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Integrated Transcriptome and Metabolome Analysis of Flavonoid
Biosynthetic Pathways During Axillary Bud-to-flower Bud Conversion
in Guifel Mangoes3
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Abstract: Flower bud differentiation marks a critical transition period in plants from vegetative to reproductive growth. Dur-
ing this process, flavonoids, a key class of secondary metabolites in plants, do not directly influence flower bud differentiation.
Instead, they play a vital role in the morphogenesis and developmental regulation of flower buds, serving as an indispensable
material foundation for the normal formation and development of floral organs. They regulate the internal environmental ho-
meostasis required for mango axillary bud differentiation, creating suitable conditions for the transformation of axillary buds
into flower buds. Through pathways such as adjusting hormone balance, mediating signal transduction, and maintaining stable
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cellular metabolism, they indirectly promote the transformation of mango axillary buds into flower buds with corresponding
morphological and physiological characteristics. Building upon the research group’s prior findings, this study demonstrated
that removing terminal flowers during mango axillary bud conversion could delay flowering. Flower bud differentiation marks
a critical transition period in plants from vegetative to reproductive growth. During this process, flavonoid, a key class of
secondary metabolites in plants, do not directly influence flower bud differentiation. Instead, they play a vital role in the
morphogenesis and developmental regulation of flower buds, serving as an indispensable material foundation for the normal
formation and development of floral organs. They regulate the internal environmental homeostasis required for mango axillary
bud differentiation, creating suitable conditions for the transformation of axillary buds into flower buds. Through pathways
such as adjusting hormone balance, mediating signal transduction, and maintaining stable cellular metabolism, they indirectly
promote the transformation of mango axillary buds into flower buds with corresponding morphological and physiological
characteristics. Building upon the research group’s prior findings, this study demonstrated that removing terminal flowers
during mango axillary bud conversion could delay flowering. This technique effectively mitigates damage from late spring
frosts and other cold weather events, offering a crucial technical approach for securing mango yields. To delve into the under-
lying regulatory mechanisms, axillary buds from the “Guifei” mango cultivar at the Gan Zhuang Town mango base in Yuanji-
ang county, Yuxi city, Yunnan province (23.4210°N, 102.57189°E) were used as the research material. Axillary buds were
collected after apical inflorescence removal and subjected to integrated transcriptomic and metabolomic analysis. This study
examined gene expression and metabolic changes related to flavonoid biosynthesis following terminal inflorescence removal,
revealing the association between flavonoid biosynthetic pathways and floral bud differentiation to effectively mitigate spring
frost damage in mangoes. Results indicated that post-removal, gene expression changes in flavonoid biosynthesis pathways,
including CHS1, CHI, F3'H, F3'5'H1, and F3H, affected the production of naringenin chalcone, naringenin, dihydroquercetin,
cyanidin, pelargonidin,(+)-gallocatechin,2’,3,4,4',6'-pentahydroxychalcone, and pinobanksin. This indicates that the CHSI,
CHI, F3H, F3'H, and F3'5'H1 genes accelerate the conversion of mango axillary buds into floral buds by regulating flavonoid
biosynthesis, thereby promoting the formation of mango floral organs and providing new insights into the association between
flavonoid biosynthesis and floral bud differentiation.

Keywords: Noble Princess mango; flower plucking; flavonoid biosynthesis; transcriptomics; metabolomics; flower bud
differentiation
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Fig. 1 Comparison of panicle morphology before and after flower removal and subsequent flower bud growth
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Tab. 1 Primers for qPCR
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Gene name Forward primer (5'-3") Reverse primer (5'-3")
CHS1 LOC123222546 CATCTGCGTGAAGTGGGTCT TTCAGTCCGAGTTTGGCCTC
CHS2 LOC123221035 GCAACTCCTCCGAACTGTGT GCTTAGGGACCTCAACCACC
F3H1 LOC123199757 ATGGCTCCTGCAACTCTCAC ACCCCATTCTTCACACGCTT
F3H2 LOC123194609 ACCACTCTCACAGCTCTTGC TCACCCCTTCTGCCATCAAC
CHI LOC123227022 CGCTGAATCCAAAGCCATCG CCACCTTTCCAGATTCGCCT
DFR LOC123228680 TCTTTCATGTCGCCACTCCC GGCCAGGGTCTTCGATACAA
Actin ATCGCTGAGCACCTTCCAACA CCAATCCTGACCTCTGACACTTCT
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Fig. 2 Flower bud development status at different stages after flower picking treatment
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Fig. 5 Analysis of enzyme genes related to flavonoid
biosynthesis pathway
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Tab. 2 Differential metabolite expression in flavonoid biosynthesis pathway of axillary bud to flower bud
conversion in various stages of sprouting fruit
(R D 4151 AAXF ¥ & Relative content ik vip P i
Metabolite Group Kb T CK Expression P value
WA E M301T510 CK, vs T 11613794.58 2948246.68 Up-regulation 1.397015781 0.002164502
CK, vs T, 52113815.76 5199428.7 1.600234378 0.015151515
CK; vs Ts 18508936.21 2682794.91 1.930485129 0.002164502
i Rz A 21 i M271T633 CK, vs T 11039843.83 4806669.55 Up-regulation 2.368213672 0.002164502
CK, vs T, 10152324.27 6552306.67 1.569412969 0.025974026
LR R M355T359 CK, vs T 64414279.21 36266773.43 Up-regulation 1.72297692816971  0.008658009
T A E M303T471 158461163.88 95080357.64 1.97745919223468 0.004329004
LS M271T616 81094625.02 29337719.94 2.30521186489003  0.002164502
OENEES M257T712 CK, vs T, 9213887.79 12010744.86 Down-regulation 1.72856597105381 0.015151515
% iy Ay EL il M289T347 23090063.09 38886932.94 1.84165805756374  0.002164502
(28)-HHEZE M255T656 CK;3vs T; 4151054.41 2767695.39  Up-regulation 1.19956299964299  0.008658009
PRI E M288T630 4435836.41 3108790.91 1.14058962200946  0.041125541
AL M271T548 12951183.83 7411449.94 1.31911463487584  0.041125541
B & M301T609 8489613.16 849280.83 1.90276875121602  0.002164502
H)-HETILER M287T445 11399168.48 4092056.55 1.46118598287393  0.015151515
KBEZE M286T628 CK;vs Ts 4703924.75 7609236.12 Down-regulation 1.19286963516947 0.008658009
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Fig. 6 Fold difference analysis of differential metabolites in the flavonoid biosynthesis pathway



2824

O AE B F R

%46 &

Galangin <€ FLS

P
LOCI123206097
LOCI123202986
LOC123199749
LOCI123199750
T = Garb: 1

I O LOC123228680
CKi CK: CKs T: To Ts

5-Deoxyleucopelargonidin

Pinocembrin
CHI Liquiritigenin -
| ol Loc \ CK CKs CKs T Tp
mmmmmmm

T . Tk,

Pinocembrin chalcone
Butin

CHSI1

-
o T T

Cinnamoyl-CoA

s oliquiritigenin CHI

C4H
W
g

s

P-Coumaroyl-CoA

A3GT

LOCI23224388
LOC123213765

Caffeoyl quinic acid

T
A3GT

TCoAOMT W' NI NN, 1 0C123200018
Caffeoyl-CoOA ———————————> Feruloyl-CoA

[
L~
CHS1 |
S

S

4,2' 4',6'-Tetrahydroxy-
3-methoxychalcone

/yLulcnlm

2'3,44'6'"-
Pentahydroxychalcone ————> Eriodictyol

\FSH
,%% 3 \LOC

5-Deoxyleucocyanidin
(—)-Epiafzelechin

LOCI23219660

LOC123219441

LOCI23215765

LOCI23213776
T

CK, CK; CK T, T T

Delphinidin

. .. Pelargonidin Cyanidin
-f%:ﬁm Leucopelargonidin ’\ LDOX
o E | pesrb
LOCI123204061
T

o K, CK; CKy T
Leucodelphinidin ——
/LAR
Leucoeynidin W

K, CK, CK; T, T T
(+)-Afzelechin <—v—> (+)-Gallocatechin

(+)—Catechin Group
1 0 CK
2 50T
LOC123199749 0 5
1231
CK CK, CK T T Ty 0
Myricetin
Dihydrotricetin v —0.5
157 —
) oz 10
FysHL [ Lociaa00mrs
- LOC123225291
CK, CK; CK, T, T, T

HEEIREN 2R Y, Hha@Rnm B, gaFRTH,
Colored labels are differential metabolites, where red indicates up-regulation and green indicates down-regulation.
B 7 XEMEYNESREEHRAMKPHKS S
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Fig. 9 Changes in hormone content in mango buds after flower removal at different time points
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