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Abstract

To investigate characteristics of carotenoid biosynthesis in the Japanese persimmon ‘Fuyu’ fruit during maturation, caro-
tenoids and gene expression for phytoene synthase (DK-PSY), phytoene desaturase (DK-PDS), {-carotene desaturase
(DK-ZDS), lycopene B-cyclase (DK-LCYb), B-ring hydroxylase (DK-HYDb), zeaxanthin epoxidase (DK-ZDS) and lycopene
e-cyclase (DK-LCYe) were analyzed. In the skin, lutein was the main carotenoid at the green stage. The level of gene
expression of DK-LCYe was constant throughout the experimental period. In contrast, the level of carotenoid-bio-
synthetic enzymes with the exception of DK-LCYe was lower in the green stage than in the coloring stage. These
findings suggested that during the green stage, DK-LCYe played an important role in carotenoid biosynthesis and
was responsible for massive accumulation of lutein. In the coloring stage after October, B-cryptoxanthin (-CRY)
and zeaxanthin were mainly accumulated. At this stage, simultaneous increase of the gene expression for caro-
tenoid-biosynthetic enzymes with the exception of DK-LCYe was observed. It was thought that the change in expression
profile of the genes accelerated the accumulation of B-CRY and zeaxanthin in this stage. In the flesh, 3-CRY and zeaxan-
thin were mainly accumulated in October. Lycopene was mainly accumulated in November. The lycopene accumulation
was accompanied by a massive increase in expression of genes at the later stages of lycopene biosynthesis (DK-PSY, DK-PDS
and DK-ZDS). This finding suggested that lycopene accumulation was caused by massive increase in the expression of genes at
the later stages of lycopene biosynthesis.
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L, —J Ti¥ lycopene e-cyclase (LCYe) 12X b aflh o7
JANTHDa- T vRoLT A VvHREHRING. b 95—
75 TCi¥, lycopene B-cyclase (LCYb) i2X b - a7 v afk
TBR-» a7 vEHREMN, Bring hydroxylase (HYb) 12 X
DB-2V 7 FHvsFv (CRY), €7 F4vFvEIEK
AL, Zeaxanthin epoxidase (ZEP) 12 X h €4 F F 4 v
FUNEHEINDE (E1IXN). €A T7F v FUynbIbIC
R#PEL LY v E v O—FTHD T 7+ 2 VIS
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Table 1 TagMan probes used for the mRNA detection and primers used for the amplification of cDNAs by Real-Time PCR.

Identity on the level of

Name Accession TagMan probe sequence Primer sequence” Nucleotide Sequence Ymh
number Satsuma mandarin
(Accession No.)

CTGTTGGATTGATGAGTGTTCCA ,

DK-PSY ~ AB258435 TGCACCAGAATCACAGGCAACAACAGAG  ((op A GGCAGCATTGIAGACA 85.3% (AB114648)

DK-PDS  AB258434 TGGCCCAAATCCCATTTAATGGTGC CTCAGGCCAAGTAAGCATTTCATTA g6 20, (AB114649)
GCCGATTTGACTTTGCTGAAG

DK-ZDS AB258433 ACCTTGCACTCGCATCCCCAGAAG ATGCAGATTCTCGIGITTTGCA 84.3% (AB072343)
AGCAATGAACCTTGTCCCTCA

DK-LCYb AB258436 TTATGCCCAGGTGCCGTAATCGAGC TCCTGGAGTACCTGTGGAAGATATT g5 g0, (AB114652)
TCATCCTCTTCAATGCTCTTCACT

DK-HYb AB258438 TGGACGAACATGTAGGCCATCCCA AGCCGGTCTTGGCATAACAG 88.0% (AB114653)
CTGCAGCGACTCTCCTGAAGT

DK-ZEP  AB258454 CGGTGATGCAGCCAACCTGCATAA CATGGCTGCTTTGGAAGCTAT 81.9% (AB114654)
GAAACACCGTCCACCAATCC
CTCCCGAAGCAACAGTAGCAA

DK-LCYe AB258437 CCTGCATGGGACAACAACATCAGITCC

89.4% (AB114655)
AACTACGAATGGGCAGAGTCTCAT

* Sense Primers (Upper) and Antisense Primers (Lower).

Geranylgeranyl pyrophosphate X2 molecules
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Fig. 1 Carotenoid biosynthetic pathway in plant. Seven cDNAs,
DK-PSY, DK-PDS, DK-ZDS, DK-LCYb, DK-HYb, DK-
ZEP, and DK-LCYe were cloned from Japanese persimmon
‘Fuyu’ and used for TagMan probes for Real-Time PCR in
this study.

BEHAFERE IS (Yano 5, 2005). + < hickiF 5
a v OERIL, PSY DEETFHEHN EA T 501 LT,
LCYe ¥ LCYb OMET RIS LA LicnZ b2z %
(Giuliano &, 1993; Ronen &, 1999). # v ¥ > TCl%, PSY
LUF—# 0BT R OB LR A—F i o b, B-CRY ®
EASEFVFUEDRY YT 4 VENSERT D
(Kato %, 2004).

HhFTIL V) AXVERNE L D EREOFREDIEL T
D, BHCIKEOZIR LN EET 5 RO ETn-
T5 (P 1982). Fie, Km0 CRACERT
H7aEx v AEEEET A T 4 NI, £060%
LLEXAB-CRY TH A EEINTW5 (HFD, 2002). JTiEH
F OB T, HONENRT ) BEO F FINE 2l 2
LHEVE RO, FEMTIEZOR]IBICEEL T\ 5.
ZOBIGIL, K[FEREALDOEE LT T T 5 b D LHEZEI R
BB, R ENL S, Fioh FITILB-CRY BNELEF R
TWB I EDD, RAFTOEERYED S Z LN uREL e
FUE, BB S B D7D DRK L 5 A A — 2Dl
uc X v, FehTEOWERN IR TE 5. AR TIE, Z
NS ORMEL R 5 12D OB R A B 5700, H ¥
‘BAE EMEEL, BENCES rF o nT s A4 P ERE
HEEBICBE ST 2B ETRIOREc O W TH LM Lic
D THET 5.

MHEELUHZE

SR 15 i R IR RN v v 2 — R 45 4 B
H OORFEERHH L FBFL, 8 A 1 Hr b IR
D11 715 HE TOWRITHEA 1 HE 15 HICRERIIZA 3
BFORM L. I KRELLE, ~x LETHIRYRE,
R ERWs T, REGRDL OB GEIE LK,
FRFNAEBITH S F T -80°C DMBEIR & T - {17
L. ok, BREEAIL, ©—7—THWIEX DERK
BREEL, ThUNERAL LB L. BEARD
OV RABOREE, ARnE] (CR200: 3/ 4vx) %
v, AR M) ZllE ek, EFH» 5 —F+—
MECZEH L. h o T A FoEREL, Kato H (2004)
DOFFCHETCT, 7bv 1227 —n (7:3) THIL
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20%KOH/MeOH T % v {LALIR L 7%, C30 1 7 4 (Carotenoid
S-54.6 x 250 mm : YMC) 7% %55 L 72 HPLC-DAD (MD-910:
Jasco) THiotz. 74 PV BIPvA—ELFFFH v T
VIZOWTIE, I v ORBRLDHE R L Ox
ERmELTHEMALE.

IR LI a7/ 4 FAGRICBEY T 58H# O
M, phytoene synthase (DK-PSY), phytoene desaturase (DK-
PDS), (-carotene desaturase (DK-ZDS), lycopene B-cyclase
(DK-LCYb), B-ring hydroxylase (DK-HYb), zeaxanthin epoxi-
dase (DK-ZEP), lycopene e-cyclase (DK-LCYe) ® cDNA M
& ‘B8 $%EH>5 Ready-To-Go First strand kit (7 =+ +
ANRAFH ATV R) HRHCTHEB LI, TA Cloning Kit
MfveErvY=y) PHWCZ0—=v 271, v—¥F, v
#— (ABIPrism Model310: 7 75 14 N4 X+ AT A)
THRFAFS | PRE L. cDNAEWL, v vvav iy
NS sk o cDNA Y & O MM % #ER L 75,
Primer express (7 75 4 KN4 v A5 &) H AT Tag-
Man 7u—7 & 754 v —"FEF G LI CB1ER). »
FORBEROFEAL DL D4 RNA X, Hot Borate % (Wan -
Wilkins, 1994) 1ZH#E T TIT\V, 7 v X a~FH<—&H
TR G T X h cDNA &L, V) 7 /v & 4 A PCR
(ABIPrism 7000: 7 75 4 N XA v A5 4)I1Z X D) mRNA
DFBIE RS, 703, mRNA OFEBLEIL, ribosomal
RNA #WNfEH 2 v b a—L & LTHW, F1F v 7 v —b
DYLE 2 MIE L CHXEE L ORLT.

w R

REICH S REBDHTR

2R hFDOH F—F v — MEOHER AR LT, B
it 00 1HE T 7—F +— MEIBELYRL, &
R CRARBFN Ch o, H 7 —F +— MEIL 10 A
15 BUBAEE <y, 11 315 Bici 5.0 &8z Ty
PEMIA & e o 7o, RAMIE, REOE ETETIXRb- 1o
2, 10 15 HUED 7 —F v — MMl EH L.
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Fig. 2 Seasonal changes in the skin color on the equator
portion and flesh color on the equator a cross section of
Japanese persimmon ‘Fuyu’. Vertical bars indicate SE

(n=5).
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3 Carotenoid concentration in the skin of Japanese
persimmon ‘Fuyu’ during fruit maturation.
Phytoene was not detected. The value for total carotenoids
was the sum of identified carotenoids (lycopene, 3-carotene,
B-CRY, zeaxanthin, trans-violaxanthin, cis-violaxanthin, o-
carotene and lutein). A sample of three fruits was crushed in
a food processor, then stirred, and extracted using 5 g.
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Fig. 4 Carotenoid concentration in the flesh of Japanese
persimmon ‘Fuyu’ during fruit maturation.
Phytoene, cis-violaxanthin, oa-carotene and lutein were
not detected. The value for total carotenoids was the
sum of identified carotenoids (lycopene, B-carotene, B-
CRY, zeaxanthin and trans-violaxanthin). A sample of
three fruits was crushed in a food processor, then
stirred, and extracted using 5 g.
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RRICBIFZDHOT /1 FEREE mRNA LRNILOHERE

KRBTy, 107 1 HUE oG CE, alamns s A8
THHLTAVIRERBRLTCEY, &hes /A8 (74 +x
v, G-Hhmyv, yaxv B-Ahwi v, B-CRY, ¥7F
FFV, EXFTEFHVFY, a-huT YV, ATAV) D
P, 50% LI E% STz 10 A 15 HEEE, B-CRY &€
TEYVFVEORM T A FOBEREIBED, b
L AR Y a~vnE BT ohT, &rn7 /A F
FOLTF A v ORKIMET L. 11 15 HEETO
T4 P, 514 v9.7% (1228ug+g!), B-CRY
49.0% (6223 pugegh), €7 F¥vF v 17.6% (2233 pg *
g, Vaxvel% (7.73ug-g) Thote EIKX).
auT A FEEGRIZES T 2 EEE T OmRNA L <L
1%, DK-LCYe Tixaffiffla i U Cizi@— & L T
7o ZOfMDAH vT s A FEGRRBETICOWTE, 10
AMENEWREE TH - 725, 10 B 15 H R &8
mit GESX).

Z DX 51c, DK-LCYe DFEH, v~ A i B T B FiZE b
D B AR, AR D EIR T DFEBLAN 10 A LIBT3 R & v
NAEH ot e ERIPREDE 2 5 &, 10 AR
VI BN AR DRK-LCYe DR EN K E L, D
FERELTLCYe AL TERIND LT A v OB
NElitotetFZEx bt —F, Ha7 /4 FKOERKK
LR %10 A 15 Bicid, DK-LCYe LAt 0T o
mRNA VS A D@k bR L, CnbOBEREEAFERL
THEBEND B-CRY RET FH vF v EbofoF v b
7 4 MENERE IR L D EE 2 bR
RAKKHIFTZ2HOT /1 FEFEE mRNA LRILOH#ER

RAETY, R zsd 10 3 1 BRI, & &
AEnas 4 FOBERPBDLNT, REOEOIIAE
%10 A 15 HURR I 28O/ 0 E > 7. £ 37 B-CRY &
L7 vFvOERMEED, FAKO 11 A1 B
D ayRAEFE LI Vaviill AI5HTESY v T
A FDON54% Bopgegh) Thid, mbEVWHEEKT
BHotz. B-CRY EET7Fy v voE&HEREIL 11 H1HD
iz & A EHmed, coked 1l BUBEO I us (4 K&

DK-HYb . DK-ZEP 4DK—LCYe

Fig. 5 Changes in mRNA levels for carotenoid biosynthetic genes in the skin and flesh of Japanese persimmon ‘Fuyu’ during fruit
maturation. The levels of gene expression were normalized by the results of 18S ribosomal RNA. Vertical bars indicate SE (n = 3).
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DI, 1FEAENY a Vit BLDThotc (54
X). BAOH a5 2 4 FEFBREET O mRNA L <L
A H %5 &, DK-LCYe & DK-ZEP (3 &M 4# U C, 12i1g—
EDV_XALTHR LICO LT, zofioras s 4 F
A BREE T, Bt > TEAT A AR L.
¥z, 11 ALBRL Y 2 <v o i f7&E$ % DK-PSY, DK-
PDS, DK-ZDS ® mRNA U~ L id@iic B Uiy, Bk
DG L TR YV a v L) FEhiiE T 5 KR EE
FO mRNA vVl L EE o GESKD. Z
nHoZ LD, 10 ALUMED mRNA V=0 EFIC X -
T, ¥y v b7 AHOBERMNEZ 52, 11 AU,
) a_vEER LD ECE T S BEHREE T OmRNA v
~NOZEWI ERA, V) a v EBRCEREI TV
bDLEEZ LR

Z =

R - BE (1973) 1k BH ORKOKAELLOWKY
2 v ORI FIETRE OB O W TR & VT
AL L A, £ OIFHERE L 10 AT A 25°C,
11 A EpA Tl 15°C & RE OB SR I K< 75
ko husv, 7YV FrFH VIV, ETFFVFVE
BI325°C TR M L7 2 & 5 LT\ 5. %7, Eberte
Gross (1984) 1%, ‘Triumph’ T, Y 2 ~<VIL5EHEFNIC
AT s L WME LTS, SE0 ‘BE OorunT
7 A FOEFEE AL — v Th, FHRIMROE - 10 1 B-CRY
LETFYvFUREBREL, BHPOVERKRIROK T L 11
Ay axvyRNEELTED, Thb & iF—% LR
BELRe. =T, AFORFEFOLT A, Py
R TRED BB DHFE AL TR Y, FRCR
Az DR E G« BBEE, 1987). 4E “§F T
LR IR NG D RIS E D, AT A viEheT oA
FORTIRINCERE L, EBFRZ S L CHic—ER TR
HIhtwasdoktEzbhik, LrbEORIT10pg: ¢!
kAo Tk, »FOREEFIHT LB, SHLT
4V OEBCONTHERTHLERND S, —J, +54 v
DER b5 T, B-CRY & X7 4 v I v NERLIBD
BEBEN10H 15 AR TH o712, vvvavihy
R b v b TR B BN b B BRI R OB LA
HDOLNDL, vy aw Ih Y TIELCYD ORBEENAHEK
L7, LCYe DFRBEOE T A DH LI (Kato B, 2004) ,
b~ P TIXLLCYb & LCYe DA O RBUKL T 1B D H T
W% (Ronen &, 1999). » % Ti¥, DK-LCYb DRILE®D
WRIIRD BN D, DK-LCYe D FEHITIZIF—1C TK
TLTWEhote, REOFHBICL ) 2D X 5 mENRD
LNZHERIARHTH B0, FHEOFIHO AT v 2L
LoTERET A v/ 4 FOFENFIHI TS &
5HIZM U Thote. ok, ¥Rt s A v g
CERBLTWA DL, DK-LCYe DFEBHEIMET LI &
DERE o> TOWH AR D E 2 bt

RATIE, REEETI AUBED Y 2 <Xy OBR
RO -7 chix) axv EfioBEEETO
mRNA VR A D& FRI XY YV a<voEEEL
FERA 2 — v e B Lt EBRLTWS EEZDBR
. TOXo, WETFy v b7 4 AEHOBREAEAL
T BRI EA T Y 2 <y 2N 2 &5 & Lt
RECHRTRAD T BARENEA T D A[REENE 2 S
nh. B iR RoOBZEIER, REOLZIBIAT S\
WD [RAEH] BIRNBEDLNRTNDEZ &b, 4
P L2 REW D RRDOH R Z 5 T % D THR7R\ D
LRI

AFFY Va3 h v EWATB-CRY DEE L HHAER
ThhH HVFYTE ALvyIoD X5 HYD DFEENE
REFFRH v F v RERTLIDE, vvvav iy
DX S ICHYbDFHBHIMEL €4 5 F v 5 v & TRENHE
F 7D B-CRY ERE T2 D ENH D, FDDdY v
v 2w 37 v T B-CRY AEM I 5 L, HYbEET
DFEROETICLHEDOTHS (Kato B, 2004). LL
H F ORPL T, DK-LCYe Z ik I TR O—F LA
o5 TB-CRY EEFICE AT F v v HBIL T WL
2, IBEERTIC 72 5 & DK-ZEP OFBHMET L, €45+
BV OEBELEIELE Fi, BRTIRERCES T
DK-HYb 234n3 % D% L DK-ZEP i33#n+4 3, B-CRY
LETFYvFURERBRTLIIODOEXTF Y v F v OF
BIXED LN, 2D X 512 DK-HYb OFRHNER L T
LEFTFH v voERKIKLI LT, B-CRY NERT5
CEE, AV veRYVvavIAVvERESTWS D
NUE, H F1L DK-ZEP OFBNMEHAT, €4 5FHv v
HEBLIECSWE A TORETH S Z EBNBERTIH D0
LEZbNS.

AN B % FKFE ORI Clk, R D55tk
PHEOFTFTWEMAMZ 5LV BEET &R LT
b, SEIOFFFENL D X S5 BT, ERC k- THFy
Vb7 4 VEEERBRLSTVEENRRE, Vatvy
BT ALBECBIT LA ENBEERIINTHS D
DEEZBND. 5 B-CRY ZOWEENR Sy GEBE LY ED -
RELEY BIETHE L, BHtic k1) 5 10 A 05544
TH5H 20°C BREOFHIR LY R SHMFFT 5 X 5 fofliiih:
WHENLCICHTE A b D EELZBRA.

HEDW, Shlo BE Wz CRBEWoRs )
WEA b0 B8 kb Tb RERRIFIE 2T\,
Thxthoras /A FEE 2 —viez, @B ORE
TIRBH IR 7 4 b= vk, DA E - e sE ke
DRFELZTTEEIBDOND Z E0D, AFOHIaT )
A FPREERROTHRADIHCEE TS0 EHEL -
CEll S, 2005). Mz THisnfE o iic s\ T, TIHRE
A OFBERW IR v T 4 NEARRBEZE BT O
MRNA VSARE NS DDH u T /A FOEHE LD
<, TR hnF 4 PERSRLLT VI TIL R
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Wk L HEZE L7 @D, 2005). Kato 5 (2006) 1%, &
vEYRFEON 0T A NEE RO RERZE R RE T
LHERNH v T /A NyfRicE3 % CitNCED (citrus 9-cis-
epoxycarotenoid dioxygenase) 2BE5- L T\% Z & &REEL
TEH, AFEBETEIaT /4 VEERDOE LT
DA wT A VoRHEROLE) L T OERMREDT 7 v
CVBOERBE LS T B ET, huT oA FeE
BT 2 BRI OMUNTTEE L 705 b 0 L Bbhi.

w O E

hF WA AHAWT, BERNCES hm T A FERE
H A B BE 53 % phytoene synthase (DK-PSY) , phytoene
desaturase (DK-PDS), (-carotene desaturase (DK-ZDS), lyco-
pene B-cyclase (DK-LCYb), B-ring hydroxylase (DK-HYb),
zeaxanthin epoxidase (DK-ZEP) , lycopene e-cyclase (DK-
LCYe) DREBDOKBICOWTH BT L. RETIE, #
BoFERIa T /A FIALTA Y Thote. ThIL
DK-LCYe DB R T FH 2231 —E iR LicDic
UC, floBEEF RO TR ECER L~ T
BHototcwd, BB O LCYe D&RE|INE B b~ THIX
C K& <l idalon 5 1 v ORI Y Licicd &
Ezbhi. HOHSEE S 10 ADRRICE, B-CRY 725 8
CET7 FH v F v NERK L. 2k DK-LCYe A4t it
fETRAO—F LA LY, 9 v b7 rHNERLS
FTVEBEETFRIAASNL —v B b Ll EFEx b, R
Wi, 10 HIZ B-CRY 7e b €7 F 4 v F v RER L,
1A ) a~vy2AEE L 11 ADY 22y 0FERIL,
Vo aXvAERR LD B ALE T % DK-PSY, DK-PDS,
DK-ZDS D@ LA I 5 b0 L2 bl
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