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Cloning of the apple PREG6-like gene and analysis of its function

in anthocyanin synthesis

HUANG Juanjuan!, HUANG Yaping', LI Wenfang!, MAO Juan!, CEHN Baihong'*
(!College of Horticulture, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: [ Objective ] The PREs gene, also known as the polyoxazole resistance gene,
belongs to the basic/helix-loop-helix (bHLH) transcription factor family. It lacks a DNA binding
domain and typically forms homodimers or heterodimers to regulate the expression of target genes,
thereby influencing plant morphology, cell size, pigment metabolism, and response to abiotic
stress. This study aims to verify the function of the atypical member of the polyoxazole resistance
protein gene (PREG-like) in apple and explore its regulatory role in anthocyanin biosynthesis.

[ Methods 1 The 'Oregon Spur II', which is highly prone to bud mutation, exhibits significantly
improved fruit color compared to the original variety. A new mutant strain of the 'Oregon Spur II
'apple was discovered, which exhibits early and intense coloring, with a reddish fruit surface at
maturity, and stable variation traits. Based on transcriptome sequencing of bud mutation branch

fruits’ skin from the 'Oregon Spur II' apple, a flower pigment synthesis-related regulatory gene,
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MdAPREG6-like was identified. The coding sequence (CDS) of the MdJPREG6-like gene
(MD14G1197600) was obtained from the apple genome website, and primers were designed using
Primer5.0 to amplify the cDNA from 'Oregon Spur II' bud mutation branch fruit skin tissue.
Bioinformatics analysis software was used for biological information analysis, and tissue-specific
expression was analyzed using fluorescence quantitative PCR. The CDS region was cloned and
ligated into the linearized expression vector pCAMBIA1301-GFP. Escherichia coli DH5a was
heat-shock transformed, and Agrobacterium tumefaciens GV3101 was transformed to construct
the overexpression vector. Transient expression was performed in 'Golden Delicious' apple fruit,
and the color changes of the skin under strong light conditions (12000 lx) were observed to
preliminarily identify the gene's role in anthocyanin synthesis. Further functional validation was
conducted through Agrobacterium-mediated transformation of apple callus and by the floral dip
method in Arabidopsis. [Results] The MdPREG6-like is located on chromosome 14, with an open
reading frame of 279 bp, encoding 92 amino acids. The molecular formula is C444H745N1370149S2,
with a relative molecular weight of 10450.75 Da and a theoretical isoelectric point (pI) of 6.41;
The total hydrophobicity is -0.654, which is a hydrophilic protein with a lipid solubility index of
97.50 and an instability index of 85.86. It belongs to an unstable protein, and its secondary
structure shows that the protein a Spiral structure accounts for 66.30%, irregular curls account for
32.61%, and extended chains account for 1.09%, so there are three a- The atypical bHLH protein
composed of a spiral structure is consistent with the protein's tertiary structure. The subcellular
localization prediction results of MdPREG6-like protein indicate that it may be localized in the
nucleus. Multiple sequence alignment of its conserved domains with similar species revealed that
the MdPREG6-like protein is an atypical bHLH protein containing an HLH domain. Organizational
specific expression analysis showed that the expression level of MdPREG-like gene in flowers and
fruit peel was significantly higher than that in roots and leaves, indicating that this gene has a
certain impact on the growth and development of apple fruit. Instantaneous expression of the
'Golden Delicious' apple showed that MdPREG6-like significantly promoted the accumulation of
anthocyanins at the injection site of the 'Golden Delicious' apple peel, and increased the
expression level of structural genes related to the anthocyanin synthesis pathway. The UFGT gene,
also known as the 3-O-flavonoid glucosyltransferase gene, was significantly different from the
control (P<=0.001); The overexpression of MdPREG-like gene in apple callus and Arabidopsis
thaliana revealed a significant increase in anthocyanin content in transgenic apple callus compared
with the control. The expression level of MdPREG-like gene was 5.22 times higher than that of the
control, and the relative expression level of structural genes in the anthocyanin synthesis pathway
was increased. The differences in CHI, DFR, and F3H compared to the control were extremely
significant (P<0.001), 5.22, 18.40, and 8.96 times higher, respectively; The accumulation effect of
total anthocyanin content in the leaf veins of transgenic Arabidopsis is significant, and the
expression level of MdPREG-like gene in OE; and OE3 strains is 9.22 and 7.14 times higher than

the control, with extremely significant differences compared to the control. [ Conclusion ]



MAPREG6-like gene can positively regulate the synthesis and accumulation of anthocyanins,
promote the expression levels of structural genes in the anthocyanin synthesis pathway, and
provide theoretical reference for the MdPREG6-like gene to participate in improving the quality of

apple fruit in the future.
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Table 1 Primer sequences

HEF Gene IEM 514 Forward primer (5°-3°) 514 Reverse primer (5°-3”)
O-MdPREG6-like ATGTCAAGCAGAAGATCATCATCATC ATGCTGCAAAAGTCTTCTAATAAGCT
O-PREG6-like ACAACCTCTTCTTCCTCAGCTT TGCAGAATCCAGGAGTTGAGAT
O-MdCHI TTCCACCGTCCGTCAAACCT CGGCGTTATCCTCCAAGTACAC
O-MdCHS ATCACCAACAGCGAGCACAAG CTTCCACAACCACCATGTCCTG
O-MdDFR ATCGGCTCTTGGCTCGTCAT CCTTCGGCAAGTCCAACAGATG
O-MdF3H ATGGCTCCTCCTGCTACTACG GGCAAGCGAGATGATCGGAAT
O-MdANS GAGGAAGTTCGCAAGGCTCAA CTTGTGCTCGCTGTTGGTGAT
O-MdUFGT GCTCCATCCTCCGTCGTGTA GCCTCCGCTATTGCCATCTG
O-MdMDH CGTGATTGGGTACTTGGAAC TGGCAAGTGACTGGGAATGA
Q-AtCHI TTTGTACCGTCCGTCAAGTC CAATGACGGTGAAGATCACG
Q-AtCHS TGAGAACCATGTGCTTCAGG CAGATGCATGTGACGTTTCC
Q-AtDFR GTCGGTCCATTCATCACAAC TGAGCGTTGCATAAGTCGTC



Q-AtF3H TCAGATCGTTGAGGCTTGTG ATGTCGAAACGGAGCTTGTC

Q-AtANS TCAAGAAAGCCGGAGAAGAG TTGTCCACTCGCGTTGTTAG
Q-AtUFGT ACTTGCCGTGAGACAGAAGG GGAGGGCTGATTAGGTTGGG
Q-Atactin CCGCTTAATCCGAAGGCTAACCG TGGCTCACACCATCTCCAGAGTC
Hyg ATGAAAAAGCCTGAACTCACCG CTATTTCTTTGCCCTCGGACGA

£: O-MdPREG-like 4 MAPREG-like F: X CDS [X 5[ Kt Rk B2 FT I 2 519, Q-MdPREG6-like
N PREG6-like =R 2 BT FIBIH) 514, Q-Md SEIRE K SER @A LUETT 3 Bl % 5 R s B il
PTG, Q-At AMLHEIF i IAETT 31 & FOl Bk 45 2 R R IX B AT HI 519, O-MdMDH 7R3 R N5 5
5%, Atactin ZWFEIT NS 51Y, Hyg NlEREES D,

Note: O-MdPREG6-like is the primer used for cloning the CDS region of the MdPREG6-like gene and
constructing overexpression vectors. Q-MdPREG6-like is the primer used for quantifying the PRE6-like gene. Q-Md
is the primer used for detecting gene expression levels in the anthocyanin synthesis pathway of apple epidermis
and apple callus. Q-At is the primer used for detecting gene expression levels in the anthocyanin synthesis
pathway structure of Arabidopsis. Q-MdMDH 1is the primer used for detecting apple reference genes, Atactin is an

Arabidopsis reference primer, while Hyg is a hygromycin identification primer.
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A: MdPREG6-like gene cloning; M: Trans2K DNA Marker; 1~2 denotes the target bands obtained from
cloning.
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Fig. 1 MdPREG6-like gene amplification map
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transmembrane structural domains (C), and secondary and tertiary structure (D, E)

HLHZ 35
1 10 2o : a0 50 v

AtBHLH134 MsSSS. .RR[S|ROA[S|S s S[RI[SDD|QT|T[D L I|SKMPR 0[S IFE[T RjoN RR SN TfV] lo]
AtPRE6 .MSN..RRSRQTSNASRISDDIQM|IDLV|S[ FLIgEI HERRRSDK VEa0
AtBHLH136 .MSN. .RR/SROS/S|SAPRISDNQM|I|D LV|S|k ILEE[I GORRRSDK YL
AtPRE3 .MSGRRSR|SROS(S|GTS[RISED|QI|N|D L I|IfF LLJELRDSRRSDK 0
AtPRE4 .MSSRKSR|S|RQ .|T[GASMIT DE[Q|I|N|D L V|L| LLIFELANNRRS|GK VA0
ZmILI5 MSc: s s SIRRP|S|SRG|N|I|S ED[E|I[NE L I|S|E LLESSRR.RGS|GQ LK
PaILId-like ....... M|S|SRRIT|RAS|QP(T E D[E[VIKIE L VS| LIOLNH . RRNTT 1ME
PpPRE6-like ........[.l...[. . . .[KP|SDD[E|I|KIE L V|LF LLIFOLHH . SRNAP 1HAE
PbPRE6 ........[. ««|ss . .[KPLDD[EI[KE LV|L[F LLEOLHH . SRNAP IME
1H4 MSSRRSSS|SSSSSRT S[KIP|[SDD|E EF I|S[K LLIJQLHH . TRNAP IME
[vdPRE6-1ike] MS.SR..RSSSSSRTS[KP|SDDE[LKELI|S| LLEOLHH . TRNAP IME
PbPRE6-like MSSRR..S[5SSSSRTSKPSDDE[|KELI|SE LLEOLHH . TRNAP IME
MsPRE6-like ........ l...L]. . .KP|sDDE|IKEL I|S[k LLIJOILHH . TRNAQ 1ME[E

80 o
AtBHLH134 I.ESIDPNSPQAANVEIRSLIING
AtPRE6 DSVDEDSPEAAVR[SILLM.
AtBHLH136 ESVDEDSPEAANV S|LLM .
AtPRE3 1|.ANSD|. . TAQAALMRISLLITQ
AtPRE4 L. [ESTD|. . SAQAALJRS|LLIMQ
ZmILIS IAITM . DHNSPGAE|L S|IIL{RS
PaILI4-like LRD SAE[IAEVDEELMTRILL]. .
PpPRE6-1like DSAGITDVDEELMRT|LLRH
PbPRE6 1|.DSAGITDVDEE[LMRTLLIRH
MbC1lH4 6 RMH RV E DO SOML . DSADISDVDEE[L RILLIQH
[MaPRE6-1ike ] RI¥: REVEDIMEORT sO0@1|. DSAGISDVDEELMRRLLQHE
PbPREG6-1ike RMHR|YVEDSOIAI SQOML . DSADISDVDEE|L RILLIQH
MsPRE6-1like L|.DSADII SDVDEEI|L] R{L LIQH

MdPRE6-like(XP_008393138.2); AR AMIFF5N: AtbHLH134(QILXGS5.1); AtPRE6(Q8GW32);

AtbHLH136(Q9FLE9.1) ; AtPRE3(QICA64.1) ; AtPRE4(FAICN9) ; ZmILIS(NP 001152510.1) ;

PAILI4-like(XP_050378613.1) ;  PpPRE6-like(KAB2633469.1) ;  PbPRE6(XP_009369317.1)
MbC1H46(TQD92014.1); PbPRE6-like(XP_048443949.1); MsPREG6-like(XP_050120653.1)
[& 3 MdPREG-like WIREERFFFILL%t
Fig.3 Sequences aligment of the MdPRE6-like protein

2.2 MdPREG6-like BEFE B LR MRIES

¥ OCRIE 2 5 RAM BT EL RNA R ¥ %N cDNA, LLESR O-PREG6-like-F .
Q-PRE6-like-R N5 (% 1), qRT-PCR ¥l MdPRE6-like 3R 1ESE LA R 2H 430 () R 1A 1
B, S5RFKW], MAPREG-like 1L RACHIR b )R E S m, HUOg2ZEM, RRREE
AL (B 4). RUPZFEFRERRLAEKEEH —E M.

120 - -

20 -

FEX RIEKF

relative expression level

R

Leaf Flower

RE

Root Stem Skin



AFANG PR EREE (p<0.05),
Different small letters represent significant difference (p<0.05).
4 MdPRE6-like EEAEFRAFBHAPRIRIZRN
Fig. 4 Expression pattern of MdPRE6-like gene in different tissues of apple
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1~5 denotes MdPREG6-like gene expression vector E. coli bacteriophage PCR bands; B: MdPREG6-like gene
Agrobacterium tumefaciens PCR results; M: Trans2K DNA Marker.
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Fig. 5 PCR map of MdPREG6-like gene in apples
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A: Control(WT) and overexpression(OE) of MdPRE6-like apple epidermal phenotype observation; B:
Comparison diagram of total anthocyanin extract from fruit peel; C: Overexpression of total anthocyanin
content in fruit peel; D: Overexpression of MdPRE6-like gene relative expression level; E: qRT-PCR
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Fig. 6 Transient expression analysis of MdPREG-like gene in apple peel
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Fig. 7 Functional analysis of MdPRE6-like gene on anthocyanin synthesis in apple callus
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A: Resistance screening and identification of positive plants in T1 generation of Arabidopsis; B:
Screening for resistance and identification of positive plants in T2 generation Arabidopsis; C: Phenotypic
maps of wild-type and overexpressed plant leaves; D: Total anthocyanin content in overexpressing strains; E:
Overexpression of MdPRE6-like gene in Arabidopsis; F: qRT-PCR analysis.
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Fig. 8 Functional analysis of MdPREG6-like in anthocyanin synthesis in Arabidopsis
3 itig
He RIFE AP AL 23 ) 22 S PR 3R K R ML) 3 7 22 R A 31 B R0 S BIAS [R] T RE 1) 2 AL ) 2



—. filtn, FELCEERI W] REAEAR R R R R IA, TEM R R R IR BUR . X R ZE R RIA T DL
FUR A R AT Re L 2E R0, thal, AE R R ) 22 et Rkl BT LLd i 4H S
S SR B R SR TR T 5 A T s IR TE SR S, 3K 8 I 2 R Gh A 67 s mT AT R s 2 s
Jf 2 Y rp Bl S, AT R R R DR R AU G 2 SURE R IE b, FRATT R
PREG-like J5 R 73 AN [F 21 23 b R 3 R AN [ ) SRR B2 o 72 3 SRR AN SR S 1R 08 7K~ i
M6 3 — Pl W AEAE T HAAE SRR Se (i 3%, TR B 7E SR sE (P e #2 o,
R SEIR AT R R .

PREs $£[” (Paclobutrazol Resistance genes), X4 %M REIN, Hx} £ ke B
HEPLRE S, ARG . AR/ AR e B A R R AR R E . H R
XFT PREs £ R R SE R T TG SERGE 916 %, BE&HEHRRY], At
ik bHLHI B REW st & Rk &5, HEim sy S e RIRe 71 EIiEE S,
RGBS 2k R R sk 4T Y632 /K 5 COP1-SPA AHELEF, A Slitmkar Yenmar
e, AT COP1-SPA X R TR KA T HYS WM, RIHEYICTEEKR
A HYS LR . 1E Yu 2505, MALNC610 3@ VE NIERE MdACO1 Rk A 2. )G 44
HRIERAT S S S ESHE REENET .. ARG RER, S FRLATRE
SREDGIRES T, REIES MdPREG-like K2R A 2B B4 FUTE, H MdPREG-like 5:[
®ikw bIt, RN TE S MAPREG-like X R[] b F+, FEA)IEIE 167 F A 8 LI HLe e
SUEREMIE D). BAESRIRGTT, XS5 5L R @ A L 43 b (W /MR DR TR VR R %0l , o
VRN — RARURE, R ERHHATIEE RMRREM. F7EERImad, %
SR T BB R e VR 1 A M B R ek, AR R A TR TR, 1T 445 ) ik DR e i B [ 2 ) A e 2
FIE VA S B TR ) S AL, (R T 3R TE AR (B) 22 S AR R AR B o 0L R TP — Fl i PR
AED, T SR A AR AR R R 4% A B ARG AR T 45 R R,
MdAPREG6-like H:[R )33 ik (2t 0L T KA A6 R IOAR 3R, e AR R 2,
TFIAET 2 A BURAE P 1 5L O B S IR 2 31 1 R e A rh LA R R R R 28, [ 6 &R
RAE KA B2 ] e 5 kA 23 b i AR 2 I 2% AR O, KL 23 P (R 0 oA S AL
HIMEHE T A6 RAEZA B AR, 1A 2 2300 T B A7 7E BRI A6 5 2 s el g e M Rl &
22-23]; SECHABHA P AL T ZIEE RIS SE 5 ERUNER, HREH RIS
L AR AR R,

CTH A O I S R B R TEAE A R 4 G 5 DGR RS, IX S R FEAL T R B &
B R R 5 BB D RR R, BN EAETE B A AR T P E A RE A B OGHRR) f €,
I AR TE AL SR, AR BT AR BIE 0 & BN B 2 AL T R R SR, T 21X
S [K] (1) 2 1 /KT BT LASE A A0 A N A6 T 3R 16 AP RN 28 o A6 75 215 G B 20T A RO
[} CHS. CHI At 4-F& SR HEF A BRE 240, 7 TN, F3H BOSUN SUfAb i 4 0
BiliF C-3 ML BILR S EEAEE; DFR 1l ANS. UFGT V£ NAETT Z ARG HIRR 8 i A oc s i,

ay

=



T C-4 MR FETE R # T AT RN E b s R RN BERCN AR €675 %= . 7E Singh.
Sunil2728IEF 58 e, $sth F3H R385 T DFR ASZANHI R 35 1E . ASHF T4 REH, 78
RS R RS 45 R, UFGT 2R 3K 3, UEIITE SR J 2 BRI , 75 J5 BRI
UFGTYEHIN, BEEALMEAL UDP &% F) 1675 RATRHE R . Hrh F3H. DFR BRI K-F
FA2, 0] B R AR TR & O BRI TR B b F3H 5 DFR AFAE IR BRTTHLE], DARfE &
JIGER b T e 20 o o 0L T R 4 4 4 6 8 B T R B SR KT L R I, DFR
S KU A ERFTE R BKF, H F3H % 535K Rl MAPREG-like 5 ik K 2 FAK,
MdAPREG6-like W] e Xt F3H B 1 FRA B B ER . 1£ Hou SBORRF T, KIS
IBHI MK 2 5% HLH4, HidRILEBIBWFRIRGORRY, HERSS5HEREDE
BGOSR VR 2 R TG EE R N1 . HLH4 TR0 CIBS (iEdE, M0 CIBS 45 I 240 ffa i
KAHKIE R #4355, HLH4 %} CIBS W 3wk PRET #G3H, FHAixee bpHLH A K T —4
W ZHE PR G AT T R B A HABIE R 2 5I0E R B /& 75 1% 5 BIE R S F B B
AR PRI Rt — DR TT
4 &t

T A B 2 AU R L) (PREG-like), I [RIVREEALIE SR @005 I IR EE AL
TUFG S UE W] MdPREG-like JE DR e WS 1675 2 AR W& IR AL T 226 BOE B 45 M B (R 1 0
N MAPREG6-like 3 [K1Z 5 3¢ 5L 5 ) €137 B2 58 LAtk

BE ik References:

(1190738 7T e RIUV-B & 1 32 RMAMY B253E R R 6T 2 4 0 20 7 HLHI[D]. AR A K27, 2023,
SUN Zihan. Molecular mechanism of apple MAMYB25 gene regulating anthocyanin synthesis induced by visible
light and UV-B[D]. Shandong Agricultural University, 2023.

RIS, TAE, GKEE, BER, FURE. KT R IR S R F A T R B RS B
LA, 2022, 55(17): 3395-3410.

CHEN Xuesen, WANG Nan, ZHANG Zongying, MAO Zhiquan, YIN Chengmiao. Understanding and thinking
about some problems offtruit tree germplasm resources and genetic breeding[J]. Scientia Agricultura Sinica, 2022,
55(17):3395-3410.

B3I Je L T 23R AR (RN JET7 R, 1987(Z1): 84-88.

YANG Youlong. Introduction of apple varieties (lines) of Red Delicious line in the United States[J]. Northern
Fruits, 1987(Z1):84-88.(in Chinese)

[4]SHARMA D P, SHARMA H R, SHARMA N. Evaluation of apple cultivars under sub-temperate mid hill
conditions of Himachal Pradesh[J]. Indian Journal of Horticulture, 2017, 74(2): 162-167.

[SIERK, &R, W, 70, AR, AIb, JHE. bHLH¥ R THERFRE 515 SEWIRE S
JH B R G TALRILD]. R AR B AE AR, 2017, 53(1): 1-8.

Ll Xin, LI Ying, QU Ziyue, SUN Lu, WANG Siyao, ZHAN Yaguang, YIN Jing. bHLH transcription factors in the
role of jasmonic acid signal induced plant secondary synthesis and molecular mechanism[J]. Plant Physiology
Journal, 2017, 53(1):1-8.

[6]SUN X, ZHANG Z, L1 J, ZHANG H, PENGYY, LI Z. Uncovering hierarchical regulation among
MYB-bHLH-WDA40 proteins and manipulating anthocyanin pigmentation in rice[J]. International Journal of

Molecular Sciences, 2022, 23(15): 8203.



[71NESIN, DEBEAUJON I, JOND C, PELLETIER G, CABOCHE M, LEPINIEC L. The TT8 gene encodes a
basic helix-loop-helix domain protein required for expression of DFR and BAN genes in Arabidopsis siliques[J].
The Plant Cell, 2000, 12(10): 1863-78.

[81 SONG S S, LIU B, SONG J Q, PANG S H, SONG T X, GAO S, ZHANG Y, HUANG H, QI T C. A molecular
framework for signaling crosstalk between jasmonate and ethylene in anthocyanin biosynthesis, trichome
development, and defenses against insect herbivores in Arabidopsis[J]. Journal of Integrative Plant Biology, 2022,
64(9): 1770-1788.

[9]ZHU Z G, LUOM L, LIJL, CUIBL, LIU Z X, FU D P, ZHOU H W, ZHOU A P. Comparative transcriptome
analysis reveals the function of SIPRE2 in multiple phytohormones biosynthesis, signal transduction and stomatal
development in tomato[J]. Plant cell reports, 2023, 42(5): 921-937.

[10]BAIM Y, FAN M, Eunkyoo O, WANG Z Y. A triple helix-loop-helix/basic helix-loop-helix cascade controls
cell elongation downstream of multiple hormonal and environmental signaling pathways in Arabidopsis[J]. The
Plant cell, 2012, 24(12): 4917-4929.

[11]ZHENG K J, WANG Y T, ZHANG N, JIA Q M, WANG X T, HOU C J, CHEN J G, WANG S C. Involvement
of PACLOBUTRAZOL RESISTANCE6/KIDARI, an Atypical bHLH Transcription Factor, in Auxin Responses in
Arabidopsis[J]. Frontiers in Plant Science, 2017, 8: 1813.

[12IMARA C D, HUANG T, IRISH V F. The Arabidopsis floral homeotic proteins APETALA3 and PISTILLATA
negatively regulate the BANQUO genes implicated in light signaling[J]. Plant Cell, 2010, 22(3): 690-702.
[131384%. # ik O AYbHLHA. 3¢ K 1 SIPRE6-like fEAE MR AL KR & T DD BEAF AL [D]. PR, 2021.
GONG J. Functional study of tomato atypical bHLH transcription factor SIPRE6-like in plant growth and
development[D]. Chongqing University, 2021.

[14]7KiBU0FE . MAWRKY9-MdSWEETObM N ABA{E 5 4% 37 SRS R (HLELHE 7L [D]. (b AR K,
2023.

ZHANG S H. Mechanisms of MdAWRKY9-MdSWEET9b regulating sugar accumulation in apple fruits in response
to ABA Signal[D]. Shandong Agricultural University, 2023.

(151255, Efeds, s, K&, @il FAmicroRNARFFTHERE[T]. Fmt 24, 2015, 32(3): 502-510.
L1 He, MAO lJianxin, DONG Xiangxiang, ZHANG Zhihong, JI Mingshan. Recent research advances in microRNA
of fruit crops[J]. Journal of Fruit Science, 2015, 32(3):502-510.

(6] s, RAIIRR, 30, sk3EHE. MPh ALV Rk R 3 TROwF A BE R (1], b7 R 2, 2023(19): 128-134.
CHEN lJianqgi, ZHAO Mingzhu, WANG Yi, ZHANG Meiping. Research Progress on Tissue Specific Promoters in
Plant[J]. Northern Horticulture, 2023(19): 128-134.

(1719677, Bk, XIRE, &fF @MU Mk MREHCIbHLHL S E KX SRR m]. Flk
224R%, 2024, 33(1): 89-101.

HAN Jinxiu, CHEN Bin, LIU Yanting, MENG Ru, JIN Liyan, HE Miao .ldentification of CibHLH]1 and its effect
on photosynthetic characteristics in Chrysanthemum indicum var. aromaticum[J]. Acta Prataculturae Sinica. 2024,
33(1):89-101.

[I8]EM . MWLM AAUVRS FUV-BIE 55 T 7 THLHIFTFE[D]. HrhRll Ry, 2023

WANG L X. Molecular Mechanism of UV-B Signal Transduction Mediated by the Plant UV-B Photoreceptor
UVRS[D]. Huazhong Agricultural University, 2023

[19]YUJ X, QIUK N, SUNW J, YANG T, WU T, SONG T T, ZHANG J, YAO Y C, TIAN J. A long noncoding
RNA functions in high-light-induced anthocyanin accumulation in apple by activating ethylene synthesis[J]. Plant
Physiol, 2022, 189(1): 66-83.

20155774, 3. WEHPIERETE BRI ROWE TE Rt )], BRI, 2023, 39(10): 17-28.

QI Fangting, HUANG He. Research advance in the regulation mechanism of flower spots formation in ornamental



Plant[J]. Biotechnology Bulletin, 2023, 39(10):17-28.

2113 DL, EME, U, 55 MERLOR L FROPTAERD]. R R, 2019, 36(06): 793-802.
HUANG Bei, WANG Peng, WEN Mingxia, Wu Shaohui, GAO Weiqin, XU Jianguo, XIA Renxue. Advance study
of pigment-carotenoids in Citrus fruits[J]. Journal of Fruit Science, 2019,

36(06):793-802.

221 . E KA AR AR K L f 3k PR ™ 0 I WF 7 [D). AR AR MR 22, 2016.

YANG Jingwen. The molecular metabolic pathways offlower color of Narcissus tazetta var. Chinensis. [D]. Fujian
Agriculture and Forestry University, 2016.

[23]BLER . M H (Solenostemon scutellarioides) €47 B S AL A Z A W& BB IR 70 T R TEHT A
[D]. PERd K%, 2007.

Zhu Qinlong. Studies on the molecular regulation of the anthocyanin biosynthesis related to leaf color of
Solenostemon scutellarioides[D]. Southwest University, 2007.

24133, BERK, FER, T EYETE ZMNEES O R B FRVEHT R ). AL Bk R, 2023,
24(6): 1515-1526.

Ll Jie, LI Tingge, WAN Tongxin, WANG lJian. Review of the mutually exclusive mechanism between the
anthocyanins and betalains pigments in plants[J]. Journal of Plant Genetic Resources, 2023, 24(6):1515-1526.

251 130, 5EM, INE, ILEF, DA, e MR IR & BT S ERE[]. TEIRAOL R,
2023, 39(6): 1414-1426.

SU Ziwen, CAl Zhixiang, SUN Meng, SHEN Zhijun, MA Ruijuan, YU Mingliang, YAN Juan. Research progress
on biosynthesis of chlorogenic acid in plants[J]. Jiangsu Journal of Agricultural Sciences, 2023, 39(6):1414-1426.
2614 /%. AEHITRNASRNA F AL A1 T (15 Jp 28 250 i 1 b SR B 5l SR AR P LI F (D). AR Ak
MOREE, 2022

ZHU Cheng.Metabolic regulatory mechanism of flavonoid and terpenoidmediated by non-coding RNA and RNA
methylation inoolong tea during withering process[D]. Fujian Agriculture and Forestry University, 2022.
[27]SINGH P K, RAWAL H C, PANDA A K, ROY J, MONDAL T K, SHARMA T R. Pan-genomic,transcriptomic,
and miRNA analyses to decipher genetic diversity and anthocyanin pathway genes among the traditional rice
landraces[J]. Genomics, 2022, 114(5): 110436.

[28]SUNIL L, SHETTY N P. Biosynthesis and regulation of anthocyanin pathway genes[J]. Appl Microbiol
Biotechnol, 2022, 106(5-6): 1783-1798.

(20143F FH.  UBHC Jta 1 5 S SR AR AR R S AT 17 & B AR B LI ST (D). L R R R, 2023.

XU Xinxiang. Physiological Mechanism of Combined Nitrogen and PotassiumRegulating Carbon and Nitrogen
Metabolism and AnthocyaninBiosynthesis in Apple Fruits[D]. Shandong Agricultural University, 2023.

[30JHOU Q C,ZHAO W, Lu L, WANG L L, ZHANG TY, HUB B, YAN T W, QI Y C, ZHANG F, CHAO N,
BARTELS D, WAN X Y. Overexpression of HLH4 Inhibits Cell Elongation and Anthocyanin Biosynthesis in
Arabidopsis thaliana[J]. Cells, 2022,11(7): 1087-1087.



