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Cloning and prokaryotic expression of transcription factor CtMYB1 gene in Carthamus
tinctorius
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Abstract: Objective To obtain a transcription factor gene MYB, clone a CtMYBI gene from the safflower petals of Carthamus
tinctorius, and performe its sequence analysis and prokaryotic expression vector construction. Methods According to high expression
Unigene123993 sequence in safflower transcriptome, MYB gene was cloned from safflower by RT-PCR and RACE methods. The
full-length cDNA sequences CtMYB1 gene as templates, the open reading frame (ORF) of cDNA sequences was obtained by PCR.
Prokaryotic expression vector pEASY-E1-CtMYB1 was constructed and the expression in E. coli BL21 (DE3) was transformed.
Results A MYB gene was successfully cloned from the safflower petals of C. tinctorius, named CtMYBI1 (GenBank accession No.
KJ524853). A full length cDNA of CtMYBI1 was 893 bp and ORF was 750 bp, encoding a protein of 249 amino acid. The prokaryotic
expression vector was obtained. SDS-PAGE results showed that the molecular weight was 30 000, same with the relative molecular
weight of predicted protein. Conclusion CtMYBI is cloned from safflower and the prokaryotic expression vector is constructed,
which preliminarily proves that the gene is successfully expressed in E. coli.
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YER, 8 iz AR RO . m IR . R AL |
PO BRI O AORE L 8RB R, H
[IPREAR ARl 3 Pl TR 2R % Al S T P2 A e
SR, ZEAEs B R ER . B, HARL
A () Ao v D AR A B R AN K, (BT OR RE AR w41
et B = . ik, Rmafen 5
RE, BERTHORNAETNR, HAE

IR TR B TR I EARYS - ) s W A
Yy AED S WSS AW A R 2 IR
SER DRI RN RED o b, AR DN Y
TSR AR E ) & AT SIS AP S, b &
HWi4 8 (chalcone synthase, CHS) Fi12t H-id 7544
(chalcone isomerase, CHI) FE[XI#EIA K & R
Ak A AU (10 56 S il R SRk A, R
e AR G Ry RE DR e kit B A TA Ty ) — R A
MW e R AERT, AT BLE B AR 2k
A AT RIS 2K B O E AR @ AR T 2 S5 R RE R
Ik, LB HE T ANFEA G FE DR 1 T B
JIRT

IR, A RPN S DY) & BT
FUIAF TARKERE, 2 SRR o W A T 425 1) e
SERF (MYB) KZ 24 R2R3 AL, 403 M EL g e
B BAE, T AE s A I ARG T LA
SCHERGEEIN, n CHIL TEO. FLS®'. 1ii5¢+ MYB
R FURE I 2 MYB 2 53284k S B & il
FEIE AR WARE o ARG B — AR B R
(Illumina/Solexa sequnceing) X £ AEIN 14 5 4
FEATIN AU, 5 DL S 2 v v Tk Uingene-
123933 Jy By AL, AT RT-PCR 1 RACE $iA
S FEZLAE CtMYB1 JE A1) cDNA J3 41 I % kAT
EYME B BT F LD CIMY B 1R 158 5] 2 A
(ORF) JFH4fi NRIAH AR pEASY-E1, K% 5%

Fik#ik pEASY-EI-CtMYB1, M IPTG %S
Haifh EAEE, MNMkE T CtMYB1 &£ H, L
WIS CIMY B & A B i KF R0k, 1T 4 i
HIKR MYB FEL AT ) BAR APt K o8
YeE Ui Re e S, FERE AR YA BT
WA I HLH 3558 He Al o

1 #R5REZE

1.1 ##

FE SR B E RN K E R SR, 28 MRk
MK 2B A R W E N A A8 Carthamus
tinctorius L..

12 FHi%

1.2.1 RNA $2HUR cDNA &5 HaietelsE T
WA, 5 RNA $-I07744% M Trizol 157 Ui
AT JFT-80 CLRMF#H . cDNA & itk
Biotek ] R sl R G E AT, A=) 0
Baifl G E 20 COAAAA .

1.22 MYB Z:HE] cDNA FPAl ek MR s
Ilumina M7 (F4s & 4% NCBI Short Read
Archive 452, &35 SRA047279.2) SR AL
eSO P41 i 229 1) Unigene123933 (660 bp),

RS RN, RSB HR A Primer 5.0,
XFLLACHE P B ) MYB D7 51811514
(MYB-F. MYB-R) (5|#F7I 03K 1), DL
Ja ) cDNA AR IEATH ] cDNA 741 PCR 4§~
B, [N 94 CHIAEYE 5 ming 94 C. 30,
58 ‘C. 30s, 72 ‘C. 30s, 30 ME¥F; 72 C. 10
min, 4 C&IERMN. PCR ™Y 10 /L Bk
JRE HL UK EAT RS o 6 H ) BedEAT D) R RIS PCR
P T AR pEASY-T1 &2 Ak 2 KT 14
DH5a /52 A% 41 i, HRECER 4 V4 3547 1 PCR %858,
HoRBHPE TR A AR T A TR (R B R
AFRE .

F1 ¥i847E MYB £E & RT-PCR AR5 14551
Table 1 Primers used for amplification of MYB gene and RT-PCR

EAE/IEES

SIARRIITE (5°—3")

HhiE A B

5°RACE #1 3’RACE 5|#)

JEX ORF 514

MYB-F: CGAAACCATCATAAATCTCCA
MYB-R: CTTAGACTCGACGACGAAGTG
5F: GACTTTCTTCTTTGACTTGTC

5R: CGGCGGGAGCACTTTGTG

3F: ACAAGTCAAAGAAGAAAGTCAAAG
3R: GGATGTTTCGCCCACTTCG

M1: ATGGGAAGAGCTCCTTGTTG

M2: TCACAAGTTCTCATCTCCATC
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123 CtMYBI1 ZE[K cDNA 3° Fl 5 K ¥ oo B
3’'RACE 1 5’RACE 585 B A w ik A E Al
LA T, 1R85 MYB JEKF[] cDNA 81 3E]
3’RACE 1 5’RACE 5115|175 W& 1), 347 PCR
P38 . B 10 uL PCR 7“4)H 10 g/L S labit e A kAs:
W, X PCR 12 e 4 AT Sl b % o 1%
AT TR CRE BemaBRA T
1.24 CIMYBI1 ZEFE ek w50 a8 K H itk
v A] i BOF 3’ RACE Fil S’RACE 4788 Fr BOH BE2,
AT EEER A KF, AR R g i X )
FER5IY ML M2 (51780 1), LA {Elei
cDNA KB EAT PCR ¥ 4. R NFET A 94 CTH
A5 5 min; 94 'C. 30s, 60 C. 1min, 72 C.
1 min, 30 MEIR; 72 C. 10 min, 4 C& LN,
¥ H 4 DI IO e b 2 pEASY-T1 &A1t
AT, 3BT 25 5 5 Pt 20 K e 41
— 3. FH DNAMAN A, 5§ H 3R 5 250
JoAREY) MYB 2R 2 R R 7 AT A5 B2
93T .
1.25 CtMYBI Rz @ik mfd 5%e DA
FRe RAEM . S H BRI IR AR, A
1% M1, M2 #E47 PCR ¥ 1. B3 113 211
CtMYB1 %:[X ORF fr BeUl i[RI J5 5 pEASY-E %,
¥ 4 0 1IRE)G, 25 CIEHE 10 min, #4LK
FFRE 2 A Trans-T1, #4352 Jiiki pEASY-E1-
CtMYB1. #RHUEE%, CLgfk B T7P S19A H 1
FEPR5 14 M2 HEAT K PCR B63IE o 44005 1E A ) T
4 JJiki pEASY-E1-CtMYB1 ¥4t % E. coli BL21
(DE3) KAWL, LAEA L T7T 514908 H %K
519 M1 AT PCR B .
1.2.6 4L CtMYBI B A2 R IE AT PRI %
SERIBAMETERE, 76 10 mL &4 50 pg/mL & K55
I LB WiiAR 7756 37 C4AFF 180 r/min fE 3%
9%, 48 600 nm WG RE (Agoo) 355 1.0 I, 1 mol/L
IPTG 4355S 4 h, W4E 2 mL B, KRR
A4 °C, 12000 r/min &0 5 min, 3 F3E, HUTHE
HIIAN 200 pL PBS Z2i, 780 RAIE I 50 uL 5 X
SDS EFEZEMR, 100 CHE Wk 10 min, 4 CAHI,
B 15 pL B A RES _EFE, 12% SDS-PAGE HLyk A&l .
2 HER54HH
2.1 CtMYB1 EE &Y cDNA &K HRERFFTISH
M NanoDrop 73 # {334 T 20 B S i FE Wl o
RNA TR IZAE 1 000 pg/ul 247, H Axge/Aaso

7E 1.9 Zidi, RFLHUP RNA iR, lerde
16 RNA #5501 cDNA A, MYB-F Al
MYB-R h51%), ¥ 3t —% 250 bp M5 —4Hf
Mg (B 1-A). [P &lith = #2600 v 55 1y
g —5, AP 2 4RSI (3F R 3R)
Z: MR F & W 34T 3’ RACE PCR J2 )%, PCR 43
FIKEN 500 bp oA H 4 (B 1-B), &5
G R A R WIS T CMY B JE R ) 37 A b
Z B 318 bp, B ALIEE . AT
[ 2 M 511 (SF R 5R) 2 RO 7 £ i i 1k
17 5’RACE PCR % ¥, PCR 33K & 4 700 bp 4=
FE A (B 1-C)o ZTale. 45 B
PAFT CIMYBI1 ZE R 1) 5° A ufi , 1% F BEK 295 bp,
BEARIBEN . 45 3> RACE #1 5’"RACE I
45 B3 3] CIMYB1 JE PR, B 483543 — 4 893
bp 1) cDNA 2K %41 (K 2), FJH ORF Finder
LA TR, CIMYB1 LA — K
b 750 bp WIIFRBYEHE (ORF), S IERIEIX K
93 bp, 3 dERHIEX K 50 bp.

MR PR B R b X 7 41 e 5 1) (ML, M2), LA
ZIAEAE I cDNA SHBIRY G H 1 4% 750 bp 1441
(K 3), fr#1ZEERN CtMYB1 (GenBank &k'5
4 KJ524853) . Fl|H| ExPASy Proteomics Server [
24 F Protparam FU MYB it 2 1 i FEAL I 5
CtMYBI1 4EAM S 249 NEER, TN
C1220H1930N3580378S13, &M JET-H0N 3 899; AHXS 431
K 28 077.7; FEGZEHL S (pD: 7.14.

X-H SWISS-MODELSOPMA #4T MYB [
T ER [ AR AT RN S5 RS T MY B (¥4 i 2
H 245k a-125E Calpha helix) & 27.71%. &

M 3

M-Marker 1-CtMYBI £33 /7 BLy 3874 2-3’RACE §"147-4))
3-5’RACE #1774

M-Marker 1-amplification product of MYB partial fragment
2-amplification product of 3’RACE  3-amplification product of 5’RACE

1 CtMYB1 EREH PCR #1845 R
Fig. 1 PCR amplification of CtMYB1
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AAAACACACACACAACACTCTCAAGTTCCTTCAACAACAATCAAAAAACACACACACACACACATAGT
CGACTGTGTTGTGTGTGCAAAAATCATGGGAAGAGCTCCTTGTTGTTCCAAGGTGGGTTTACACCGAG
GTGCATGGTCGACCGAAGAAGATAAACTTCTCACGGACCACATTCAAACCCACGGCGAAGGCCAATGG
CGTTCCATGCCCTCCAAAGCCGGGTTGCTTAGATGCGGAAAGAGTTGCAGGTTGAGATGGATGAATTAT
CTCCGGCCAGGTATCAAGAGAGGAAACTTCACGGCCGATGAGAACGAAACCATCATAAATCTCCATGC
CATCCACGGCAGCCGATGGTCGTTCATCGCCACGAAACTCGTGGGTCGAACCGACAATGAGATCAAGA
ACCACTGGAACTCGCACCTTAAACACAAAGTGCTCCCGCCGGCCGACGTCCCCAGAAAAAACAAAAA
ACAAAAAAGGAAAGTATCCGACAAGTCAAAGAAGAAAGTCAAAGTCGCGGCAGAGAAAGCAGTTGA
AATCGTTCATAACGAGCCGGATGTTTCGCCCACTTCGTCGTCGAGTCTAAGGAAGAATGTGAGTTTTGA
CAACGGAGGTACGACGAGCGGTGCATCGTCGAGCTGTACATTTGAACCCGACGTCGTAACGGCGGACT
TCCGGTGGCCGGAGGTGTTCGAGATCGACGGTGCGTCGAGCTTCGATGATCTGAATATGGACGGTCTAG
ATTTAATGATGTTGAAAGATGATGAAAGTGAGATGTTAGAGAAGTTATATGATGAGTGTTGGCACTTGAT
CCAGGATGGAGATGAGAACTTGTGAATTTTTGCCTCTTTAATTTGTAATTTTTTATGTGTCAAAATTAATT
AGAG

“ BRI IBREL T g MYB SR IR L “ 7 FRC AL A MYB R R 26 11 1

"”marked base sequence is start codon of MYB and * ”marked base sequence is stop codon of MYB

2 CtMYB ZEE£KFF|
Fig. 2 Full length sequence of MYB from C. tinctorius
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1(7)(S)ng 100 150 200 250 300 350 400

M-Marker 1-CtMYB1 JE[X ORF 4" $#*4)
M-Marker 1-ORF amplification products of CtMYBI gene

E 3 MYB E[E ORF B PCR # 1

Fig. 3 ORFAmplification product of MYB gene full length by PCR

fh4% (extended strand) 7 18.88% JG R fHh
(random coil) 7 42.97% (¥ 4),

P R T o AT R i B A A AN E .
DictyOGlyc {14k 1. H ) 8 [ BBE SE A A7 s b AT i
Mo ARHE PALKT 0.5 RUEALEAEREAAT A PR AR
#E, CtMYBI1 £ AR 1 BEIAAT 5, A7 T3 159
RrHI22 5% (Ser). {E SWISS-MODEL A {57 454
BAFE T HAr, 6 CIMYB it (A T = 4E gk 2
(5, 48R ER CIMYB B A2 6 4 o-
R THEA& T AT B PR EA T ORI A it L PR T SR 544 o
22 CtMYBl EFERIELFHBITNEES 15 RIRE
43

B v A B 204 CIMY BT JE 5 () 2 L8R 51
L NCBI WSl #H 7 FIBEAT LEXE o0 #r, 25 3R,
214k CtIMYB1 £ 5 AR 4 A7 A e s ) TR

50 100 150 200 250 300 350 400

4 411 CtMYBL BER_RKEH
Fig. 4 Predicted secondary structure of CtMYB1 protein
from C. tinctorius

5 CtMYBl &AM =LKEH
Fig.5 Predicted tertiary structure of CtMYB1 protein from
C. tinctorius
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L CtIMYBI 2 15 CHGE Y MYB & H 2 &R
FIf R2. R3 X3k, KL CIMYB #[FI7E N i L A7
2 Al MYB DNA 45 & 3 cd00167
(DNA-binding domains), B R2. R3 &4, A
) R2ZRAMYB #5[K ¥, 55 17 37, 57+ 89. 108
Pz (W) AIRSTFEAER (K 6). FikgiR
FW, CtMYBI1 54 R2R3-MYB JS46 5 K1 K45
fE, F£WH CMYBI JET MYB 3R K%, 5 H AR
Y MYB JEAIILE 904, MEERF KGN (K
7). ZERFW, CtMYBI #1358 T MYB Kk, 5
A4 MYB (CADS87009.1) AT =1 1 R J5 AH A
PE, YRR E] 55%.
23 BERFEZHRHHWEREHTFHNEE
B PCR 37345 1 000 bp ZEA7 2k A B
(K 8), XU M CIMYB1 F Bt OVl N 344 ik
o [RIIIEE R, ENRIE AR pEASY-EL
Kk -
AAH
Dbt >

A
e

W B H IR A8 R I 5 AR
BIMG . 450K, CIRMFIEMT CIMYBI [ iR
ik Fohn, gidtdt 6 MR (His) fEN
267 NEIERMEN R . LT K B
%5274 BL21 (DE3) J&, B PCR %@ 3k K/
1 000 bp /A7 1) HIKIZcalr, U ok sl i A\
KA #2245 BL21 (1 9),
2.4 E.coli (pEASY-E1-CtMYB1) RIS RIA
t 12% SDS-PAGE HLik &5 Rnrsn (100, 54
%S0 pEASY-EI-CtMYB1 HAFE AL, PTG %S
(1) pEASY-E1-CtMYB1 AL £ 30 000 4b HH H ¥14%
ifo CtIMYBI1 JEX() ORF 1 249 NAIEIRALN, S
i 27 400 MIEEE, 1M )EA%RILE A pEASY-EL 1)
His-Tag FrZ5 0K/ 1980, FTAEEZH RIA ARG AL 1)
R4 30 000, 45 RATEZ LY S CIMYBI 2
(R B A PR KA B sk .

1 B0 C oty i s W E Lol LRudh TR 0 s Bl D

G
siesh W r g et s ST

H
L
PR
ez
TR Bk
IR

PN C ol izl B Wiehia LA T huaks Tlowuz Cia e Fieil |
P Fis £ CJEia ikl B vERIa © ChaiThums Tlowuz Cia Cle i FRavi 1

huceic R ibte oot R ol e e
M 2 f srifEr =l fr ol sl vifig L efe e ofR o
i FEY C ol b O WeIo & LRI TRURH Tlowed i Gl i FieAl I

AR
MHEF B mer e g

P FEY C ol il 2 veIo ¥ LRI TRURH! iz i Cie i FieAi I

gw ed 1 1 gguwr p
* pa bt
R2

Ay st TscEe i rries il R i = ol (R R i s REvLSIRIE 122
Q% ceveen1 srzEnn B vELER TIEERE R s o i, i g ar( 1eTERRT 122
Ko cIign1 soeEe sihveLes sHEERR R o1 fi i g arELvyTER . 122
7'(7“% 2T THenTsscEEn T TRIEASTE EER I S I i deliene rcTErre 122

" 2T THenTsscEEn T TRIEASTE EER I S IR LR qeisrE TcTERRE 122
%%# rpr NI zzemif rurea TR g cuT ofE fig L gene 1serre 122
LignEss AL IHEeNTSACEEC T TRIEASIENERE e S oI o fig C gsnE1oTERRe 122
WA AILEENITsIEEE i VELE ST IR R THL fi o g srE1ynsTay 122
HiE cerepenETarEnE T rviER I SRR TR [ gmiragvIran . 122
EE b=lehu 7 Chscpiteiuci oy TRRSHeteING () Bl )i T 2RNoai: R AR qisrgsamanT 122
£ e tegRenT TerEno i TRIE STIEILE e G [ EsrE RsceTD 122
e e tegenT TerEnn T TRIE STIE IR AR Gl oY R EsrEr st 122
A cirgnTTreEon B vRsE T I ERE s c =1 fE30 {0 EMSEELENCCTD 122
FHE E[IBEMTE:EEEL IRII—:SLIE@IEER c ﬂ]ﬂsmus;em 122
i ci NI TArEe R TRIE T IR R c R R0 e sra LTy . T 122
IR sLrEgenIT2EEEfivETE IR il T o [ R dsRE YA ETTY 122
AR SETEgEenT srenEn R TRIER STIEETE 1hW 2 6T Sl g, {E S RE TIEERRT 122
*HWH‘F& r rg i g rws ia grténeikn wn hl

e H
R3

BRI/ A R2. R3 Ziflg: “H” KR R2. R3 M0 RSP 105 17, 37, 57. 89, 108 fr5d ki
solid line shows R2 and R3 domains; “¥% indicates conservative 17th, 37th, 57th, 89th, and 108th amino acids in R2 and R3 domains

6 CtMYB 5HfthiEY) MYB &EH R2. R3 F#igiry BRI LIS
Fig. 6 Alignment of R2 and R3 domains in MYB proteins from C. tinctorius and other plants
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Fig. 7 Phylogenetic tree of CtMYB1 from C. tinctorius
and MYB amino acid sequence from other plants

1 2 3 4 M

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1-FIPEXHE 2~4-pEASY-E1-CtMYBI M-Marker
1-negative control 2—4-pEASY-E1-CtMYBI bacteria M-Marker
8 pEASY-E1-CtMYB1 &% PCR I&1F
Fig. 8 PCR verification of pEASY-E1-CtMYBL bacteria solution

1 2 M

2000 bp

1 000 bp
750 bp
500 bp
250 bp
100 bp

1-pEASY-E1-CtMYBI BL21 B 2-BA#EX M-Marker
1-pEASY-EI-CtMYBI1 BL21bacteria 2-negative control M-Marker

9 FiAHK pEASY-E1-CtMYB1 451 BL21 A PCR £
Fig. 9 PCR verification on DNA of E. coli BL21
transformed with expression vector pEASY-E1-CtMYB1

M-Marker 1-i%% E. coli  2-Ki%ES E. coli
M-Marker 1-inducted E. coli 2-uninducted E. coli

10 pEASY-E1-CtMYB1 HJ SDS-PAGE k4 #f
Fig. 10 Analysis of pEASY-E1-CtMYB1 fusion protein
expression by SDS-PAGE

3 g

25 TR Ok A = W a2 AR 25 ) 1) Bk
B HILERED RN R, W R
AR TR A5 AR AT S0 K R 3K 43 H b Ik A= AR
PP MYB R IR T, B
WEDAEYE SR EZRER, & H iy
A A AR 3 1 R4 2 USRI LR # i 2
H 1T A3 2 Sh AR MYB BERLE 2 0%, 6
IR AR R, TCH YR LEARIA S 5%
PN WA S AR SR IR, DA
N R

FEDR ve B S T TR R DO RE (R A, AT e A
Fe s Ly i e 2 5 B S8 A A T I ) 6 1k
MYB JER IR L ofg, WAz A 3 fOL
U7 20 S OV ORI AE 21 6 e s 4L
Fra R Bl 1 ASHZiie MYB BRI, O
SIACAE LI AL T 35 25 AR U A 4 5 THT AR R A 9 B4
SE FRSLA

WREH, MYB B nr LS 2 R A
HoothgiG, M iR RE. Bi, 2XKH
ANEERIE R (EMSA) K485 5 A 5 oA AE A
P02, o TR S R TR A,
() 5 i i S A% 3R R R G A KRG KR
EHMEAEA, Pl EA S A ERREF AR
Zont B i AT AL . EREATE M RIR R AR R
PNy SR AE NI E S uY S AP S i IR A oy
1&H] pEASY-E1 1 h#ifk, HA54 6 X His Tag 1E 4
aifbbric, BRI R IR BAR I S A K T B
&322 BL21 (DE3). RIAMEH H AL Ni AERI]
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—palifuml, RORTIE T 8 A aiib B 3R,
I Bl bR 2 8 AR 7 TR D, Al
I AEDIEE . AREYEP A& H CIMYB1 £
() F2H TR AR R AT R L 2RI 249 30 000 ) TR
HE . J5 8 0 % Rk A 1 ek 3k 1
CtMYBI1 #H, S8l CtIMYBI1 & AR m/KERIE,
itz T T EMSA k% CtMYBI tH 570
PEIAE R DL ARG R N CIMY B 4 131K K P
R, g 5 Bt — DA T 4 A i S N F CEMYBI 1)
RN G TR A D) B B e H A
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