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Abstract: R2R3-MYB transcription factors are known to play important regulation role in the flavonoid
biosynthesis of plants. In this study, a gene FtMYBI belonging to the R2ZR3-MYB gene family was cloned
. The FtMYBI transcription factor was found to exhibit the

transcriptional activation activity in yeast, and its expression of FtMYBI gene was induced by methyl jasmonate

from tartary buckwheat cultivar ‘Chuangiao No.1’

( MeJA ) and abscisic acid ( ABA ) treatment. Overexpressing the FtMYBI gene in tartary buckwheat hairy root
showed a significant reduction in contents of total flavonoid and rutin if compared with wild type. Furthermore,
the expression of FLS and RTI genes, which encode for flavonol synthetase ( FLS ) and rhamnosyltransferase
( RT ) in tartary buckwheat, respectively, were significantly lower in the FtMYBI overexpressing hairy roots than
that of wild type. Taken together, our results suggested that FtIMYB1 may function in inhibition of the flavonol
biosynthesis by repressing the expression of FLS and RT1 genes.
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¥ /R il 4 W B ( CHS, chalcone synthetase ). £ /% fili
SHF4 T ( CHI, chalcone isomerase ) A8 5EH 3- #2146
it () 44 A 5 i, T 6 I s ) 26 9 65 B PR P R B
fit} ( FLS, flavonol synthase ) 1 iz % 3-O- H L4455
JEE N B A 2L 44 B2 18 ( RT, rhamnosyltransferase ) 5
WA AL e (IR 1), KRR, RN
RIRIEAE I EEHE P 32 h R2R3-MYB #% 5% [H 71
o Czemmel %" N AT B L E T — 4D
P51 R2R3-MYB #% 5% 15 VVWMYBF 1, & 3 HAE

PAL C4H 4CL

FENAR—= —=—=4-FEBCoA + 3H BECoA
( Pbenylalanine ) ( 4—coumarinyl-CoA ) ¢ (3 malonyl-CoA )

CHS
ESZNIT]
( chalcone )
CHI
THEE S E¥SH - fhg % F3H  Xhm
( pentahydroxyflavanone ) ('naringenin ) (eriodictyol )
¢ F3H F3'5'H ¢F3H F3'H o
—EttER TR —— &l FE
( dihydromyricetin ) ( dihydrokaempferol ) ( dihydroquercetin )
| FLS |FLs | FLS
[7liiE3 11z it =%
('myricetin ) ( kaempferol ) (quercetin )
¢ RT
FT

(rutin )
PAL: ZR N AR 2R ; CAH: PEERR 4- 22ALRE; 4CL: 4- FER
CoA JEFE ; CHS : /KM & 1Ak s CHI: £ /RERSPA4RE ; F3H : Bkt
Al 3- 24K s F3'H: SEHTH 3'- S0l F3'5 H: 2K 37, 5'- F24k
fili; FLS : BEEREE 1 RT: BUAHHLEERE N
PAL: phenylalanine ammonia lyase, C4H: cinnamate 4-hydroxylase,
4CL: 4-coumarate : CoA ligase, CHS: chalconesynthetase, CHI :
chalcone isomerase, F3H: flavone 3-hydroxylase, F3'H: flavonoid
3’-hydroxylase, F3'5"H: flavonoid 3’ 5" hydroxylase, FLS: flavonol
synthase, RT: rhamnosyltransferase
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Fig. 1 Flavonol biosynthesis pathway
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AU
1 R 5RFE
1.1 AR EEILF

PINNFE 15 AR A7 Jo e i i 85 9%, 1 F
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A4 T B SRS AR pAS2-1 MW I KR AR FIE AU AT R FE G FE AL RNA, B 500 ng JiT &
pCAMBIA1307 4t 522 5 R B I A Hr F o8 L $ 43t BRI RNA AT UG 5 o DU S 1) cDNA i
1.2 EF 2 RNA WIREUE FtMYBI £ CDS By H, FI 3 [ 45: 5 V£ 51 ¥ FeMYBI-F Fl FtMYBI-R
& HEAT PCR §74% , FHF FrMYBI L[ S5 (1495 | 91751

$# B FastPure Plant Total RNA Isolation Kit iz, W1,
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Table 1 Summary of primer sequence

5|44 F% Primer name 591751 Primer sequence ( 5'-3" ) JHi& Function
FtMYBI-F ATGGTGAGAAAACCTTGC LR TR
FtMYBI-R TCACAAATCTCCAATC

PAS-FtMYBI-F CCAGCTTTGACTCATATGATGGTGAGAAAACCTTGC T TR ST
PAS-FtMYBI-R GCTTGGCTGCAGGTCGACTCACAAATCTCCAATC

1307-FtMYBI-F CTAGAACTAGTGGATCCATGGTGAGAAAACCTTGC P i ek A
1307-FtMYBI-R GCGGAGTACCCGGGTACCTCACAAATCTCCAATC

Hygromycin-F GACGTCTGTCGAGAAGTTTCTG T L TR T PRAR B AGE
Hygromycin-R GGCGTCGGTTTCCACTAT

TLF CTCAAGCAATCAAGCATTCTAC

FtMYBI-QR1 AGAGCCACGGAAATCGAG qRT-PCR
FtMYBI-QF2 CCTTGAGATCCTGAACAGCA

H3-QF GAAATTCGCAAGTACCAGAAGAG

H3-QR CCAACAAGGTATGCCTCAGC

FLS-QF TCGATCAAGAAGGCGAGTGA

FLS-QR TTCTCCTCGATCGGAAGCTC

RTI-QF TCAAATAAGCTCGCCTCCCA

RTI-QR GCTGCATTTTGTCAAGAGCG

1.3 FtMYB1 B RHiE DT RZ, ffi )1 pPCAMBIA1307 #4438 F 5149 TLF /£

K FH [R) VR B 2 T A i pAS2-1-FeMYBI AN EL, MIEm 514, JEF KRS 9 1307-FiMYBI-R /£
A, I e Al B PI69-4A Bz A A0 ML, H5efb T IS T PCR 71, fiie 45 2 pCAMBIA1307-
WA 2 SD-Trp BRIATH B RE 5 5L . 28 CHEFE 2~ FtMYBI( A4-1307-FtMYBI ) B ARAR FHYEAR 2R, 514
3dJE, PR REIEAT PCR 28 W FHM R 70 P9I ILER 1.
5| S 2 SD-Trp #il SD-Trp/-His/-Ade Sk FE TR ¥ER: 1.6 ERREBHSERNE

FRIE b, B pAS2-1 25 AR A BB W ARAE M B I F FH =S AR 2 TE B K R 420 nm 48 I E
XA BARAR PSR A S YT bR 2R A 22
1.4 FtMYBI ERHBIFF 0 A3 5 W BUHE FE Ky 0.1 mg/mL (9 25 T A o G B TR

i FHAEZE ) 25 (http: //bioinformatics.psb.ugent.  0.075 mL,0.125 mL,0.25 mL.0.5 mL.1 mL.2 mL
be/webtools/plantcare/html/ ) Fiill FeMYBI JeH s & T 10 mL 2 & i 7, i A 2 mL 0.1 mol/L /Y =

RS 7 2000 bp 78 I AR R e A5 SR YA WA 3 mL 1 mol/L 1Y 2. 1R 40 7 W, i 80%
1.5 ERROIFESREERERROELERE Il EA 2 10 mL, Z B 78 30 min Ji5, LA

K FH [R) U5 B 4 748 pCAMBIAL307-FtMYBI - 75 T #E b B 5770 o0 25 6 B 0 FH 0 Y6 6 BE 1o
A, AR IR IR 2 ORI AT R 420 nm ALINE RO . LA OGAE A B AR, 5 T e
HRARFFH A4 RN SN FEBRRAE T M BRI T hnEMZE: Y,=32.857X,-0.0079
FH CTAB 5 2 HCEARMR DNA, Fl TR LR BIRR - (R*=0.9994 ),

[ PCR 73T %28 . 514 Hygromycin-F/R #£47 W BPARRE U 2 E SR, 12 40 H
PCR 434 J2 7 , 0 3o S5 2 WA L R Aok i v 0, B 0.1 g AR AR AR B B 8848 v, iImA 10 mL
H: pCAMBIA1307 25 204K ( A4-1307 ) BARAR FHME  80% HYHIEE, 40 °CHESHREL 30 min, f#ifH 0.22 um
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UL U8 RSN 4 IO 3k D8, A GBI 1 mL A DB VR
JIA 2 mL 0.1 mol/L i =5 fL R AN 3 mL 1 mol/L
) R BT IA T, FH 80% H /2 25 & 10 mL, f# F 4>
JEGRETHTE 420 nm A E A SROGIE . R HEARE
M 2T T AR R B B, DR AR 3 IRER
RS A2
1.7 ERBRETESENNE

S i (T X T by | D E = 1 R L #1L
FEBMRARPI A T &, AT AR Hl &
T B B SRy 0.1 mg/mL B9 25 T AR SRR 1 pl .
10 puL 20 pL., 50 pL . 80 pL FERERGIN , {0 Rl FRL
DL T i R AL b, W T FEOR A AR B 22 i A il
2k . Y,=7734.3X,+101250 (R’=0.998 ), % HX 50 pL
1.6 JUrRAE S ARG I, AR o 0 AR5
T AR IR AN 3 KRR bR E R
1.8 SERTEEEE PCR 4T

WMEIA A PR —80 10 d HIkH)1155E
1 SR, B E MS AR, & TR FE
SR 1 d, 8 120 tpm/min, 2R B 50 uM
FEFIFR S (MeJA ) F1 100 uM 747 ( ABA ) T MS
WAREE IR 56, AEA PR S 55 0. 1.4 F 12 h B EORE
PR R I T S W RGE R, DR AE T -80 C VKA -

SRR PR 8 i ARG < B RS — S

A B

Y A AR e R, YR G R J5 ORAF T -80 C
UKFR -

P45 R LAY RNA, IO SR A qRT-
PCR #i#i, F T qRT-PCR A9 3 K 435 S5 14 51 4 DL
1, H3E RS EEN i H 7500 Real Time PCR
System #EATSEHF 2 N P . A E 3
A AREE, i RQ(AHX F ik i) =27 5
2 TR HARSE R A ik i RS AR 3 I
ZiRE A bREZE . HT qRT-PCR [¥) FLS FIp £ 3k
H3 51750 3% 1,

2 FER5HM

2.1 EF FiMYBI BRI R ERBIIFH 17

PINFE 15 cDNA AR, #1] H & 7 1E 51 4
FtMYBI-F/R #t 47 PCR ¥ 14, 15 3| 4 1% 7 %1 4= K
S 711 bp 1 H W R B (B 2A B o FI 78 28 W 3
T FeMYBI FEPR 5 85 b A T a5
RIFEAT 22 e B Te A , AL 4E A AR I [V I6
F ( TGACG-motif ), i 7% % W )i 7C {4 ( ABRE ). 7l
5 Z 0 W T ( GARE-motif ) DA K 7K A% & i 1o e 14
( TCA-element ), It4, 12 X Jal i & 81— 26 H Al [y
36 0 7 T A, AR e Y T (LTR ) e i o4
( G-Box ) LSR5 T 0 (ARE ) 45 (8] 2C ),

R2

1 MVRKPCCEKQGLNRGAWTAQEDEALSNYIQAYCﬁI%GKWNSL 40
R2

41 PRRAGLKRCGKSCRLRWLII\{I3YLRPDIKRGNITRDEEDLIVR 80

C

-2000

FtMYBI—-promoter

I ARE A MBS

A G-Box @ ABRE [J GARE-motif

81 LHKLLGNRWSLIAGRLPGRTDNEILNYWNTNLSKKIEIEP 120

121 TAGSNKRSTQPQIHTNGTGEPRKSSPIRTAAFKCTNNFSV 160
161 AEDHHHHKQSTPSDAYLTDFEMRFGGETENETETGASDDA 200

201 YFFSTAVQDLKETEFADDFNFLNELLDSEGGWIGDL 236

-1

—H 14— F—Bo0— ATG

¢ TGACG-motif ¥ LTR

@ TCA-element

A: FtMYBI 3P CDS J74149 14 ; M: DL2000 DNA marker; 1: FIMYBI JE[H [ PCR 41474y ; B: FIMYBI1 [IWEIERIT 41, FRIZLFR R2 F1 R3
MYB DNA Z5 5454038 ; C: FiMYBI JER B 3 TFPF153T; ARE: PRAUAE SICHE; MBS : 25 T 500 MYB 45518 ; TGACG-motif: ]
PRI NLTCAT s LTR : AR T s G-Box: JEMAN I ; ABRE: B AR N TCIT s GARE-motif: 7385 RN TTI ; TCA-element: /KRN 1 T
A: amplification of FtMYBI CDS sequence, M: DL2000 DNA marker, 1: PCR amplifification of FtMYBI gene, B: amino acid sequence of
FtMYBI, the R2 and R3 MYB DNA-binding domains are underlined, C: promoter sequence analysis of F#MYBI gene, ARE: element essential for
the anaerobic induction, MBS : MYB binding site involved in drought-inducibility, TGACG-motif: MeJA-responsive element,

LTR: low-temperature-responsive element, G-Box: light-responsive element, ABRE: abscisic acid-responsive element,

GARE-motif: gibberellin-responsive element, TCA-element: salicylic acid-responsive element

&2 & FtMYBI1 £[E CDS B3 8K BT+

Fig. 2 CDS sequence amplification and promoter sequence analysis of FtMYBI in tartary buckwheat
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SRS S M 2R W, BT AT 1 e Ak F-7E SD-Tip ik
B 0 18 5% 95 i b ¥ A RAF, T A pAS2-1 il
FIMYB1 1% 46 T 7E SD-Trp/-His/-Ade ik [ i 16 15 77
FEREME TE % 2R K, B FIMYBI RE S80S B2 1 PI69-
4A TERRSERZH At 5L Ade A1 His 956535 (& 3 ),

SD-W  SD-WHA

AS2-1 4
p D “?

SD-W : (R 15 Gl 3 BB TR 45
SD-WHA : (422 /i% |20 SRR FIIRISENG £ i B T 1 77 A
SD-W : synthetic dropout medium-tryptophan,

pAS2-1-
FtMYBI1

SD-WHA : synthetic dropout medium-tryptophan/histidine/adenine
3 FtMYBI B REES T
Fig. 3 Transcription activation assay of FtMYB1
2.3 FtMYBI EE7E MeJA #1 ABA F S THIRIE
S
HRAE FeYB1 1 A (4 18 3l 1 A ] oo

>

LERO PSP Y
Relative expression

(e} —_ N W w2
T T T T T T 1
—

o 1 4 D
ARFRIRFE] (h)

Treatment time

ST 25 R, FrMYBI 3L R Pl B2 Z M R S
(E2C ), HEHiE, K AFRIEY) T (JAs ) AL4E A H]
iR (JA) R HA AV RFTR TR (MeJA ) M LR
A (i JA-Te ), FEIR# AR ARt R vk #
BRI A, AR BESE R W, ABA H A 5
MY AT ZNA R SR R R E Sty
SEIRECCT NI, ASBESEHT T FIMYBI 3£ AE
MeJA I ABA 53 T YRR,

F MeJA Fl ABA 43 5] &b B 10 d 1 #% #3757
i, IR 76 1 ho4 h F1 12 h i BUAE, gRT-PCR #: ]
MeJA Fl ABA b FRA[a] 5] 8] 9 i 55 401 1 T FiMYBI
B AR X ik . 45 SR R, FIMYBI 1E MeJA &b #f
1 h B 535 5 308, 7E 4 h i R A A Bl i,
Zyh Xt BRAL Y 5.3 £, IS TR AR REAIG. 7EALHE 12 h
i, FIMYBI {31k 20 X BRZL G 2.3 4% (1 4A ),
ABA T FRIZFA T /R, FIMYBI ZEACHE 1 h it
ik AR ETE, Ao X IR 3.2 %, WS TFLR
B 25 X6 R K (& 4B ). AR 145 4D FMYB1
A BB 0 I 2 F R FT ABA {5 5175 SR Y1 L E AR
FE A R R R

B
St ABA
54 a
i % I
K g 3
® 5
' 2 ol
£ 35 b
(5]
~o b ? :
0
0 1 4 12
AbERE (h)

Treatment time

ARVNG PR 22 R BN (P<0.05)
Means with differegnt letters along a column are significantly different ( P<0.05 )

B4 HMEFST FIMYBI EREKREEK
Fig. 4 Expression specificity of Ft1MYBI gene under hormone induction
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HERFT FIMYB1 7 85 [ e 5 i 12 VR
AW B AL RCR R, R Mo H AR B R
9 ERAR RS AE i Th BB, SRR ok 45 4
R J7 kAT T B A B (A4) B pCAMBIA1307
75 3 K (A4-1307 ) Fil % pCAMBIA1307-FtMYBI
(A4-1307-FtMYB1 ) EARR 75 T, Hif = i 2
WL SA. I PCR 43 T 45 5 Wi 18 % 3k PR B 4R
HEBHME R &R, &5 R 40 1K 5B i, IE W B R 3 3K
15 A4-1307 Fil A4-1307-FtMYBI 1) % 3 A B R 4

HRER.
2.5 EFERBPEITRE FIMYBI 3 B BRI
TR

PEHEA AR 3 A4 A4-1307 K A4-1307-
FIMYBI R4 6 w6 R A2 T i i e (&
6),2 > FIMYBI 3 3350k & i G B A T %
1) I I TR R, e SRR B 43 ) DR X R
2% 0.39 F1 0.37 £, 2 T S o AR FRALAY 0.13
H10.56 155, R B FIMYBI 1] g1 7% 57 R AR v i
MAEY A TR TR EVER
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1000 bp —

Hygromycin
M 1 2 3 4 5 6

FtMYBI
1 2 3 4 5

500 bp —>

A FERIARME T a: 10 d BIIRATEFRICE T b: 5 7 d 5 RMRMISMENR; - 4RAUER 2 MBI
d: MS WRIAIEFRIIESR 2 S BAIRAR s B: Fe R BRAR 103745 5 Hygromycin: WI7$ 2 SEH ; M: DL2000 DNA marker;
12 JHORE; 2 BPAERUEIRAR 5 3~6: SEIER BRI &R
A induction process of tartary buckwheat hairy roots, a: 10-day-old tartary buckwheat aseptic seedlings,

b: explants with hairy roots after 7 days induction, c: hairy roots cultured for two weeks after subculture,

d: hairy roots cultured for 2 weeks after transfer to MS liquid medium, B': identification of transgenic hairy root lines,

Hygromycin: Hygromycin gene, M: DL2000 DNA marker, 1: plasmid, 2: wild type hairy root,

3~6: transgenic hairy root lines
5 EFRBRRHFSIEMEBEEERRNEE

Fig. 5 Induction of tartary buckwheat hairy roots and identification of transgenic hairy root lines
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A4 BT TIRIRIR R ; A4-1307 : B2 A TARIRAR R ; FIMYB10X-2/3; # pCAMBIA1307-FIMYBI TARMRARFR . T
A4: wild type hairy root line, A4-1307: empty vector transgenic hairy root line,
FtIMYB10X-2/3: pCAMBIA1307-FtMYB] transgenic hairy root line. The same as below
6 ERRIBEMMNET FEHNE

Fig. 6 Determination of total flavonoids and rutincontent in hairy roots
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FtMYBI i 3658k &b FIMYBI (R BB B FH ST
% MR 20, H FLS F RTI X X 7F FtMYBI 3+ %35 &
RARE R P B TR (E7AB), He FLS1E
FtMYB10OX-2 Fl FtIMYB10OX-3 1 43 W1l Ay B 4 7 {1y
0.57 F10.37 1%, 1% 45 5 5 Bai %" ©F 58 M4, 16
FIMYBI S35 33K A E T FLS 3Rkt i 218 T
M. BEAh, RTI LR GE & T R 2 X IR 0.63 f5 42
Fo HIEHEN FIMYB1 4 5702 25 T A5 K
M, A 50 FLS F1 RT1 (%05 T i

PR AR
3 iTie

R PR BRAL S, 25 S e
ORI AR BT PO DU S5 2
Rt B0, SR A 2 ) A 1 e S A S A
AT LA CFeSR AT ) BRRISE AL, Z5H 3 R 2t —
ZN G U , T2 AL Y5 s DR AN 0 1
P B S A il 45 A A R DR 31 L i f:
FITCPEA A AR K, AT ) 3 4 288 B
o7 MU R NTIES S-S N Pl Py U ey
R EEALR 7 A3 AT RBAR IR KRB
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Fig.7 Expression of flavonol pathway key enzyme genes in tartary buckwheat hairy roots
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