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Abstract: Safflower is a dried flower of the annual herbaceous plant safflower (Carthamus tinctorius L.).
As atraditional Chinese medicine, it was widely used in the regulation of blood circulation. Flavonoids are the
main active ingredients in safflower. MYB transcription factors are involved in the regulation of flavonoids.
The cloning and expression analysis of MY B transcription factor genes in safflower is of great significance, not
only for clarifying the regulation mechanism of flavonoids biosynthesis in safflower, but aso for the artificial
regulation of flavonoid biosynthesis in safflower. Based on the transcriptome data, we used iTAK to annotate
the MYB transcription factors in safflower. The MYB transcription factors were cloned and their sequences
were analyzed. Besides, their expressions were analyzed by a Real-time PCR. In the experiment, eight long
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fragment MY B transcription factors were screened and six MY B transcription factors was successfully cloned,
named CtMYB-TF1, CtMYB-TF2, CtMYB-TF4, CtMYB-TF5, CtMYB-TF6 and CtMYB-TF7, respectively. The
six MY B transcription factors had the core domain of MY B transcription factor family, and evolutionary analysis
showed that the CtMY B-TF7 transcription factor was closely related to the factors AtIMYBL2 and AtMY B12.
Expression analysis showed that the expression of CtMYB-TF5, CtMYB-TF6 and CtMYB-TF7 was low in roots,
stems and leaves, and was high in the flower. The results provide a foundation for study of mechanism of

molecular regulation of safflower flavonoids.
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H A O 2 R e kAT 7 griR0 8, e A R
Frrh, AIMYB12 fe 45 B R B & L N (CHY). &
IR B SEER (CHI) fs B RE AL B 2R ] (F3H)
SR RIE, R B IR 10 A R LRIV
] AMYBIL F AMYBA1 5 B8 8 2 35 B 25 1% o 1 &
HY, AMYBL2 thii R 18 2 5 8 45 3 I R 1 B
PR TR, TEREARIE ) MY B B P T
FAL Guan %M i () CIMYBL — R HRIE .

R, N T IR FE AR 35 28 573 1 &

Y, XLAEHEAT T KBRS AN TR, A
W LI TR AR S B, R iTAK BpExT
MYB %% 3% K 7 35 N HEAT 1 B, i sl & A B
MY B %% ¢ K 1 JE R dE AT v e, FLR S FE R MY B
e IR BE DR EEAT 7 51 43 B, T ORI F S B O O 8
& PCR (rea-time PCR) X} 5[ ) MYB #3[K 72
KR EHEAT 0 M7 o I X0 AE MY B B4 5% K15 1 g
Wi S R IE 53 A, itk — A AT 406 T 2 s Ay 1 R
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JE NZLAE (Carthamus tinctorius L.). 2016 4 3 HJiK
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Vil . 2046 3 NI ERIE IR FEH T MY B B 5% [
TEK R (3 ANETHILE 1A). afR. 25 1K
AR ERIE ] T MY B # S [A T JE R R T 44,
MR 25 M EUORE IS (R TR ST AETF AL 56 — AN 3.
[ HURE 5 S B RS R, 47 T —80 CUKFR & H - il
F Kz #F B DHb5a #4855 424 (TaKaRa, Dalian,
China) .

SR F T PCR{X T100™ Therma
Cycler 7 (Bio-Rad, CA, USA), @& KR & bl
CT15RE # (HITACHI, Japan), %t/K%14% 24 Gel
DocTM XR'A (Bio-Rad, CA, USA), SZiff %% 5E &

Figure 1 Construction of cDNA mixed template. A: The three periods (I, |1 and I11) for flower development; B: RNA electrophoresis

for the three periods, M represents 2 000 bp DNA Marker
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PCR1{¥ Bio-Rad CFX96 7 (Bio-Rad, CA, USA); F %
RFH 2xTransTaq High Fidelity (HiFi) PCR SuperMix
Il (Transgen, Beijing, China), i JIg B & [ ik 7
& FURLHEEUR & (Tiangen, Beijing, China), TRIzol
(Invertrigen, MA, USA) K TRIzol f£45R7) & (Tiandz,
Beijing, China), /& 5z 7 4 Jifd 1l & {77 & (TaKaRa,
Dalian, China), 7% %%k pMD19-T (TaKaRa, Dalian,
China), 51%1& B v Boll ik B BL A \] (Tsingke,
Beijing, China).

FHIREUR 51 4i& it A 70 R A ) % s 4H 4
WEES % Huang 5% RN IELEHE, NCBI &
Sk SRA048496, fH HIE W =1 & (https//www.
biocloud.net/), 1% #1247 70, FIH iTAK
ERAEI R N T REATIE R, TR A K MYB B
SRR FEEA, LR AR Primers X 7 51 2k AT
Wit SEEG RIS 2 8 KK MY B 3k K 7 2 [
FPA, wit i S N 1.

Table 1 Primer sequences for MYB transcription factor gene
cloning

Gene name Primer sequence

CtMYB-TFTF1 F: TTTTCCGATGAACTCCAC

R: CCCAAACCCTAAATCTTTT
CtMYB-TFTF2 F: TTTTACAATCGCTGGTCC

R: AATCCCTCACTTCGTTCTT
CtMYB-TFTF3 F: TTTATCCCAACAACTCTACTTC

R: CCAATACCAGGCTCTTTCT
CtMYB-TFTF4 F: GAAGACAGGAGGCTTGAA

R: CACGATACGCATACCACA
CtMYB-TFTF5 F: GGCAAATTCGACGGATAA

R: GGCTGGATAACTTGGGTT
CtMYB-TFTF6 F: GCTGCGATCTAATACCAT

R: TTCACTAAAGTCTAACACCC
CtMYB-TFTF7 F: GACCTATCAGACGAGCAA

R: AACAGCCAACAGTTACGA
CtMYB-TFTF8 F: CATTTCCTTTCCTTTCTTTC

R: TTCATCTGCTTATTACTCCAA

cDNA SEHERBME KA R IEM BHR
BWHEE, F TRizol #4784, FIA TRIzol BT
AT RNA $REL, AR SO0 7 3% 0w b A3 A
Foo FRAUH RNA @ B f vk AT 52 BE AN,
i NanoDrop™ 435656 % i+ ND1000 #4794 Bl 5
M7 £ RRO4TA 7£ PCR ¢ _E#E4T RNA (e %
3o RNA BEHURT S 5 5 i 72 H (1 FE A1 A 25 % RNA i
MR EE. ¥ 3 AN IE RNA [R]IN R B 2647 I i
3%, K13 EI1) cDNA JBFE, HT RS MYB ¥ 3K 7
B[R] ) o

EERE VDMEKIESE cDNA MR, LA
2xTransTaq High Fidelity (HiFi) PCR SuperMix Il i
1T PCR . JRMNAKZ(20 pL): 2xTransTaq High
Fidelity (HiFi) PCR SuperMix 10 uL, ddH,O 7 uL,
F. FWHEIY& 1L, cDNA B8R 1 ul (50 ng-ul ™).
PCR SN2k 04: 95 CHiAEE 4 min, 95 CAZHE 30 s,
56 CiB -k 30's, 72 CZEff 2 min, 3£ 34 MFIF, 72 CHE
i 5 min, 12 CHRIE . 1% 3 i A B s vk s YT ECE (1
ek, F I ECA & AT DNA BRIk
Fr BORIAH T 8 e dealR S e 31 T 8k, Ak
Ju AT TR AT T B

FHI45H i H ORFfinder (https://www.ncbi.
nim.nih.gov/orffinder/) ¥ /5 51 ¥ J8 ] 13 HE K 2 5%
FR AT TR, A ProtParam (http://web.expasy.org/
protparam/) & H AT TR SR FHBIK
PEREAT 0 #r, 4 GO (http://www.geneontol ogy.org/)
K Pfam (http://pfam.xfam.org/) % o B 5 R 34T Zh g
TR T I1BS1.0 X /7 41 45 A g AT A I (http://ibs.
biocuckoo.org/online.php) . f# 1 DNAMAN 1 (Fk
7% 4.0, Lynnon Biosoft, Quebec, Canada) #1T#% &
J7 5 AN 1R BG40 4T o 48 FH MEGA4 A AH AT %
#2124 (neighbor-joining) #4 % & 4t 2t LA, bootstrap
H6r 56 1) 52 VKN 500 7K .

MYB % %EF Real-time PCR 34 ¥ w %
B MY B #5% [K ¥ /541, FIH Primer 5 %1t Real-time
PCR FFF 5, Wit S HOk £ w b= KA
200~500 bp, 5#1K N 20+2 bp. 5% 51 L& 2,
HA2L4E 60S rRNA NN ZEER . it it 5] #is it
I R e e LUK MK BT D R e . A SYBR

Table2 Primer sequence for Real-time PCR

Gene name Primer sequence
CtMYB-TF1 QF: CTTCTTTGAGCCTATCCTTACC
QR: CTAATGGCACCTTCACCCT
CtMYB-TF2 QF: CGGAGGAGGACGAGAAGAT
QR: CGGCTGGTAGTTGTTGTTGA
CtMYB-TF4 QF: CTGTCGTCTGAGGTGGTGT
QR: AGGTTTAGTTTGAGCGTGTT
CtMYB-TF5 QF: ATTTGGCAACAGATGGAC
QR: GCAATAATCTTCGGGTCA
CtMYB-TF6 QF: GTCGTCTACCCAAACTGC
QR: AAGGAGGAGAACCAAGGA
CtMYB-TF7 QF: CGATACTCCAGAGCCGTTGA

QR: ACTTTCCGCACTCCCACA
Ct60S QF:.CATCCATTATCCAACAATC
QR: AAGAGTAATCAGTCTCCA
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PrimeScript RT-PCR i 7| & 1 17 Real-time PCR 524,
ST 3 IRER . RFAAR (20 pL): 2xSYBR I
10 uL, ddH,O 7 pL, k. FiF5I4%% 1 ulL, cDNA #5
B 1 pL (2950 ng-uL ™). PCR J & 441 95 C FiAs 4
3min, 95 CAME 10 s, 57 ‘CiB K IEAH 30's, 3t 43 M
IR, 65~95 C AT 1 fife th Ze 22l o

FER55H
1 cDNA EHRIRE

R CDNA R 5 H e B 1) G s R 3R 2
—o N TRTTREXT L ) 8 NFE SN T AT sk, S
B0 P AEA R I IITRFE cDNA AE N e BE AR
AWFFIERE T 4046 3 AT (B 1A), X 3 AN A
ERIEIREL T RNA (& 1B). 45 B 7T %01, 3 AN REf 2 L
) RNA 27770 LR B 2 BI%F 3 AN
RNA #E47 s i 5% 1 cDNA, ¥4 3N 1) cDNA £ i
SRR, CRAIF J5 SR DR v B A e o == PR ASAR
2 MYBH®EREAFERERE

PARGEE 1) cDNA YRR, XF ik 8 4~ MYB
e R AT ke (B 2). B AT, 6 Mg
AF3E K (CIMYB-TF1. CtMYB-TF2. CtMYB-TF4.
CtMYB-TF5. CtMYB-TF6 & CtMYB-TF7) 75 i i #.—
6, 1 2 NMESET (CIMYB-TF3 . CtMYB-TF8)
TEHA B 4. S23e¥ CtMYB-TF1. CtMYB-TF2.
CtMYB-TF4. CtMYB-TF5., CtMYB-TF6 }2 CtMYB-TF7

2000
1000
750
500

Figure 2 Gene cloning of MYB transcription factors. 1-8
represent CtMYB-TF1, CtMYB-TF2, CtMYB-TF3, CtMYB-TF4,
CtMYB-TF5, CtMYB-TF6, CtMYB-TF7 and CtMYB-TF8. M
represents 2 000 bp DNA marker

Table3 Bioinformatics analysis of MY B transcription factor genes

H & DI R0 S %482 81 pMDA9-T % A\ DHb5a it
AT ri R, W PHE TR A S . IR B g5 R, st
S IR 6 4~ MY B %5 R JE DR 3R AT 1 vk .
3 FHISh

SRR 6 N MYB #S N FREBET T
JFA T (% 3). 4R, CIMYB-TFL 7 CDS &K
%4 903 bp. CtMYB-TF2 &y 459 bp. CtMYB-TF4 A
1131 bp.CtMYB-TF5 *y 804 bp.CtMYB-TF6 4 723 bp
K CtMYB-TF7 A 1233 bp, #5E 47 DNA 45 & ThfE,
J& MYB KK 1. SEERAH Pfam X 5 1) 6 4
B ¥ A P ST 7 S5 AT, R e E 3
) 6 I MYB B H T3 MYB R 7 5k
DNA Zi& X (B 3). it wiEsl 6 ©~ MYB
e R 7 B KA G 7 9145 B3R 22 B NCBI GenBank
i, BEH4 (GenBank Ek'5) 7%~ CIMYB-TFL
(MF156605). CtMYB-TF2 (MF156606). CtMYB-TF4
(MF156607). CtMYB-TF5 (MF156608). CtMYB-TF6
(MF156609) )2 CtMYB-TF7 (MF156610) .
4 MYB#RREF#HLTH

A S 56 ¥ T BE A4S B A S DR 0T LA Bk R
JP A EAT T A B, SEEG R R T A fE T ARG
1 ctMYB1M, B IF CaRiE K AtMY B2 K
AtMYBL2M, DL R AR IS I 7 (http://plntfdb.
bio.uni-potsdam.de/v3.0/index.php?sp_id=ALY) A BEHL

civyB-TF1 [ 300 AA

cvyB-TF2 [N 52 AA

covys-Tr4 [ 376 AA

cMyYB-TFS [ 267 AA

CMYB-TF6 [ 240 AA

coavs-T¢7 [N 410 AA
- MY B-like DNA binding Domain

Figure3 Protein domain analysis of MY B transcription factors.
The gray frame indicates the full length of the corresponding
MY B protein, the length is indicated by a number, and AA repre-
sent amino acids. The blue box represents the MYB DNA-
binding domain

Genename  CDSlength  Aminoacid Molecular weight Isoelectric point  Average hydrophobicity GO annotation Pfam annotation
CtMYB-TF1 903 300 33082.23 7.66 —0.684 DNA binding Myb-like protein
CtMYB-TF2 459 152 17 706.31 1177 —0.804 DNA binding Myb-like protein
CtMYB-TF4 1131 376 40 719.99 5.96 —0.653 DNA binding Myb-like protein
CtMYB-TF5 804 267 30 064.59 9.35 -0.997 DNA binding Myb-like protein
CtMYB-TF6 723 240 26 319.73 5.53 -0.414 DNA binding Myb-like protein
CtMYB-TF7 1233 410 44 439.50 8.55 -0.736 DNA binding Myb-like protein
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34 MYB ¥R F3% 12 MR 7T T4
Mo 558 (K 4) K, LIRS MYB g K+
(A % R iz, K5 /& CtMYB-TF4. CtMYB-TF5.
CtMYB-TF6. CtMYB-TF7 ZIH5¢ &, Mmool 3%
KA F AT B A AR A T 6e, FR & CIMY B-
TF6 [F) HoAth 5o [ 3 1) 5 ML s PR 1 2k ARtz « Her Y
RILCIMY B-TF7 % 5 Al [7] AtMY B12 FI AtMYBL 2
HEAL SR RAAHEGE, B~ CIMYB-TF7 Wl 62 5 # i
FEEY R ThRE .
5 MYB#®REFRIEDH

5256 K H Real-time PCRE T 7B 6 1~ MYB
R TR AEAR . 25, 1 e qe 3 AN H AR Rk
& (K 5), CtMYB-TF1 7E4tH 3 /N 3R IK B AR X

CiMYB-TT1 (MF156605)

CtMYB-TF2 (MF156606)
CtMYB-TF4 (MF156607)
CiMYB-TF7 (MF156610)

AIMYBL2 (NP_177259.1)

AtMYBI2 (NP_182268.1)

CetMYBI (K1524853.1)

CIMYB-TF5 (MF156608)

AMYB3 (NP_196229.1)

CtMYB-T16 (MF156609)

— AIMYBI (NP_196096.1)

100
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Figure 4 Evolution analysis of MYB transcription factors.

The gene name is shown in the figure, and the parentheses repre-
sent the NCBI accession number

57 CIMYB-TF]
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354 L E= oMyB-1Fs
o ; [ Ctyys-1F6

£ 301 { i EEE OMYB-TF7
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-
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Figure 5 Tissue expression analysis of MYB transcription
factor genes. The expression level of each gene is indicated by
different grid lines, R represents root, S represents stem, L repre-
sents leaf, F1-F3 represents the three periods (1, 11 and 111)

B, 1R Z R RIA R CIMYB-TF2 7E4)
MZhREER S, AL 3 MR RIE R
i; CtMYB-TF4 7EMR . 22, i RAeh A RIE, HE
HEBAL, CtMYB-TF5. CtMYB-TF6 /2 CtMYB-TF7
TEMR . ZE R R RIABAK, 7E1E 3 M IHRIAE A
HHAbER LA I EL A, CIMYB-TF6 fEfERT I | %

ki E, CIMYB-TF5 & CtMYB-TF7 EENH 11 %
.

il

=)
=)
B H o

it

KW F 5% Huang 1% R HELEHE, W
HAAFI 8 MK B MYB Bt 724,
I lE T 64 MYB ¥ T EE K, H4h240MYB
PSR TR A S b, PEEHENX 24 MYB %
A 7 7R A6 R IA B BN R IE, S5 TH S50 7T A
Fo) 3 21 46 3 Ath B A A VR FE cDNA, LA Utk Ay 45 AR %o
MY B % 5% Rl 5& R HEAT o Bt

HEAL O F7 I TT DL — 58 B B S S T RE PR RE DR
LK TR 6 A MYB RSt IH T, ERAAE
L RGE R CIMYBIMA R F . AtMY B2 i
AtMY BL2MI2E 12 4~ MY B # 5% [A 7 34T T 3#EAL 2047 -
SERRIL, viE MYB RSN T2 A oG R,
Hr CIMYB-TF7 5 LR IE (1 75 > 3% B S B o) 1
FFF AMYB129F AtMYBL2M 3 R, X R
T CtMYB-TF7 Wl 862 5 7 2l R o & i i 4%
A, SEERF ] RT-PCR %t 5L 6 AN 3 Bl 1 k47
THLRIEGHT, SR CIMYB-TF5. CtMYB-TF6
K CtMYB-TF7 7EAR. ZE R HRIARM, fFEAFE
KRR S . Hidh CIMYB-TF6 ZEAERTH] | Hik &,
CtMYB-TF5 } CtMYB-TF7 fEAE I 3 11 ik . 45
BAFE RN EBRELP R R LR, &
B CtMYB-TF7 Wt 25 7 L0 s B S Bl o R R 45 1)
fig, CtMYB-TF5 Al CtMYB-TF6 1] fE 2 540168 H
fib A BRI RE . JE S0 SOK T B A OGS, IR
CtMYB-TF7 N1 2 5% 5 s L AL B K
14 o

MYB ¥k FRIERRARZ, 1225 T Y
AR KRB S AT BRI e T SR 1
ST RA I 200 AT, sz ) F A 28 —ARBOE
3] 8 MK MYB H B, M =RIFHAC
Wil 28 $ Y FLAE FP 25 0 JEBE T 7 T A L N 12,
Jei SRR T AT DA 22 R = A A A AT I,
A TH XS ZE4E MY B e s R i DR kAT o
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