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Clone and expression analysis of CtWD40 in Carthamus tinctorius
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Abstract: Objective To clone CtWD40 transcription factors (TFs) and analyze its expression level in different tissues of Carthamus
tinctorius and relationship with the content of hydroxysafflor yellow A (HSYA). Methods CtWD40 gene was obtained by cloning the
WDA40 candidate gene from transcriptome of C. tinctorius as reference. Its conserved domain, three-dimensional structure and phylogeny
analysis were analyzed by bioinformatics methods. The CtWD40 expression pattern was also analyzed by qRT-PCR method, in the same time,
HSYA content in different petals were analyzed by HPLC. Results Gene sequence of CtWD40 was obtained and eight conserved WD
domains were found in CtWD40 gene sequences. Phylogenetic analysis revealed that CtWD40 had a closed homology with WD40 from
composite plants. Conclusion The expression of CtWD40 gene was first increased and then decreased in petal tissues of different flowering
stages. Pearson coefficient revealed significant correlation between CtWD40 expression and HSYA content in C. tinctorius petal.

Key words: Carthamus tinctorius L.; CtWDA40; transcription factor; gene cloning; expression analysis
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SERTRE, EATEE EA—AE A mE R
(1) WD Rigbfgis, WME RN WD40 EEE
(WDR). 4] WD40 ¥ H 402 G EE B
WHEAZAK, Z KR EEE 43 DNEIERFREE, N K
NHAR-HER K (GH) 45Ky, C Ayl Ay
R R- R AR Ik (wD) M, #El %

kS HEA: 2019-02-09

JFHIEE FFRA WD40 8. B TER T, WD40 1%
BE 40~60 NMEAFEIR, PR HT R 2R/ A 2 IR-
2 R /R R R - K & BRI BR -FS B R & TR
(D/E-W/Y-D/E-R/K) IR, %383 SR B 12 e
45k, 5 DDBI1 S5AN AR i DNA #H HAE
FIPY, @i WD40 RN Thfgik %, KBTI
ZEAIRFET.. RNA BIf5n T, EAKFR. 55

ESWB: EEXERFIFEESTIE (31501366); #HMWERHITIH (20170520089JH); HAREHETWH (JJKH20190918K))
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WD40 % 5% Kl F 5 I i R L bk BEEAS [FAE )
WP R K e, R BE AN [ AR A DR A B U
(JGI: https://phytozome.jgi.doe.gov/pz/portal.html)
BIATF, 2354 269, 225, 200, 100 > WD40 #%
ERFEMEFY. 470 KRt et
G R E R S e S e, o 85 M IT
WD40 JE[E, 78 AN/KFE WD40 2 [ 5 T 4 4= 2
PR et 3R, 5% WD40 SR i T £
FEfk: Bk WD40 JE K7 5 H R 85 19 25 A SRR
RS HTAL, FER IR AT, O& K%
FESEIR T SHEYAE K AT S8 N A
HFEE VMG, EMFE T, dRIA WD40 ATl
IR E KRR S EE A SUE KR
Kong 25} 4t 5 2 3 TaWD40 & [K| 75 /N 2 Fi T
Rt R R . TR RE R R A . B H
AT I, WD40 3 R 7ERE R AR R 7 T, K
DL 5 R 2 Ak B 0 1) A 1 DR 5%« 78 RGN A%
HER sz, wWD40 @it/ S PAL. 4CL R
RS H5HE RS, Aguilar £V 5 H £
BRI WD40 REBSRE R R ATIEE R A Bud
FErf CHS. F3'H 3L RIAKTF; Zhu 2776 K
B A RR R R A B WD40 SR T A
R2-R3 1 MYB #3% K454, I ULE A g i
¥ DFR 1 ANS #H %Kik,

Z14% Carthamus tinctorius L. 25k AR E
BATEY), HAENSAF &Mk & maic
B E (safflor yellow, SY), 1% H Bisr 780l i
EIRRIEIT TR . RETT. PERk. RS
T I B B 2R AL W& ORI e, BER T
WDA40 i b 5 RS R 1) G S K, ki
S A R L Y da s 2 2 A VA N T 3 1]
S FTHATE 20 A [F) 2H 235 5% 200 7 9 7 o 3k )
B 89 4~ CtWD40 fik s A 1", & T
FIRIEA PR R %, I T 58 5 4016 5%
J R A A& R P AE O . AHIE 7S 2% i
CLACAE L S ST 5 R, LA IE WD40 B [F N
ZIU, 6 cDNA SCEHRIhaE T 1 A4
CtWD40 %: 5, F F 52 9% 5% %€ & PCR (RT-PCR)
TES LR FAARFHREES, H59
P S ARFAEER T REIE AR A STEN
G, DR R ZEENTE SY &g E i ®E
EI)RE

1 5
1.1 #

AT “HA—5" ACTPIE EHisEs
W, HEMAN KA RN TARROIRAE,
T NTAMGE, et MG, 20 TeEs. )
eI B, ST (A] SOSCERAE IR 2, DIAEHES
SHIETE AR, [RIRPISCERAR, 25, ARl T4HE:
REFIERIA T, AR AR, 2180 C
BRIV N KIS . SRR RIEI eSO R A
(hydroxysafflor yellow A, HSYA), tt-5 111637-200905,
T EARIUMABRAR], RESERT 98%.
1.2 X5

Invitrogen TRIzol i7f] (FEER KH/RETRAA]);
PrimerScript RT reagent kit {7/, SYBR Advantage
gPCR premix & (EAEVITFEEIRAFD; Teasy
Wik (EREEWHRATD; KQ-100 FIHEF A E
(RILEFEARAFD.,
2 B
2.1 2 RNAZH

PR LT AEAE S VR N 78 0 WP EE, B
100 mg MM EE T & RNA BFH 1.5 mL
Eppendorf &0 A, {# A Invitrogen TRIzol i) Jf:
IV T B RNA $2HL. K 3R 105 RNA H
DEPC /KI&f#, NanoDrop2000 JIE 260 nm |
RNA KRB, 1%5 5B e r VR s RNA 58
2.2 CtWD40 EE 5 hE

FJH PrimerScript RT reagent kit 17| S0 2148
AT M HSURS RNA W55 cDNA. HRIEA
TEAE M A BE (SRA B JE B 585 047279.2)
H WD40 iR IR NS, A CDS Fal&it&
B 545 3o BiE: (5°-ATGCCAAACACG-
CTCGTCATAG-3") FI'Fiff: (5°-TCATTCACCGTC-
GTCAGATACA-3*), =K N 1053 bp. PCR ¥~
A 95 CHIASTE 5 mins 95 CAEE 305,58 C
Bk 30s, 72 CZEM 1 min, {3 35 K, ®Ja
72 C. 5 min. ¥ DNA H B U] T-easy
Bofk b, BRIE P e BEEAT I T .
23 EERNEMEEE
2.3.1 FEHIMT CtWDA40 JEB 54100 5 25 ek
5, $&28 NCBI 4 PE it /7 BLASTN Al
BLASTX Lt o0t R FEALIR T 5 ) E
51, #F DNAMAN. Swiss-Model T. B.i#17 8 H 45
FAI 35K % v 0 85 KA TR0 3 B o
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232 RGEKESHT R CtWD40 ] w7
g, N g R ERR Y S, £/ GenBank
BLASTX I Nr 245 FE AT LUxt 04, #8 R AR
T 35 v FO AN [E) P il WD40 2 [ 7 41, #1 Ff MEGA 6.0
AT &R T A A B, A A0 Rk
(neighbor-joining, NJI) i RGN
2.4 CtWD40 LA A RIALAFERETIES
A ST CtWD40 2[RI 7E AR AN [F] 2H 24P 3R 0A
B, L 18 SIRNA AN, FIH Ll 2658
B PCR AR A CtWD40 7EHE . 25, M.
TERE AR, WIACHALE e, BRAEIATE e . VR TE
S KT 22 5. ¥ “2.17 TR EL iR A R
/& RNA J&, {#H PrimerScript RT reagent kit 77l &
£ B cDNA; #F SYBR Advantage qPCR premix i
FIERIE R AT RIL T %5 . CtWD40 Ot E R
PCR & A 51 ¥ 4 W N b . 5-TCGTTTGA-
GCCCGGTATTGTTA-3>; Fiif: 5’-TGCAAGAG-
AGAGAAGGCCAA-3’. 18 S rRNA %)t & PCR
FHNEIW 5 BN L 5-GAGAAACGGCTACCA-
CATCCAA-3’ AR iff: 5°-TCGTTTGAGCCCGGTA-
TTGTTA-3’, ¥ =¥ KEE N 120 bp, W% HEE
WHCH 3 IR ffH Mx3000 9% )65 & PCR 1 3% (¥
IO BT, RMNEMWTR: A 2 53k, 95°C
AR 5 min; 95 ‘CABME 5s, 60 ‘CIBKIEMH 30s,
TEER 40 K.
2.5 LIIEAETRERTEMEF HSYA S ENE
2,51 L& f# A Diamonsil Cig tA1EH: (5
A CLASS i TAES, HAD, HREE-0.8% IR
s AH FEE-0.8% M IR K IS (28 & 72). &
MR 800 uL/min. FEIE 30 C, Al K 406
nm, HFEE 20 uL. BIEELE 1,
2,52 WHHEGIERINMI S FREL HSYA XTHE AL 10
mg, f¥H 25% M EERfE, TR Z 50 mL, 1ERX)
RS, T bRl S ) 45
253 SR & AR AEIEEL T S S
FAr, FREX 0.06 g FEmAE 2 I 25% F B 50 mL I
WR, FEFIFFRERE. KQ-100 B A ds
%% 30 min, A )G 25% F EEAN R E .
254 FrRAEMIZRRIZem] ORI HS YA X R g
W2.5mL B SmL &Y, ©%, MR, RIE
RYNRAXT RS R “2.5.17 Tk AF347 I
52, PUETRIRUAMALER (V), FREWRE AR AR (X,
R HSYA Frift i Ze it B A3 HHT7HE Y=19 829 X—

-

|
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1 XE& A) FER B) HEIEE
Fig.1 HPLC of control (A) and samples (B)

21128, #=1.0000.
255 FEEEWRK  EAIE TG EH IR AAR O
IR 25 pg/mb) &, AR “2.5.17 itk
PEEREDIE 6 ¥k, CsRUEIAR, RSD N 6.78%, #*
AN 2R AE 2 P R A o
25.6 HEEMHRE MHERDOTES 6 4, HRE
“2.5.27 W7 A A A, RS “2.5.17 T
SRR E, ORGP AR, 4R
F W] HSYA I8 N 5.82 pg/mL, RSD N 5.25%,
RPATEEL R
257 FEtRE MKREREERRE, 259
F 0. 2. 4. 8. 16. 32 h, R “2.5.17 WAk
AR, dsR g AR, RS H HSYA 1%
A RSD A 5.13%, 32 WALl it i T = IR E. 32
h WARE
258 JNFEEICRIRES RS RREURE OB K 0.06
g, DIANFURIRE AN 25 ug/mL HSYA X 8 F &R 5
mL, FAEZIMAN 25%H EE 40 mL, FREiis, @
AbEE 40 min, A, FREFE, HEAATE, F
1745 6 BRI . HREE “2.5.17 TS &M
HEFEDSE, RSD N 5.89%.
3 HR55%
3.1 CtWD40 EE 7 & K F5 5717

iid PCR J7EY 3RS E)N 1 053 bp 1)
CtWD40 F:H B (K 2). P4 REHFKEK
cDNA F B BEA 1 a8 gmighE, nl g 350 4~
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FIFRRIL . [/ DNA MAN #4248 CtWD40
25 8/ WDA0 TR 75k AT 2 B IR T 41 Lxt 4y
Br, SER%ER] 8 AMIT WD S5HRA7 T WD40 %
TR T X T AR 3) o B IR FE K /A 2~
9N, FHERFHIGEAEFIEN WD B W (XD nD. [A]

1 Marker

- 2000 bp

+«—— 1000 bp
~—— 750bp

100 bp

2 CtWD40 E[F1 14
Fig.2 Amplification of CtWD40 gene

PEREERIE T CtWDA40 B [ st 45 R IZE
R AR R X 40 (Bl 4).
3.2 CtWD40 EFERFZ L E NI

QIR T H A S A e A e &
SEE, WL WDA0 B T b e &,
FIF MEGA 6.0 8P A NI vExT e, iy, %
. SRAEELEE 19 S WD40 EAFSIHHT RS K
BN, RGBSR LE 5. REGERK
B, ARG R RBOE R T B 2 i
. 246 [HZE. 35 34> WD40 #3t[K 7R 1E
A — A b, BAERIERERR. a4k, MH
. AR REY), 4016 WD40 555 WD40
BGRRBOL, WAL, SRMEYIEE, DRE, F
i~ TEIFIFE A WD4A0 5 R 74 R o3 A 7E 57— A
BEAR b, BEEHSEG S R .

QsWD-40 205
JrWD-40 205
PaWD-40 206
NaWD-40 208
OeWD-40 210
CtWD-40 110
LsWD-40 207
HaWD-40 A1 DHMS 207
WD domain
QsWD-40 275
JrWD-40 275
PaWD-40 276
NaWD-40 268
0eWD-40 271
CtWD-40 174
LsWD-40 271
HaWD-40 270
QsWD-40 345
JrWD-40 345
PaWD-40 346
NaWD-40 338
0OeWD-40 341
CtWD-40 344
LsWD-40 341
HaWD-40 340
QsWD-40 411
JrWD-40 415
PaWD-40 416
NaWD-40 408
OeWD-40 408
CtWD-40 310
LsWD-40 407
HaWD-40 E 406
WD domain
QsWD-40 LCTWRMICLIYREEEEVLAEL CSEKSHILTECSS 463
JrWD-40 LGIWRMICLIYREEEEVIAELCKEKSHILTCSS 467
PaWD-40 LGIWRMICLIYRPEEEVLAELCTERSHLMICCA 468 [1 WD &:#yig,
NaWD-40 LCIWRMICLIYREELEVILNELEKEKSHLLTCS . 459
0eWD-40 LG IWEMMEMLYREEEEVI AELCKEKSHLLTCAS 460 I F)VETE 100%
CtWD-40  [OUURVEIVE {8 Reeeel . ... ....................... 329 )
LsWD-40 LETRRMICLT HEECERY 1NEL ECEKSH ILTEsT 459 I [FTREME=75%
HaWD-40 |4 LCIWRMICLIYRECEEVICELEKFKSHILTCST 458

WD domn

LsWD-40-Lactuca sativa (XP_023758383.1) HaWD-40-Helianthus annuus (XP_021984499.1)  QsWD-40-Quercus suber (XP_023872668.1)
NaWD-40-Nicotiana attenuate (XP_019234393.1) OeWD-40-Olea europaea (XP_022844462.1) JrWD-40-Juglans regia (XP_018843375.1)

PaWD-40-Prunus avium (XP_021827169.1)

3 CtWD40 E[E 5 H b ¥#peh S 2B 75 b %t
Fig. 3 Amio acids sequence alignment of CtWD40 with other WD40 protein sequences
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El 4 CtWD40 EBR=HLEHTN
Fig. 4 Three-dimensional structure model prediction of

CtWD40
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Fig. 5 Phylogenetic tree analysis of CtWD40

33 AR REAELEF CtWD40 EEFTIE D

FERRIESHEF KDL, CtWD40 LR FEL AL
ANRHLA R LTS (K 6). AL+
CtWDA40 F:PR Ik RIS = RIS . CtwD40 1E
TR 2R B35 = 3RIA, ARXTAETE IR, WITEHA Ao
W, CtWD40 3[R 7E RS e e B J = R iA
K, ATEEIAR) 5.48 f5. fEMF . AR, ZEA 4
CtWD40 FiA A —E 27 -

AHR ik

Al

O J | Ll U LI
HH# YE BE 3K

AFFEW

#

s

6 TELITELALRH CtWD40 EERE ST
Fig. 6 Expression level of CtWD40 in different safflower

tissues

34 A[EEIHALSH HSYA BEST

HSYA 7EA B [ e b & & 2 e s G
Fefi&ass (B 7D, BEACHTEIE o = 7 B s
N (47.59+0.01) mg/g, EACEM. VLR LR
R & 43 B0l (2848+0.01). (38.16£0.01).
(28.7440.01) mg/g. 7T CtWD40 FERFRILKTFH
HSYA EEIIAEE, BRI RECH 0936 (P=
0.020), TiHH CtWD40 7ELLACANFAEIA R LRk

7K F-5 HSYA & B A
60+
T:D 404
&0
E
g 204
jas)
0
EH Vel BAe TR

7 TNERHFERS HSYA S0
Fig. 7 HPLC analysis of HSYA in safflower petal samples
4 g

VEJstEIh)  ZAFEREE SR K T 5k, WD40
R IRBUATEI R I KIS IRESE K
DUHEZR T HAEMD h IhRe A 2 HE: . WD40 #53¢
Kyl FEARM LR TS5 — K514
YidAs, EFEAERBMCEIE R, R BT
. HAMAE. JUHAEERAERER 7T, 20
W as RIHER WD40 #5x K15 MYB. bHLH H.
VEJE 2 Bl S S sl S A& G A . AHE
T KIS E T 4046 CtWDA40 FEe R, 1%
ek HA 8 MIYH) WD DRAF S5, FifR 1
WD40 & P RE T I ThREAT it

5 HABFEY) WD40 H H FIJRLLS i, R
5a HZE WD40 J 55 WD40 & /751 AR bl i
L SRGK AL, HAE. mHZE SAEYES
BHEYD, 1245 Rl Bk 3 R RHEYfE AL 5 |
Pokh oA TR AR SRR, A5 A 2485 HAR X T A
MR ZR, RGRE s ROHINIESS T
CtWDA40 35 K 1 H) b 5 5119 19 17 -

WD40 7EA[F] 412 v i I 7% 3 58 e S A A
ARER PR ERNREZ —. WHTikiESR
WDA40 e YT [ 2 s AL & W & o R 1 3
ZUHA AT, WDA0 AR S5 A R A R R ) R 2
FFAER BRIEZER . LA ERKEI PRI 9
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A WD40 #7315 K V- SR 48 & W Bl
POl K A 161 4> WD40 $5t[R T S BLH AN A [
ML RBEHRAR; Liv SPEa R R ek
LB W 5L R I 2 B WD e s R FAEAN RN R B
BUR s B4 B #IL, {H WDR1 Fl WDR2 2 A%
K TG ORL PR R RRIE . AR T
CtWD40 1E AR B BUAE M 2 (R IE A S
HSYA BRI BAT R

CtWD40 7EREAEIEE thRIE K1 B2 T,
M5 7% 12 ik PRI £ 16 31950 AR 2 2 vh m] RE A7 7 B LY
WEVER . R A 2 s B AR AR 2K
o R AR KA E S5 S S R R A YY)
FRRVRHAE SR, AW 5 HSYA SR LALLM (K
FHEEIYI, R TR A )
BRI AV, WDA0 #e3c K12 5 2 M Y ) 34 i
LBt &G iz, H CtwD40 7EAE
HIFER RIS HSYA & B2 EH AA B&1E
FME, R T CtWD40 SR A T HES 5 T 448
PR I 7 T AL

AHEFC S IR T CtWDA0 B K751, JExt
HEALZH. RTEHIEERGREENTRT T
FARIRIT T AEAEIEZH 23 () 235 A DU HE DN 12 e 5 IR
T RE S AL R G ORI 7R 1%HE K
T AL RIS T, CtWD40 ¥R F 5 1)
SRR S AL A RFER AT -
SE R
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