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Abstract: The full-length cDNA sequence of the phytoene desaturase gene (PDS) of Petunia hybrida
was isolated by using 3' RACE and 5’ RACE. Subsequently, the genomic sequence of the PAPDS coding
region was obtained by PCR amplification using primers designed according to its cDNA sequence.
Sequence analysis indicated that the full-length cDNA of PAPDS was 2 182 bp in length, containing a
coding sequence (CDS) of 1 746 bp coding for a putative protein of 582 amino acids. The putative PhPDS
protein is characterized by the two conserved domains of the carotenoids dehydrogenase family. The
genomic sequence of PAPDS coding region was 7 609 bp, including 14 exons and 13 introns. This

structure is similar to that of tomato and Arabidopsis PDS genes. Two shRNAs targeted to PAPDS were
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designed using the TRC shRNA design process from Broad Institute, and plant expression vectors

(pGSH-pds1 and pGSH-pds2) were constructed using conventional molecular cloning technique. Albino
callus and shoots were produced from pGSH-pdsl transformants after Agrobacterium tumefaciens-
mediated transformation of petunia leaf discs. RT-PCR analysis showed that the accumulation of PDS
mRNA in albino shoots was reduced clearly, which indicating that shRNA technique is applicable to
petunia. CHS (chalcone synthase) is conventionally employed to evaluate gene silencing methods in
petunia. However, phenotype caused by the disruption of PDS function can be discerned earlier than that
of CHS. Cloning of petunia PDS will facilitate its application in gene silencing research.

Keywords: petunia; phytoene desaturase gene; gene silencing; shRNA

KRS MR REEEA SRR MBIt ER, R KL ENMN AT R AZEE (Qin
etal., 2007). \AEFEMAL RN EEF (phytoene desaturase, PDS) &S N3 & ik 12 o i) Bl ,
PDS J:F DIRE R K G2 FECRAE M RARE G, MR T 2SR, AN 24
ALV A, BRI AILS, X ORI T ae s R SR AR — AN IR AT L B R ARk .
T IRERIE G R W8, PDS FERNEMFTIF. KRR AU RNA I T ER A E 55
RAFFEAR KI5 #8A R (Montgomery et al., 2008; Zhang etal., 2012; Lietal., 2013; Shan et
al., 2013; Maetal., 2015), TEREAAFILRGTERBORMA Fo b,  LAAT 32 2 LLRZ 0o 48 4 (1) 75 2K i & i
3L X A#EFR (Jorgensen, 1995; Chenetal., 2004; de Paolietal,, 2009; T4 %%, 2012; Kasai
et al., 2013). SR COIERMFLEER PIERB AR LU, L PDS 5 A1 A #E 0 (R B A R A 4h B
REEIL A A2 PDS ERTER RN T IR DTEREOR (VIGS) i 72 47 . H (Chen et al., 2004),
R, ARSI =K FHUN RNA 3 SRR PUEREAR (MIGS) fl CRISPR/Cas9 i s RAFH A
WFFE (Han et al., 2015; Zhang et al., 2016). W&, —H&H®FS PDS B 4K cDNA JF
FIFEE R 7 A1) () 4RTE, XONEE B BTE RGN RNA 1534 DL 5k (R 40 o SAR A pst R 3t
IR PRI B2 B H A K cDNA [P FEE R4 51

/NI RNA (small hairpin RNA, shRNA) A5 3 KT BR AR 780 7L 2h W 5L K Dh Be i 72 b
J 2N F (Paddison etal., 2002; Yuetal., 2002; Mclntyre & Fanning, 2006). %A B HAN
R, AR/ RNA MR —, R Re A 2B I M B e S5 . (B ARTEE A i
WEFE N AN A /D EHIE (Luetal., 2004; Wang et al., 2008; Kim & Nam, 2012; Kimetal., 2013),
FEREZ A R WAZF AR IR o

ARG B 7 e B A PDS St X ) 2K 781, I LLHAE EEEE R 40 # shRNA EORFERE A4
rp N AT 474 o B RACE iR 45 & 35K 41 DNA PCR #3353 PhPDS 4K cDNA Flgmit [X [ 5
R 7% FI R FEFT (Broad Institute) [R5 7EZR 31T UTER PAPDS 1] SARNA F A4 ZEAH B [
Bk, LAISIE/N K RNA N F IR R AR TE R A 2R TR R

[ VL SRS DARES

11 B ERS R

WIS T 2013 4 9 H % 2016 4F 5 AEPU R R/t LT AT o 344 (Petunia hybrida) HXE
% “‘Mitchell Diploid” (MD) Hi#i 76>~ David Lewis 2% . KA DH5a. R H GV3101.
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TP FIEFAK pGreen 110229 A LI E 47 . pMDI9-T I H E4EY) (KiE) ARAH.

1.2 EZE4 PDS HEMTESFIIDHF

T 2R i RNA I HUH Invitrogen [ TRIzol 7], cDNA 4 Bl 5 A= 4 ) PrimerScript RT
Master Mix 07 . RNA ¥ A1) £ 460 H NanoDrop 2000 436 Y6 FE v F B e AR Bt i 3k . RACE
FEMR (194 A A0 PCR 47344 Invitrogen 1] L1500-01 GeneRacer ™ 7%, BAz4HIMR. 2. HAfE
A RNA #%2 1:1:1: 1 JiEHESE M T RACE BRI & M. PCR 51L& 1. HPFHERE 4] DNA
FI$EHH CTAB ¥, ¥34 PDS R 2w bl X FE PR 20 7 I A 19 PCR 519 Wk 1, 3G 2498 B I 51
MIAFEAT % . P50 T Lasergene 7.0 AR IARST . JEPR 2509 BRI 2148 4 GSDS 2.0
FEFF (Huetal., 2015),

1.3 PDS ERFEMFEEN
PUEEZRE (MD) MR, 25, HRIER cDNA NIEM, ACTIN #K AN ZS (5% Actin-SF Fl
Actin-SR), 14 PDS FE[A 51414 PDS-F1 A1 PDS-R1 (& 1),

F1 BB EA5IMRFES

Table 1 PCR primers used in this experiment

HiE vt EEZE RS 75 (5'—3"
Comment Primer name Sequence
F 1 cDNA H Bt PDS-FO CCAGATAGGGTGACAGATGA
For a cDNA fragment of PAPDS
14 PhPDS ] cDNA Fll 5RACE PDS-RO GAGCGGCAAACACGAATG
For a cDNA fragment and 5'RACE
5'RACE PDS-5R2 CTGTTCAAAGCGATCAAGAAGCACTG
3'RACE PDS-3R1 CCAGATAGGGTGACAGATGAGGTGTT
3'RACE PDS-3R2 CGAGCTGAACGAGGATGGAAGTG
g R IR A PDS-F1 CCGAAGCTCTTCCTGCTCCAA
For PhPDS genomic DNA and RT-PCR PDS-R1 GGTACTCCGACTAACTTCTCCAACT
Y IFEEH For PAPDS genomic DNA PDS-F2 TTGCCGCTCCAGGTATAATATCCA
YL H LA CDS PDS-R2 AAGAAGATTAGCCTTCGACCGTCT
For PhPDS genomic DNA and CDS
Y For PRPDS genomic DNA PDS-F3 TGGTCACAAGCCGATATTGC
PDS-R3 CCATTTATTGGAGCAGGAAGAG
YHFEF A F CDS PDS-F4 ATGCCCCAAATTGGACTTGTTTC
For PhPDS genomic DNA and CDS PDS-R4 CTTTCCACCTAGAACATCCCTTG
FERNS Actin-SF AGATCTGGCATCATACCTTCTACA
RT-PCR reference gene Actin-SR CCMGCAGCTTCCATRCCAATCA
I U6-26 BT U6-F 2egetaccTCGTTGAACAACGGAAACTC
U6-26 promoter U6-R 2gaat TCGGATGTCCCCTAAGGGAC
# /% shPDS1  Synthesis of shPDS1 PDS-shl1F aattGTCGGAGTACCTGTTATAAATCTCGAGATTTATAACAGGTACTCCG
ACTTTTTG
PDS-sh1R gatcCAAAAAGTCGGAGTACCTGTTATAAATCTCGAGATTTATAACAGG
TACTCCGAC
&) shPDS2  Synthesis of shPDS2 PDS-sh2F aattCATGCCGATTGTTGAACATATCTCGAGATATGTTCAACAATCGGCA
TGTTTTTG
PDS-sh2R 2atcCAAAAACATGCCGATTGTTGAACATATCTCGAGATATGTTCAACA
ATCGGCATG
YUl FEH KN For PAT gene PAT-F CGAGACAAGCACGGTCAACTTCC
PAT-R AGATTTCGGTGACGGGCAGGA

1.4 PDS Z[H shRNA ¥ RIEHHME 5IEEEN
PR B FAA I 15 25 R 514 Ue-F Fl U6-R (3£ 1) F IR IF I U6-26 JH 2+, Ky
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PR Kpn 1 1 EcoR 1 B J5 %42 3 pGreen 11 0229 22 53 B A7 4, M5 5630F )5 i 4 N pGSH-m. PhPDS
FE[R shRNA FEA e #6805 )% 1T i M5k http:  //www.broadinstitute.org/rnai/public/seq/search £
RTER. WARF RIS St 7 AT N B, DM RS AR50 5 F (1 R IA 2R R D)
£ A UCHE (% 1), Wit shRNA ) 2045418 F Mfold Chttp: //mfold.rna.albany.edu/) #E47 T (/&
Do ARMIE. RIEFEE RS 50 uL 1) NEB buffer2 Bk R (314K 2 pmol - L)
M 100 CLEMEIEKE RN, BRI E EcoR 1 M BamH 1 KL SAZ R, B
EcoR 1 Al BamH 1 V)5 1) pGSH-m #ARIESE , 15315 H %% shRNA [ DNA J7 51 [\ 1) ik 4044
pGSH-pds1 F1 pGSH-pds2 (& 2). pGSH-pdsl I pGSH-pds2 JFiki DNA F ik S N KATH
GV3101. &ZE4 M 47% (Zhangetal., 2016) #EATH4k.

NOS Ter shPDS1

1E X 5% sense LB | PAT NOS U6-26 RB
U6 leader\g,?,n o e 3 00-c oo x,ﬁ\,«*\,«;,?,o/ﬁo
5-4-0-0-0-0-0-4-0-6-6-4-0-4~4-d4-0-d-04-0_ 6 pGSH-pds1
& shPDS1
- NOS Ter shPDS2
IE X fif sense LB | PAT NOS U6-26 RB
Ubleader—o4 c0-0004-090 0001323030 2
D-Q-0-0-0-0 A-0-3-3-0 ~o® pGSH-pd82
N shPDS2
1 T shPDS1 FA shPDS2 B =4 444 2 shPDS1 7 shPDS2 RiA S AL+ E
Fig. 1 Schematic representation of the predicted folding Fig. 2 Schematic representation of the U6::shPDS1 and
structures of shPDS1 and shPDS2 U6::shPDS2 constructs

1.5 HERKRRSH

HAL P ZF DNA FHY 3G BASTA HutE 3L 4R 514 PAT-F F1 PAT-R HEATY 14, Bl 7ML A
%A FEHLIAE R PDS A 1R I8 =22 L ] RT-PCR VAT 74T o

2 RS0

2.1 EEHL PDS EFRYEE

RYE GenBank H & RIEAL PDS FEFIHE /3 dmhd X 751 (AY593974) #it514) PDS-FO Al
PDS-R0O, LA ‘MD’ %741t v cDNA JERGEAT PCR §71G, 3k45 PDS £ [K 14 350 bp K1) 7 B
(K3, B, BHWFEEE BT #5itk751% 1t SRACE 514 (PDS-RO fil PDS-5R2) 5
3'RACE #J514) (PDS-3R1 1 PDS-3R2), 43l T8 PCR 14 (& 3), BEIRH Bt
AT . M P& RFKE, SRACE M 3RACE M B SHIE A BAEGESZNX, 5L RE . ¥%3
AR BT AT PHE, 13 84K cDNA J7 41, %7 5 i 4 9 PhPDS(GenBank 5 5% 5 5 KP677483 ).
RIEHHEF 5% PCR 514 (PDS-F1 ~ PDS-F4 1 PDS-R1 ~ PDS-R4), PLFER 4] DNA MRt
PhPDS W R A7 51 5y BeftAT PCR 73, 434 =9 NSOy Ja i A7 PH2, 15 2] PRPDS 9atid X 1) 5
K27 %1 (GenBank 3% 54 KX398952). /&, HIMH 5% PDS-F4 #1 PDS-R2, LA cDNA R
44 PhPDS MRS IX T A1, 193] 1 5640 2.0 kb 2% (B 3), M7 45 R H 75 5511 cDNA
551
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2000

1000
750
500

250
100

3 PhPDS BEEFRE (F). ¢DNA kifi (RACE). HMBEXF5] (CDS) Ay ¥
Fig.3 Amplification of a cDNA fragment (F), the cDNA ends (RACE) and
the coding sequence (CDS) of PhPDS from Mitchell Diploid

2.2 PhPDS HIF5I9 R

PhPDS 1] cDNA 744K 2 182 bp, HAWIEMT 1 ~ 118 bp 19 5'HERHFIX (5-UTR); HH
X A7 T 119 ~ 1 867 bp (A, H4uid 582 NG IR 3AERIEIX (3-UTR) & 315 bp. LA PAPDS
cDNA HEM g iS & H /7 7165 NCBI 8 )i 2 2% 30 2 64T BLASTp #%&, 45 3K 8 PhPDS Yty
EESEMN. WA, DAEMBHEE AR K PDS & E K — A 92% ~ 93%. 2RI & I,
PhPDS HH7E N - i HA7 — MRSF I S H IR 455 458 8 [NAD (P) -binding Rossmann-like domain,
Bl 4, Al, ZE5MECTARAS MRIAMILE, &1 2 L NAD 50 NADP {E 4B B 7 il &
I 3L R RFAE (Pecker et al., 1992); [RIRAE C - s th BAIEHE MR B A ML E 7% (Sandmann,
20020, X 5T FEMT cDNA FIFERIA P FEAT LA, KIEAES PDS ZEF WG X A5 14 NMMET 13
MAET, S5FM (Mann et al.,, 1994) FILLEE I 2546 Y) PDS BN gmhd X (25 AHIE, (HN &L
AP E I (B4, B

<Pos=118
L —— ]

< Pos =523

[ & L E

A

$&22 4 Petunia hybrida (AAT01639) PhPDS

Bt Solanum lycopersicum (NP_00234095) SIPDS
BRI Capsicum anmamm (NP_001311742) CaPDS
ST Arabidopsis thaiana (AT4G14210) AtPDS3
K G Gyeine max (NP_001236769) GmPDS

IKFG Oryza sativa (AAD02489) OsPDS

EK Zea mays (AAA99519) ZmPDS

B
&2 Petunia hybrida (AAT01639) PhPDS
Bt Solanum lycopersicum (NP_00234095) SIPDS

YT Arabidopsis thaiana (AT4G14210) AIPDS3 m-E-2—————— 5 — -5 .
5

AGAGLAGLSTAKYLADAGHKPILLEARDVLGGKV. CRPLORSPIEGEFYLAGDYTKOKYLASMEGAVLSGKLCAQA
120 130 140 150 530 540 550 560

AGAGLGGLSTAKYLADAGHKPILLEARDVLGGKI
AGAGLGGLSTAKYLADAGHKPILLEARDVLGGKV.
AGAGLGGLSTAKYLADAGHKPILLEARDVLGGKV.
AGAGLAGLSTAKYLADAGHKPLLLEARDVLGGKI
AGAGLAGLSTAKYLADAGHKPILLEARDVLGGKV.
AGAGLAGLSTAKYLADAGHKPILLEARDVLGGKI
AGAGLAGLSTAKYLADAGHKPILLEARDVLGGKV.

CRPLQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKLCAQA
CRPLQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKLCAQA
CRLLQRSPVEGFYLAGDYTKQKYLASMEGAVLSGKLCAQA
CRPLQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKFCSQS
CRPIQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKLCAQA
CRPLQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKLCAQS
CRPLQRSPIEGFYLAGDYTKQKYLASMEGAVLSGKLCAQS

NADP)ZE & HEI0
NAD(P)-binding Rossmann-like domain

C-Hi{RAF X

Conserved C-terminal region

i L ———. i + -
;.. L= + + - |

L L L L L L L 3’
0 1 2 3 4 5 6 7 kb
== 5p 2 Exon — N&F Intron

E 4 PhPDS BEKIEHIHE

Fig. 4 Structure characteristics of PAPDS

2.3 PhPDS EEESAEHEHLPBFTIE
PLRE 2 MD AEHZ) cDNA AR EEAT € & PCR 708, 4558 (K 5) &R, PhPDS 1t

EN Ui or

R, ERATEh RIBREAR, RYNZEED RIE T RES K H R fE.
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i3 E i i S
TEEREL Cycles Roots Internodes Leaves Flowers Water

25 PhPDS

B 5 PhpDS EREFRARARBRIEIFR
Fig. 5 Expression of PhPDS in different organs

2.4 PhPDS HJ shRNA &1t

# PhPDS 1] cDNA J¥ 53232 S A 70T (Broad Institute) ) sShRNA W iHFER )5, HR4E IR Al
g5, MVESraeim (Intrinsic score = 15.0) FIELFH L+ T /55 GTCGGAGTACCTGTTATAAAT
(pds1); MPF43IK i (Intrinsic score = 13.2) HIHEF 41tk £ 1 7% CATGCCGATTGTTGAACATAT
(pds2). SRIGEFEFHEAERIIE R 519 SR INFF] “ccgg” 1B “aatt”, RIAIGIH 5 A b I F
HF %1 “aattcaaaaa” BN “gatccaaaaa”, 15F|H T A shRNA DNA [FHIM 51 (R 1, 514
BKJE IR AUEE DNA K FE5lae 5 EcoR 1 M1 BamH 1 BV 5 (EAK AR I FE 5 FLAN . B30
shRNA 741 #25Z Mfold 1T RNA #7250, Tl shPDS1 A1 shPDS2 [ — 205/ W 1, #r&H
HEE AG 2098 - 1.56 x 10° F1-1.52 x 10°J - mol ™.

25 RERZFEFHRATNH

pGSH-pds1 1 pGSH-pds2 4355 %] 100 N # AME KT S 9%, ekl o3t L5535 6 )G
BTG . M pGSH-pds] FLREFRIIAMEAR K H 327 Hepitt @4, Hib 31 Boorfbli A, &
A (Fe, A HiFFHAtG., HAat@mdas (K6, B), ¥AaFEMEmAR %R )E
B3 [ OB A SRR (B 6, C) o BEHLIZEL 10 DAL HTIE R 280 DNA #£4T PCR 718,
HIRey 14 Basta Fiib R4 (B 7, A, BFAERILE I DNA AREY 1 %464, Wi
XL A AR R AME SRR AR . B2 MR A B R IUS RNA, X3 T RT-PCR 40 #7, 45
PRI A GO E ) PDS £K cDNA FIREEH N (B 7, B), KU pGSH-pds] ¥ EEK B4
i PDS FE[H [ RIEZ 2T

pGSH-pdsl +  pGSH-pds2

6 shRNA fM-3HIFEZE S PDS B EITEK
A. B: pGSH-pdsl BALIAMEETE R AL (FiskFiR) (A) FEALEEHES (B); C: ALK pGSH-pds] 2k .
Fig. 6 shRNA-mediated PDS gene silencing in petunia
Aand B: Albino bud (A, indicated by the arrow) and callus (B) produced from explants transformed with pGSH-pds1;
C: Albino pGSH-pdsl transgenic shoots.
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M pGSH-pds2 F:55 7% I AME A FR K 306 btk @A 44, HEA KA A @mH S8 ZE R
R (B 6, A, Uil pGSH-pds2 Jii i #4 IE 7= J5 A Re A 2P P YR PDS 2 K] Rk Ko

bp M1 2 3 4 5 6 7 8 9 WT TEHE T1 T2 WT HO
25

1000

750

500

250 A

B7 B{L4hEish BASTA i EE M PCR &R (A 1 PhpDS EEH) RT-PCR &7 (B)
M: DNA - THARIE; 1~9: FHGgiEs T T2: BRI WT: BRI,
Fig. 7 PCR detection of the BASTA resistance gene (A) and RT-PCR analysis of PDS mRNA accumulation in albino shoots (B)
M: Marker; 1-9: Putative transgenic shoots; T1 and T2: Albino shoots; WT: Wild type.

3 Wi

AWK T A4 PDS £ 4K cDNA 4 Fgmts X (3£ R4 751 . R, %55
5&EM B IR IT K E KRGS O e B AT I Th RE IR Y PDS R R s i [RIa P, 155
ZREETEE BN RS, X5 PDS ZERTEAEYE MG shid b R IEREEAZ M. FIER
(1) 5635 AT DL 5 {6 1 ) FH 12256 ORI D e 266 DR R AN i o S5 A % I i PR b, DR B IR AN ] [X
BUE N REAR ISR AL 1 4K, [ ZERTE S/ RNA O RICBR B AR, BT RAT {8 343 B Yk 2 RNA
IR R . [FIRE, TR0 f AR B R A dm i R, R PR A2 RGP 5 8 2
(OB, 45 IR AR B S R I 51 PCR S4B BUR I FE 5 a1 2% .

shRNA /5 1) 2 BRIUTBRE ARTER A S B SCRARTE IR RIHEF I 9 19 ~ 93 Mkt
(Luetal., 2004; Wangetal., 2008; Kim & Nam, 2012). ASHF 57 A AR 3 e 7L sh P b4 i Z 3 R B
R I B0E, Mg T IANEAR RSN 21 nt TTERAEA S PDS B shRNA #4k. #1504
Fi, HApM—AEk (pGSH-pds1) K% T Ihig, HHBMMIR S FTiE 1 shRNA B 5700
IS EE BV o 5 SR — 8, U I —TE I LA Al 2 ST SR R TE R F R RTAT I, XN
TNHEEEA R R B8 T At MR BP0k TR 7 41 pds1 A1 pds2 BH R 1) 22 AR 3
15 ~ 20 SEARFEFIF L, pdsl F) 6 MEE 4 A B T, pds2 FIEH 14 C, iIX 2 AL pdsl F1 pds2
Wy 15.0 1132 M EER R, BEFH) 30 AT & E, <IN shRNA I T/E IR siRNA
BUEER (siRNA duplex) H SCEE 5'0 AT AR E M, XMGE BT ) X siRNA FE54 3| RISC
(RNA-induced silencing complex) ' (Zhang, 2014), MIMHEEIEFETTERFIRCR . X 0] RE & i B
pGSH-pds1 1 pGSH-pds2 [T BR A [F] 9 S5 A

HIR, g CRISPR/Cas9 553k R4 M RABH ARIBIH, /N RNA (125 K JTER R E L A
ThEew 5 s E A BT84k, (B TSR R AT sE gl 7 3 3R I8 RIS R G FEAR BE R LA AN [F 3R IB 7K1
FEILIRMR RS, ZRBRTIAT 2% . ShRNA #AM a5, HAE B a4 v i s sh B K
A BT 0 7 2 ik R ) T RedEAT 434
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