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Cloning and expression analysis of phytoene synthase gene in Tagetes erecta L.

QIU Yaqgiong, ZHANG Enqgi, LU Yican, TIAN Bin, LU Chuanfu, NIU Xiangli
(School of Food and Biological Engineering, Hefei University of Technology, Hefei 230601, China)

Abstract; Phytoene synthase(PSY) is the rate-limiting enzyme in the carotenoid biosynthetic pathway
of plants, catalyzing the biosynthesis of lycopene. Marigold(Tagetes erecta 1..) is rich in carotenoids
in its flowers to imply possible high activity of the related catalase genes in biosynthesis pathway. In
this paper, TePSY, a gene encoding for PSY of marigold, was cloned based on the transcriptomic data
and ligated into the cloning vector pEASY-Blunt. The sequencing results showed that TePSY has a
full-length frame of 1 272 bp for a hydrophilic protein with a relative molecular mass of 48 kDa. Evo-
lutionary analysis suggested that PSY gene is conserved in plants, and TePSY has the highest similar-
ity to the homologous gene from the same family plant of sunflower. Real-time fluorescent quantita-
tive polymerase chain reaction(PCR) indicated the expression of TePSY in marigold flowers, the a-
bundance increases with flower development and decreases at maturity. TePSY was furtherly used for
plant expression vector pPBTEX-TePSY construction and Agrobacterium-mediated transient expression
in tobacco leaves and then subjected to western blot(WB). The results showed the expected protein
product of TePSY expressed in plant system for further functional analysis of marigold TePSY.

Key words: marigold( Tagetes erecta 1..); phytoene synthase(PSY); gene cloning; expression analy-
sis; western blot(WB)
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Z ) bR W A R D e 2R LSRR L
FREEBEIR A BB 2 I 8 N R A i B
GGPP [ fEILEG . & 1 Bk EHEBLET T i PSY 1)
B s PSY TR SRR T A B L
SR PSY Rk 32 240

PSY 38 # LI 5 20 9 R R 4
KAFETZHHE Y, I 2 IS [F R B 1) 41 404y
SbEFR . PSY NS SR RS R FIAR
WA N ZRWEY A EF M, PSY
Uilore SO I Sl N ST /RS g AR R (VAN
. PSY Z 5 A E AP S 8 2t 4
LR, H 5MMEAE PEMIETHRA
KL AR TR, PSY fEALARFR A B R
TR . EARBES M BIRE ST L&A 14> PSY
B ARAE H A P ) PSY B2 2~3 D F
AN TR &R N RN T A,
PSY J& i 285 DU SR TR K, B 2 7 45 2%
S AR 2 AR SE R T RES AT
FEPRP 1 3t 2 A BB 3R R 3 1 — A
JRENT T PSY SRR AR 2 B &
B AR SO Ho AN S Al 25 R ) PSY B
(544 K TePSY) AT wi e 53 B, 3145 2 K 4t
JP8, %5 TePSY BEA7 AR5 B2 Rk B 4y
BT o 5 SR st A% i A T R AL I B (AL JE il
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L1 FEXLWHH
1.1 M#aat

Ti 7355 (Tagetes erecta L. ) ‘Juwang’ (F&ff
) 5h AP H 2 (Nicotiana benthamiana ) ML T-&
NE T R R 57 %
1.1.2 XA

TRIzol W) F Invitrogen 2\ #l; [ 5% 5% i 7
& SLIN B2 E | B A B E 28 W (polymerase
chain reaction, PCR) &5 £ . TransStart® FastP-
fu DNA Polymerase, T4 DNA Ligase,dNTPs 4
g Tl 2 A W HEARA PR 7 s DNA gfifl i
& Bk AR B R) & B T RAR A AR FR
A FLAG b2/ B e BT IRl T 36 [ Sig-
ma A7) ; PageRuler Plus Prestained Protein Lad-
der. western blot ECL Substrate ¥ il T 3
Thermo Scientific 2% &] ;s A5 2 4 F 40 R 28
s = P 3 ali, pEASY-Blunt 5 & 24K 1l Tt
A E Y BORA BR 2 Wl 5 HE W) 238 84 pB-
TEXGii 1 FLAG & FHR%8) KT I (Esche-
richia coli) Hitk DHba FIRFFH (Agrobacterium
tume faciens) EAE GV2260 ¥ AR SLI6 =R AE
1.2 SRIHE
1.2.1 RNA#®RRE R 4%k

U 77 35 AL H RE S E T » LA TRIzol 42
IOEARIBCUE RNA F# ] Nanodrop 2000 {3
DI FETHAG I Jo 8 Y 8 40 135 5 AR 5 4 R B e s
R AR 2D IR F PR I RNA 2850 [ % st
Ji cDNALFECTF —20 °C,
1.2.2 TePSY AR &£ &5

WA SR AL 3 T3 B TePSY FER 436 7
51, K A Primer Premier 275 IE 15 X 11 5
L PCR 514, BAKINT .
PSYF1.: ACTAGCATAATCTTTATTGACAGCA;
PSYR1: TATTGACCATTCTCATCATCTAAAC;
PSYF2.: GGGGTACCCTTTTTTCATATTCAAGAACCAAC ;
PSYR2: GCGTCGACGTTTGAAACTAAGTTTCTTGATG

Phb 4 Bl | 38 i A= AR TR R Ay
AR A G . PARCEE 56 cDNA Sy Bk i 47
TePSY K41 . S8 J5 ] FH B0 S5 F5C v, DK A D
PCR ¥, ¥ 38 4itkf5 5 pEASY-Blunt %
RIS T Wi AT RS2 S M A2
A 50 mg/L RAREE R AR IL R i v, X BT AR
AT R D) 2 A 1T 51 %) MI3F (GTTGTAAA
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ACGACGGCCAG) . M13R (CAGGAAACAGCT
ATGAO AT 7% PCR %7€ #F PH M o 19 1
AT FF Xy 25
1.2.3 TePSY A1z &5 5

AR F 4 B & (ExPASy, https: //
www. expasy. org/) 78 TePSY #:[K 4% 2 H
AL M J s ) ) 9 A 482 7 1 (SWISS-MOD-
EL) #iil] TePSY & 4 = 44544 ; #] 1 MEGA7. 0
ORI P AR 1) TePSY 5K 551 5 % H EH %
W ARAZ B A0 (National Center for Biotech-
nology Information, NCBD) {4 FE AP £ & & B
Py lel 5 5 K 34T b T SR T 4B 4% (neighbor-join-
ing NI VA HE RGEHEAA HEAT 5047
1.2.4 TePSY % R kik & 54

TR AR ZKRE 12~18 cm, M+
3~AXFAF AT RS AR, A K B 70 d HEAFEW].
FAHEME K [/ —Hk LA AT ARk &I
AL, VIERE 5 mm {68 IF 4 5 0 DPO, Bkl
JE 55 6.15.21 R H4EAELZ, 47 5k DP6
DP15.DP21, BUR[RIE &I 43 4L i (L)
LU AT RNA $2HL % 5. LA cDNA
B, TeTIF6 1E A N2 HM, il ¢ & PCR
X TePSY Fik /K VP TR, TeTIF6 NS
B FE R TIF6F. TAAGACCTGGTGGTG
GAAATAGA. TIF6R: CAGCACCATGAGGAC
GAAGA; TePSY & & 5| ¥ ¥ 5 i qPSYE.
GCTTTAGGCATTGCTAATCAACTC . ¢PSYR:
CAAATATGTCTTCATCCGACAATC, 4 4~ 2 Ji
P 3 E L, M 225k H R R 5
IV E =TT
1.2.5 pBTEX-TePSY # ke #s

B RE TePSY 3£ H 1Y pEASY-Blunt 241U
Kpn 1 .Sal T XUEFY . sl 2lifk , 5 [ AE UG
1) pBTEX IR EARIATiEHz . & Wb K
AT B2 A 0B . LA A RIS R () 35 57 ik
1iiise . BJEPRECR R LG9 PSYF2 . PSYR2
ATV PCREYISEAE 8 BV T v D 1 38 i
AN LE A 1) B A o B 2 BBUBORE , 5% A AR T TR
GV2260, ik 4 & R AF 3 BH M e B, IR A7 T
—80 ‘CUkAfi& .
1.2.6 TePSY &G EMFErt 7 Pogkik

e A ) 3K 28044k pBTEX-TePSY )4
FFOE AL PRI v B T 5 A R IR 8 2 AR 4
PR SE SR 5L 28 "CREIRIE SR 12 h, WRIR 300 pL
PR T 2. 7 mL B 5557 6~8 h, PRI IR

B A 3 mL i 5 (AB £5IM B 57 1)K
200 mmol/LZ Mt T 7M. 25 mg/mL RAPEZ) ,
FEJFHSE 12 h, BEAAFRE 10 min, T EHE 2
s A3 mL BUBCGE M (50 mmol/L 2-A ik 2, itk
{2 . 200 mmol/ L Z T 7 ) 2 W 2 Asoo
{4 0.5~1. 0, HU—WMETCE Sk 55 a4 , Bk
FREBIEAAERK L 5 JH A E R i,
FALFE 4 h ARG E TIERT 48 h, f#iAME TePSY
FEPRR A AR R A IR 2K
RS A I B R RE b, B2 200 mg
B 200 pL 85 H R (50 mmol/ L =3 AL
FEHE 150 mmol/L & 4b44.5 mmol/L & — &P
R 0% H L 120 5 £ kg BERR L 20 pmol /L
AR L 1 mmol /L 2R H ERE E RO . 7850 T
W5 T vk b 10 min, 12 000 r/min, 4 °C &0
10 min, WEHC 3% M _EREZE o, 95 °Cmik
5 min, #F 47 PAGE Hi 3k (100 V, 1. 5 h), % Jii
(250 mA,1 h), FEIEIS LA 5% RS W0 Ry Jt AT ik
FIRE 1 h, AR5 L anti-FLAG /)N pE e 4
FEIIFE 1 h, L TBST ZZ ¢ ik (250 mmol/L = ¥%
FH L R F ¢ L 1. 34 mol/L &4k 8. 27 mmol/L 44
AEHR 0. 120 20) A YK 10 min PEAE 3 UK. A
western blot ECL Substrate, £l Ji 1k 2 & YA
TePSY & HTEAEYIAR N FRIB G HLHEA TR .

2 HERaoW

2.1 TePSY EREM=E
2.1.1 B#ALE TePSY #9338

VLTS 75 35 A6 L SR S AR B 1Y) cDNA iy
Mz 151t TePSY F¢ 55| P17 85 PCR, X414
P EFT PAGE HLJK, 5 R 1 frs. Bl 1
H, 1.2 103 TePSY JLH P 1474,

Marker 1

2000bp—

1000bp—

1 TePSYEE PCR ¥ 18 7=#1#) PAGE HikE

B 12 BE M R SR A R KNS i
B HIH B (1 301 bp) FEAR —Z, JoH A Bk
RSP 1Y) .
2.1.2 TePSY i# 3 pEASY-Blunt 5& % &4k

¥ TePSY ¥ 34 77 ¥ 5 v b 1 {k pEASY-
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Blunt 3 #, 540 K F B IR Z 4 i, o
A=A B e B DL AR AACE T 5 1) MIL3F . MI13R k47
B 7% PCR %5 25 2 s, Bl 2 f.1~4
REHTIRES S s — T I -+ N IEXTIR . KB
P B [ TR R AT DU P bR 5 R R R 1S T
TePSY 3 H K il 751 5 5% 5% 41415 17 51 A
EL o 26 G DX v (B A A it 2 5 Xt b — 2B
W) B SR AT LA Ao 7 S 20 0 P Bk D IR A 3L R P
HME L AH AR LR 1 SB35 B 2 5 114

Marker 1

1500 bp—
1000bp—

2 TePSY #E#: pEASY-Blunt HEE % PCR £

2.2 TePSY BRAEMERFENTER

It 8 AT B X TePSY 4 it 2 (A 1)
ot i HE AT 43 . 45 3 B n, TePSY 45 15
423 A EERR A 43 BT i A 47 796. 845 Hi
SEHLSON 7. 97 R R RECK 45. 87, R FARE
B RRMETE R —0. 272, & TARKEE M
i 1 ) PR AR vk i — 2 X TePSY & LR ¥
A AR, P AR A =GRS5 e 3 . &3
WAL T RE N Sy 2 B B RO

3 TePSY EH =441

¥ TePSY 5 NCBI %4 1% vh H At 46 49 ] 52
FED HEAT LE XS A R G R AR, IR 4 P
K 4 §1. TePSY i J7 7534 ( Tagetes erecta) PSY
F " HaPSY N ) H 2% ( Helianthus annuus
AJ308385. 1) PSY #:[A; LsPSY N5 (Lactuca
sativa ,KM398074. 1) PSY E:[H ; CmPSY M % 1t
( Chrysanthemum mori folium, AB205050. 1)
PSY 3K ; CoPSY i1 35 (Chrysanthemum bore-
ale ,KC202434, 1) PSY F:[H; SmPSY JJy7K K #if
(Silybum marianum , MW768909. 1) PSY K[ ;

BnPSY & Bk W il 3¢ ( Brassica napus, NM
001315972. 1) PSY £ [H ; CcPSY 7K J& % (Ca-
bomba caroliniana , KM398083. 1) PSY 3t [H;
CaPSY2 h #F 4L 4& ( Crocus
KT737476. 1) PSY 3 [H ; ELPSY il fiil ( Eryth-
ranthe lewisii » KR053166. 1) PSY }: K ; CsPSY
HJ )N (Cucumis sativus » GQ203104. 1) PSY 3%
Kl ; FtPSY Ry 3% & (Fagopyrum tataricum,
KC571227. 1) PSY 3£ [H ; CdPSY 4 i1 (Cer-
atophyllum demersum ,KM398050. 1) PSY }:[H ;
VoPSY1 F %% (Vitis vinifera, JQ319634. 1)
PSY % [H; DkPSY 4 #ii ¥ (Diospyros kaki
FJ594485. 1) PSY 3£ 5 VinPSY g Wi i i 47
(Vaccinium myrtillus , KR706538. 1) PSY #£[H ;
RmPSY / F B # ( Rhododendron molle ,
KX230461. 1) PSY 3 [H; RjPSY H H 4 ¥ f5
(Rhododendron japonicum , 1.C021368. 1) PSY
e s LaPSY 2 22 JK (Luffa aegyptiaca,
KX092450. 1) PSY %[ ; SePSY it % 54 (Sali-
cornia europaea » AY789515. 1) PSY }:[” ., 45
FW], TePSY 1) H 2 [ JRE AR A B s » 5
22 JINFIEE = 57 11 [ 50 5 PRURH AL e 11K

96 TePSY
100 LsPSY
CmPSY
31 100 CbPSY

100 SmPSY
BnPSY

CcPSY
84 EIPSY
100 CsPSY

91 —— FiPSY
CdPSY

32 VvPSY1
DKPSY
94 | VmPSY
RmPSY

ancyrensis »

14

B4 AE#EY PSYEERFHULDH

2.3 TePSY BEREREFHLALPHRES

T3 35 A TR AFAE AR X A T e
29120 d, B ik AT WOREL T 2R AR . AR A
‘Juwang’ FEREFIZ 70 d J5 R ATFAER X HOR ]
KB R 4141 (DP6., DP15, DP21) it (L)
TePSY B3R IR 7KV #4728 it PCR Kzl , 45
RAnE 5 frn. B 5 R R AT 2 2
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5+ (P<<0.05),

14¢ c
e 121 L
X
é 10F
o
=
o b
g4 b
3 L
2_
a
0— DP6 DPI5  DP2l
R I

B 5 TRZBEERES TePSYEMRIEE

HE 5 T AL SiF A L, TePSY #EAE R A
] & B I A 3R R B84 T s BEAE 1 B0 TePSY
FARIKOSETH R G BAK L 7E DP15 B A 2 e
2.4 TePSY T L HEBE

FIFE S A TePSY 3[R o [ 28 M4 1 0 5 14
WHEICBTRL, L Kpn 1 F1 Sal 1 #E47 BTk XL il
D). T4 #0358 TePSY HiW Bt 5 pBTEX
T ) 335 AR S SR I B A0 K FF 17 IR A2 25 20
I R AR B B v PCR %88 , 4045 7 fig
i N pBTEX-TePSY % #22 214 (1) PH A% se b . 3F
— 5%} B e B A7 TR SR B L B 2 L 25 SR
6 i, B 6 H:M {3 DNA Marker; 1.2 X
FPAPE E B BRI A VI =, B 6 Z5 RN S
TePSY WK/ H 19 R B 918 B TeP-
SY O %4 F pBTEX #{k I, feq i PHYE 5
G 5 RL I Y . B IA pBTEX-TePSY #4 & 5% i,
TePSY %ifith[7 51 O i% B FAEY) #3884k, TCIP 5

RAL T

——pBTEX

5000 bp__

2000bp__

—TePSY
1000bp___

E 6 pBTEX-TePSY ## & iz EEEILE

2.5 TePSY EREMERM FHHRIX

P S TRBGE S AT TR A A TR A 1Y
JHFL Fr BORE VRIS , SRR kA 7 2 1 B
(western blot, WB) 73 #7. a5 R s 7 fras. Kl 7
o1 RS pBTEX ARyt B i s 2 AR
pBTEX-TePSY ik ¥). W1 T+ pBTEX #{k

H TePSY 4 15 FLAG tr&fl &, irkik
FEAN S a-FLAG PUiR4E A . B 5 WK/
AR — B — Al B R S A AR Y
Xif BECRE il D) TG A B Al A R R WL T b
TePSY FiR BT MDA N HATRIE . TG
Z21f) TePSY TIRESHT .

1 2

63kDa—

7 EAMITERN TePSY A EHRRIX

3 it it

T A5G R A ) R s i e A
AFEENE MR, HENE PR AE &
)22 FIE R T 40T 2% 1) {66, Il 2 8 R 52
Xl SRR P LS A £ i AR 25 S A Tl A LA
R EEER T A N R A R
WL IR A R R RERA 2
il B BRI U AR AR ) 5T AR I 5 4 22 57 AT 43y
WS N R B R, P B ATLL R S A X
[ O R IR NS T VAN 5 TTEA N <910
NEFALLR G UG PSY WA X — A5 i
RS 2 — . FEE b b 2 R )t e
T ZA MR PSY SER S0, 45 F 5 01 2 31
ARIRHLVR v SC A E H AP RIS f R
A S TIRES . MR 2R 8 N RBLRM
PR, PSY (LR AW 6 BUER T 5t (5 45
VER) S A ) (0 R A R H 1Y
FEH

AWFFE LI AR E 5T A% AP Juwang”?
JrsEga AR R B 28 PCR Xt TePSY S H 1T
SERE ARG TR K i P4 IR T )
HAEYE B2, e IR R, TeP-
SY TE 71 735 A6 HY 4 & B Br B ik . 16 DP15 i) 1)
TR ERE. AR 12 5, KX 4%
TePSY Feikfa#h 5 #RKZE 16 1 [ I3 56 1) A
. Rk IGUE TePSY 465 59 1EAH P 1A N
) TR S AR R A T, A P B I e G 1A
Z Al western blot ¥ T TePSY & H{E M
iAW R, FIL, AW E T TePSY FE A
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