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#Z . Fi RT-PCR 1 RACE $; R\ 24§ (Fragaria ananassa Duchesne) R 32 H e 3] (518 hE S MEHE ZDs, fr
# 4 FaZDS , H: ¢cDNA 21 2148 bp, HA 1 4 1710 bp H5EHFT i 7 EHE (ORF) ,, Jif% 569 MM . [T Hr&
i, FazDS $ifE A ERRTF S H MY ZDS ZEAARBE MM AIE. REMARIITRY, ERESERK ZDS
BHEGRFBIL, FMRIAGEREY FazDS HEXGIF AT RERAFER . FA¥E it RT-PCR HARMTHH
RIERIIT R, FaZDS H R FE BRI I FUR SR B F0k , FARUNE > LR > B4R > AR > FR > M.

KB BR,; (HE NENSES; FazDS 2R ; ERHETIE
X EHE:1005-3395(2010)06-0670-05

HFES#E: Q94322 XERRINA A
doi: 10.3969/.iss1.1005-3395.2010.06.013

Cloning and Characteristics of {-carotene Desatura
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Abstract: {-carotene Desatura (ZDS) is one of the rate-limiting enzymes in the carotenoids biosynthetic pathway.

The ZDS gene named as FaZDS was cloned from strawberry (Fragaria ananassa Duchesne) fruit using RT-PCR
and RACE techniques. The results showed that the length of FaZDS c¢cDNA was 2148 bp with an open reading
frame of 1710 bp, which encoded a polypeptide of 569 amino acids. Homology analysis showed that the deduced

ZDS protein was highly homologous to those from other species. Phylogenetic analysis also indicated that ZDS in

strawberry was close to apple. Prokaryotic expression showed that recombinant FaZDS had highly expression in
E. coli BL21. The FaZDS could express in flower, fruit and leaf by semi-quantitative RT-PCR analysis, with the
order as flower > red fruit > pink fruit > white fruit > green fruit > leaf.
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TR NRNEYE BER, R E 2
YRR R SRR R A EEME X,

W% N E A ({-carotene desaturase, ZDS)
RAEYRNY N RAYEREBEP R AN EE
Bz —, B - E DR R, JEm
HALREARS . AHFRY ZDS HA BRI
YER, AT BRBIAE RIS B0 48 b R & ™ . FAES
E N RAEYEBIRR TR ZDS B 143 B A
EMRBSRIMRE ., AXNEREPFEET ZDS
FE I T H cDNA &K 75, Mg (8% b
F IS Y RS T R BEE 4T EL A, D R AR E AR
I FAEE R T AR B A o AR LR 22K 4R

1 PR
1.1 ##
HHRAEY) Ry B %% (Fragaria ananassa Duchesne)

EA WA, R B REE R BB YT L K
L

1.2 5 RNA fJ3RELFI cDNA Ky5EfE

KA Trizol B:4R BXELRE SRS RNA, S I E R
M EINA 2-BE, LABRZ: RNA H 288, 85 40
o #REREYAERAF K PrimeScript™ 1st
Strand ¢cDNA Synthesis Kit & 7] & 8 7 & & &
cDNA %5 — 4%, W X519 AP JFH] K 5'-
GGCCACGCGTCGACTAGTAC(T),,-3"

M4 GenBank H'f¥) ZDS E:F P HIBIT 1 XA
SEX IS |Y, Bl P1:5'-TTGGATCAAGGCCAT-
GAGGTGGAT-3', T i P2:5'-CCAGGIACATCACA-
IGCTGCIAC3', PCR ¢ # ) #:94°C 3 min,
94%C 30 5,56°C 40 s,72°C 30 5,35 PMEH; T 4°C
TR

WIEERE ZDS 3 (FaZDS) R X 45 58,
BEt 3 W54 P3:5'- AGGCTACCAATAAG-
CAAACT-3', 5 R 5| ¥ AUAP Fcxf 4T PCR 4"
H4 , AUAP J7 314 : 5'-GGCCACGCGTCGACTAGTA-
C3'c PCR §"#4#F R: 94°C 3 min; 94°C 30 s,
54°C 40 5,72°C 40 5,35 MEHF; T 4C T R-FE

WR4E FazDS WP 455, %1t 2 4~ 5" R K51
1,554 P4:5'-CGACTGGACTCAATGCAAGA3'
Ml P5:5'-CGAAAATCAAGTTCGCCAAT3', LA P4
J5 916 R cDNA %5 —4% , cDNA 25— iR R 9
B ,#1T ¢cDNA 28 8 WA, W F PCR "
W, P5 S5l 5% AUAP ECX%f #E4T PCR $" 14,

PCR J K : 94°C 3 min;94°C 30 s,56°C 40s,
72%C 40 s,35 MEFH; T 4°C TR

WIS W) FaZDS By cDNA &K, BT IF K
I 3EHE(ORF) ¥ P6 I P7, Jile H; ORF, ByiF B 3k
B F3, 511 ¥ 543 R P6:5'-ATGGCTTCTT-
GGGTGCTCTTACC-3',P7:5'-GCTTCTTGGGTGC-
TCTTACC-3', PCR Y W4T R : 94°C 3 min;94°C
305,55C 90 5,72°C 40 5,35 MEH; T 4CF
RFE

PIE PCR J" KR 25 uL, 8 25 ng AR
cDNA 1 pL,0.4 pmolL 5[4 1 uL,0.15 mmol/L
dNTP 5 pL,1 U Tag DNA R4 02 pL,1.5 mmol/L
MgCL /) 10 x PCR ZZ Wi 2.5 pL, il A K 1 B 48 40
7KZ 25 pL, PCR ¥ =Y 1% MIBEIEME vk A
Wi , Bl aiifb 82 pMDI18-T 34k _E#51k, BRE
FH M FERE T, PCR Rl /5 38 22 00)F , 3R153 FaZDS %
HeK P3G A B =500 5B M F
B AT 0T

1.3 RiEHEHERRE

B 1 MRS YA T FaZDS £ H 5238 I K
B BEHE R , 43 BIAE 5 A1 3' 5| A Nde 1 Fl Xho 1
FEYIL A, PCR ¥ B =128 Nde 1 1 Xho 1 XY,
B FaZDS B R B, JRA%FRIRE MK pET-32a( +)
JERLF Nde T 1 Xho T SLEGY], Bl A A Bt . #
FaZDS F: Ji Be il pET-32a( +) B84 J BLAE T4
HEREAERT 16CEEIR, EE= Ui LR
%A E. coli DHS o, 38 7E 5 Amp /¥ LB Y4 I, $k
BT V& 203 LA PCR. BG VI AN PP 647 0 3E , %5 %5
B R BRI B 2B 2H 3R 3K UKL pET-zds ¥4k Rk 18 &
W E. coli BL21(DBE3)i#47 i # K ik, & SDS-PAGE
Kl , 2% Chr 5 s R-250 YL Cambil 3 A3k ol .

1.4 FaZDS EEMFIE
SR 1B R HR A R AL
R APIEUE RNA JFE &, & B cDNA F—4 5128
Fi*f5E & RT-PCR el FaZDS )Rk &, LE &
188 rRNA K W %, FaZDS 5| ¥ K P8: 5'-
ATGGCTTCTTGGGTGCTCTTACC3', P9: 5'-
GATAAAACCTTCCCCCCTTGTCAAT-3';18S rRNA
2| 4% & 18SQF: 5'-GTAGTCATATGCTTGTCTS3,
18SQR: 5'-GAATGATGCGTCGCCAGCACAAAGG-
3', PCR Y WL K :94°C 3 min;94°C 30 s,57°C
30 s,72°C 30 5,28 MEH ., PCR =ML 1.5% Bl
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BBEB LYK , ] UVP 227 ff) GDS8000 BEMKE LR 7
GEHA BTN PCR 28 HEAT 90 BE I 20T o

2 SRR A

2.1 FaZDS EEM=E

H4E GenBank ' ZDS F H 75 1 X3
514 P1.P2, DA AE S AL RNA 3% 5% /) ¢cDNA
SE—HE AR, 4T PCR &8, K18 1 4~24 800 bp
R HI(E 1), XA Bl A7 Bk aifk, &%

M1 M 2
1000 bp —pp
750 bp = 1000 bp

M 3 4 M
750 bp —jp [
500 bp el

Bz B4k I e PH M SE L B 41 OB PCR 45 U
7,452 1 4N 797 bp 4 cDNA f I, e 5 & AR
(Carica papaya) (DQ666829.1), K 5 (Glcine max)
(AK245534.1) . BR#(Capsicum frutescens)(X89897.1)
) ZDS & R WRPE 4> 3115 85% 83 % Fl 82% , Hof
SR ERT SR (Malus pumila)(AAQV4224.1),
4% (Citrus reticulata)(BAB68552.1) M (C. maxima)
(ACE79169.1)% I IR} I 23331 R 92% 191% 90% o
BLAST M\ R B2 % ZDS IWARSFIF .

@— 2000 bp
<— 1000 bp

Bl 1 FaZDS 3% PCR ¥ 14
Fig. 1 PCR amplification of FaZDS
M. TaKaRa DL 2000 marker; 1. {f<FIX Conserved region; 2. 3'RACE; 3. 5'RACE; 4. JT-J{(F 4% ORF.

g HAE ZDS <7 X741, % 3’ %5 RACE if
AT PCR ¥ 3, 25 1.0% Bt B s vl WA , B3
124 1000 bp MR FA5H (Bl 1), MFEEREVIX
FFBI 973 bp, SHR5F XA 61 bp HE & X B, 7E
NCBI | BLAST #; &, H 5 3 B (AF429984) .,
(Prunus mume) (ABR253630. 1), 7 (P. armeniaca)
(AY822066.1)35 ¥ [E] P54 4371 R 87% 88% 89% o
W AR M EERITH 5 ¥R (AAQD4224.1) F
A JK (ABG72806. 1), ¥ B b (Daucus carota)
(2121278 A) %5 1) [ I8 1 43 5311 2 92% . 86% 87% o
KILEWE TR 3 SRS XK 242 bp,
T 1AE 17 MRFBRA KA poly(A)s

%} cDNA 55 —4#5 R R Y B A Biss — 48, F5|
Y P5 Fll AUAP %} 5'RACE #47 PCR §3¢,753) 1
A~ 695 bp ) cDNA A Be( 1), H 5457 X cDNA
F 239 bp WEZX ,SLFRK/NHA 439 bp, 7E NCBI
M3k - BLAST #: R, H 5 3E 5 (AF429984) . B ik
(Ricinus communis ) ( XM002512193 ), & J¢ fH
(Gentiana lutea) (EF203258.1) %5 (¥ [a] Y5 M 23 31 Ky
77% 86% 87% o #E-FH G5 M= BT 5 53¢

F(AAQ04224.1) B& (Citrus sinensis)(CAC85667.1) Hi
(ACE79169.1)%5 iy [RI Wt 4359 A 83% 70% 70% o
S'URT A 14 196 bp HIERTLIX

2.2 ORF ZRER £ F 5

WAE R ZDS R X 5" Al 3 U i I e &5
R, P H 2K <DNA, il ORF 5|¥) P6 1 P7 17
PCR 3, HWH BT g B (B 1), Bk B
Wl 2lifls , 28 3% 5 B Ak | O 10 B 3 e L 2R 4 ORE
PCR %5E U5 , W P 45 R AP 75— 30, B =
KEEE ZDS FHA ¥ 5, fir 44 FaZDS. % cDNA
2K 2148 bp, HLA 588 I FF B FEHE (197 ~ 1906
BRER) , 2L 1710 MoREE , ST 569 NEER, 5T
R 62.738 kDa, B S5 5K 6.85, % cDNA ¥
F| & % 3% GenBank, % 3% 5 & FIJ795343 (GIL:
256041891).

¥IR13 M FazDS 2 2K cDNA K H 415 1)
SEBRTFE NCBL Wt 34T BLAST [R R A
K, EEREY, FaZDS 535 (AF429984.1) . & AR JK
(FI812088.1) JWKINA (Jatropha curcas)(GQ337075.1),
BIRR(XMO002512193 )55 1 [RIIR P 73551 4 86 % 83 %
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(%)
95 100

[F] 1% Homology
75 80 85 90

J175% Tagetes erecta

[ 1 %% Helianthus annuus
1% b Daucus carota
M Capsicum frutescens
& il Lycopersicon esculenfum
Wl Citrus maxima

& Citrus sinensis

R INE AN Citrus unshiu
HI%Rh Citrus paradisi
AKX Carica papaya
W Malus pumila

ih4 Fragaria ananassa

okl Voo
W JUFIIF Arabidopsis thaliona
K Zea mays
4t Sorghum vulgare
K2 ZDS MR G
Fig. 2 Phylogenetic analysis of ZDS in different plants

83% .83% . ERMEERITH5IER(AAQM4225.1),
15 M % M (Citrus unshiu) (BAB68552.1), #&
(CAC85667.1) 1 (ACE79169.1) %4 (¥ [ ¥ 1t 43 31l K
91% .86% 86% 86% o

FIF] DNAMANS.0 #44 % B A SR 4E 19 Fr
1Y) ZDS B H R R IT F 1T 2 E LR,
ANFAEY) ZDS F B i R E R 75 P A TR
PRFE , RT3 R PR P R 3k 83.58% o 19 FifE
Wi ZDS ARG ST R VI(E 2), EREAISE
R ZDS BEHEGARLEE, BA—%K; 255
FAR A M GRINEN M RE -, NS
R R FK ARG G BT A ) R Ge ik Ak A PR
B,
2.3 Rt FiEH ik PET-ZDS £ERRiL

i Nde 1 Fl Xho 1 X J5i#% 3K ik 244 PET-ZDS
HEAT Y] % (K 3), 315249 1.7 kp WA BL, 5T
B /N—3, Ui B R % 3K A 2R Kk PET-ZDS 4 2
B

% SDS-PAGE HLIK K5 Bk et R0, 1
1 mmol/L IPTG 5% 8 h J5, #F B 41 Jii kL PET-
ZDS ) E. coli BRI 1 44 84 kDa %
T, T #5725 ORE pET32a( +) BB #K o oA N
&, T EAEA S His % R OB HB N E
FLFRZA 21.0 kDa, A TR B NEBRH RN
ZDS T ETM K 62.7 kDa FA—3(,

2.4 FaZDS$ AR R

FH¥ % 8 RT-PCR X} FazDS % #3359t
Tio0# S5 R RV R I JE R R R
LR AP AE FazDS 2 E B (E 4), Ui %3

1882 bp
1489 bp

E 3 pET-ZDS T4 R Nde I Fl Xho 1 BUEHI%
Fig. 3 Identification of recombinant plasmids digested
by Nde I and Xho 1
M. N\-EcoT14 I digest; 1. JJi#i pET-ZDS.

FORA AR, BERBEFAHEER P H
RixBE R, TR REMAFRLEHBHR
IREORIE], B SR SE R, R B ARG I, A 4T
REFRERK, BR ZDS FFEMFEIXLIAE > 40
ROMAR>HR>FR >,

1 2 3 4 5 6

ZDS

El 4 FaZDS FEPRAERTA SPE Pk
Fig. 4 Expression of FaZDS gene in different organs
1: 4€ Flower; 2: 752 Green fruit; 3: ' Leaf; 4: |43
White fruit; 5: ¥3£1 5 Pink fruit; 6: 1.2 Red fruit.

3 g

FAEY S P R RERE PR RE
RSB RA A . AR, W RHE N AR
) 3 ANSbR R I R T H AR &, an e LB A L
ARG A RN\ EB/IL RN BB RNEFE
TR RMAIER , AR 4 Fhlg: L3
Pk LEAERER A R N\ E B R A R\
AFMARZMWMEEM (G MRS E
(ZDS)™', ZDS #Efk -85 b RN KHE b
EABSRTHE N EaRER) S F—4
M R, Hit— B BaAs REMa R, ZDS &3
18 N E ARSI EE R, XA RS RE
A IA#EVEF . 2004 4F Rodrigo 5" PSR BHH A% SR
sz pEleF] ZDS [ cDNA 751, H. ZDS XfH 5 5R
SEHRRAYE PREMNHREREENEREEM.
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Jérémy U BF S HIESE, B MR B/
ENHERSRES ZDs REMEXE HEXR,
K ZDS 2R T £1 R AR R A

HHj 2 M B L Fd FF (4drabidopsis thaliana)
(GBAN 138550). # /K 1l ( Narcissus pseudo-
narcissus ) ( GBAN AJ224683 ). /N 2 ( Triticum
aestivum) R Fh B KAL(N. tazetta var. chinensis)™
B ZDS , H cDNA K8 1.8 ~2.1 kb, 4
T 558 ~574 NEEBR ., ZDS MR BRI HEA
L AMHE B IR RHAE T S A T e B
PREATE R 2 Ik, ABFIY R vE e T A
ZDS F:F 41K cDNA, %)k 2148 bp, BA TEH
FETBB EEHE (197 ~ 1906 bp), 3L 1710 bp, 4t 569
MNEER . 4 DNAMANS.0 #4347, 545 ZDS 5
SRR G KR A

REAE D RBERYE KR RN TEE IR R
AEBHE AR , W IR SR S U8 5 FIAE T BB A
EHHEEEERY, EARHE FRERERPH
HEREE, - P EBEREDS)ERLEA
FRAHEEREERAS, Zh Z19895% T
BN ZDS FFEFE, IR ZDS FEH R4
kRS, BAFNEPREERS, BILE
MG SR E R IRAE P RS PEMHE, P HE
KAl i NTZDS1 2R R R 5 H ZDS 1)
FAR—F . FBAINM L L 2R I
3 ZDS B PR, RBGR S 1 Kk & A et
S, AR ERY FaZDS R R FWE
KRR, RKER, &A%, #W FazDS 7] RE+E
BRAREMRHY NEREMEN B PERE
YEF. RS P EREERARBERHEELS
T RR 5 FaZDS WFRIBH R, HiT FaZDS 5
RAERERKHY M E SR WA fFit—2
BT, A B2 T N S B9 B LA
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