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#§ Z:RH RT-PCR A RACE JjvE B = s (A2 vh ye B BRI b 14 @ i 0 BB K SrPDS,
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Cloning and Expression Analysis of Phytoene Desaturase in Strelitzia
reginae Banks
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(Institute of Crop Sciences, Fujian Academy of Agricultural Sciences, Flowers Research Center, Fujian Academy of
Agricultural Sciences, Fujian Engineering Research Center for Characteristic Floriculture, Fuzhou 350013, China)

Abstract: The SrPDS gene cDNA sequence involved in carotenoids synthesis was cloned from the
yellow sepals of Strelitzia reginae Banks using RT-PCR and RACE techniques. The cDNA sequence
consists of 2 069 bp with an intact open reading frame of 1 746 bp, encoding a polypeptide of 581 amino
acids. Homology analysis showed that the deduced SrPDS protein was highly homologous to other PDS
proteins from different plants. Phylogenetic analysis indicated that STPDS was clustered together with PDS
of Crocus sativus firstly and was more related to PDS of Narcissus tazetta and Lilium hybrid division. The
semi-quantitative PCR analysis indicated that SrPDS showed the highest transcript abundance in early
flowering season and SrPDS was highly expressed in leaves and yellow sepals, but lowly expressed in blue
petals and root. The results indicated that SrPDS played an important role in the growth of yellow sepals.
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B2~ (Strelitzia reginae) XHFRRE Ly, ik NEERHEEE 2 8 2D, I~ maE, B
TSI S g o Es . DL AR, RO, BATRE, KA, By A s s T
AT B2 2R iR e (A LU, A B e IS (AR IR I LA W Rl . 35 B B B LR A T
bR B R B MRS (Mol et al., 1999). 2KH% M2 (caroteniod) 1 LLf# A 5%
B0, PO (ELRME %, 2006; Ohmiya, 2011), WFFEEN], KM, T0%. G4 SRS
TSR s AL E 2 2R S b ZAW S fag it dl (Valadon & Mummery, 1968; Ootani &
Hayashi, 1982; Chiou et al., 2010; Yamagishi et al., 20100, \E ML EZNGENE (PDS) &
KHE RGP IER 2 — . B SR Z WAL 9,9 - Wl - ¢ -8 M,
Zeili ¢ - WY PRIENE (ZDS) NSEHIE b FE AN (CRTISO) LML R, HimasItle
WS D3 CRKH 55, 2004). 7ER({E B, &R URIE MV EEARIMEY T, PDS
FE ARG 5 AR RIS PR R EIEMHIK (Sun et al., 1998). LK H \AF ML E G
(PSY) R, € - % PRIANE (ZDS) FEREMIHIERH, fEisAKE Bl e RiHE &
IR (Kato etal., 2004). Tinoi 5% (2006) i, 5H#§HE 2[R JE T %4 H IS N (e 1%
EFENHE MR, AR 2 p R WA OCHRIE . AW Ik B T SrPDS R 4K, R
RT-PCR X} SrPDS (MK IE K 71k AT L R B R (K AT T o0 #r, B At 5T
% SrPDS 47 Ty fig 59 JLAl, X 47 SrPDS JEPA AR EE 22 SRR b A AL B e R 2 A
EEHIRE .

QY VR SRS DARES

1.1 ##l

DAARE 48 AV R BE A8 ST 5 O 5T 7 U5 8RR 55 RS 22 2% (Strelitzia reginae Banks) Aol
PR RE . BRI B (00, S ED R AR R ITAE - 80 CORAE, H TN v MBI (A qk
I, LRI R VR IFTE - 80 CIRAE, H THENM T, B, sffe=s, WOlei, 2 HRA
Bk, - 80 CLRAF, M TAFALRFRENT: WAL ALT5 T, a6e . REIE B2 E,
I BN R ON - 80 CUKARAT, HlFAek B RLRERIZRIE T -

KT Bk DHS o B ASEES % R 47 . RNA $2509T ). M-MLV [ 5% 8 . pMD19-T vector
FI DNA [FUCRF S A A TR %) AMAR . SMART™ RACE ¢cDNA Amplification Kit
A Clontech 22 & 7= i o 5 W04 B F TAE i B A= T A9 TREAR S5 A7 BRA =) 58

1.2 SrPDS £1¢ cDNA HI3X15

FEOAE S RNA HEBCR ] Trizol ¥5. MR ¥E GenBank & £ i1 PDS {#5F & IR 41 ¥ it —
X514 PDS-F 1 PDS-R (% 1), LA RNA K54 cDNA 25— A B T PCR 1. 97
Bty 94 CIIASYE 5 min; 94 CAME30s, 53 CiB-k30s, 72 CEMi40s, 3t 35 MEHE,
B 72 CHEM 10 mine HERECS T v BOC/N—38 (700 bp 224D ITKs, B ve B AR 5L
PRS2 A5G, R BT % A PCR 788 %52 FHME wi e I, HEAT I

WY FTAFH cDNA Ha)J741, 43 st fe et 514 PDS-3'GSP2 #il PDS-5'GSP1 (3% 1), %M
Race {7 # SMART™ RACE c¢DNA Amplification Kit i 45347 cDNA A iy 14 . 84 i
Touchdown PCR F&J¥, &P =4 vl M 510 g an b prids .

FR A b o 18] 5 70 R0 A S FE 31 B3 1T 43 19 cDNA 2 K81, Bt — %5 5514 StPDS-F Fi
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StPDS-R (£ 1), HilF CIRALM 51,
PR (O AE IS RNA, LA SrPDS-F #11 StPDS-R 514, $oF H #4215 5 (o A8 2 g 7]

13 EMERFESN
HI BLAST X 5 B P AT RIS R i, B e A R I [R5 51 1] ORF finder 3+4K

BITPIRHE CORF); JH BioXM X Se By SIREAT s MR AL 25 HL i 20875 TR # /T DNAman
il Bioedit BHATZIERRFHI LA R MEGA4.0 AT RGEIAGA 1R £

1.4 FFE PCRIENERFRIE
WP i PCR KL SrPDS JERFE LS. feile. whv. B3I, eI, iy, mie
W PRI . i SrPDS K741, $& I E 3 PCR Wk R v v — %4 %5 |9 P1 F P2 (3R
1), A 1 B 251 bp. LAESEE>% 18S rRNA (GenBank accession number: AF069229.1) A
WS, BIFHREES4) 18S-F Al 18S-R (3 1), 3RAFIH 1 F B Ay 250 bp, #EAT 3 & PCR 43 #T.
PCR [ 8 4F Jy: 94 CHIAEYE 3 min; 94 CAZME 30s, 53 ‘Cik 30s, 72 CHEAH30s, St
29 AMIEIR; Hehi 72 CHEMH 10 mine. PCR F=HIH 1.5% 0 B IRbi e e r ik B A T RS

%1 BE=SrPDS EERERREMAAGIY

Table 1 Primers used to isolate and analyze the expression of SrPDS gene in strelitzia reginae Banks

ElE/E S Bl YEH

Primer name Primer sequence Function

PDS-F 5'-ATGCC(A/T)AACAA(G/A)CCAGGAG-3' R B

PDS-R 5"“TCAGTTT(C/T)CT(A/G)TCAAACCATA-3’ For the conserved fragment
PDS-3'GSP2 5'-AACCCCGATGGAACCGTGAAACACTT-3' 3'RACE

PDS-5'GSP1 5-AAGTGTTTCACGGTTCCATCGGGGTT-3' 5'RACE

SrPDS-F 5'-CTCTCACCCTCTCCCAATCTCG-3' 1% cDNA 4K
SrPDS-R 5'-GGTAATGGAGACTGAATCATCA-3' For the full cDNA

Pl 5"-TTTTCATTGCCATGTCCAAG-3' Kyl SrPDS fri ik

P2 5'-AAAGTGTTTCACGGTTCCAT-3’ For the expression of SrPDS
18S-F 5'-CTGAGAAACGGCTACCACAT-3’ A bR

18S-R 5'-ACCCAAGGTCCAACTACGAG-3' For the internal control

2 HiR 50

2.1 SrPDS &1 cDNA =R FIIH R

FIFH X8 3754 PDS-F Fl PDS-R (3£ 1), D23 (0103 5 RNA Wik k(1) cDNA 2 1 4
BEORH, PCR ¥ 93RS — Kl 670 bp ) cDNA Fr Bt (B 1, A). 4 BLAST 7047, %) Btdwhs
(M2 58 21 5 2 R PDS i s B2 [R) I, e 57Kl PDS CAFHS53812) [A) i1 45z 5y 5 15 91%.
INH PRI 0 741 ) 528 24 PDS (AR5 741

FIFH 3'RACE F1 5'RACE [ 514 514 PDS-3'GSP2 Fil PDS-5'GSP1, 4 RACE-PCR 4™ 4 H1= 4
TR MRS, ISR Rk 823 bp Y 3R 1272 bp [ 5K (B 1, B), a4
7202 bp F1 494 bp MEZ X B, £ BLAST KR IA N B &M > PDS 1 3" Al 55741 .

¥ LIk 3 BOP AR B & IR T P 8 SrPDS JE N 4K, IR E Ky MaY k& 1D
PR rs) (B 1, C #HTHRL, B4 KIER 2 069 bp ] cDNA 2 K741 %3 AA
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FERKFFIAE (45 194 ~ 1 939 ANIREE), 31 746 ML, 4ifid 581 N ILEE, bl =44y
TEHN 65.06 kD, BUEZEH NN 8.28. &4 193 bp 1) 5'AE4ifiG X A1 130 bp (1) 3'AFE4iiLIX . i% cDNA
4 2% 5% GenBank, 3¢5 4. JX117875.

DA B 2 W5 (0 JE I S RNA ISR cDNA 55 1 4B MR, LA Ko RT3 1%, Fifs cDNA
AP AR A [

2000 bp

1 000 bp
750 bp —

500 bp

250 bp —

100 bp

A B

1 #8= SrPDS EE AT
M: DNADL2000; 1: SrPDS "f[u] Jy Bedy 384/~ 4; 2: 3'RACE 344,
3: S'RACE ¥ #87=4); 4: SrPDS cDNA 4> KA 74,
Fig. 1 Isolation of SrPDS gene in Strelitzia reginae Banks
M: DNADL2000; 1: Product of SrPDS gene fragment; 2: Product of 3’'RACE;
3: Product of 5RACE; 4: Product of SrPDS
full-length cDNA.

2.2 SrPDS YmiS R EBLRIEIR £ 5247

H4 SrPDS FeHE I I ) SEAEHEN (1) 28 JE 1R 41 5 FLAh A 4) PDS 28 5518 7 41 EAT [ 1 LU AR (&L 2)
550, ZFEY SME (AEQ29521). 7 (AAX33347). H4L1E (AAO24235). #UFIF+ (AEE83394).
KAl CAFHS53812). Hilif (AADO02489). L% (ACP27624) “5 741 RIS 5 AL 86%. 84%-
83%- 81%- 81%- 81%-. 79%.

HEF ) SIPDS 24 3L 7 41 5 A — MR SF I A% TR 45 A 3 (GXGX2GX3AX2LX3GX6
EX5GG) Fl—KiHE b R=E5 G50

1E 2 F L I ERL b, hik—2 T i SrPDS S5 I ey PDS Z ML K FR, N MEGA4.0
BATXE 23 /> PDS )28 SR P AT T RS R L .

i (Kl 3) KW, PDS JERMMEWIEARTT S /020025, B RS ) o Jd
% BRI

SrPDS 5 HLf- 4 41 1€ Crocus sativus. 7KAll] Narcissus tazetta. T4 Lilium hybrid division.
oK Zea mays. /NF Triticum aestivum. K3 Hordeum vulgare F1KIFE Oryza sativa Indica Z5/f) PDS
AR 3 RERRBL, S rHHE2m PDS S EHAIFHIIN L, SRERRBIL.

=
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B2 #E:2SrPDS SEMEFEIESH
Sr: BOEE4; At: PIRIST; Cp: MAG: Cs: &H4AE:; Nt: KAll; Og: 3C0%; Or: KlFE; Pa: 7
BOX [ : ZHHM4 G, BOXII: W% MR4AE.
Fig. 2 Homology analysis of SrPDS in Strelitzia reginae Banks

Sr: strelitzia reginae Banks; At: Arabidopsis thaliana; Cp: Citrus x paradise; Cs: Crocus sativus; Nt: Narcissus tazetta;

Og: Oncidium Gower Ramsey; Or: Oryza sativa Indica; Pa: Prunus armeniaca.

BOX I indicates the dinucleotide-binding domain, BOXII indicates the carotenoid-binding domain.

B Cucurbita moschata AEK86565
B Manihot esculenta ABV01926

i Diospyros kaki ACY78343

MAE Citrus x paradise AEQ29520
28 Elaeagnus umbellate ACT34016
[iiAs Gossypium hirsutum ADV90865
FHARJK Carica papaya ABGT72807

A Prunus armeniaca AAX33347

B4 Fragaria x ananassa ACR61393
e H Gentiana lutea ACF21784

[B - Zg2= Ipomoea sp. Kenyan BAI47573
MHEL Nicotiana benthamiana ABE99707
Fh Solanmum Iycopersicum CAB59726

Ti 545 Tagetes erecta AAM45380
A~ Arabidopsis thaliana AEE83394

BEYE2E Snrelitzia reginae Banks JX117875
4‘—_“ LA Crocus sativus AAO24235

BE Lilium hybrid division BAH10587
KAl Narcissus tazetta AFH53812

K Zea mays AAA99519
¥UAG Oryza sativa Indica AAD02489
K Hordeum vulgare AAL38046

INZE Triticum aestivum ABB84342

0.06 0.04 0.02

L1

3 #8582 SrPDS SHTHEY 22 4 PDS EHNAREHL S
Fig. 3 Phylogenetic analysis of PDS in Strelitzia reginae Banks with 22 other plant PDSs
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2.3 SrPDS EREMFTIEDT

DAESEH > 18S rRNA AN 2, 1K e & PCR BRI SrPDS RS 2 = b R B M BL AN IR |
(MZRIL I3 HT. S5RK, SrPDS 7Ef 2 = JF AL AR IR B W n, B e s 25w, 78
REACIH g9 s (8 4). fEARAL T RIE 4 L], SrPDS fiim (e rh ik i s, H
ERTOEM . 25 WA, R REERIC (B 5.

B4 BE=EREFIES SrPDS HIRE E5 SrPDS EEBEFRMALATRFE
L: FEFRC: 2. 4675 I 3. AGqEIA: 4. EETEIN. Ie WA 20 25 3 sEOE R 40 WO 5 M.
Fig. 4 Expression of SrPDS in different growth periods of Fig. 5 Expression of SrPDS in different tissue of
flowering from Strelitzia reginae Banks Strelitzia reginae Banks
1: Budearly; 2: Budmid; 3: Early flowering season; 1: Leaf; 2: Stem; 3: Yellow sepals:
4: Bloom stage. 4: Blue petals; 5: Root.
N \/\
3 iR

A5 i RT-PCR Al RACE Jik M vl T SrPDS K 4K, % cDNA 42 2 069 bp, H
A S EMTF I EHE (5 194 ~ 1 939 ML), JL1 746 ML, 4l 581 ANEIERR. £ E X4,
BEW], SrPDS L4 (AA024235) KAl CAFHS53812). filifei (AAD02489) ] PDS ¥ LA %
YR YE, 23 83% 81%- 81%. it H it Rt (W I, #9EE =% SrPDS 5 Hf 44 (1) PDS
HEARN—,

Zhu % (2002) K H] Northern blotting 77754347 &I, 72 AR, PDS JE R fEAE A vh )47 £ 55,
PR A RIS Mifelf) PDS JERAEAI o KiERIE, EARFAZE S LPARE R 45,
2011). L0020 PDS BERIFEARFIN: b8 3k, 7ERrh e s A I HAER R B AT
A RIA, TmieRik i s (Chiouetal,, 2010).

ARSI Hhd I i RT-PCR [ J72:5%F SrPDS 745 58 22 AN [A] 4 23Rk 185 L AT 43 #r & B, SrPDS
TEH AL P RA R, 78 W IR RIAR TP R ARG, HED SrPDS W3R8 5 s A e B iy %,
WML B2 et Eon2m, SEefE S RNE b E@astl, aabrEg
Z RN 2 1% (Chiou & Yeh, 2008; Chiouetal., 2010), HEMIA:#S2E > vy A [A] i R IE R 2
XFpRIAA e, RS i iE A oC.

XS 22 AR B R R I T BT /M KB, SrPDS {EARE h IRk N, Blin iRk
i, BARHIES, UL SrPDS ik R BVIImERIA, AR L it ek B iR e
YERD, HEDM SrPDS W] BEAE #% 5% /K T L R >4 w(a A IR )l PR 45V H

MRS D 2R VF 2 AR S W E 2 A 5, X 2R B i R, xR
EZBENSE, KFEUNATMLZ SR, LMK HE M ZIE R, BTl PDS 7R RI4ER
Rz o EE/EN (Bartley & Scolnik, 1995; Zhu et al., 2002; Kato et al., 2004), &4
IS R KRR KAl Bty S0 2E, JeliH ., FEEESERE Y b w3 PDS SEK (Zhu et al., 2002;
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MREXSS 4%, 2008; Chiouetal., 2010; WA 45, 2011). AGRE i Th 7y 2 84528 2% SrPDS, Jf
W FLA AR TR R S AT T 00T, Sk — 5119 SrPDS (13 e J FLAE RS BH 22 W (4 4% T 1 b 14 FH %
RGNS R
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