seq3 IPI3 0.30
— B comp34993 c0_seq3 CCS 0.00
| B comp2122 c0 seql CYP9743 0.30
— B comp9051_c0 seql CYP97CI T
B B comp6947 c0 seql  IPI3 -0.60
I N T comp12737 c0_seq2 CrtlSO -0.90
1 | comp6947 ¢c0 seq2 IPI3 -1.20
1 | comp57357_¢c0_seql LCYBla

I B compl10351_c0_seql BCH?2
[ P comp20653_c0_seql NCED3
| — B comp19702_c0 _seql NCED
I B compl966 c0 seq2 CCDIb
— B compl19267 c0_seql NCED
. B compl2755 c0_seq2 VDE
1 comp285 cl seq2  PDS
1 | comp594 ¢0 seql  ZDS
I comp2376_c0_seq22 ZEP

H 1 | comp5353 ¢0 seq3 PSY
I .
1 |
I .

comp2376_c0_seql ZEP
compl966_c0_seql CCDla
comp7124 c0 seql LCYE
[ I comp5353 0 seqS  PSY2
[ T comp552_c0_seql  DXR
[ T comp285 ¢l _seql  PDS
1 | comp7124 ¢0_seq2 LCYE
4 1 | compl1232_c0_seql BCHla
1 | comp2376_¢c0_seql0 ZEP
1 | comp790 c0 seql  DXSI
L] | compl56 c0 seql  GGPSIb
comp57357 ¢0 seq2 LCYBIb
I B comp5353 c0 seqd PSY
I B compl214 c0 seq2 BCHIb
I B comp2856 c0 seql GGPSla
I B comp6251 _c0 seql LCYB2

S ID Symbol

B4 BEFAREEZENPLAE NEARSREZEREAR
TIN5 S AR . COF vs DP), CpPSY2 ik 8 5.98 {5, CpBCH 1la ,CpBCH2 | 1#¥HE3
8. 18 1%, FikL F W2, w5 IF WIAH L (SF vs OF), CpPSY2 ikt Fi¥ 6.63 f%, CpNCED3 I+
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P 9.53 £, RikZF B E. NERIEAZRIT, BRI, MEP @by % M RIS S ML Cp-
DXS1,CpDXR ,CpGGPSla Fl CpGGPS1b Fik e Th . IR s PR G MEEH CpPSY,CpP-
DS.,CpZDS ,CpLCYE ,CpLCYB2,CpBCHla ,CpBCH1b 1 CpZEP FKikaH RS THE . JGEIK; Cp-
CYP97C1 Fl CpCYPITAS F3k B MR s CpCreISO.CpGGPS1e M CpIPI3 ik i Wl JEms T4 5
CpLCYBla 1 CpLCYB1b JLF- AL, REGME] CpZISO ik KN M= ARBEEHE CpNCED 1 CpC-
CD1b FiLwFFE T . CpCCD1a WFETHE, Ja AL p-#AE M ERIFIHE CpBCH 1a ,CpBCH 1b 1ERETT
WFikER S, CpBCH2 fFE MRk EHE.

f ik 2 5 B % (log, Fold Changes=1 & log, Fold Changes<<— 1) B3R 1T GO & £, ik
BN S 5 E PR ARG R GO Terms fEE, R MK 5 iR, GO Terms F2 @ EEAY L
FEFZr FIIRE b, Hh HES 5K E PRGN A KNS bR EYS M (carotenoid biosyn-
thetic process) ., M 2844 & W (terpenoid biosynthetic process) . F# ZE 4 ¥ & il (xanthophyll biosynthetic
process) . DXS 34 (1-deoxy-D-xylulose 5-phosphate synthase activity) . %2 %% i JJit 75 48 Ak B 15 P (violaxan-
thin de-epoxidase activity) . & K3 i 3 & AL FE NG P (antheraxanthin epoxidase activity) . M35 2 7§ 3 (xan-
thophyll cycle) & 35 ;i (carotene metabolic) 4.

NCEDj;E M 9-cis-epoxycarotenoid dioxygenase activity BN BP
A NER-IRE{LESE M carotene beta-ring hydroxylase activity
N .. cC
=& K& M aromatase activity
DXR ;& 1-deoxy-D-xylulose-5-phosphate reductoisomerase activity s MF

E K FEF R 1LESE M zeinoxanthin epsilon hydroxylase activity
DXS;jE 4 1-deoxy-D-xylulose-5-phosphate synthase activity

L8 RBIRE L ESE 4 violaxanthin de-epoxidase activity
M4 % %54 heme binding

1t & ZINE (LS E M antheraxanthin epoxidase activity
EKERIAEILES E M zeaxanthin epoxidase activity

E K ERIFNELES (4K 55 M zeaxanthin epoxidase [overall] activity

42445 [ chloroplast stroma
H 2342 25 B4 % chloroplast thylakoid lumen
M 4g44 chloroplast

DXP4 44 A 1-deoxy-D-xylulose 5-phosphate biosynthetic process

#HE NERIGHIFE carotene metabolic process

IPPA % & R, isopenteny| diphosphate biosynthetic process (MEP pathway )
4 K FE 4 Y)E IEFE auxin biosynthetic process

Bt S5 EL X 511 FR abscisic acid metabolic process

3 Z1BER xanthophyll cycle

RERES{R 1511372 fatty acid metabolic process

42 &5 1252 chlorophyll metabolic process

KA NEAE YIS R T TR carotenoid biosynthetic process

5 24 )4 AT FE terpenoid biosynthetic process

KE A A RRITAE steroid biosynthetic process

DT B LS4 15133 72 cellular aromatic compound metabolic process
oF B X ER R 3889 [z RZ response to abscisic acid stimulus

F L% R 1T F2 oxidation-reduction process

M2 & 4 ¥4 X 1172 xanthophyl biosynthetic process

B 6 4 )4 B LA abscisic acid biosynthetic process

0 2 4 6 8 10
ER%H

GOIng

BP: A=Wl ; CC. 4UMI4 A MF: 4r T JIRE.
Bs5 HEARARLAEHMBEAT MZRERESRHERGOESE
2.3 WBEBAREAENBEAT MEENERBEEREANREE
T W AR R AR I I S N R T A A O R D B 3Rk 28 S, N I A AE BRI AL ROT
B, MO bR RS AU DG I i SRR R PE AT RT-PCR S0k, 45 R £ M, 204 i 10 IR
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TR 2R B RAL, BRI, FERIF A MO Rk B I, CpPSY2 Rk Bl i %
# T CpNCED F1CpCCD1as MW, CpNCED F£ik B 3 @ T CpPSY2; BIT W 5 # M 1 46 1L
(OF vs DP), BRARKME] CpLCYBla Fik, HAbIEH A X 8 R Bk 3% 25 5, HL T 93402 82 I 1
[ 4. 58 M5 L F, Hih CpPSY2 Fihit i IA 101, 19 1% SN 5 I AH L (SF vs OF), 258 p &
A HEEH CpPSY2 X R R T I E L 63. 10 £, KiHE P RCHIEKE CpCCD1a T 11. 60 £, Rk
S B E(E 6). CpPSY2,CpZDS.CpLCYBla,CpLCYE ,CpCCD1a Ml CpNCED ik #a# 5 1% 5% 41 81
P T AR 2, Mo A 4 N IEEHE R R BEEN S5 W £ AT 2 E (&8 4, B 6); qRT-PCR 4531
FWH CpGGPS1a .CpPDS ,CpZEP 1 CpCreISO Fik B H54: FTb, 18 Wk 8 i (B 6) 5 1 55 s 4 8%
P s R B CpGGPSla.CpPDS M CpZEP eI AR E mim . EMIH R LB TR, CpCrel-
SO ik 5 WAE B IF TR (B 4. [EAR TR, XS I Rk i AR (AR S0 S8 8 b R & 1 sy
M, A RZm 8 N EORE Ao A i, e an Sl g g DR A AL,

60 g
DP e

B OF

= SF

50

HANFAE

Bl R T E A2, IR SER 2 5 LA OF A #aiildl, RRZERZE ILE CpPSY2 F¥shld, By EaALkiEd:, RS AREER
CRE T 25007 & Dunnett 25 L, * FR p<0.05, * x iR p<0.01).
6 MAXPENEARERFBEEERERRLELERPHENRIABHN
24 XPEPINEEHERFBEEREARABAFTAERETHREERX
IR Z AP AERK EBTREEEMER ., AL T /B JA 7% & (chilling requirement,

CRYFFLEEH] 570 CUCchill units, CU)R}, BEMFIEZE (flower bud. FB) A& BRI, 7 WA BEFF ik I &
WIVERES . O T i — I R R T B AL A R AL T A N RS A AR G I R AR b, T
AR TR F T2 365 A A6 2 PRI I B2 G T i 10 e 3% 4 90 3 o R AL D) S A R TR) 75 48 R AR P (150/300/450 CUD Ay
1675 (FB150/300/450) . 11 H 3%t AL (FB. Nov) J 570 CU &b B AT LUK 46 B9 AE 75 (1B570) KF & 4 4 Kk,
I AT AR TR PR AR SR CRENREES. 45 REW, METRENHE, Cp-
BCH1la ,CpBCH2,CpCCD1a Al CpCCD1b FikiwHihn, CpCCDA FiLwFE I & IE AR E 7D, 153 3
W% NEEH® P CpLCYBla Ml CpLCYE 7E FB. Nov 5 IB570 Rk B #RAE, (7T AR
h— B R FE R R L (R 1R, Y P RG MR CpPSY2 FEFRR B AR IE, HiHFHR &
MR RILwFE . BGAEY IB570 HR k& I TR, ST FTRIR S i an B Z A, 288 % MR
WIS R, SRR XY P RIVHEEN CpNCEDs TR HA B ER, BxEOWHER TIE,
AHRIREMT CpPSY2, KWLM RE PR S ET S, HERRESITERY, EFRER RS,
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FB150/FB300/FB450 75 H 380 8 N 2 A& w5 A0 56 2 G H ) A kA2 =8, 1 78 75 % & AL R ik 3
570 CU MR AE WAL FEM (IBS7O h, 8 N R G SRR Rk X & 2 A e, DL b PR &k A
YA A F AR I A BRI A9 XS R FB. Nov (K] 7).

Ll

M3 ccs Unigene0073106 / comp34993 c0_seq3 1.5
_: EFA K CrtiSO Unigene0073655 / comp12737_c0_seq2 (1)(5)8
00 VDE Unigene0056721 / comp12755_¢c0_seq2 :
] m:m DXS Unigene0096158 .00
F’f‘ 50.30 IR Unigene0002916 / comp6947 c0_seq3 4.0
! NCED Unigene0092127 / comp19267_c0_seq] =115
ZEPIb Unigene0076135 =L
PSY2b Unigene0025943 s
5] 52.43] 7 : ZEPla Unigene0010137 / comp2376_c0_seq22
— NCED2  Unigene0003015
ik cCDIb Unigene0067410 / comp1966_c0_seq2
‘ CrtISO Unigene0046660 / comp12737 ¢0 _seql
ZDS Unigene0004137 / comp594 c0 seql
‘ ZISO Unigene0056720
1 LCYBla  Unigene0024589 / comp57357 ¢c0_seql
L CYP97CI  Unigene0059009 / comp9051 c0 seql
4.5 LCYE Unigene0015024 / comp7124 c0_seql
ZDS1 Unigene0066651
| CYP9743  Unigene0073266 / comp2122_c0_seql
8.68 PSY2 Unigene0056524 / comp5353_c0_seq5
GGPS1b Unigene0039895 / comp156_c0_seql
PDS Unigene0063228 / comp285 ¢l _seql
ZEP Unigene0011848 / comp2376_c0_seq10
BCH?2 Unigene0059109
I ~58 PSY2a Unigene0107431
BCH?2 Unigene0002363 / comp10351_c0_seql
CCDla Unigene0071644 / comp1966_c0_seql
NCED Unigene0063449 / comp19702_¢0_seq
BXEX  BCHIa Unigene0059108 / comp11232_¢0_seql
IPI2 Unigene0055020
DXR Unigene0082191 / comp552 _¢c0_seql
PDS Unigene0063227 / comp285_cl_seq2

16.43] 16.99] 42.29] 31.77] 18.3 CCD4 Unigene0096251
38.86 53.51 GGPSla Unigene0107954 / comp2856_c0_seql

04 (,)Q Q g)Q (\
Q‘bé ‘8’\ (éb’b QQ’N ®5 Symbol ID

[l — 2 R {195/ 1D 4355k @ L1451 LIU % 88t 2. FB. Nove 11 H 43465 (X9, FB150/FB300/FBA450. #4150 CU/300 CU/
450 CU AL PR A9 AEH . 1B570: W@ BiAH] 570 CU M /LWL,
B7 AEAEAERNETHELNE NRERNSRBFERRIEHE
2.5 EXPAFENRBEXEAEEFERZTN
TR S F 45 5, R STRING v10(www. string-db. org) TEZRE A, LIIEE T Arabidop-

sis thaliana 2 W, SRR E I IE LR P M 2889 8 b R A S5 A 5C 28 A 347 28 A A B4 4%
O, RS SR N R A RS A Z O R S AR E B, B IR R W], S5 Mg 2
o NES RS EMAA CpCCD4, CpPSY2. CpZEP Al CpCYPI7CI (I 8). [Fif. CpPSY2 5 CpG-
GPSla f HIEAEH LR, CpZEP 5 CpCCD4 A HAEAER LR, PSY /ENEIME MR G MM — A PR ,
L GGPP RIEM & i 15- - /N A H AL £, W GGPP &1L IPP fl DMAPP AJEY . £ GGPS WL T &
MR s CCD2 1 CCD4 1 24 fif F oK 8 i, 40 3 A= B 21 /€ & (crocetin/crocinins) Fl 347 & E (B-cit-
raurin)"* 7, T ZEP ] PR LK B B4R S EE . AR LA I 4% T 45 SR 36 W, CpZEP, CpCCDA, CpC-
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YP97C1.CpPSY2 1 CpGGPSla AJ fig 2 A i % 19 DI e 2 1 LR AR AR A= 90 5 i D RE SR 1.
WER . REERMNAEBRRY  IEEUEE

e ® REREINEIE K
M SR
POP2-_ o -~ GDH;
-ALDH5F1 A O e
- il At]g.23] 90 ’
O “BFRUCT
Augl 7830 TK4
— - EAREMER
KT NEER @ o . ~ishe
@ ‘ e e T~ _—ISPH =
s g FD2 P saA e S
FHBRAH %g{m B T BAUANBRAR

8 WEXHPT MNEARERGFZEREEAMERN

3 itig

KA E MR R RBEIE LY G R R R BT A 088 i AE . X 838 PK AR 23 52 e AR ) A 2 b 2
BN RWRLKE . NS N RS BER T, PSY R R —, tIhEERE P RRLHH
BUK. FHli Solanum Lycopersicum N HAH FE M E MR Z AR, B 543805 F il SIP-
SY1 Al iAW & N R AW A BOKF B T, PSY2 BERS IR PSY L DIREMR 2L, W E 8 N R
FESY . M L B fE b, MBI R EIT . CpPSY2 K&Kk, KW M REAMEA, SR,
R AN RN, CpPSY2 KA E W TR A&, 0% MRS/ m. ¥ PSY M/EH
Y, AT N R A 2K, WifE MEP @420t %3k DXS LU At & sk 42400 0 04 b e 22
DXP, M mal # i IPP 5 DMAPP & &. 7Eflm v hid &35 DXS, HEHE PR SR B & k8 EH
KA 1.5 £55 . LCYB 5 LCYE ¥ H M4 REE A 8 b RN, LCYB MRk B g% b
R R, MR A, TIEREIR TaLCYB S FEMR/NE Triticum aestivum ¥RL 3-8 3 2 M 8 &2 & &
BT AL R A RS, BCH AT AL -8 N L B K # . ZEP R R4 Ak 5 oK 4 i A il 28 9
B 5T A A AL (violaxanthin de-epoxidase, VDE) AJ ¥ 28 8 BT ik J5t i FOK 8 0T, B AT 09 A0 B 4% AL TR i T it
WEMER, X AP 2GR EENLHY . BCH ik 8 BEHmW e P RIHEA, NER
WIRRFF I, MR, CpBCH B Rk 20 B9 38 b &R & it ARy 2 AL

NCEDs fll CCDs J& T2 % N R 2 M INAMZE R (CCO), JEXME MR g, % M RE
i AL RS I R AR, 7 A — PR R B S S N K (apocarotenoids) Y AR M. Al 3 8
B NRGH . RIS AOREA G, TERYSER A B b 2 AEH. NCEDs H 558 i 28
BONR LA RN, B R RO B, AR U S R (ABA) & B RTAR Y . 30 3 i SINCED1 133k,
AT RIS A 4T E A B N R BRI TE T IR TR A LR S R IF R, B A o
1, CpNCED ARSI, EEM, CpNCED Fih ik 8 5 s 2 W20 8 b Z /b iy 32 2
PR AR R %) B (o L B T 00 P B ik (81 2) 5 D3 4h s 78 N TR AR ¥ (FF ¥8 & 150 CU, 300 CU, 450 CU,
570 CUO LS, 5 11 H M 4E% (FB. Now Ml I, FiE TR # AR, ABA SEBEH T E . 2570 CU 1T
AETE PRI (IB570) B A Bl i » Z G FE IR A (IB570) . B TP 5 I (LB570) MK (WP570) ABA % & 3% i
REAKS s NEEIR 20 R MO0, B30 % N & RS LL AR (& 3b), ABA & it AR R FRAK s I CpNCED
KEBWERRES ABA S8 HEM . CCD1,CCD2 #l CCD4 [k 4L 2 ML/ 2R @

-

S
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B Hoh CCDA A B R R KRR al il B8 N R BT SRR AR W] A R e — S e ) 2
WA Eia, wEE. RTERGE O, Ym?i'lf@m IR TR Chrysanthemum morifolium ", CmCCD4 1
TR, AAERAE AT CCD1 TR L R T K Bfﬁﬁg NN R 5 s g T Sy
BN, ARG 13 MR B R A HEEER B R LY DR, W o Y 22 (a-ionone) | B3 % 22 il (B-io-
none) . 3-OH-B-¥ % 22 (3-OH-B-ionone) M {f 4 5}:@ﬁ](pseudoionone)%’?M’m , Horp BT AR —
BESKRMBEFWY T, BTN EERSZ . EK Zea mays HIRZXRRBEATTH LRI ZmC-
CD1 ¥ DB, 28098 N R M & BT s ERIRE T . Eok . Tl S ik & B CCD1 l g 7 il 41
0 U R TS B WAL B R (6-methyl-5-hepten-2-one, MHO)™ ™ fEb g b 25 FF I FH B B A,
2y KIFT, BUEIFM LR, CpCCD1a M CpCCD1b Fik BFFLETF R, H CpCCD1a 1RSI 1 3k B i

WM Fof 5 A A SRR MR AR . AT RE S CpCCD la AL B % N R MFFALL R AR5 A K.

4 it

FEMSAAE R B A, BRI BT, AR MO, e N R R ETHE L RREAR, B b
ZE BN S FHBSE. KE N RASWIEN CpPSY2 TR IT W F k8 g . 7E MU Rk 8 TR, [
T8 N ZCP IR CpNCEDs R Rk B E. X 3 M. CpLCYB KB EAAE . CpBCH1 Fil Cp-
BCH 2 FikwFrae i, XM R B ORURE T B8 bR &M, sl 7 FRE MR, it

MRS A N A0 L& e, B CpPSY K CpLCYB W £IE, AR E N ENH ST &,
RN TR B AE K B AR B A 8 N R 45y S & i 4R Ib i S 5%
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