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anthocyanidins, we screened and cloned a MYB gene associated with anthocyanin biosynthesis from the transcriptomic
data of common buckwheat varieties of safflower common buckwheat and Beizaosheng, and named it FeR2R3-MYB,
GenBank login number was MT151381.1. The sequence was analyzed by bioinformatics analysis and qRT-PCR was
used to analyze the expression characteristics of FeR2R3-MYB gene in Beizaosheng and safflower common
buckwheat. The results were as follows: (1) FeR2R3-MYB gene was 831 bp in total length, encoding 276 amino
acids. The relative molecular mass of the protein was 30.95 kD, the theoretical isoelectric point (pl) was 8.73, and
the instability index of the protein was 69.64, which belonged to the unstable protein. The total hydrophobic value was
-0.679, and the whole peptide chain showed hydrophilic characteristics. (2) FeR2R3-MYB had a typical R2ZR3-MYB
domain and belonged to the R2R3-MYB subfamily. (3) FeR2R3-MYB was closely related to common buckwheat and
knotweed, belonging to the same family. (4) The promoter sequence of FeR2R3-MYB contained a total of nine light
corresponding elements, 12 transcription factor binding sites, four abiotic corresponding elements and two hormone
response elements. (5) Subcellular localization found that FeR2R3-MYB was only expressed in the nucleus. (6) The
expression of FeR2R3-MYB gene of safflower common buckwheat was higher than that of Beizaosheng in leaves and
inflorescences, and it was further speculated that FeR2R3-MYB gene could positively regulate the biosynthesis of
common buckwheat anthocyanin. In summary, these results lay a foundation for further deepening the research on the
function and expression regulation of FeR2R3-MYB gene in the biosynthetic pathway of common buckwheat
anthocyanin.
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£ & (anthocyanin) J& TS B4y it | J&—3&
AT KSR AR, fEARR D
R FE L LA R A Y O AR AR B 45
G RIE LT R Z LT, b i WA 6
Pl RO R REHOER EREAER ATA
R BEA AR LA R (RIES5,2017), 46
BRI EA Z Y6, wmw sk &
Y sz 2N BB RS | B A e
T U RARBUE Y . R — R 2 ToRER R
REHEER, LT R P A0 M 5N, B
AHUE DTS AR FNER I I I NAR IS M B I/
M8 235 TR 1 G T 1 A5 D2, X N R R B R
B PEEAEA {E ( Tanaka et al., 2008) ,

ERY R, MYB KT 22 5P kT Bt
s KA AL AR B R . MYB RIE R 5 K £
HASERRE, N i & A —BURSF ) DNA 2454
3 ( DNA-binding domain) , C 3fi Wl J& 71 57 25 1 BT G 1
f7E3Y (Ogata et al., 1996) , MYB 1453t A 3
Pl 43502 R1.R2.R3, R 2589 50 2247 i &k
PRAL AN, 76 = ez [ A B 3 A~ o185, Hir s 2
AFNEE 34 a-BRETE OIS e - 5% - IR ELs ), 556
1A~ o BRHETE L — A HAT B K A% 0 ) =4 HTH 25
FI, MYB %% 5% K Fil i i 45 5 DNA 454 (4
SAEE 2016) , ARIESS A ECE, MYB A

LA 4 A FE LS4 : 1R-MYB \R2R3-MYB |
R1R2R3-MYB 1 4R-MYB ( £k 5t 1€ 55 2016) , Paz-
Ares 55 (1987) 1F £ K ( Zea mays) & B T FH 4 )
1A MYB SN, R4 ZmMYBCL, W) A4 BE 5T
RIZHA S EAREFRE WA, Z R0
&2 ,A{I]Fﬁfl{ﬁM%%@%(Solanum tuberosum ) SRR
(Malus pumila) 35l ( Solanum lycopersicum ) Fl/NF
( Triticum aestivum ) 55 2 FiAE YY) vh v B = A6
HE WA MYB B 1, Joh L R2R3-MYB L5
%M % (Ballester et al., 2010; Chagné et al., 2013;
YRS 2016 X JIBEESE,2019) . R2R3-MYB ¥
S TR R A AEAEE R AW A AR B B
N , & 95 ( Perilla frutescens ) 'Y R2R3-MYB ¥4 53%
W2 58 R WG N TR 58 FE K (Saito &
Yamazaki, 2002) . #ij %4 ( Vitis vinifera) ") MYBA
LI TEAET R AT WA 454 2 ] ( Kobayashi et
al., 2002) . TAIMY MYB kK FRHEH ZAED S
JRZ LATE [ 98 45 0 3, A A MYB #% 5% F 74
WH RN A R AHITER, Wang 45 (2021)
MR, 14 26 46 ( Chrysanthemum morifolium ) 7 53 [
o CmMyYB21 FEP, JF % H AT IR %, KB
CmMYB21 #2455 7 s T3 T CmDFR 3Rk,
FEAE R G A BINE], 404 6 5 (Antirrhinum
majus) ") AtIMYB308 | %% 4 46 ( Pharbifis nil ) W 1)
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PhMYB27 %5 ( Tamagnone et al., 1989; Albert et al.,
2014)

AP A F LT P E ST R
HYEFE ( Fagopyrum esculentum ) i & FF | iy 44 41
FERHFF (HHTQ) , 84 5 1 4K 59 &1 57 b Bl (L2
A2 ) AT S AL 2R LA AT R AR T — AR R 3R
EH R A M AEZEIL A (Fang et al., 2019) . A
FEN HHTQ i ve B 1 446 T R AE W& A fe 1k
BEIH FeR2R3-MYB , I 38 3 £ W) £ B4 19 05 15, K
BN GEH  R G R E B 27 5 LR T RE 4
o 388 53 A R 1 WA e 45 T T v 3% i A
) BEAS R AE R AT 4 T B 50 S B, DA K i I 4
L5 3 1 qRT-PCR WF 58 T FeR2R3-MYB 3 [H )
RIRFFIE R ZURIAAL ., Ty ik — D HRTE FeR2R3-
MYB SEPITEFR 2 ALTT R AW 8 i B vh i D RE 2
HET HIR KR

1 #MHEF*

1.1 ##4

JIr e A4 Rk it A O 2T 46T 57 (HHTQ ) Fidb 4=
TR VR 2 AR 2 5 S50 560 ik b | R FH o R A4
P, fEFEEARKES 5 A R, L 5 e
FFARTET -80 °C UK P&
1.2 #% FeR2R3-MYB EE K=&

FIH RNA G870 & (Ao 33 A YR A R
v A $EEC HHTQ IF R B9 &L RNA, Rl R s ik
ME(EHEAMHEARARAF) G cDNA, R
P A S G 2 I S 2 B AR B ) MYB R
i1t NCBI #£17 Primer Blast Wil 4 5519 (£
1) ,PCR ¥ 844 FeR2R3-MYB J¥51) , ¥4 4 v e % 4
Je ik B R R A R R #E4T DNA T,
1.3 #HFF FeR2R3-MYB EEMEWEBRES

P52 P55 , M ApE (A plasmid Editor)
A3 T FeR2R3-MYB K& R ) JT il X 58] 352 4 A1 7
DG 24 15 1 22 B R 7 41 5 R FH A2 48 I 2 ExPASy
(https://web.expasy.org/protparam ) Tl & 55 B
SUFRE XS 43 ot £ 5 B AE L M 3 ProtScale 43 #7
F W B K /35 K M B Foldindex #2 7 X
FeR2R3-MYB & [ #F 17 Jo ¥ 4k F il ; ) 4K 1
NPS® ( https ://npsa-prabi. ibep. fr/) il FeR2R3-
MYB % [ 4544 ; FIH SWISS-MODEL( https : //
swissmodel. expasy.org/ ) Filjll FeR2R3-MYB & H —

P25 5 M AE 4K PlantCARE  (htp://
bioinformatics. psb.ugent. be/software ) il 7 2/ -
A= AE o4 s FIH NCBI #47 Protein Blast
REIETF 6 FUE P50 H MEGA X 514 44 g it
A WO R S R Ul s 4 =R/
(bootstrap) & 1 000 X,
1.4 & FeR2R3-MYB % 8 /Y 7 40 i1 € fiL

FIH BioXM 2.6 ¥4 F1 DNMAN $% 415 11 4%
SPEDI Y FeR2R3-MYBF-F1 1 FeR2R3-MYBF-R1
(F£ 1), iz PCR ¥ 3% FeR2R3-MYB 3, &
Xho 1 F1 Avr 11 BR il P9 U0 i 0L 1], 12 [ 0
Y1 R B, ¥ 10 BE S pHZM27 #4432, 4k
DHSao, $ BB AL 35S @0 FeR2R3-MYB-GFP, f#i
RAT R Z M GV3101, b F 4 ki, 1% &
W ER R AR AR A A HATIE, &, B4~5
W5 %) 0 R P S e A e T A S Y
N HCE 48 ~ 72 h, A FHOE L R AR b SO 52 o
HET,
1.5 qRT-PCR %34 FeR2R3-MYB ERHRIZER

PRI F RN AL B9 5 RNA, R cDNA BEAT
SEHY 9¢ 6 %E i PCR ( qRT-PCR) , K 1] FeR2R3-
MYB FERAELLAETIFE (HHTQ) Fdb B A4 A [a] 35 437
M FeABI, ) Primer ﬁ??*%j%@%l%ﬁi+,
R U RS 5 FeR2R3-MYB-F2/
FeR2R3-MYB-R2( 5 1) ; qRT-PCR A i F Y BH
X R P 2 5L K R B FF A9 ACTIN % K ( GenBank
o5 . HQ398855. 1) , il 4 5 1k 51 1 0 3l Ay
QFeACTIN-F Fl QFeACTIN-R(F 1), RHM 4Lk
PCR ¥ 32 i 27 vk 3 ik i, SPSS
19.0 # A X B 98 2847 5 2% M 73 41, Excel 2003
BAFAEREL,

2 HERE54H

2.1 #FE FeR2R3-MYB EF =&

L HHTQ B cDNA R 8 #, #l H 51 ¥
FeR2R3-MYB-F/ FeR2R3-MYB-R #4794, /] 10
g« LT HE M BE JE FL Kk XT PCR P= 9 kA A
A5—2% 900 bp Z£47 1) PCR =9y, Wi 1 fiw,
W45 5 Wos iz i BeR /R 873 bp, FIHH APE 4K
TEMT 3, KBS AT 831 bp BYFF LI A | 4 i
276 MR IEMRR . Wid BLAST AR R, 450 B
RHFES 593 FIMYB15(KY290581.1) (AR
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Table 1

Primer name and sequence

ElE/ B2

Primer name

SIHFS (5'-3")

Primer sequence (5'-3")

Flg

Purpose

FeR2R3-MYB-F

FeR2R3-MYB-R

FeR2R3-MYB-F1

FeR2R3-MYB-R1

FeR2R3-MYB-F2

FeR2R3-MYB-R2

QFeACTIN-F

QFeACTIN-R

TGGGTCGATCTCCATGTTGC

TGGTAAACCACAACTCTCCAAG

CCGCTCGAGATGGGTCGATCTCCATGT

TCCCCTAGGTTTCATCTCCAAAGTTCT

TGCCCGGATTTGAACTTGGA

GTAGCACTTCCTCTCAACCCC

ACCTTGCTGGACGTGACCTTAC

CCATCAGGAAGCTCATAGTTC

R A k)

Gene full-length cloning upstream primer

B A K T BE T S |4

Gene full-length cloning downstream primer

7 240 i 72 Ao v e L R 51
Subcellular localization cloning upstream primer
7 240 W 52 i e R T U1
Subcellular localization cloning downstream primer
PO BN L5149
Quantitative gene upstream primer

PEOLRE BEEE D WS4

Quantitative gene downstream primer

FOE NS 519

Quantitative internal reference upstream primer

POLERNS TG

Quantitative internal reference downstream primer

PE® I8 97% , ¥ i I 4 44 h FeR2R3-MYB,
GenBank & %54 MT151381.1,
2.2 FeR2R3-MYB EFE 43 E BB K & RA T

ot TE 2K ExPASy Tl B FeR2R3-MYB
BE K g i A 1 B A X 43 BT i O 30.95 kD, FS
Sl S (pl) b 8T, EHM S TRAN
C1342H2134N40004125150 /ﬂ\: qj Hﬁﬁﬁ ( GIY) N J‘E':’L /ﬁﬁz
(Lew) & B, N 9.1% , Hik Sl 22 & R ( Ser)
1) 8.3% AR (Glu) Y 7.6% , IR AT ( Met) 1Y
TEED, N 1.4%, EANATRETEECH 69.64,
#E FeR2R3-MYB J& T AFE &, ProtScale 7F
LRARAE o BT B B K R K, S R R
FeR2R3-MYB 2% /K X 38 K F 5 K X 3, B i 7K i
H-0.679, HiK fe KAE M 1.811, E K E KEH
=2.711 3% S IS 2 B R K R
2.3 FeR2R3-MYB EAHN L FHES MM _H =
R TN

i i FoldIndex ¥ %I FeR2R3-MYB & H it
TP ACTI 5B xR AR T 9 A 9
AT X 3k, A ik 151 4, TF L RN
54.71% , PR NPS® #iilll FeR2R3-MYB & H
T s M, 85 R R P, FeR2R3-MYB 4 H
26.81%) a-12HE . 10.51% HYLEMIEE 5.07% HY B-
EEAHAN 57.61% W TC RN G ith 41 6, R SWISS-
MODEL Fiiill FeR2R3-MYB & H =245+, & 2

fii/R , FeR2R3-MYB 2 1 = 45 DL o-125E F1 G
B ok 3, 5 S R TN 25 44 SE A AR [A]
2.4 FeR2R3-MYB EFHBERQRNIERF JILE
POpS ikt Ay

¥ FeR2R3-MYB & 1747 NCBI %#ig 2 rh
HE1T Protein Blast #82, fii ik il 15 MEYE AP
5, MEGA 7.0 98 R G iEfbi, i 3 fioR,
FItFE 1 FeR2R3-MYB 5% 5% 4 ( APZ74340.1) J&
K (AQYS56676.1) fhEIF ( NP_195574.1) Fl % 1%
ZRAEF (AID23891.1) MY SR 4% K R ERIT , 5 3¢ 2 A
PEAL S IR Jm SR P, X SE R 4 O R AT A
WA 43 2 RO AL MU, FeR2R3-MYB 7835 %
FpEAL Th A 5w [l PP 4N FeR2R3-MYB i [
TERF- W ZRHE Y hAETE R BRI IR SF

i3 DNAMAN 6.0 % FeR2R3-MYB ‘5 HiAth i
bR R B AR FAEY) MYB & 318 7 91 k47 1
X 45 B 4 BT s, FeR2R3-MYB 5 % 3% %
(APZ74340.1) AL B B =y, oA 93.08% , 5 1R AL
(AQY56676.1) #2252 Fh ( AID23891.1) th A %%
0 AH L . FeR2R3-MYB H A7 i I i R2R3-
MYB 2543, J& T R2R3-MYB WK%
2.5 FeR2R3-MYB % B /Y F 48 1 zE {iz

# 35S :: FeR2R3-MYB-GFP Hl pHZM27 (35S ::
GFP) 75 ZR A gk B 2 Ak 00 3 o0 ot 28 3R 48 I 7k
BERIL(KS) Ak zs 2k 35S 0 GFP 1% 46 55 241 ifd
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bp
2 000 —»

1000 —»
750 —»
500 —»
250 —»

100 —»

M. DNA #r#E4) 2000; 1. 5|4 FeR2R3-MYB-F/FeR2R3-
MYB-R B9 =4 .

M. DNA Maker 2000; 1. Amplified products of primers FeR2R3-
MYB-F/FeR2R3-MYB-R.

B 1 FeR2R3-MYB %R ¥ 18 7=y i 7k B
Fig. 1

FEANREAZ | 20 M 0T | A0 M B B A A B A A (2
54k 35S :: FeR2R3-MYB-GFP T 41 Jii bir f4 A % 41
JL, R A A A 9O, W] FeR2R3-MYB & {7
TEANAAZ -, ELA MR 7 S 7 2R AR AE
2.6 FeR2R3-MYB £ F /A zhFIR=1E A T 4w
JAFEFZ FE R JE R L FeR2R3-MYB 812 1R
fLsi B3F 2 300 bp BJE 375741, {1 PlantCare
FEL Nl X JLHEAT 3B S0 (5] B A TBtools i
= A G 4 2 AT AT Ak, S5 SR E 6 TR .
FeR2R3-MYB JE 8 FIF A & A 49 D HZA YT
SRR AT B TATA HE A 38 /> il % 5% 2 4R
RIK CAAT HE; & 8 NJemi i o (2 4 AE-
box. 2 > GTl-motif, 2 /> TCT-motif, 1 > chs-
CMAla .1 /> 3-AF1 binding site) Fl 1 45 15 £

Electrophoretogram of PCR product for FeR2R3-MYB

2 FeR2R3-MYB & B =R #HN
Fig. 2 Tertiary structure prediction of FeR2R3-MYB protein

EHI T (circadian) 3 & A 12 4~ MYB # 5 [H 1
25405 (1 4 MRE.5 /> MYB.2 > MYB-like
sequence .2 ‘1> Myb .2 /> Myb-binding site) ; & 1
AR B T (LTR) | 1 A B 480 F18E 7 0 1 6
4 ( TC-rich repeats) Fl 2 4~ K % % T i B o 7
(ARE) ; & A 2 /K ¥R 5N [ 76 {4 ( TCA-
element)
2.7 FeR2R3-MYB EF L % # 5F (HHTQ) ik
BAERESARIEER

#1508 FeR2R3-MYB F: IR 7E HHTQ A b H
AR I EE , FI qRT-PCR & f& 0 My it 55 i - A
TP FEEO (B 7)), S55R 878 , HHTQ nt j
" FeR2R3-MYB Jk F iy % 35 & & db 5 A4 19 3.03
5 s HHTQ L7 FeR2R3-MYB H:H iy ik &b
AR 4.55 4%, IEW] FeR2R3-MYB FEH ] L 1F [
PRSI E ZREYE .
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100 [ HuMYB-related protein 308 (XP_021286892.1)

56

52

TcMYB-related protein 308 (XP_007041863.1)

GmMYBZ2 (NP_001235092.2)

JtMYB-related protein 308-like (XP_018823839.1)

100 ~————— CsMYB-related protein 308-like (XP_028099008.1)

PcR2R3 Mybl (AQY56676.1 )

71

79

AtMYB4 (NP_195574.1)

FeR2R3-MYB (QQY99952.1) %

100 =————— FtMYBI5 (APZ74340.1)

100 [ RhR2R3-MYB (AID23891.1)

64

RcMYB-related protein 308 (XP_024167693.1)

SsMYB proto-oncogene (TKY75493.1)

61

68

OeMYB-related 308-like (CAA2964916.1 )

PpMYB-related protein 308 (XP_007200603.1)

100 b———————— PyMYB-related protein 308 (PQQ14404.1 )

Hu. f£0] 8] ; Te. [ A ; Gm. K2, Jr. #I#8k; Cs. Z5; Pe. JEAL; At. UFGIT; Fe. Ti55; Ft. 35354 ; Rh. #4435 fh; Re. A%

16; Ss. WAL E ; Oe. KEHE; Pp. #k; Py. HARMAE, T,

Hu. Herrania umbratical; Tec. Theobroma cacao; Gm. Glycine max; Jr. Juglans regia; Cs. Camellia sinensis; Pc. Polygonum cuspidatum;

At. Arabidopsis thaliana; Fe. Fagopyrum esculentum; Ft. F. tataricum; Rh. Rosa hybrid cultivar; Re. Rosa chinensis; Ss. Spatholobus

suberectus ; Oe. Olea europaea; Pp. Prunus persica; Py. Prunus X yedoensis. The same below.

3 FeR2R3-MYB 5 Hftt## MYB ZEAK RS X F LK
Fig. 3 Phylogenetic analysis of FeR2R3-MYB with other MYB-like proteins

3 W54 ®

TETE W6 1 He 235 35 DR R i 4 i R e
ey ioB - SRR Y O O - L ke~ 3 S LN E e N
WIAETE 2 A B X 3 B a7 o s 3 [ SR R 4R
MYB bHLH Fl WD40 — 2% 5% N+ 1 B AR h
=JCE A MBW 2R ¥EALE RAEY Gl F 2R
(% ,2020) , 7ERKEE WD40 FE H 19 451k
T ,MYB il bHLH ¥ 5t F B AL S Z 1A R
(R 8/ %5 2021), Wang 25 (2020) #F 58 & 30,
PAMYB118 5 (M v LA bHLH ZKj% PATTS 4K 4l
ARG MR ABGs JEH B3R5, R i W 4L
EIWFLE ) Espley %5 (2010) 18 i X 35 MdMYB10
FEDRI RIS 2k 45 R AT 40, R W] MdMYB10 %} 1€
R A A A RSO AOR TS R P R bHLH
M (MAHLH3 A1 MAHLH33) 3L Rk, AR5

f£ FeR2R3-MYB ) R3 Z5ta3k b & 8 — 4~ vl LA
bHLH % 5% [ F % A= 4 B AE A9 36 7, TR 0 4 W
FeR2R3-MYB AJfiE 5 bHLH H1 WD40 #5118 1 H.AF
WM =JCE &Y MBW KEERFFH T ZEYS
%, Fornalé %% (2010) AF5%F K R2R3-MYB #% 5% [H]
T X RN B AR 0 P 4V T, T G €2 G0 5 0 VE
FE ZmMYB31 FILEAAR AN A 5T 25 5L K 30+ (A
HAEH, ZmMYB31 LR 38 1 H AR B2 AR WA T
S R E ) B RN B IR AR 0 O3 — A~ 43 3, B
CE R G IR, BRRUL, H SR N1 2 H
PEFNGE ZebE A4 MYB XF 675 2 094 W4 i
BT TAE, HHTQ EE N 556 =454 T,
T R A R 2] 0§ R SRS S Lin-Wang &
(2011) WFFE R, ZHOMAIE T A BUAH X MYB
FL ) F R R 4 2 BOG BEFNTE B I sE . FE SRk
AT, FoMYB10 ()36 3k 5 B g 30 | 48 F o g
T E M, X THEY, SR EFTRHEREDN
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R2 Repeat

FeR2ZR3-MYB EGCWRSLPEAAGLLRCGES 80
AtMYB WRSLEFEAARGLLR 80
GmMYBZ2Z K 80
FtMYB15 80
PcR2ZR3-Mybl 80
RhRZR3-MYB 80
Consensus
FeR2ZR3-MYB SVHEAEVEGE . . .VIFSPIFT 157
AtMYB PICESSASCDSKEPTQLEEVTS 159
GmMYBZ2 PLHEARTAL . s v v v annnes 147
FtMYB15 SVHEVEVEGE . . .VIFSPIFT 157
PcR2R3-Mybl SLNGAEAERE...TT.TPT.T 154
RhR2R3-MYB LHSLLGNEWSLIAGRLEGRTODNEIENYWNTH K PINETPQCD..........5.A 1L
Consensus lhsllignkwsliagrlpgrtdneiknywnthi rkl

bHLH Motif
FeRZR3-MYB SHQHQ . .PEQEETGEIIVHSN MQS 233
AtMYB DDVDR..... EQGHEESTTE. MIN 233
GmMYBZ2 .EQQ...ETS5S5N ROOQQ....TOBN........ [V LHN 200
FtMYB15 SHQHQ. . PEQERSGEIIVHSN MOS 233
PcRZR3-Mybl SHIHQKCPEQEKTGERIVNST LON 234
RhRZR3-MYB SQARP. .BESLESGERGV. .. .[W35 LED 216
Consensus pdlnlel is p cE ca g
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Fig. 5 Subcellular localization of FeR2R3-MYB-GFP fusion protein in the epidermal cells of Nicotiana benthamiana
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