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The Regulatory Role of Transcription Factor HYS
in Plant Anthocyanin Synthesis
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Abstract: In plants, anthocyanins are a group of flavonoid compounds and play an important physiological
role in fruit coloring and tolerance to stresses. Foods rich in anthocyanins also have good health effects on the
human, such as anti-aging and preventing hardening of the arteries. The biosynthesis and accumulation of
anthocyanins are not only affected by their own structural genes, regulatory genes and plant hormones, but also
by external environmental factors ( such as light, temperature, etc. ). Among them, light is one of the important
factors affecting the synthesis and accumulation of anthocyanins in plants. Therefore, it is of great biological
significance to analyze the regulatory mechanism of plants from receiving light signals to affecting anthocyanin
synthesis. HY5 ( ELONGATED HYPOCOTYLS5 ) encodes an alkaline leucine zipper ( bZIP ) transcription factor,
plays an important role in regulating plant growth and development. It is the first transcription factor found to be
involved in photomorphgenesis. It also plays a key regulatory role in the biosynthesis of anthocyanins. Here, we
review the role of HY'S protein in the pathway of anthocyanin synthesis, responses to light signals and activation
of downstream transcription factors and structural genes, and interaction with BBX protein in regulation of
anthocyanin synthesis and accumulation. We expect to provide insights for future exploring the functional basis of
HY5 in the metabolic pathways of flavonoids and responses to light signals.
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Fig.1 Response of transcription factor HYS
to upstream light signal
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Fig.2 Regulation mode of transcription factor HYS
on anthocyanin synthesis
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HEMMZE, AN, MABBX24 Fl MABBX33 1 5
MAHY5 G AHME L = G i, X &K B BBX-
HYS5 AHE A — AN R g 25207
3 RE

1T R IR NG G E O R R
FE AR SR AL A KA I B A T LA SRR AL
DY EIS A ER O IA e ALY iU} A I L (Al
HIYIAET B A M EER RN, ARk Bok #Z 2]
NI S , ST AR MR O AR 55 B e T
A B IS EE WY EE L B, HYS
MR T2 B v a0 P SR TR 1, B D H Sy v
DAL T A RS S ARG B

H A, X5 T HYS 8 HTEALH R AW A U m)
YR A BT R B 2, SR T IR AT — L8 [n] 23R
IR ABIEFE Y : HY'S 2 D0 il s R A 0
Z LT MYB 285 5 R 7, I8 4 % bHLH 2 4% 5%
K M WDA40 85 2 15 A 1 19 7% ) s 1 2



34 T I3 46 - Fe S IR HY'S TEREIAETT 385 0 P IR 675

Bk BBX & 141, HYS 25 2 1534 A -5 Hofh i 5%
45 5T U A S R AE S R A4 7
microRNA 2T A A SRR A I #GS, © A
YW T HYS5 & 9% miR858 WY I 1, BB 4 7E
H R A BGERE T, SRS A A microRNA 325
HYS SRR Y72 PR i i 2 FRLER
R, R AR T 54, HYS 8 e 3230
Belaa iR Z A B A e BB B
WFFE, TR S TR 0 U S Rl e
T HYS S AT KRR DIRE LALH], 5220t
FEI N AE 22 PR ) o ) B T B8 R R R LB, LA
XL R A A T AR —E 48 R -

S 3k

(1] Eig, EFA,BIES EIZERE, M, ka0 ER R, 5
W15, FFELE Rk, DX A AE T R A& i
FEAEA. PR, 2020, 53 (23 ): 4904-4917
Wang F,Wang X J,Zhao SN, Yan J R,Bu X,Zhang Y,LiuYF,
XuT,QiMF,QiHY,LiTL. Light regulation of anthocyanin
biosynthesis in horticultural crops. Scientia Agricultura Sinica,
2020, 53(23 ): 4904-4917

(2]  ReiF, SKE, A MYETREYERIEE. 5T
M TR, 2021, 19 (11): 3612-3620
Song J H, Guo C K, Shi M. Anthocyanin biosynthesis and
transcriptional regulation in plant. Molecular Plant Breeding,
2021, 19( 11 ): 3612-3620

(3] B8, R XS, £33, VAR, R (4 448 B 3k i Fh
MBS AT, P EEYSESR, 2018, 24 (11): 10-14
Qiu J, Zhu H, Liu P, Wang J, Sun J M. Analysis on nutrients
of main cultivars of colored fleshed potatoes in China. Food and
Nutrition in China, 2018, 24 (11 ): 10-14

(4] b, SUFH, R, B R USSR Z/EYIE
TR EYS W5 7oL, 224, 2021,48(10)
1969-1982
Hong Y, WuY W, Song X, LiM L, Dai S L. Molecular mechanism
of light-induced anthocyanin biosynthesis in horticultural crops. Acta
Horticulturae Sinica, 2021, 48 ( 10 ): 1969-1982

[5] Yoon M K, Shin J, Choi G, Choi B S. Intrinsically unstructured
N - terminal domain of bZIP transcription factor HY'S. Proteins:
Structure, Function, and Bioinformatics, 2006, 65 ( 4 ): 856-866

[6] Holton T A, Cornish E C. Genetics and biochemistry of
anthocyanin biosynthesis. The Plant Cell, 1995, 7( 7 ): 1071-1083

[7] AlSane K O,Hesham A E L. Biochemical and genetic evidences
of anthocyanin biosynthesis and accumulation in a selected tomato
mutant. Rendiconti Lincei, 2015, 26 ( 3 ): 293-306

(8]  XMEIE, TR, i, KA A H R . MEE =R
B IGIEIIGER. hEAEE ], 2021, 37 (14): 41-51
Liu K'Y, Wang M L, Xin H B, Zhang H, Cong R C, Huang D Z.
Anthocyanin biosynthesis and regulate mechanisms in plants: A
review. Chinese Agricultural Science Bulletin, 2021, 37 ( 14 ): 41-51

[9] LiYK,CuiW,QiX]J,Qiao CK,Lin MM, Zhong Y P, Hu C,

Fang J B. Chalcone synthase-encoding AeCHS is involved in normal

petal coloration in Actinidia eriantha. Genes, 2019, 10 ( 12 ): 949

Keykha F, Bagheri A, Moshtaghi N, Bahrami A R, Sharifi A.

RNAi-induced silencing in floral tissues of Petunia hybrida by

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

agroinfiltration: A rapid assay for chalcone isomerase gene function
analysis. Cellular and Molecular Biology, 2016, 62 (10 ): 26-31
TR B RN, AN, 2R, K, A 2, SO, BT
SRLBRIR. WK R 3- YR A BRI (TuF3H ) 14 58
B a2k it r THEPIE R, 2021, 19(1): 65-71
FengZX,LiuYL,ZhuJP,Luo C,Huang WL, Li XY, Cai
B, Huang H Q, Huang M J. Cloning and expression analysis of
IuF3H gene in impatiens uliginosa. Molecular Plant Breeding,
2021,19(1): 65-71

INEHE, M, 2258, Fig. — (2 DFR KLY 5o b Je 3k
KO, TR, 2015, 43 (11): 34-37

Sun HY,An Z W, Li Q, Wang J. Cloning and expression
analysis of pansy DFR gene. Jiangsu Agricultural Sciences,
2015,43(11):34-37

WEL. HEAAE RGN (ANS ) H I 1 5 pe K L4 4
BB, PR, 2020, 48 (11): 1718-1723

Yang H Z. Cloning of the ANS gene and analysis of its tissue
expression in ipomoea batatas. Journal of Shanxi Agricultural
Sciences, 2020, 48 (11 ): 1718-1723

Mathews H, Clendennen S K, Caldwell C G, Liu X L, Connors
K, Matheis N, Schuster D K, Menasco D J, Wagoner W,
Lightner J, Wanger D R. Activation tagging in tomato identifies a
transcriptional regulator of anthocyanin biosynthesis, modification,
and transport. The Plant Cell, 2003, 15 (8):1689-1703

Yan S S,Chen N,Huang ZJ,LiDJ,ZhiJJ,Yu B W,Liu X X,
Cao B H, Qiu Z K. Anthocyanin fruit encodes an R2R3-MYB
transcription factor, SIAN2-like, activating the transcription of
SIMYBATYV to fine-tune anthocyanin content in tomato fruit.
New Phytologist, 2020, 225 ( 5 ): 2048-2063

Quattrocchio F, Wing J F, Woude V D K, Mol J N M, Koes R.
Analysis of bHLH and MYB domain proteins: Species-specific
regulatory differences are caused by divergent evolution of target
anthocyanin genes. The Plant Journal, 1998, 13 (4 ): 475-488
Spelt C, Quattrocchio F, Mol J N M, Koes R. Anthocyaninl
of petunia encodes a basic helix-loop-helix protein that directly
activates transcription of structural anthocyanin genes. The Plant
Cell, 2000, 12( 9 ): 1619-1632

Payyavula R S, Singh R K, Navarre D A. Transcription factors,
sucrose, and sucrose metabolic genes interact to regulate potato
phenylpropanoid metabolism. Journal of Experimental Botany,
2013, 6(16): 5115-5131

QNI A I, 20 TR I, o Bl AR T R B
R RE. LRI R, 2018, 46 (21): 18-24
Liang LJ, Yang Y C, Wang E H, Xing B C, Liang Z S. Research
progress on biosynthesis and regulation of plant anthocyanin.
Journal of Anhui Agricultural Sciences, 2018, 46 (21 ): 18-24
FEAERS XK, I R, R E A, 1, TR, £
TR LTS R AT A& L 2 A o TR, A
AEFRAAA, 2018, 54 (11): 1630-1644

Zhuang W B, Liu TY, Shu X C,Qu S C, Zhai H H, Wang
T, Zhang F J, Wang Z. The molecular regulation mechanism
of anthocyanin biosynthesis and coloration in plants. Plant
Physiology Journal, 2018, 54 ( 11 ): 1630-1644

Baudry A, Heim M A, Dubreucq B, Caboche M, Weisshaar
B, Lepiniec L. TT2, TT8, and TTG1 synergistically specify the
expression of BANYULS and proanthocyanidin biosynthesis in
Arabidopsis thaliana. The Plant Journal,, 2004, 39 ( 3 ): 366-380
o L AT/ INTT L SRR SR i, SR EILAE, W3 MBW &
BTEAEAETT RGBT TS, A HARE R,
2020,36(1): 126-134



676

N7/ i

Eild 23 %

[24]

[26]

Gao G Y, Wu X F, Zhang D W, Zhou D G, Zhang K X, Yan M
L. Research progress on the MBW complexes in plant anthocyanin
biosythesis pathway. Biotechnology Bulletin, 2020, 36 ( 1 ): 126-134
Carey C C, Strahle J T, Selinger D A, Chandler V L. Mutations
in the pale aleurone colorl regulatory gene of the Zea mays
anthocyanin pathway have distinct phenotypes relative to the
functionally similar TRANSPARENT TESTA GLABRALI gene
in Arabidopsis thaliana. The Plant Cell, 2004, 16 ( 2 ): 450-464
LiuHN, SuJ,ZhuY f, Yao G F, Allan A C, Charles A D, Shu
Q, Kui L W, Zhang S L, Wu J. The involvement of PybZIPa
in light-induced anthocyanin accumulation via the activation of
PyUFGT through binding to tandem G-boxes in its promoter.
Horticulture Research, 2019, 6(1): 1-13

HulJ F,Fang H C,Wang J, Yue X X,SuM Y,MaoZL,ZouQ,
Jiang HY,Guo Z W, Yu L, Feng T, Lu L, Peng Z G, Zhang
Z Y, Wang N, Chen X S. Ultraviolet B-induced MdAWRKY 72
expression promotes anthocyanin synthesis in apple. Plant
Science, 2020, 292: 110377

253, WRKY26-bHLH3 JLAR 21 i BUAE T 15 & B AL 11
TR R UA 2 THLRIBESE. A8 S TR, 2020
Li C. Molecular mechanism of WRKY26-bHLH3 co-promoting red
pear anthocyanin synthesis and anthocyanin inhibition of aspergillus
niger infection. Hefei: Hefei University of Technology, 2020
CongL,QuYY,ShaGY,Zhang SC,MaY F, Chen M, Zhai R,
Yang C Q, Xu L F, Wang Z G. PbWRKY75 promotes anthocyanin
synthesis by activating PbDFR, PbPUFGT and PbMYB10b in pear.
Physiologia Plantarum, 2021, 173 (4 ): 1841-1849

Bai SL,Tao RY, Yin L,NiJ B, Yang Q S, Yan X H,
Yang F, Guo X P, Li H X, Teng Y W. Two B-box proteins,
PpBBX18 and PpBBX21, antagonistically regulate anthocyanin
biosynthesis via competitive association with Pyrus pyrifolia
ELONGATED HYPOCOTYL 5 in the peel of pear fruit. The
Plant Journal, 2019, 100 ( 6 ): 1208-1223

AnJ P, Wang X F, Zhang X W, Bi S Q, You C X, Hao Y J.
MdBBX22 regulates UV-B-induced anthocyanin biosynthesis
through regulating the function of MdHY5 and is targeted
by MdBT?2 for 26S proteasome-mediated degradation. Plant
Biotechnology Journal, 2019, 17 (12 ): 2231-2233

Gangappa S N, Botto J F. The multifaceted roles of HY5 in plant
growth and development. Molecular Plant, 2016, 9 ( 10 ): 1353-1365
Zhao X C, Zeng X S, Lin N, Yu S W, Fernie AR, Zhao J. CsbZIP1-
CsMYBI12 mediates the production of bitter-tasting flavonols in tea
plants ( Camellia sinensis ) through a coordinated activator-repressor
network. Horticulture Research, 2021, 8 (1 ): 1-18

Luo Q J, Mittal A, Jia F, Christopher D R. An autoregulatory
feedback loop involving PAP1 and TAS4 in response to sugars in
Arabidopsis. Plant Molecular Biology, 2012, 80 ( 1 ): 117-129
FEI. PRI R T HYS T4 microRNA HIFERFSE.
FRMN - TR AR, 2018

Wang Y L. Functional characterization of microRNAs regulated
by transcripyional factor HYS in Arabidopsis. Zhengzhou:
Henan Agricultural University, 2018

JELEAR, JEE. MicroRNA X AHIAETE A i i i 5% ik
JE. SFHIYIE R, 2021, 19(8 ): 2621-2626

Kang Y T, Zhou B. Advances in the regulation of anthocyanin
in biosynthesis by MicroRNA. Molecular Plant Breeding,
2021, 19(8): 2621-2626

He L H, Tang R M, Shi X W, Wang W B, Cao Q H, Liu X
Y, Wang T, Sun Y, Zhang H M, Li R Z, Jia X Y. Uncovering
anthocyanin biosynthesis related microRNAs and their target
genes by small RNA and degradome sequencing in tuberous

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

roots of sweetpotato. BMC Plant Biology, 2019, 19( 1 ): 1-19
Jorge G V, Kurepin L V, Reyes M M D. Evaluating the
involvement and interaction of abscisic acid and miRNA156 in
the induction of anthocyanin biosynthesis in drought-stressed
plants. Planta, 2017, 246 (2 ): 299-312

Boss P K, Davies C, Robinson S P. Expression of anthocyanin
biosynthesis pathway genes in red and white grapes. Plant
Molecular Biology, 1996, 32 (3 ): 565-569

Solfanelli C, Poggi A, Loreti E, Alpi A, Perata P. Sucrose-
specific induction of the anthocyanin biosynthetic pathway in
Arabidopsis. Plant Physiology , 2006, 140 ( 2 ): 637-646

LR AR TL, EE Y. GIR BRI E R AL E R A AR
MZER. TTGREER, 2016, 28 (9): 35-41

Wang H Z, Xu Q J, Yan H F. Summary of regulation of
anthocyanin synthesis by light, sugar and hormone. Acta
Agriculturae Jiangxi, 2016, 28 (9 ): 35-41

Yamaguchi S. Gibberellin metabolism and its regulation. Annual
Review of Plant Biology, 2008, 59: 225-251

Jeong S W, Das P K, Jeoung S C, Song J Y, Lee H K, Kim
Y K, Kim W J,Park Y L, Yoo S D, Choi S B, Choi G, Park Y.
Ethylene suppression of sugar-induced anthocyanin pigmentation
in Arabidopsis. Plant Physiology, 2010, 154 (3 ): 1514-1531

Kim S, Hwang G, Lee S, Zhu J Y, Paik I, Nguyen T T, Kim
J, Oh E. High ambient temperature represses anthocyanin
biosynthesis through degradation of HYS. Frontiers in Plant
Science, 2017, 8: 1787

F R, ELUH, KR, VSR, R T HY S TERYDLE
AU TR PEBEE, 2018(5): 20-27
Wang Z R, Wang H Y, Deng H F, Xu C Q. Regulation of
transcription factor HYS in plant photomorphogenesis and
nitrogen metabolism. China Vegetables, 2018 (5 ): 20-27

Yoon M K, Shin J, Choi G, Choi B S. Intrinsically unstructured
N-terminal domain of bZIP transcription factor HY5. Proteins,
2006, 65 (4 ): 856-866

P, S, £5°, R AL MPPDLIETER T COP1LHYS 1Y
ST, APRAGETR, 2009, 20 (2): 291-294

Sun M, Zhou B, Wang Y, Li Y H. Advances of researches on
light regulator COP1, HYS in plants. Biotechnology Bulletin,
2009,20(2): 291-294

g, G, 2R AL, MY HYS 8 A 2515 D RERI TS .
A B2 IR, 2010, 46 (10 ): 985-990

Zhang L, Zhou B, Li Y H. Advances in the structure and function of
HYS5 in plant. Plant Physiology Journal, 2010, 46 ( 10 ): 985-990
Chang CJ,LiY H, Chen L T, Chen W C, Hsieh W P, Shin J, Jane
W N, Chou S J, Choi G, Hu J M, Somerville S, Wu S H. LZF1,
a HY5-regulated transcriptional factor, functions in Arabidopsis de-
etiolation. The Plant Journal, 2008, 54 ( 2 ): 205-219

LiJ, Li G, Gao S, Martinez C, He G M, Zhou Z Z, Huang
X,Lee J H, Zhang H Y, Shen Y P, Wang H Y, Deng X W.
Arabidopsis transcription factor ELONGATED HYPOCOTYL5
plays a role in the feedback regulation of phytochrome A
signaling. The Plant Cell, 2010, 22 ( 11 ): 3634-3649

Lee J,He K, Stolc V, Lee H, Figueroa P, Gao Y, Tongprasit W,
Zhao HY, Lee I, Deng X W. Analysis of transcription factor
HYS5 genomic binding sites revealed its hierarchical role in light
regulation of development. The Plant Cell, 2007, 19( 3 ): 731-749
Andronis C, Barak S, Knowles S M, Shoji S, Elaine M T. The
clock protein CCA1 and the bZIP transcription factor HY'S
physically interact to regulate gene expression in Arabidopsis.
Molecular Plant, 2008, 1( 1): 58-67

Shin J, Park E, Choi G. PIF3 regulates anthocyanin biosynthesis



34

T I3 46 - Fe S IR HY'S TEREIAETT 385 0 P IR

677

[58]

in an HY5-dependent manner with both factors directly binding
anthocyanin biosynthetic gene promoters in Arabidopsis. The
Plant Journal, 2007, 49 (6 ): 981-994

Zhao Y ,Min T,Chen M J, Wang H X,Zhu C Q,Jin R, Allan A C,
Lin-Wang K, Xu C J. The photomorphogenic transcription factor
PpHYS regulates anthocyanin accumulation in response to UVA
and UVB irradiation. Frontiers in Plant Science, 2021, 11: 2295
LiY,XuPB,Chen GQ,WulJ,LiuZ C, Lian H L. FvbHLH9
functions as a positive regulator of anthocyanin biosynthesis by
forming a HYS-bHLHO transcription complex in strawberry
fruits. Plant and Cell Physiology, 2020, 61 (4 ): 826-837
Toledo-Ortiz G, Johansson H, Lee K P, Bou-Torrent J, Stewart K, Steel
G, Rodriguez-Concepcion M, Halliday K J. The HY5-PIF regulatory
module coordinates light and temperature control of photosynthetic gene
transcription. PLOS genetics, 2014, 10( 6 ): e1004416

Li Z F,Zhang L X, YuY W, Quan R D, Zhang Z J, Zhang
H W, Huang R F. The ethylene response factor AtERF11
that is transcriptionally modulated by the bZIP transcription
factor HYS is a crucial repressor for ethylene biosynthesis in
Arabidopsis. The Plant Journal, 2011, 68 ('1): 88-99

Cluis C P, Mouchel C F, Hardtke C S. The Arabidopsis
transcription factor HY5 integrates light and hormone signaling
pathways. The Plant Journal, 2004, 38 ( 2 ): 332-347

Huang L F, Zhang H C, Zhang H Y, Deng X W, Wei N.
HYS regulates nitrite reductase 1 ( N/R/ )and ammonium
transporterl; 2( AMTI; 2 ) in Arabidopsis seedlings. Plant
Science, 2015, 238: 330-339

J R AkRI. RO E— AR A AT
. F#RZERR, 2019, 41(3): 188-196

Zhou Y Y, Li J G. Research progress in phytochrome A
signaling. Chinese Journal of Nature, 2019, 41 (3 ): 188-196
Jiang M M, Ren L, Lian H L, Liu Y, Chen H Y. Novel insight
into the mechanism underlying light-controlled anthocyanin
accumulation in eggplant( Solanum melongena L. ). Plant
Science, 2016, 249 46-58

LiuCC,ChiC,JinLJ,ZhuJH, YuJ Q, Zhou Y H. The bZip
transcription factor HY5 mediates CRY la-induced anthocyanin
biosynthesis in tomato. Plant, Cell & Environment, 2018, 41
(8):1762-1775

Yang Y, Liang T, Zhang L B, Shao K, Gu X X, Shang R X,
Shi N, Li X, Zhang P, Liu H T. UVRS interacts with WRKY36
to regulate HYS transcription and hypocotyl elongation in
Arabidopsis. Nature Plants, 2018, 4 (2 ): 98-107

Ren H, Han J P, Yang PY, Mao W W, Liu X, Qiu L L, Qian C
Z,LiuY,Chen Z R,Ouyang X H,Chen X,Deng X W, Huang X.
Two E3 ligases antagonistically regulate the UV-B response in
Arabidopsis. Proceedings of the National Academy of Sciences,
2019, 116 ( 10 ): 4722-4731

Huang X, Ouyang X H, Yang PY,Lau O S, Li G, LiJ G, Chen
H D, Deng X W. Arabidopsis FHY3 and HY5 positively mediate
induction of COP1 transcription in esponse to photomorphogenic
UV-B light. The Plant Cell, 2012, 24 ( 11 ): 4590-4606

Abbas N, Maurya J P, Senapati D, Gangappa S N,
Chattopadhyay S. Arabidopsis CAM7 and HY5 physically
interact and directly bind to the HYS rromoter to regulate its
expression and thereby promote photomorphogenesis. The Plant
Cell, 2014, 26(3 ): 1036-1052

Binkert M, Kozma-Bognar L, Terecskei K, Veyldr L D, Nagy F, Ulm
R. UV-B-Responsive association of the Arabidopsis bZIP transcription
factor ELONGATED HYPOCOTYLS with target genes, including its
own promoter. The Plant Cell, 2014, 26 ( 10 ): 4200-4213

[66]

[67]

[68]

[69]

[70]

[71]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

Ang L H, Chattopadhyay S, Wei N, Oyama T, Okada K,
Batschauer A, Deng X W. Molecular interaction between
COP1 and HYS defines a regulatory switch for light control of
Arabidopsis development. Molecular Cell, 1998, 1( 2 ): 213-222
Zhang Y Q, Zheng S, Liu Z J, Wang L G, Bi Y R. Both HYS
and HYH are necessary regulators for low temperature-induced
anthocyanin accumulation in Arabidopsis seedlings. Journal of
Plant Physiology, 2011, 168 (4 ): 367-374
AnJP,QuF]J,Yao ] F,Wang X N, You C X, Wang X F,
Hao Y J. The bZIP transcription factor MdHYS regulates
anthocyanin accumulation and nitrate assimilation in apple.
Horticulture Research, 2017,4(1): 1-9

Shin D H, Choi M G, Kim K, Bang G, Cho M, Choi S B, Choi
G, Park Y. HYS regulates anthocyanin biosynthesis by inducing
the transcriptional activation of the MYB75/PAP1 transcription
factor in Arabidopsis. FEBS Letters, 2013, 587 ( 10 ): 1543-1547
Hoai N H, Young J C,Kang G H, Yoo S D,Hong S W,Lee H J.
MYBD employed by HY5 increases anthocyanin accumulation
via repression of MYBL2 in Arabidopsis. The Plant Journal,
2015, 84(6): 1192-1205

Liu WJ,Wang Y C,SunJ J, Jiang HY, Xu H F, Wang N,
Jiang S H, Fang H C, Zhang Z Y, Wang Y L, Chen X S.
MdMYBDLI1 employed by MdHY5 increases anthocyanin
accumulation via repression of MAMYB16/308 in apple. Plant
Science, 2019, 283 : 32-40

Huang D, Yuan Y, Tang Z Z, Huang Y, Kang C Y, Deng X X,
Xu Q. Retrotransposon promoter of Rubyl controls both light-
and cold-induced accumulation of anthocyanins in blood orange.
Plant, Cell & Environment, 2019, 42 ( 11 ): 3092-3104

Sun C L, Deng L, DuM M, Zhao J H, Chen Q, Huang T T,
Jiang H L, Li C B, Li C Y. A transcriptional network promotes
anthocyanin biosynthesis in tomato flesh. Molecular Plant,
2020, 13(1): 42-58

QiuZ K,WangHJ,LiDJ,Yu BW,Hui QL, Yan S S, Huang
Z J,Cui X, Cao B H. Identification of candidate HY 5-dependent
and -independent regulators of anthocyanin biosynthesis in tomato.
Plant and Cell Physiology, 2019, 60 ( 3 ): 643-656

Wang Y Y, Zhang X D, Zhao Y R, Yang J,He Y Y, Li G C,
Ma W R, Huang X L, Su J. Transcription factor PyHYS binds
to the promoters of PyWD40 and PyMYBI10 and regulates its
expression in red pear ‘ Yunhongli No. 1’ . Plant Physiology
and Biochemistry, 2020, 154: 665-674

Wang Y L, Wang Y Q, Song Z Q, Zhang H Y. Repression
of MYBL2 by both microRNA858a and HY5 leads to the
activation of anthocyanin biosynthetic pathway in Arabidopsis.
Molecular Plant, 2016, 9 ( 10 ): 1395-1405

Gangappa S N, Botto J F. The BBX family of plant transcription
factors. Trends in Plant Science, 2014, 19( 7 ): 460-470

Yadav A, Ravindran N, Singh D, Rahul P V, Datta S. Role of
Arabidopsis BBX proteins in light signaling. Journal of Plant
Biochemistry and Biotechnology, 2020, 29: 1-13

LiCF,PeilJ L, Yan X, Cui X, Tsuruta M, Liu Y, Lian C L. A
poplar B-box protein PtrBBX23 modulates the accumulation of
anthocyanins and proanthocyanidins in response to high light.
Plant, Cell & Environment, 2021, 44 (9 ): 3015-3033

KA, AR, BIA A, A R RO L S
ML IR, 2021, 22(2): 293-303

Zhang L, Cao D M, Hu J J. Advance of the regulation
mechanism of leaf color formation in plants. Journal of Plant
Genetic Resources, 2021, 22 (2 ): 293-303



