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Cloning and expression analysis of MYB transcription factor gene involved in
regulation of flavonoids biosynthesis in Carthamus tinctorius
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Abstract: Objective To clone the MYB transcription factor gene in safflower, the sequence information and gene expression were analyzed
to preliminarily identify the MYB transcription factor gene involved in regulation of flavonoid biosynthesis. Methods All the sequences of
MYRB transcription factor gene that was reported to involved in regulation of flavonoid biosynthesis were analyzed. The degenerate primers
were designed to clone the core sequence. The full length of MYB transcription factor genes were cloned by RACE. The bioinformatics were
used to analyze the sequences. The expression of MYB transcription factor genes in different tissues and different developmental stages of
flower were analyzed by semi-quantitative PCR. Results Three candidate MYB transcription factors were cloned, named as CtFRMYBI,
CtFRMYB2 and CtFRMYBS3. The full lengths of the sequence were 1 223 bp, 1 080 bp and 1 348 bp, respectively. And the molecular weight
were 17 878.15, 28 766.45 and 27 987.89, respectively. All three transcription factors have DNA binding domain and belong to the MYB
family. Homologous analysis showed that CC(FRMYB1 and CtFRMYB2 were closely related to AtMYB12. Expression analysis showed that
CtFRMYBI and CtFRMYB2 were only expressed in flowers, and the expression level was higher in flowering stage 3. Conclusion Three
candidate MYB transcription factor genes involved in regulation of flavonoid biosynthesis (CtFRMYB1, CtFRMYB2 and CtFRMYB30)
were successfully cloned. Two MYB transcription factor genes (CtFRMYBI1 and CtFRMYB?2) were identified by bioinformatics and
expression analysis. These result laid a foundation for the molecular mechanism analysis of flavonoid biosynthesis.
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AL RF R —FE AW AL Carthamus
tinctorius L. W58, HATEMIELE . 5L
A, AT ARSE FH p 2. LOAe sl s sy,
AIEFRRL At AL WAL A Y LA AL
i E B UGy, Hog SR A T 2L ) T
TR SR AR S S IR 7 BRI S, AN AT
AW I~y Y TRy o et i N L EAW R S R 0
(AR SR B e S, [ I 6] I T AR AR SR A
fed it B atmafe s fh A E R

MYB ¥k N 1) 12 2 5 RS &, [H
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IMFFUE S ST 55 ) MYB A s D]~ JE K]
i AIMYB12M, JLAE g A 28 A R DR
7, WA EHES R (CHS). A H-E A4
FER (CHD Mo B2 ABEE R (F3H) 2&5E RS
7, PRI RN RESE N RIE, s 1
. AMYBI12 [FRIYEIER AMYB11 Al AMYBI11
BRI 2 SRR Al [FnF, e
AP R I T RIS A R MYB12 1 [FEE A,
WA SIMYBI12) JglHE GIMYBP3 Fl GtMYBP4'.,
fEL e, VIS A R MYB b

A B S B R AL S IE™ Y, AT
AtMYB12, [A]INX0 CURIE 12 5 TP 2 B i & B 1)
MYB s R FE R P A AT o0 M Bt i 98514,
SRR E A MYB K PR X,
FIFH RACE BN A LI AE SN B MYB % 5%
P S v o 0 Wl |2 o N M9 % 9 G e -l £
MYB 5% H 7R K75 e RIEHAT /00T, Wb %
&2 5B NG AU MYB H Sk B35, A
AT LA B I £ B2 T PR W LA RN AR Bk
PRI A 0 B HE A
1 M55
1.1 ##

ZIAERRF-R F B gass s By 2 5P, 2015 4EFp
AT P I 2 K AR TR X 2 A o il
HRFEBAREC N HR AL B Ot
Carthamus tinctorius L.. WA IARAE. 2. 1, [H
IS ECAS R A B B BARAE (B 1), BFEE 1 X 2048 T4
AU 4 R, I 2 XM LAETFARRTES 1R, B4 3 %)
NAAETAESE 3 K, B 4 XS NAAETAESE 5 K. W
[V EORE 5 SRR R S AE R AR, filif7 T80 Ck
Mt R 22 I KAEH TR EA AR LIS 7y
BT AR I A T SE R IA TS 0T .

1 2 3 4

IR

3 mm 3 mm 3 mm 3 mm

1~4 FoRIRE Y 4 ASTE
1—4 indicates four stages of flower development used in the experiment
1 RE%BNHARTE

Fig.1 Flowers at different developmental stages

1.2 FHi%
1.2.1 RNA {2HUR1 cDNA &k AL AR R
WRMEE, H TRIzol (Tiangen, "1[E) #EATHf#,
FIF TRIzol #1857 & (Tiandz, ") HE{T RNA
P, HARSEE 7k R A B . $RHU
RNA I8 3o 8 i W vk JdE A7 5 B A0 I, Jl
NanoDrop™ 43¢ 3 ND1000 (Thermo Fisher
Scientific, KD HATHIEN 2 . FIFHRAF &
RRO47A (Takara, [H) £ PCR {¥ (Bio-Rad, 3%
D T RNA 5% . RNA SO s e skad
TP FERS g 22 Bk RNA B R
1.2.2 RIS A MYB Bt A% ORI
TOlE Al AR & LB IR cDNA 1E 7ol
B, JE I CARGE RSN MYB #2581 F
43T, Wt F5 14 (IE 1 : 5-GRBTDMGRAAR
GGTKCWTGGA-3’; X [i: 5" GCWATHARDGAC
CAYCTRTT-3") #4T PCR [J¥, FofEi%Or41.
NV AEFAR: 94 °C. 5min, 94 ‘C. 30s, 42 C.
30s, 72 C. 1 min, 35 /MiE¥s, 72 'C. 7 min.
P HAATINR/NG DNA R B AR RGR
SRR B, el 2844k pMD19-T (Takara, H1[H),
PRI e [ I BRI (Tsingke, HED.
1.2.3 RACE #iARFESK  fiT] SMART PLidf™
#4875 RACE (rapid amplification of cDNA ends) %
4t (BD-Clontech, Palo Alto, FE[E) XL 75 5°
3@ TP . EH5EH 5°-RACE CDS Primer Al
3’-RACE CDS Primer 737 [ #5355 T 5 F1 3754
B cDNA. Hk, FAAFIE AW UPM A5l
W, [FI B 2O R AR R 5 1) GSP, 43 il BA R e
SIS A 35 1 ) cDNA hdkR, TapE 5°A1 3
SN A . 53] SR 3 R RS, 6
FIBHT P, BB KTF.

R EKSPH], B aKwbEs |, ekt
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1TvelE . waBER) PCR Fr BRA M InIS vl 1) 8 iA
pMDI19-T (Takara, H1ED 1, HEHCR 5L R}
(Tsingke, D T,

1.2.4 J#%)458r  FIH NCBI (www.ncbi.nlm.nih.
go ) HEAT Jy 41 EL xF F0 A 4k, Al Fl ORFfinder
Chttps://www.ncbi.nlm.nih.gov/orffinder/) % J¥> 51| Jf
R e N B R EAT IO, Al ProtParam
(http://web.expasy.org/protparam/) X & [ it [ AH %)
oy S SPREUK AT 404, AEH GO
(http://www.geneontology.org/) M Pfam Chttp://pfam.
xfam.org/ ) Xf o fE AL DA BE AT Dy Re v R . A
DNAMAN %4 (A< 4.0, Lynnon Biosoft, Quebec,
IR WATIZATIR P AR R S IR 04T o A
F MEGA 4.0 #AFPEAT G A3 b7 o S50 o o e
(1) 3 ANEERR 53500 A fi 44 4 CtFRMYB1. CtFRMYB2
J CtFRMYB3.

125 “FERPCR K A Primer 5 L7 519,
PIZIAE 60 S HNZ, LB aakeig 3 MK NS
R EEg WWE 1. H 2X PCR mix (Tiangen,
D #H7E & PCR 528 RNVARRMTF: 10 uL2X
PCR mix, 1 puL cDNA #R (40 ng Zi47), 1EM54)
Az 514 (10 pmol/L) 4% 1 ul, B H,O %8 20 pL.
HERIHNSEER PCR RNV IFIEREIR LKA o ok
TR SR IR PCR NI i DIV, PCR Bl
PRI, FREAT H I SRR E i PCR
SN, TE I Bl PR U 5 S PR R R A . i
TASIEPRIRIA R R, s TRk R AU,
145 H 2% B PCR I SRR AT X0 e 60 S
WZHEIAREE R PCR REFP AT R 94 °C L5 min, 94 C.

x1 ERYEESNY

Table 1 Gene primers for semi-quantitation

S 4 el (5—3")

CtFRMYB1 F: ACTCACCTTATTAGTTAGA
R: TCAGAAACATATCATTGT
CtFRMYB2 F: TTCTATGCTTCAAAACAC
R: ATGACATGCTTAAGGATT

CtFRMYB3 F: CGCTAGGTTTGGGAACAA

R: CGCTAATCCGAATTTCATG
F: CATCCATTATCCAACAATC
R: AAGAGTAATCAGTCTCCA

60S (W)

30s, 56 C. 30s, 72 °C. 1min, 20 4MfEH, 72 C.
5mine HsgPEFREDP g PCR BT QIR 94 °C.
Smin, 94 C. 30s, 56 ‘C. 30s, 72 ‘C. 1 min, 30
AMIEFR, 72 °C. 5 min.
2 #R
2.1 IR EFS K MYB R EFFIIS

% ATMYBI12 7 NCBI H LU X} i, SEGiksE T
11 /> CRiE B2 8 i A 1 D Re i % s A1k
700 Mr, BFE FOKE B & o iR 5L KL PL A P2
T A T A O AR R R SIMYB12 46 (3R 2).
A LR 43 B 3 W P A 4 2 5 A A R
MYB #3515 N s R 0RsF, el 7 R2R3
SR EARAA RS, TR C I 2 R IROK .
HAR MYB 5% [N F7E C 545 22 3k, (HAETE
C uii AR AEAE 2 ANBh IR ~F 1 45 /1 SG7
(GRTXRSxMK) Il SG7-2 ([W/x] [L/X]LS) (& 2),
W ARG, SGT7 Rl SG7-2 &5 ey a i i 45 5

R2 AELERARERETERER

Table 2 Transcription factor gene information of flavonoids synthesis

<

T

SN 4 R i

it

P1 M73028 maize

P2 AF210616  maize

Y1 AY860968  sorghum

MYBI AJ554697  gerbera ARH
SIMYB12  EU419748 tomato

MYBI11

MYBI2 DQ224277

MYBF1 FJ948477  grape

MYBP3 AB733016 gentian

MYBP4 AB289446  gentian

ZmMYB-IF35AF521880.1 maize

T MYB B, 530 15K B R S 6 % 1 21
P LI, LRI L AT
GIBL BRI R (0 A1

YA RS R IR R B IR ) A

NM_116126 Arabidopsis sp.i8™ 5 2 H- Wi G RSl 5 8 K s IR iR IR R IE BRI o AR AT A Dh e
Arabidopsis sp. 152 B il BGAE R B s i S e RE R (R ik, FBAEAR AT AT D) g

WO B A 5 il A LA 2 5 B 5 R R ) AR ) LA T 3l 7

A I R TR 1) 3 B0 Ik 2 R BT i R AR R DRI 5 B A
8 i D 5 AR DR F) R ) P R 2 B B I AR ) B DR I 3 10
4 Al BB T, EAREEH RS
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Arabisopsis MYB12
Arabidopsis MYB11
ZmMYB-IF35
Maize_P1

Maize P2
Sorghum_Y1
Solanum_Y?2

Grape MYBF1
Gerbera_ MYBI1
Gentian_MYBP3
Gentian MYBP4
Consensus

P e

BHGEGS RC

ENAG S NYLREJSME
gegsw _slpknagl rcgkscrlrwinylr

Arabisopsis MYB12
Arabidopsis MYB11
ZmMYB-IF35
Maize_P1

Maize P2
Sorghum_Y1
Solanum_Y?2

Grape MYBF1
Gerbera_ MYBI1
Gentian_MYBP3
Gentian MYBP4
Consensus

R2 repeat

GIHTYR RKYTAGPCCTAIAILDMSKLGSACRRR!
GIBTYR RKYTAGPLLCTAIAICMSELGSACRRR!
CGIRTYR RKYTAAP.CITVIICMSRLHSAEKRR

Arabisopsis MYB12
Arabidopsis MYB11

ZmMYB-IF35

Maize P1 159 eeeeees ASRTKGACALCGEGG ARASSPRESE...... VVNPGFNGFNSSSGSTGTAEEE210
Maize P2 1500 e ASRTKHSDADQEGG AARSSPRESD...... BVNPGPNQENSSSGSTCTAEEE208
Sorghum_Y1 160 NITINTTSSKTNKSKETLPGEGLKSACDAKGASSPETAAT TTSAASSPRESDGA.RSAVVLPDENQENSSSGST. ...AE234
Solanum Y2 143 | isfeisrsiaimistusiis IXKSSISRERN......RESNLL.....EKEALCCTNMPACDSAMELMQEDLARIEV . . PNSWAGPIEAK]99
Grape MYBF1 156 -RSCRSIRECVNRSSLEKPKG......DDDG....... NGVIAEKETRSETMTGDLYAQVNEEENPE. .LMASR.LLGCG218
Gerbera MYBI1 155 -KTHRSSSRLIGANNREVLGA...... IDTTPL..... AP SIERESNVYMEPCARSHEYSDDGQKRE . . RHDNEAEVVDD220
Gentian MYBP3 148 -RGVRIRRAEMKKNNESRESA......KLFA....... PPDTSNTSSINETETNLSAVGTPNTPIIE. .KEALKTAISWD211
Gentian MYBP4 159 . .BGGGGGGRVRRSIATRYNK...... NNSSAG. s avuns RSKRNPIPKSNDSVITTQRELVSKTENMRKQKKYRDEVVV223
Consensus

Arabisopsis MYB12 330 SMVSWLLLGLDEATIGNSNCENFG.EPLDHDDESALVANEILE. . vvvvuvnvnrnrnrnsarernsnsnrnrnnnnenss 371
Arabidopsis MYBI11 304 S...RLLDGEEMESEIRGRDSNDEGEPLDICEENRMAZRELE. ....vuvvnieninirnnenieninieniennnnses 343
ZmMYB-IF35 304 C....MADQLVWCYDETLVIEPEGGEEGHQQGQDLVMSIE R o o te als ote e oleTalelale ato e alafs als tads ol ol s alala ke 345
Maize P1 317 R....TIASWRRSRLGSCPTRSDGSGHRTLQTDQIIGYRV LARSLPSRGSWFRWPNNWERNSTARAVKEPPCAPIVIACR3Q3
Maize P2 290] e MEAAAVARARARATAACTPDDRELEAFEY L7, SR N S el D N I A N 335
Sorghum Y1 342 A....ARCTECEHEPGAARARAAATCTPDEHGLEAFEY LTSRN e e i S A S 383
Solanum Y2 304 ceens LLQN. . .CTNONNNYEEATTMEINNGNESTIVERELE. . o0 vvvnvnrnrnrnnnsernsssnrnsnnnnsnss 338
Grape MYBF1 332 ...WLWED.SDG..GEVECE.TFGGDLOCEKGNAMVAMBES. .. ..covvvvuinrnnanaerasasarasannsasns 367
Gerbera MYBI1 332 S...WPWES.TTTT.DSGNGDILEVG.EDLEXQNAMVAEL. . ovvurneninrirannseissssnsnsnnncsans 368
Gentian MYBP3 291 S...WQWHT.SGGGYGEENCDGTSGGENDVREGNAIVEREIES. .. .vvvvievriniinannirirnennnonnnnnnns 329
Gentian MYBP4 338 S....FQLTNEESTNNDWDFNEAAFVYDGLWDDGDNSNEEWY. . v ovevrrrnrnncnernensnrnronneenns 376

Consensus

SG7-2 motif

R2 repeat il R3 repeat Jj R2R3 2 MYB 3¢ [R 7 g B 5H038,  SG7 Rl SG7-2 S AT B 45 e ok 4 # dak
R2 repeat and R3 repeat are typical domains of the R2R3 MYR transcription factor, SG7 and SG7-2 are special domains for the regulation of flavonoid synthesis

2 MYB#RETEBFYILX

Fig.2 Protein sequence alignment of MYB transcription factor

il MYB 28 5% 1 (R IR 22—
22 RO RBRERMYBREFEERS KRR
FR YR T 35 B WA O )7 B e L R IE 514 (F:
5-GRBTDMGRAARGGTKCWTGGA-3’; R: 5°-GCW
ATHARDGACCAYCTRTT-3"), 5l MYB #0741,
2535 2 BT PCR J, SRR T 3 MEOL B (B
3-A). FIJH RACE 25%) 3 #0031 30l 5° vt
ITrf%, PR KT SRR epE T 3 A
AR (] 3-B). SEBERENT 3 ANEE 4k
CtFRMYBI. CtFRMYB2 F1 CtFRMYB3.
23 FRURELEREHR MYB EREFERFS
X
TR 3 AN L CtFRMYB1. CtFRMYB2 Al

6 M

A 1 2 3 M B 4 5

— 2000 bp

- 2000 bp
- 750 bp — 750bp
- 250bp ‘
-

1~3-3 MZLJPF|  4~6-CtFRMYBI1. CtFRMYB2. CtFRMYB3
M-Marker
1—3-3 core sequences
CtFRMYB3 M-Marker
3 #%UF% (A) B CtFRMYB1. CtFRMYB2 #0
CtFRMYB3 (B) £ 5%
Fig. 3 Core sequence cloning (A) and full-length cloning of
CtFRMYBI1, CtFRMYB, and CtFRMYB3 (B)

4— 6-CtFRMYBI1, CtFRMYB2, and
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CtFRMYB3 /741 ) 46 % NCBI, &5 704
KY554784 . KY554785 Fl KY554786 . .,
CtFRMYBI1 4=K: 1 223 bp, CtFRMYB2 £+ 1 080
bp, CtFRMYB3 4K 1348 bp. % F/EME R
Pl R R, T B TR e s DR B DR A1 3R AT 43
B (R 3D 3 AMLs PR Tl & (1 SRR 43 o
3k 17 878.15. 28 766.45 I 27 987.89, 14k
RWIR 3 NS EA DNA 4546 U688

MYB EH 5k 1.

IR A R L T 3 B> MYB
e 35 CIMYB,  SEERKE v BRI 1) 3 AN
[AlF%: A CtFRMYBI1. CtFRMYB2 #il CtFRMYB3
[ 2148 0 ORI Y CEIMY B S 380 R 7 o i 42 28 8 i
G EE AMYBI12 #HATH T (B 4). Zik
B, AXT CtMYB1. CtFRMYB3. CtFRMYBI A
CtFRMYB?2 [fi] AtMYBI12 554k ¢ 2t K8,

#3 MYBEREAFERFIIER
Table 3 Information of MYB transcription factor gene sequence
KR4 AK/bp MG EAE bp 25 aa HHX 7 F R Sl SPIREAKNE GO 1 Pfam 1%
CtFRMYB1 1223 489 162 17 878.15 4.82 -0.307 DNA 4i& IRt Myb KEH
CtFRMYB2 1080 741 246 28 766.45 8.18 ~0.787 DNA Zi5Dife Myb KRN
CtFRMYB3 1348 804 267 27 987.89 8.58 -0.324 DNA Zi3Dife Myb KEH
—— CtFRMYBI (KY554784) A [ R B e ——
L CtFRMYB2 (KY5354785) 288 288
18S 18S
AtMYB12 (NM_130314.4)
CtMYBI (KJ524853.1)
CtFRMYB3 (KY554786) L 225 390 4db 5~8-ti] 1~4, FIA
1-leaves 2-stems 3-roots 4-flowers 5—8-represent the
55 developmental stages 1—4, same as below

4 MYB F5I5#
Fig. 4 Evolution analysis of MYB transcription factor gene

sequence
24 ARURLENEHK MYB EREFERERKIE
ST

Sz K % CtFRMYB1 . CtFRMYB2 Al
CtFRMYB3 SR RIA AT 7041, 5%, R
AR LS A (L 25 MR A2 48 ) RNA (] 5-A),
K2 PCR X} 3 AN MYB # 5 X 1L R 7E A
[ A FRIB AT 50 B o 45 R K B, CtFRMYBI
A CtFRMYB2 fEfe 1 3RIA, 1AEn . 2K &M A
ik, CIFRMYB3 NZEN: 25, R AR
5 (E6-A).

UEAh, SEEGHRE T f6 K B AN E I B RNA (&
5-B), [AFEA ] & & PCR % 3 A MYB #4351
SRR R B AR RIS AT 400 &5 KW,
CtFRMYBI1 #ll CtFRMYB2 7 4 MR & WA ik,
HAER A 3 RIAEH &, 1l CCFRMYB3 1 4 AN 4
A RIL, BE4NRENPFREEZHOAKR, H

E5 TRAER (A) RFEAXEH (B) RNA E
Fig. 5 RNA of different tissues (A) and different

developmental stages of flowers (B)

A 1 2 3 4 B 5 6 7 8

5
s | "

6 AEHERA A RAEA%EH (B) CtFRMYBI,
CtFRMYB2 # CtFRMYB3 & 5 47

Fig. 6 Expression analysis of CtFRMYB1, CtFRMYB2, and
CtFRMYB3 of different tissues (A) and different

developmental stages of flowers (B)

R mEEE (K 6-B).
3 g

AR TEND WS P PR B SARCR NP
M S, A A AR A 32 B R sy, o
AR E W T A e S, IS i s ek
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Y= E S = N [ = IR L AR S SAW I &
PG A 2 SRR AR T DhREIE R s R, ol
2 €00 CHS 34T T vole, ARY S F3H it
17T ek, XK A B EI S RERE N BT T 08
B¢ (f13E CHS. CHI %). i3k, Huang 25U Li
UL R il AR, BRI A % e T sk
JRAP ARSI eI DR o R IN AR A4 o CHS!
Jo CHIMSEAT T v

FHXS T2 AC B T REIE R 9T, £r e
i & R R T > . MYB BSR4 —2%
FEAWER T, | 2s5EmEGRriRE, C
SIS A CRIE S AT 1) a2 1), o
2ier, AL CMYBI #ve !, ABFSUFI RACE
Tk, I EpER] 3 A4S MYB BT
(CtFRMYBI1. CtFRMYB2 }% CtFRMYB3). #4411t
PR CIMYB1 KAUF I+ AMYB12 [RIASE S b
B 1 3 AN JERIEEAT HE 4 20 A, 45 SRR B CtFRMYBI
CtFRMYB2 5 AtMYBI12 KR %L, 1 CtMYBI1 Al
CtFRMYB3 [f] AIMYBI12 X RIKIL. AtMYBI2 #
T BB 25 5 S B 5 i S 3 R I B 4 2 B
e, X RPN T CtMYB1 A1 CtFRMYB3,
CtFRMYBI1 Al CtFRMYB2 ¥ ] fE 2 55 2 2 B i
(B o

AP R ER E AR R, HE
JFAE 3 d Zidy CRSZE I 3) APl 2P, &5
BRI, 20 462K 3 W Ay Th e LR, cHS!™
M CHIM57E 3 d Agy ik R, St og
1 3 A~ MYB #sg Rl 7R R R A AT T 247,
CtFRMYBI1. CtFRMYB2 {X{E4 4t & iE HAE K
W3 RIEERE, XH5ATEREHRR LA
IR R IE @S2, KR T CtFRMYBI.
CtFRMYB2 ® it 540 e il A8 . J5 8258
B8 33— 45 % T ) CtFRMYB1. CtFRMYB2 i
ITIhRERAE . AWFRAELDALH RIh bR 3 /N
BRI A C MYB 365k R P36, il e
RIS 3] 2 NI A kit 3
DR, A 20 A6 2SI A 3 T 1R 428 RN TF 9T B9 2 Sk A

!
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