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Cloning and Expression Analysis of Phytoene Desaturase

Gene in Ornamental Sunflower
Wu Jianshe'**, Zhong Huaiqin'??, Huang Minling'***

(“nstitute of Crop Sciences, Fujian Academy of Agricultural Sciences, Fuzhou 350013, China; *Flowers Research Center, Fujian Academy of
Agricultural Sciences, Fuzhou 350013, China;, *Fujian Engineering Research Center of Characteristic Floriculture, Fuzhou 350013, China)

Abstract  The HaPDS gene cDNA sequence involved in carotenoids synthesis was cloned from the yellow
petals of Ornamental Sunflower ‘MinKui 3’ using RT-PCR and RACE techniques. The cDNA sequence consists of
2 017 bp with an intact open reading frame of 1 710 bp, encoding a polypeptide of 570 amino acids. Homology analysis
showed that the deduced HaPDS protein was highly homologous to other PDS proteins from different species. The puta-
tive protein sequence has a cofactor binding-domain in N-terminal, and a carotene binding-domain in C-terminal.
Phylogenetic analysis indicated that HaPDS was more related to PDS of Tagetes erecta and Chrysanthemum x morifo-
lium. Quantitative RT-PCR analysis indicated that HaPDS showed the highest transcript abundance in full bloom. HaPDS
was highly expressed in ray florets, bracts and leaves, but lowly expressed in tubular florets. With the increasing in the
amount of MkPDS relative expression, colour changed from white to yellow and golden transition.

Key words ornamental sunflower; phytoene desaturase; carotenoids; gene cloning; expression patterns
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NI TN -2 SOy N = P /NN A S WA TS
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ZEFT i B ) 2R3 (R A T AR T H 1S (B )
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AT, GIE SN A R T AR TREEOR
M55 B2 7] 56 o

1.2 S RNARIZENFNcDNARY &

K 2 B % 9y A WRNA$E B0 71 £ 32 B
RNA. i H{PrimeScript™ 1st Strand cDNA Synthesis
Kit s % 55 3 7 5 & lieDNA S — 55 ] T RT-PCRY”
W, RGN .

R $5 GenBank H JL A AH 41 (¥ PDSE R 7 71 13 v
— X SR X IE 51 #PDS-F. PDS-R(#1), LA 5
K [FJcDNASE — B ) B EATPCRY 1Y . F™ 427
47: 94 °C 5 min; 94 °C 30's, 56 °C 30's, 72 °C 70 s, 35
AMIEER; 72 °C 10 min, 4 °CHR1F.

HR 4 W5 1) H € PDSHE DA R 57 Xl e 45 3R,
W3 X Ry S 5 PDS3 (), 5 51
AUAP(EDECKTHEATPCRY 4, 1B K JE 458 °C.

15 O RAF IR PDSEE R 7 A1) (1 kit |, Bevh 45
3 [ AR5 5 IPDS5'- 1 FIPDSS-2(# 1), PLR K11
cDNASS —HE4li4b . i b i, PDS5'-1HC X i
MG IIAAPER )T 23 — 46919, LLEE —5PCR™
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Table 1 Primers used to isolate and analyze the expression
of HaPDS gene in Ornamental Sunflower

ElEZ B S PN~ 3")

Primer name  Primer sequence(5'—3")

PDS-F TC(C/T) ATG AT(A/T) TTT GC(A/T) ATG CCA A
PDS-R AT(A/G) ACT GG(A/C/T) AC(A/C/T) CCAACT AA
PDS3’ CCC GAA GAT TGG AAA CCG CTT

PDS5'-1 CAG AAT GTCAAC TGG AGTAGC A

PDS5'-2 GGC AACACATCT GGGAAGTCAA

AP GGC CAC GCG TCG ACT AGT AC(T)17

AUAP GGC CAC GCG TCGACTAGTAC

AAP GGC CAC GCG TCGACT AGT ACG GGG GGG GGG
HaPDS-F AGG TAAAGT TCC CGT GCG ATG A
HaPDS-R CAC AAC AAACGC CTGTGCTCAT
RTPDS-F CTG GAG AGT TTA GTC GCT TTG A
RTPDS-R GTC AGC ATT TCATTG TTC CTC A

EFla-F AGA CCA CCAAGTACTACT GCA C

EFla-R CCA CCAATC TTG TAC ACA TCC
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RIS S5 AT, AT HIMEGA4.08 4 h
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SYBR PrimeScript RT-PCR Kit# ilicDNA S —%5E, P
ZILREF1aR I cDNA SE 3, J5 120 °CLRAF % H .
PN E FPCR I NAR 2 420 pL, cDNA A4 1 nL(%
M 3 5 F BE104i%) 2xSYBR Premix Ex Taq™ 11
10.0 uL~ 10 pmol/L_E 514 45:0.8 uL. 50xROX
Reference Dyell 0.4 pL. ddH,O 6.0 uL. 7EABI 7500
P FPCRAX 58 el 5

#ZR
2.1 WMEE HZEHaPDSEE £ cDNAT[E
R P8 GenBank 7 FLAt AL 47 PDSHE R (R 5 )7 1) %
T} 5] 35 5 #PDS-FAIPDS-R, LAML [ [ 2% [
253557 ARNA K 53R A5 I cDNASE —BE M Bt 1t
ATPCRY™ 14, W > L WISRAF T — 4 K B 4653 bplf
cDNA F BL(EI1A), 21741 1R . L4 BLASTHY
RONT, %T I gL IE IR S )T 77 % (AAG10426)
HIKFF 16 (AFK29791) it PDSHE D] [7] Y5 % 43 531 15 95%
F87%, #I My xe b v BE A W 5% 1) H 25 PDSHE IRl 1)
RF 4.

(A)

bp
2000
1000
750
500
250
100

M HE3RAT (1) PDSHE R LR ~F X 741, 13 713'RACE
R Sk 5 [PDS3’, 5l H 5 | AUAPHELX, #4173
I RACE PCRY™ 8, I3 45 2 B 3% )7 4114734 bp
(E1B), 5R5FIXA65 bpl B X B, 17 FI1EZ L
R K152 bpi3 AR gL X, Hh AR — A
1T IR FIpoly(A).

LA 3R 15 A PDSHE RO 5 X R 33 I 25 2R,
W25 RACE R F 5 s U5 | #)PDS5'-1 HIPDS5'-2,
PLcDNAZE — 55 i 7] S ) 8 & B3R — B i AT
S, W e R, 5T 51793 bp(KI10),
%7 B 357 X cDNAT 68 bpi) 2 X B, HIlR &
S P AR R 284 e e 4, 2B K/ 2695 bpe

HR 48 SRAF (R PDSEE PRI R Y X PP 1), 5" 13 i

Y R P T4 K cDNA, ¥ 11ORF4|#/HaPDS-FA1
HaPDS-REHATPCRY 1, HIP v BUAFA Y, K1 980 bp
(EI1D), fiff ik 24 M 5% ) H 25 PDSEE R 7 51, iy 44
MHaPDS. Z%cDNA4>K:2 017 bp, HAT 58 ¥ [1 T i
BT HE(ER 153~1 862N AE), L1 71008 2E, 2 hd
5702 MR, i hd =P 4+ 54 63.564 kDa,
DA HE S 25 i 5 R 7.04. S A 152 bpfas AEgw g X
F1155 bpl3' A4 X . i%cDNAJF 41 GenBank & 55
54 KF263656.

2.2 WE [ HEHaPDSER S EERF 5 SO

NCBIH'P-BlastFs 3 %f HaPDSZHE: [R 2 15 [X 4, 3
TR 7 5 o AT W] PDSS )\ & 3 i 41 % it S/ S s
Wbk S ARl /- R IS 28 T S A5 A 1 T K T TR R~
SERIIR I AT B R YR PE . PrositefE 2k A4 e X
1T 25 A6 T0UI 43 A7 A B HaPDSHER 7 471 5 I 2 1
VU T BERR AL ST T 2 TR N O IR A A7 052

M: DNAFRHES T HDL2000; 1: {557 X 740; 2: 3'RACEY ¥ 74; 3: SRACEY 17 4J; 4: ORFH 4,
M: DNA marker DL2000; 1: product of conserved region; 2: product of 3'RACE; 3: product of 5’RACE; 4: product of ORF.
Bl M E (6 HZEHaPDSEF BIPCRY 18

Fig.1 PCR amplification of HaPDS gene in Ornamental Sunflower
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Consensu dpp n ea s f rp

Consewsek fa gllpa ggg yveaqd 1 v wm
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qg p rv evfiamskalnfinpdelsmgcilialnrflgekhgsk afldg pperl p v hi s gg v nsr

KE © ELVFAPARENW < 442
tckeyy pn smlelvfapa ewi sd

gy ey ey

Conseniusat el

ARG .EVMAEASLV . . 570
'VRRSKK . ASTAEMTVV 570
'VSTAVG. DQSAEMEV. 582
'VARGOTRLAEASVR. . 573
ARE . KVAAEASLV . . 551
TLRSQKSLOSGEVPVP 570

ARG .EVIAEASLV. . 572

ARGKGRLAEASMCP. 553

Ha: MLE i) 2840 %%35; Ntz 1 [E KAl On: 300 2%; Pa: 4 Te: J7 7744, Zm: E2K; Ch: Z1E; Cs: BT, BOX 1 “IZ 1R 45 A48, BOX1I: 25iH

B RE A

Ha: ornamental sunflower ‘MK-3’; Nt: Narcissus tazetta var. chinensis; On: Oncidium hybrid cultivar; Pa: Prunus armeniaca; Te: Tagetes erecta; Zm:

Zea mays; Ch: Chrysanthemum x morifolium; Cs: Citrus sinensis; BOX I : indicates the dinucleotide-binding domain; BOX1I: indicates the carotenoid-

binding domain.

E2 W E [ A& HaPDSE EBLEE 45

Fig.2 Homology analysis of HaPDS gene in ornamental sunflower
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100 |— Nicotiana benthamiana ABE99707

40 Solanum lycopersicum AGO05926

28 Carica papaya ABG72807

Manihot esculenta ABV01926

34 — Citrus sinensis AEQ29524

18 100 L Citrus x paradise AEQ29523
43 E Chrysanthemum x morifolium BAE79552
100 Tagetes erecta AAG10426

19 —— Ornamental Sunflower MK-3 Bamks KF263656

28 Daucus carota subsp. Sativus ABB52082
50 I Fragaria x ananassa ACR61393
59 71 Prunus armeniaca AAX33347

Vitis vinifera AFP28796

—| Arabidopsis thaliana NP974545
38

Glycine max XP003538537

Oncidium hybrid cultivar ACP27624

37 Crocus sativus AAO24235

37 Narcissus tazetta var. chinensis AFH53815

Lilium hybrid BAH10587

Zea mays AAA99519

60 Sl|
Oryza sativa Indica Group AAD02489

99
— Hordeum vulgare AAL38046

100 L Triticum aestivum ACL36586

—_y
0.01
E3 ME 6 BEHaPDSE H 2250 iEYIPDSE QB RG34

Fig.3 Phylogenetic analysis of HaPDS in Ornamental Sunflower with 22 other plant PDSs
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1: 7530, 2: WRAE T, 30 & Ae IV 4: PRI, 1: ray florets; 2: green tubular florets; 3: black tubular florets; 4: bracts; 5:
1: bud stage; 2: early flowering season; 3: bloom stage; 4: wither period. leaves.
El4 HaPDSER L L BRI T RBNRIANTS El5 HaPDSERE A EBELRF X FA TS
Fig.4 Relative expression profiles of HaPDS gene in different Fig.5 Relative expression profiles of HaPDS gene in
growth periods of flowering different tissue
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Relative expression

11

M lonllal

8

1: [ 2%3%5; 20 [ H 1755 3: [ 951%5; 4: ] 2545 5: GS08; 6: CS; 7: £ (051 8: L0hTH% o
1: MinKui 3; 2: MinRi 1; 3: MinKui 1; 4: MinKui 4; 5:GS08; 6: CS; 7: red polyphony ; 8: procut redlemon bicolor.
E6 HaPDSEFETEARRETE & mihhaEN RIENTS

Fig.6 Relative expression profiles of HaPDS gene in different varieties
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