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Research progress on buckwheat flavonoids
and their biosyntheses and regulations
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Abstract: Fagopyrum plant is rich in resources and contained a large number of flavonoid compounds. Research history
and the research hotspots of buckwheat flavonoids were summarized by literature retrieval in this study. As it was

revealed, the research paper about buckwheat flavonoids was firstly published in 1952. From 1952 to 1999, the number
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of publishing papers was less than 10 papers per year, and the research on buckwheat flavonoids was in its infancy. Since
the year of 2000, buckwheat flavonoids have gradually gained more attentions from researchers, and the numbers of
publishing papers have been increased annually. In the past two decades, researches conducting buckwheat flavonoids
studies mainly focused on the fields of botany, food science and technology, agriculture, and biochemistry and molecular
biology. Articles referring to the antioxidant activity of buckwheat flavonoids got high citations, and the biological
activities and nutritional functions of buckwheat flavonoids attracted much attention. By now, 80 flavonoid compounds
have been identified from Fagopyrum. Of them, quercetin, kaempferol, luteolin, rhamnetin, isorhamnetin, tricin,
naringenin,, myricetin, apigenin and hesperetin were the common feature flavonoid aglycones from buckwheat. Peonidin,
delphinidin and cyanidin were the anthocyanins compounds which were mostly isolated from Fagopyrum. Biosynthesis of
buckwheat flavonoids originated from the phenylpropane metabolism pathway, and the key enzymes genes involved in the
pathway, such as PAL, CHS, C4H, 4CL, CHI, LAR etc., and the transcription factor MYB genes were cloned and
identified. MYB transcription factors played an important role in the induction and regulation of flavonoid biosynthesis,
and major influence factors for the flavonoids biosynthesis included the environment factors, plant growth regulators,
biological factors and varieties, and these factors could have cross regulations effects on the buckwheat flavonoids
biosynthesis. In this paper, research overviews of buckwheat flavonoids, flavonoid compounds, flavonoids biosynthesis
pathway, mechanism of regulation, and major influence factors are summarized, which can lay a theoretical foundation
and a feasible scheme for high quality of buckwheat production during the cultivation process, and promotion of

nutritional values of buckwheat products, and point out the research direction of buckwheat flavonoids in the future.

41 %

Key words: Fagopyrum, research history, flavonoid compounds, biosynthesis, regulation
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Fig. 1 Annual trends of publishing papers on buckwheat flavonoids
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Fig. 2 Major research areas of buckwheat flavonoids papers

2 BRmHFXEWMAMED

B (flavonoid ) 28 1k 5 W i A 45 49 02 T > 2
PR 2o e = i oRH B 5 1 A, HLA RRAE Y C—
C,—C¢ & A Bk 22 (Ren et al., 2014; Yonekura-
Sakakibara et al., 2019) , #EI2 b A& Y0 H LA B
SEUCE GRS G MU (B BUE A ) B TR,
TSR A AR 4 T A AR ) — SR AR AR
Y, 7z oA Toedefh o+ 38 M R 4B iR
TR Y 2% B P ( Kalinova et al., 2009; =484,
2015; Bai et al., 2015) , 124, AR SE R 57 22 |
a2 UK ) & 5 22 h o B e 1R B Y i
ARG 21k 80 M (R 1), SR, X HF A 57
¥R T 28 800 T 58 i R DL AR I, 5 22 v T DL Y
b2 25 ¥ 25 B 3 A0 455 BB ( flavone ) | v R B
( flavonol ) . B k¢ W% ( flavanol ) . X & ¥ MR
(flavanone ) | 5+ B fiil ( isoflavones ) L} 1€ {6 &
(anthocyanin) %%, H P #it 2 & ( quercetin) | 11 5%
1 ( kaempferol ) | A B ¥ ZE (luteolin ) | f 2% &

(rhamnetin) | 5 Bl 2% & (isorhamnetin) | /N & &
(tricin) 12 ZE ( naringenin ) I ( myricetin ) |
T2 2 (apigenin) , UL S #E |2 Z (hesperetin ) J& 37 42
SRR GRS IELE (A IS S N Rh N
W BRI B |25 A0 PR S5 R C i DL O~ B Bl
C-HHEE N ZMEMITRALGY, A OR
( peonidin ) | £ #* 2 ( delphinidin ) , & 4 % &
(cyanidin) i FF32 1 22 UL B 46 T 2 R0 (BB A 55,
2005; Lee et al., 2013; Jing et al., 2016) ,

3 FERAEBW AN G KRR

B AL G e — R E R AR Y,
TEFF 2 W AR R R T K Ae sl By 55 J7 T 4R ke #6 A
FIECHR AR T, P8 SCHER I , & Y s T R
TSR T R R R R S A R A R R
— R RO R I S SR AR T EZ S R
o BeAb, FT RS TOK S 5 T MY x5
AR AR AT 5 4 T Bl T ( Suzuki et al.
2015; Zhang et al., 2017), VT4F, XF 55 4 ¥ i 4
Yy i A LA K 12 AL ) A BIF 5T B AN IR, 3R 22
B G YR R R T T —E BUR

T B AC A W) 00 A ) IR TR T 2R T e
RS (FER IR I X RIEAR) o RN &R N BT R
Kl & Wy =B ETR Y, 7R 0K N A TR A B
( phenylalanine ammonialyase, PAL) PEALAYE F T AR K
TR, T MR W EERR-4- B AL B ( cinnamicacid-
4-hydroxylase, C4H ) fEfbIE B 5 S22 , B 5 7 4-
T Ik B A & B2 B (4-coumaryl: CoA ligase,
4CL) /E T, & B R LA S BE A AE A
(coumaroyl-CoA) , HH 7 & WL AT A FIK R T
RGN BE 4 A A (malonyl-CoA) , 3£ [H]
ViR BT A= ) B4 R B RS ), A A 2R T 5 8 Tl
( chalcone synthase, CHS) AL | A2 Bl DU 2 36
IR (il B 28 A /R ) , CHS 2 # i A ik 42 P 4
— OGP PR O R s A R B A - R S A Tl
( chalcone isomerase, CHI) LT i e & . Hli ik
RREAAOREYS BGERE TR K, IS
TEMEORAEY G RN Z A3, A R |
Vi e G S I S5 22 b B 2R Ak S W DA R A B R
YU (FE 3) (Li et al., 2012), WAL, 76 5B hi
Yo, A LIRS A 5N AT A /£ CHS Fl &
H-EWiA J5 B ( chalconeketide reductase, CHR) FJ3&



6 1

PR LA A BN SR W RO R RS

1025

R1 FEREVHCEENEMEULEY

Table 1 Identified flavonoid compounds from Fagopyrum plant

S (A<t eSSl He Z7% Hk
No. Compound Class Source Reference
1 LSS -y WHEE F. tartaricum , LiJ et al., 2019
Acacetin Flavone BIIFF 4 F. esculentum
2 A W -T-0-0u- LM MR B 2= 0 - B -D - g 38 26 i &k F. cymosum Zhang et al., 2008
Acacetin 7-0-a-L-rhamnopyranosyl-B-D-glucopyranoside Flavone
3 B A L i 434 F. cymosum MRS, 2016
A Afzelin A Flavonol
4 =S iR WFEH F. tartaricum B Wiczkowski et al., 2014
Apigenin Flavone WF# F. esculentum LiJ et al., 2019
5 v 5 i WIEE F. tartaricum , Kim et al., 2008
Apigenin-6-C-glucoside/ Isovitexin Flavone EHFEE F. esculentum , Wiczkowski et al., 2014
&FF# F. cymosum
6 Lag iy B WIEHE F. tartaricum , Kim et al., 2008;
Apigenin-8-C-glucoside/ Vitexin Flavone Et 2 F. esculentum, Wiczkowski et al., 2014;
BFEEF. cymosum Wang & Hu, 2013
7 FA TR E HOR WIEE F. tartaricum Li H et al., 2019
Apigeninidin chloride Anthocyanins
8 F B 2 -3-0-2LFL BT XL i HHFFE F. esculentum Watanabe et al., 1997
Aromadendrin-3-0-galactoside Flavanone
9 3,8 - BT KL T4 F. esculentum B4, 1990
C-3/C-8"-biapigenin Biflavonoids
10 X E HE R WHEE F. tartaricum 5KI%E, 2016,
Chrysoeriol Flavone WFEE F. esculentum, LiJ et al., 2019
EFH F. cymosum
11 KA H AR WHEE F. tartaricum Li J etal., 2019;
Cyanidin Anthocyanins TFEZ F. esculentum Wiczkowski et al., 2014
12 KRG -3-FUM FIAEE S HtFF4 F. esculentum Wiczkowski et al., 2014
Cyanidin-3-galactoside Anthocyanins
13 PRE ) SR B PIACRE S WIRA F. tartaricum , Wiczkowski etal., 2014
Cyanidin-3-galactosyl-rhamnoside Anthocyanins HtFREZ F. esculentum
14 R T A R -3 A R - B AR M FiAUES W FEFE F. tartaricum , Wiczkowski et al., 2014
Cyanidin-3-glucosyl-rhamnoside Anthocyanins EHSE A2 F. esculentum
15 SRR R -3-0-F5 E T HER WIEE F. tartaricum , LiJetal., 2019;
Cyanidin-3-0-glucoside /Kuromanin Anthocyanins EFEA F. esculentum Wiczkowski et al., 2014
16 YA o VAR WFEH F. tartaricum Li H et al., 2019
Delphin chloride Anthocyanins
17 (-)-ERILKZE Wt WFFZE F. esculentum , Tanaka et al., 1996;
(-) -Epicatechine Flavanol 74 F. cymosum, Watanabe, 1998
18 (+)-JLA#E B e i FHFEF F. esculentum Wang K et al., 2005;
(+) -Catechine Flavanol EFEH F. cymosum Tanaka et al., 1996
19 (-) -FILAE K -3-0-p- B IR H iR g B e FSE A F. esculentum Watanabe, 1998
(-) -Epicatechin-3-0-p-hydroxybenzoate Flavanol
20 (-)-RILHFE-3-0- ¥ & TR L HtFEEZ F. esculentum , Tanaka et al., 1996;
(-) -Epicatechin-3-0-gallate Flavanol EFFH F. cymosum Watanabe,, 1998
21 (-)-FILHEE-3-0-(3,4--0-F I W& FRRIER ot i WA F. esculentum Watanabe,, 1998
(-) -Epicatechin-3-0-( 3 ,4-di-O-methyl) gallate Flavanol
22 (+)-JLZE 2 -7-0-B-D- Mt It 3 25 B e B4 F. esculentum Watanabe , 1998
(+) -Catechin-7-0-B-D-glucopyranoside Flavanol
23 JRRGAGE B-1 XL fif] EFEH F. cymosum HRETEH, 1994
Procyanidin B-1 Biflavonoids
24 JRR A% B2 L &FH F. cymosum Tanaka et al., 1996
Procyanidin B-2 Biflavonoids
25 JRHER B-4 XL &FH F. cymosum KA, 1994
Procyanidin B-4 Biflavonoids
26 3, 3 AU TIRER K 2% B-2 KL EFEHE F. cymosum KEIE ) 1994
3, 3’ -Digalloyl-procyanidin B-2 Biflavonoids
27 3 -0- BT AREHE B2 L WFEE F. esculentum Tanaka et al., 1996
3’ -0-galloyl-procyanidin B-2 Biflavonoids
28 EHR XU B #IEA F. tartaricum, BFIBELE ) 20115
Eriodictyol Flavanone HFRE F. esculentum., LiJ etal., 2019
LFHF. cymosum
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No. Compound Class Source Reference
29 LB F5-0-H FEEE-7-0-B-D- M 1 78 25 b k- R 25 il WFEE F. esculentum Saxena & Samaiya, 1987
(1—4) -0-B-D-M g >t FLHHT Flavanone
Eriodictyol-5-0-methylether-7-0-B-D-glucopyranosyl-( 1—4) -0-B-
D-galactopyranoside
30 JEAER 5 il BFFHE F. cymosum ka4, 2016
Genkwanin Flavone
31 B B R WFHHE F. tartaricum RHBE, 2008;
Hesperetin-7-0-rutinoside/ Hesperidin Flavanone EIFF 2 F. esculentum, Li J et al., 2019
&FH F. cymosum
32 i HETE WU B il WIEE F. tartaricum Wang & Hu, 2013
Hyperin Flavanone
33 Sl 23y o [ WHEH F. tartaricum , AR | 2003 ;
Isokaemferol Flavonol WHFFE F. esculentum Li J et al., 2020
34 RREE i WHEE F. tartaricum Wang et al., 2005;
Isorhamnetin Flavonol WHFEA F.esculentum,, Li H et al., 2019
EFEHE F. cymosum
35 S RER-0-C B o i WA F. tartaricum LiJ et al., 2019;
Isorhamnetin-0-hexoside Flavonol TFE# F. esculentum Li H et al., 2019
36 1125 By -3-0-H B HE 1 -7-0- 8 B BE i WHFFH F. esculentum Watanabe et al., 1997
Kaemferol-3-0-glucoside-7-0-glucoside Flavonol
37 1125 B -3-0- MR A i HtFF4 F. esculentum Watanabe et al., 1997
Kaemferol-3-0-sophoroside Flavonol
38 1125 1y o U WIEAE F. tartaricum LiJetal., 2019;
Kaempferol Flavonol W33 F. esculentum Li H et al., 2019
39 1128 W3 -3-0- R 2= o U WHEHE F. tartaricum , LiJetal., 2019;
Kaempferol-3-0-rhamnoside /Kaempferin Flavonol 372 F. esculentum Jiang et al., 2015;
Wang et al., 2005
40 L2 B -3-0-25 T B AT gl WHRHE F. tartaricum TEF IR, 2009;
Kaempferol-3-0O-rutinoside /Nicotiflorin Flavonol W3R F. esculentum LiJ et al., 2019
41 (hZEHE-3-0-B-D-FFLIETY i WIRHE F. tartaricum, LiJetal, 2019;
Kaempferol-3-0-f-D-galactoside /Trifolin Flavonol HFRE F. esculentum Ren et al., 2013
42 11 %% 3 -3-0-B-D-7 2 i i T WFRA F. tartaricum, LiJ et al., 2019;
Kaempferol-3-0-B-D-glucoside /Astragalin Flavonol #tFRE F. esculentum Ren et al., 2013
43 L1 2% T3 -3-0- 3D MHk W 457 2 0 -7 - O - L g ) 6 40 R THFR4E F. esculentum B, 1990
Kaempferol-3-0-B-D-glucopyranosy-7-0- glucopyranoside Flavonol
44 HwZ WU B il WIEH F. tartaricum BRI, 2012
Liquiritigenin Flavanone
45 VN i WIEH F. tartaricum Wiczkowski et al., 2014 ;
Luteolin Flavone TFE#E F. esculentum , LiJ et al., 2019;
EFEH F. cymosum K% 2016
46 AR R -0-JF F 3 OB T i WIEH F. tartaricum LiJ et al., 2019;
Luteolin-0-sinapoylhexoside Flavone WA F. esculentum Li et al., 2020
47 LS T WHEE F. tartaricum Kim et al., 2008;
Luteolin-6-C-glucoside/ Isoorientin Flavone WHFFE F. esculentum , Wiczkowski et al., 2014
EFEHE F. cymosum
48 RBRFERE-T, 4'-Z Wk B &3% F. cymosum KB, 20085
Luteolin-7, 4'-dimethyl ether Flavone [ , 2016
49 AR 2R -7-0-B-D- Mk W 4 245 W 1 B il WFEH F. tartaricum , Wang & Hu, 2013;
Luteolin-7-0-B-D-glucopyranoside Flavone Et 2 F. esculentum Li J et al., 2019
50 RBRER-C-OHE g WIEA F.iartaricum, LiJ et al., 2019;
Luteolin-C-hexoside Flavone HtFRZE F. esculentum Li H et al., 2019
51 R P i WHFEE F. tartaricum Kim et al., 2008;
Luteolin-8-C-glucoside/ Orientin Flavone WFEE F. esculentum, Wang & Hu, 2013
&FH F. cymosum
52 L E B i WFi# F. tartaricum, Li H et al., 2019;
Myricetin Flavonol B F. esculentum Kalinova J et al., 2009
53 Yk % -3-0-2F UM o U WHEE F. tartaricum LiJetal., 2019;
Myricetin-3-0-galactoside Flavonol W3R F. esculentum Li et al., 2020
54 G -3-0-F =R i i W FEHE F. tartaricum , Li J et al., 2020
Myricetin-3-0-rhamnoside /Myricitrin Flavonol W3R F. esculentum
55 PN 3 3 VIAEE VWFEH F. tartaricum LiJ et al., 2019
Pelargonin Anthocyanins #FEE F. esculentum
56 SES] aE WFEE F. tartaricum LiJ et al., 2019
Peonidin Anthocyanins THFE F. esculentum
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No. Compound Class Source Reference
57 Lt R W 4374 F. cymosum ML, 2008
Pratol Flavone
58 Wit iz & B iR i WHEHE F. tartaricum , Jiang et al., 2015; Lee et
Quercetin Flavonol EFEE F. esculentum , al., 2013; Wang K et
437 F. cymosum al., 2005
59 AT o U WiFHE F. tartaricum, Sato et al., 1975;
Quercetin-3-0-rutinoside /Rutin Flavonol W3R F. esculentum Fabjan et al., 2003;
Wang & Hu, 2013
60 S A B il P WFA F. tartaricum, Ren et al., 2013;
Quercetin-3-0-B-D-glucoside /Isotrifoliin Flavonol EtFFE 2 F. esculentum Li H et al., 2019
61 Wik Bz 1 il WFEE F. tartaricum Kim et al., 2008; Ren et al.,
Quercetin-3-rhamnoside/Quercitrin Flavonol THFZ F. esculentum 2013; P, 2018
62 ik Bz 2 -3- B 25 W XA 6 i i WFEF F. tartaricum ZWi & M2, 1992
Quercetin-3-rhamnobiglucoside Flavonol
63 Wik Bz 25 -3-0-( 2"-0-p-F2 I 3 ) - B -D-NH e 25 26 4 T 47 F. cymosum Saxena & Samaiya, 1987
Quercetin-3-0-( 2"-0-p-hydroxy-coumaroyl ) -B-D-glucopyranoside Flavonol
64 Wit 22 -3-0-[ B-D-ABHHE-(152) -a-L- R ] I P WIEA F. tartaricum Ren et al., 2013
Quercetin-3-0-[ B-D-xylosyl-( 1—2) -a-L- thamnoside | Flavonol
65 W1 R -3-0-25 - HE -3 -0-B- ML A g 4 1 B WHRA F. tartaricum, RHBE, 2008;
Quercetin-3-0-rutinoside-3" -0-B-glucopyranoside Flavonol 4 FiA F. cymosum Wu et al., 2007
66 Wit Bz 2% -3-0-25 T B -7-0-2 FUBT i T WHIEHE F. esculentum Saxena & Samaiya, 1987
Quercetin-3-0-rutinoside-7-0-galactoside Flavonol
67 4 BT i WIEA F. tartaricum, Ren et al., 2013;
Quercetin-3-0-B-D-galactoside/Hyperoside Flavonol W F. esculentum, Quettier-deleu et al., 2000
GFEA F. cymosum
68 [k B T P WIEH F. tartaricum, Li J et al., 2019;
7-0-methxyl quercetin /Rhamnetin Flavonol fitFed F. esculentum , R , 2008;
&FF4 F. cymosum BFIBEAE ) 2011
69 3-SR R T EFH F. cymosum Wang K et al., 2005
3-Methylquercetin Flavonol
70 3, 5-HIEME R R o 4GS F. cymosum Wang LB et al., 2005
3,5-Dimethylquercetin Flavonol
71 AEHEAN 2 -3-0-A BT U, T A THFEZ F. esculentum Watanabe et al., 1997
Taxifolin-3-0-xylosid/Diquertin-3-0O-xyloside Flavanonol
72 R H 1] FHFFE F. esculentum BN, 1990
Tricetin Flavone
73 INAEEER B 1] WIEH F. artaricum, Li J et al., 2019;
Tricin Flavone HFEE F. esculentum, MREBRAE, 2016;
LFEHEF. cymosum 3K/‘A:_r':%, 2016
74 INEBER O-B WY B 1] WIEH F. tartaricum Li H et al., 2019
TricinO-rhamnoside Flavone
75 NEHHE-T-0-B-D-ML R AR B WHFE F. tartaricum Wang & Hu, 2013
Tricin-7-0-B-D-glucopyranoside Flavone
76 HEEMEE eyl IR F. tartaricum, Li H et al., 2019;
Velutin Flavone WFEA F. esculentum Li J et al., 2019
71 3-F 3 9 32 -8-0-B-D- M I 4 26 Wl A B i 4554 F. cymosum Wang K et al., 2005
3-Methyl-gossypetin-8-0-B-D-glucopyranoside Flavonol
78 30,47 - -7 -6~ 5 L0 BT B LA F. cymosum Samaiya & Saxena, 1989
37,4’ -Methylenedioxy-7-hydroxy-6-isopentenyl flavone Flavone
79 3, 6, 3,47 -PUFERHLT-H S SL B i EFHE F. cymosum S 2008
3,6,3 .4 Tetrahvdroxy -7- methoxy flavone Flavone
80 57 -FRd-7, 37 - RS XU 5 il #3542 F. esculentum IR, 1990
5- ydmxy -7, 3’ -dimethoxyl flavane Flavanone

AL T A2 L = ¥R A R, = ¥R A& /R B CHL 5 @0 BRI /Y 7 i 48 /s B 3R 2 s 35 42 op
HEALTE R H B 38, SR 5 7 5 BB 5 U (isoflavone  XTFTESF WML &9, JF %58 T 354 h 5 ¥
synthase, IFS) fE I T 2 00 5+ 2 B 2K 1k & W Aﬁlﬂ‘ﬁ%% SR, 57 2 S L & 03 S B A2
(isoflavones) ( £ Hifi 4%, 2016), Li et al. (2019, *%E%E’Jﬁ%%ﬁ;&o

2020) R FHACH2H “7 455 i = ROBAH 8,335 (UPLC) T4 T vnRE M E (57 22 1 R R DG R A
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. PAL C4H 4CL o 9, 4, 47 —ZRALBREA
KPR , RAWHE —  » »HER , P EEBCA e ili
Phenylalanine trans—Cinnamic acid p—Coumaric acid p~Coumaroyl CoA 2, 4, 4 ~Trihydroxy-chalcone
l CHS :
v
', 4, 47,67 PURIEA IR R
2’ , 4, 4,6 — Tetrahydroxy—-chalcone 7, 4’ -Dihydroxyflavanone
HER, AR, MR FNS l CHI i
Orientin, Isoorientin, Vitexin FAGES -
SR, ARE, KEBE | Flavones € oA e s TR
X . i ; 8 Naringenin Isoflavones
Isovitexin, Apigenin, Luteolin , 1431
FL Kaempferol
FLS F3’ H l £ FLS
WEE o CAEE — almm . Ak ——— BlR
Quercetin Dihydroquercetin Dihydrokaempferol Dihydromyricetin Myricetin
3’ 5 H
3GV RT l l
DFR DFR
RT l PR
ShEE —— PT RORERE PHIEIE 2 T GRELR
Isoquercitrin RT Rutin Leucocyanidin Leucopelargonidin Leucodelphinidin
lANS/ LDOX l ANS/LDOX lANS/ LDOX
BRI tEsek AR
Cyanidin Pelargonidin Delphinidin

l 3GT l 3GT l 3GT

REFHR3-0- MR H AE3E 2 -3-0- AR BE#F TRAMERIR 30 A AR

Cyanidin—3-0O-glucoside Pelargonidin—3-0-glucoside Delphinidin-3-0-glucoside

PAL. HNZA M2 0 ; CAH. WHEM-4-F2 LM ; 4CL. 4-F SBEATAE A 10, CHS. £ /KEH &3 MM ; CHI. A H- i 544 il ;
F3H. S AE-3-2 108 ; F3'H. 8 3/ -2 (L, F3'S"H. 8l 3'5 -2 fLl; FLS. BEE {3 ; FNS. #45 WAE; DFR. &
B EE-A-30 J5HE ;. ANS. JET5 56 U ; LDOX. J0 (5 46 {0 50U S M s 3GT. BAR 3-0-1 % i 2L 46 A5 1 ; RT. 3-0-FU=Hi 2k 4%
B

PAL. Phenylalanine ammoniumlyase; C4H. Cinnamic acid 4-hydroxylase; 4CL. 4-Coumarate-CoA ligase; CHS. Chalcone synthase;
CHI. Chalcone isomerase; F3H. Flavanone-3-hydroxylase; F3'H. Flavonoid-3-hydroxylase; F3'5" H. Flavonoid-3’ 5'-hydroxylase; FLS.
Flavonol synthase; FNS. Flavone synthase; DFR. Dihydroflavonol reductase; ANS. Anthocyanin synthase; LDOX. Leucoanthocyanidin
dioxygenase; 3GT. Flavonoid 3-O-glucosyltransferase; RT. 3-0-Rhamnosyltransferase.

K3 FRAEHEEYARACEHETS (Li et al., 2012; Eiki et al., 2018)
Fig. 3 Flavonoid biosynthesis pathway of buckwheat(Li et al., 2012; Eiki et al., 2018)

PAL CHS , CAH \ACL , CHI | JC {5 1€ {0, 3 i 5t g A& 1A
(LAR) S B As-4-30 J5 ML TR ( DFR) | B -3
FRACBEEEE D (F3H) B 3/ -F2 AR R (F37H ) BT
By I 1 6D (FLS-1) AETH 3G LR (ANS) |
¥ e 5B A B UK B A A ( hydroxyisoflflavanone
dehydratase gene, HID)  F& 1k FE A (2'-hydroxylase
gene, 12" H) 5 ¥ [ £ J& i FE A ( isoflavone
reductase gene, IFR) . UDP % % t 3 5% 7% fig 5k
( UDP-glycosyltransferase gene, UGT) | H 3& 5 % il
A ( O-methyltransferase gene, OMT) LA S Hi Jz &
R T R 2R OB L 5 B8 B L ) (quercetin 3-0-

glucoside 6-0-rhamnosyltransferase gene) 55 ( B &
%, 2013; %ﬁ@%ﬂﬂ%%, 2013; Thwe et al, 2014; w
P45, 2015; Eiki et al., 2018; Li H et al., 2019)

4 FEEWAWORALFYHEE

4.1 FEEMEMEHIFE

v 22 B AL O AR AR R B2 FI45 AL
TRAR R S R R D LA R S TR 7 R il 4, 332 B0
Pyt e B AU IR AR 1 S SCIRR AR . F i, X
TIRAZ B A ) B R A v O B il R TR A AT 5 4K
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2 FF I A YA R 320 R A ON I B, 1 %
TR 3 K 5 1T B AF 9 0E A T 3% Rk R B B
FRAZ W A ) A R T T A YR 2 R T A
FSERF MYB |, MYB #5225 2484
BRI S B, v 5 22 A 35 DR P ) o 4 R ) A 4
B, TS 22 W A ) 6 B A A R A
(Schijlen et al., 2004) , MYB it B4 5 H bR A
JA B F XIS A, 5E AT S A AR (i WD40 Al
bHLH ) HAE, > SEHE 1 H 9 3 A e 5, LR %
ROV A BRI 2 R e, 24 FE PO KR
) MYB %557 B35 20 4, Hor B LR P3G
16 1~ MYB ¥4 5%[HF#J& T R2R3-MYB WK% (5
4, 2009; JEAREE, 2019) , PERGE, 55552 HR
AW AR S e SR F- £ 25 FIMYBL  FtMYB2 |
FtIMYB3 ., FtMYB7, FtMYB9, FtMYBI11, FtMYB13,
FtMYB14 . FtMYB15, FtMYB16. FtMYB1l6 #
FIMYBI123L, EA TA] 0 A 7E 5+ 2 A R AL R B v
FERFE AR B BB, i 1 5 o i 5 A A
SCHERIHE P (1) 2238, TF IR 5 S P SR AE W 6
ELARS SC AR AT 45 R[] ) ¥ i 261k & I 7EAS
A&,

TrFE MYB #5536 A7 o] 3l i B #5590 A
O BTt DR L A FH U 4 o B 5 S 8 1Y)
F23K . Zhang et al. (2019) FE 5 IR & 4R 3] T 55 5%
K+ FIMYB116, % 5% 5% A+ 2 2DGi5E S, FE 406
BWEOSLIS T, FIMYBL16 it 5 F3'H 5 S 3
TFIXIREE G, P0G SE I R0k Rk SRy i b
TR R R Ak, ¥ FF MYB St ]
3 5 At 2 R R A E A S IR Y i SR R
ZRRAR VIR LA KOG/ UV FEH R AT,
FtSAD2 (M7 R Fn 1 506 il FUAZL (R AT R A
S N ) WA S MYB B[R] AR 5
WA A= )4 . Huang et al. (2019) B BF T B R,
FtMYB8 mRNA 3 %75 57 22 1) HL it 3] 48 0] 4 rh
Oy AAEAEL IR , FeMYBS %5 IR f 8 1 3 38 w40 )
WHER/IFAT RZME, HogHF FiMYBS i i 4
WIFEEZ MR TR R/ A TE B & m AR
b, S5 FE A 2F BRI A o3 A, R AT R FF R G
2 \UV-B A ¥E MYB (3235, 1T B s 25 14 ) 25
iz B R B Sk, 9 3R & MYB B SRR T
FiMYB11, FtMYB13, FtMYBl4,_ FtMYB15 #l
FIMYB16 JERAEA R % R 4L () 35 B 4F
S T B 37 B S8 AT R () 4, Hob, FIMYBI3

FIMYB14 F1 FIMYB15 #1768 ([ /K52 6 Fi TR 15
VoAt BEAS B30 ) FrPAL R PR Y 2635, DT I 20
BOE A A E, B A, 5 FIMYBIL, FIMYB13 |
FIMYB14 , FIMYB15 A & 1E %4 I 9 FiSAD2 A
FtJAZ1 BE% & 2 ¥E FIMYBs 0] 715 % ( Zhou
et al., 2017; Zhang et al., 2018) ,

[ BT, WA 23 X 52 42 MYB 55t 1+ 5 24~
B A B S T 3 AT %) A X 3 3k K B 1 1 A T
TGS, S50 WoR, FIMYBT 8 78 B -3 A 2
WAEXT 263k B e, FiACL  FtCHS FtF3H FtUFGT
L FIMYBT FAX R IR 7 T 8 i A8 b iR B
IEAHOG , FtMYB9 5 I FE B 2 H R0 - i 101 A0 X 3% 1k
e, FiFLS-like F1 FtMYB9 5 7% T & 8 i 725 4k
Wi B S AR O (PVRIER AR, 2017) . EFRF P, &
WA WA RYS FIMYB3 & IE M &, W5
FIMYB2 3Rik 2 AUA ¢ (R EEAE, 2012) . (H)E
N} F R IE N PAL (CHI F1 FLS 5%; 5% [ 75 7
FIMYB1 .FiMYB2 I FtMYB3 3%k AH 56 1 4 175 1 %5
R A, O Sl L R A B Si 5 B SR TR P 1 3R GA R
AEPEANSR , H DL AR R A B A O e il
FEBR AT i H 32 3] R e B ok I B I 4R R
g — s 2 A B AL A Y6 LY S A8
b B P Y AR A TE Tk R X — e Ik
Hh SR T E B FIWD40 8 1 LA 1 5805 1%
PE | 70 R o A 3 28 mT LU A 7 3 A A 56
DFR 1 ANS (335 548 5 — 5 LA b, DT {2 i#F
HHERMME (B FLS B k8 H A I T
(Yao et al., 2017) . 3742 & i A= 9 & AR 455 1) F
FEAAL TR A B B, IR L, WA A 5 22 B 5 & 42
T G HERE DR R R 4 DR ] SRy i — 2D i R 5 A2 T
FKACE DAY B B 53 F BT 298 LAl
42 BMFEEMEYVERNEERE

FAETS 3 ety R g AU S | e A S
B FEP A R AR W DL R R AR,
oI R G IR K Ay e HLER TR A
LR REWMER D, FELS D HEMEA XL
PRI B G R B4 ek 4 B IR) 422 5 e 1
B A A% HR DR T IS 3R DA 1 3 3k K S S B 9 Y AT
Py A P TR S S e A B A A Bl AR A e R
R,GREIATRELZERAEFHNEN,
4.2.1 R JEREASRRENS (L UE R A A
B 0 A B 1 A A 3 B F 300 nm (9 UV-B 4k
P BRAE I M AN S 2R T 9 7% & ( Tsurunaga et
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al., 2013) . FE&EEIZALA YT UV-B im0 N 5
i 5 Debski et al. (2016) i 5% /s, UV-B 1
BT, & FF & Hruszowska, Red Corolla, Kora A0
Panda 4 MR F T T R SR THE
Hh 3k 55 A Red Corolla F11 Kora 2% i (19 & 2 T+ 5,
Panda "85 I 1) & 5 A4S, T Hruszowska 8 & &
MR B 3R 55 A Hruszowska A T A T T
Ref, T I 3 JE A ARl 5 o o O o & AR AR AR

4.2.2 Koy B ERIE KT FERHR L 235 00 57
B AR A, HL AN 5 F s AR R i AR
JEAHSE, SR S S5 AL 27 o0 W 45 R R | 77
TR T RN ERE Y S HI L&Y A K
FHOCHE PR 23K & A4 B 2 A Ak, [ s mT 4G 0 381 5% 42
TSR EETE (Ma et al., 2019), MERAMEER
WP AD PR 37 2F | B AS 4R = B 28 P o i, B
RV Y R S 2R R B A i R TR BRI
B THESE | 20165 Qin et al., 2017)

4.23 BE  FEEEWA N B2 R ABIEEY
S, H TR SY 22 4 v e AR T A0 1 X R A
sz, R R, FEELT ZLXMEGYIE L
AJ 32 B PR5E J30 1 52 FE VR JE 30 AR 08 W 25 B
MIRFRTRMNAE, X, A N A S5KERS
WAL E ik El, FuF3'H FiDFR 1 FIANS 3
R, AT B 0] BEAE T 3 2 X B JE VS i
KIFVEH (Jiang et al., 2015)

4.2.4 M AEKBEFT R HREM, KRER(GA)
ZROTR(NAA) \ AR LR (2,4-D) (6K &
BERZ (6-BA) L7 R (ABA) KR (SA) S5 4%
AR TR0 5 A T A A R A
TAER . A6 3% 22 B ) W AN HE R A8 O
2 GA i T 4R T 0 2 W AR I3 R B I 7
L AR EZE 2R (30~90 mg - L) &R E
7 ) B T o R R A 2R R ) 2 AR
FERFRL B i (AN A, 2015) , TE— B WK
T,2,4-D 6-BA Fil NAA #BREME 2k FF 2 A1 4 2110
WO A, H B Rk 2,4-D WK 1.5
mg -+ L', 6-BA ¥ JE 0.6 mg - L' (T M W 5,
2013) , AHPIIAZE RS Ve B DL R Ak 3 HL P 2
S S 27 8 I 2 9 B 2R A S AR AT DA
VAP A O S A R R S, i — 2
W WY 7K A7 R (SA) &b B, v 42 & FF & FICHS |
FtFLS-like \FtF3H F Fi4CL 335K, 34 8042 v
FEEPM TR 8 (Sun et al., 2012) , AN, Liet

al.(2013) KMFFEL PAEAE FIFLS 54414 ( FIFLS1
A FIFLS2) |, 76 57 22 X PR 45 38 A i) iz | FFLS 5%
Fa A ] RE % 4% A TR i A= BEAE A, v, TR R
ABA F1 SA BEfSAMH FFLS1 B335, M FiFLS2 JE
PR32 ABA (52, 21 0] 32 51 SA W5 IR, ff
ik L,

425 £HRF  FEEZEEIEY AR, T LLAZ 2
AN TR Y5 1 L T B AN R Y s, o R T R
A FRA SN A L, R A RS T IR AL
AP . 24 (2009 ) BF5E R B, B 5+
FRPFF A B K11 A K18 1 22 M52 1y i 4511 %
WIS T, RR U84 i 7 IR 22 B 1 & L, — 8 W
JET W 57 28 N BB A AR FE B Fat 6 1k £ 18
Fat 9 BRI 20 B 22K 2 08 T 2 TR 1R 2 b
TR 22 B A5 22 WS4 R AN () 2 B b 80 A1 F 47 5 2 1Y
ARV T Mt R FEWEY RN ER; 5k
b BT BEAR B, bR kb B4 h SR 2 PAL 35 1
A R A2 BE ) Tt 5 ( Zhao et al., 2012; Zhong et
al., 2016) . Zhao et al. (2015) #F %% @, KA
[Fi] ik J3E T 1 22 WIS ol b 3 5 5% 22 P o AT R
ORI T AR ) A, BLAh, SR R A
P A B AT SR A HE N S i A9 2 AE , Briatia et
al. (2018) =k H A [n] Wk B A w5 42 09 )8 4 |
( Herbaspirillum spp.) HF 5 37 Fp 7, 5597 7 d
J& IR R SO T B T

4.2.6 AP B & FEA RIS B SRS A
BRI FR, RN AR [R] — 5 R (0 R [ 2 2L 28 B P #5i
TRV W25 X 5 IR WA YA R R
HP R DG B I R R A [ R AN R 2 R 85 b ) 22
ALK AL, Li et al. (2012) BFSE W, 16
Daikwan 3-3 FUKFEBAASR] Y27 3R 22 Feh | 25
& R % B i 3 ) FiPAL | FiACL ., FiCHS | FiCHI .
FtF3H FtF3'H FtFLS #1 FtDFR £ 46 F1 R 1 1 5%
SRRV AR 2R 5 TR P A R AR 25
At e b DR Y 2 Gk KT A 2 AR, A
C4H TEAFFRAIZE ) Rk i Z H Daikwan 3-3 5
PIAS AR U AR 5 2 T M Ez 22 A
INZEMTE BRI 35 A AN R A 88 B T i
WA AE 22 5, BLAN, 16 R R 37 22 4k 85 5 Fhob
FtFLS1 Fl FtFLS2 % Stk P s e e 2 5%, Hor,
F 5 Fh« Hokkai T10” th FtFLS1 Fl FIFLS2 % 5 /K F-
FEE R & 1Y b Hokkai T8” 5 (Li et al., 2013) .
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5 AR ARE AT E

M AE SR 22 W e SR SCERE , DL 5
DS R R N 20 aE A B A DR vl S e el o 3 ol 1
B, 57 22 B TE G GH R Sy A U A o B Y AR
[, A ARG 2H 27 S5 0F 58 07 v DL RGO i AH VAR
O35 - BT I A5 HOR i D68 5 P & S e S T
T HE KL/ 2 SR A R A= AR 7 W 2 T80 B X 57 %
W R G ERE . FEM AT S AN R
A B R A 2 i o A A5 LU 7S, ANl & & i AR
H v IR S 5 i O B T SIS R R 1) e A 15 L A B
P, AR W 30 R 57 22 v R AH OC kIR Y 2Rk DL e
= P B R AR ARG LA T R B ST kR, B
HRIB , SR W BT 0 J5 v, AT 57 22 5l IR 42 AN
ML E RN T O 5 8 (glycitin) A2 3
Z (prunetin) | 44 B} K &K ( genistein) | 7F Bi 5.1 T
(orobol ) 5¢ 5 Bl AL & W W AFHE (Li T et al.,
2019; Li H et al., 2019; Li et al., 2020) . AT,
TEE R RIIE S AR A T F7 22 b v T 2 Ak
G5 B E A ST AR IE R REAEAE S B AL A
Y AR DI o B RSO0 o T SR RS BBk FH 1Y
i A B TR AEAE TCIE X 53 [ 43 S b A i 4 2, IR
W, SC T 57 22 vh S R 2R AL A AT 7 3 — 2D
UE, R AMEGE 0 53 8 T B, 456 5 43 PR BT % R w4
IR 1% 25 S A TS AR S e T AR A D EdE . — 7
T, S B Ak 5 W) 09 G LR 57 22 B A ) B ik
7 EE B 5 3, O TR N R R AT 9T A
BRI A (E AN L B AR S, O — T, S B R 2
A6E W R A Y AR P 1 AN 2 BRI R — B DAk
A% U BIE 5 27 3 1Y R OO T ) ik — 20 A Ak
0 o) ] 57 22 B D ) A 25 1 03 285 R SRR K AT ) T 5%
HEFRINEM AR — 52T

SR, 55 22 B A6 5 W0 00 A2 10 ol B G o 42
PRI 22470 2 T b 4t FR R A, DN H I A 90 45 SR ok
B2 WA O 4 R Ry T R B R =
B A G 1 OGS B IR 45 Y R i — DR
RN A8, R  2 288 Ak 45 0 7 A8 0 A 7 1
A= BRI RE K ML 0 B 50 18 77 A8 B OR K& e A3 Tl
IR G Y S 54K LT NI ENE
oK, 3722 #0H ok 5% 09 A 9 B Tk AR AR ™
Y, GRAL ST 22 B3 IR 7E 57 22 P vt By TR b 19 4
WEFE A B T8 78 B 2646 5 W 2 5 A4 B 1Y

FHRHLH , A7 A T 57 20 R i BT iR A e 57 &
TR 7 R B B B R A S A A [ A
FEX T B 57 A2 77 Ml A B PR e A R LA TR

e

SE .
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