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Revealing regulatory mechanism of low-temperature on accumulation of active
components in Veronica polita based on transcriptome and metabolome
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Abstract: Objective To investigate the regulatory mechanism underlying the effect of low-temperature treatment on the accumulation
of active components in Veronica polita and clarify its regulatory mechanism. Methods Plants subjected to low-temperature treatment
were analyzed through phenotypic observation, physiological and biochemical indices, transcriptome and metabolome analyses.
Results Prolonged low-temperature treatment significantly increased the plant height, fresh weight and dry weight, as well as the root
length of V. polita. The activities of superoxide dismutase (SOD) and peroxidase (POD), as well as the contents of total flavonoids,
total phenols and total sugars first rose and then decreased. The contents of malondialdehyde (MDA) and chlorophyll increased,
whereas chlorophyll fluorescence parameters decreased. The contents of total flavonoids and total phenols also first increased and then
decreased. Transcriptomic analysis showed that the differentially expressed genes (DEGs) exhibited a stage-specific expression
patterns. Pathways such as secondary metabolite biosynthesis, phenylpropanoid biosynthesis, metabolic pathways, and plant hormone
signal transduction were significantly enriched. Three flavonoid synthesis-related genes (GT5, JOX2, HOI) and five phenol synthesis
and metabolism-related genes (LAC3, AOX4, LPR2, AS1, MT-COZ2) were identified. Metabolomic analysis indicated that the contents

of quercetin, myricetin, and benzoic acid showed a trend of first increasing and then decreasing with the extension of treatment time.
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Integrated multi-omics analysis demonstrated that the core mechanism by which ¥, polita responds to low-temperature stress involves

the precise reprogramming of the phenylpropanoid/flavonoid metabolic pathway. Conclusion Appropriatelow-temperature treatment

promotes the accumulation of secondary metabolites in V. polita, thereby providing a foundation for further research into its functional

genes.
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benzoic acid
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Table 1 Linear equation and linear range

e 2RI T R R? 2o Bl /(ng-mL ™)
ILE Y=10421.97 X—53.64 0.999 97 1.024~40.000
i 7 2% Y=0.450 0 X—19.990 0 0.999 56 128.000~5 000.000
= Y=0.214 3 X—12.800 0 0.999 46 128.000~5 000.000
VEHI R Y=0.069 9 X—6.270 0 0.998 36 128.000~5 000.000
Witz Y=0.450 0 X—19.990 0 0.999 56 128.000~800.000
BETF]R Y=0.396 5 X—20.530 0 0.999 08 128.000~5 000.000
W PR Y=7922.02 X+1 596.23 0.994 05 1.024~40.000
2E R R Y=3 882.04 X—2 053.00 0.999 54 2.560~100.000
HHR Y=2.3207 X+99.34 0.993 52 128.000~2 000.000
IR Y=10 59525 X+1 596.36 0.991 30 1.024~40.000
R B R Y=13 688.43 X+56 987.36 0.992 37 1.024~40.000
RIEERR Y=15899.70 X+1 230.06 0.992 77 1.024~40.000
AR Y=0.489 1 X—0.987 6 0.999 12 1.200~2 000.000
KR Y=1.7543 X+2.3456 0.998 76 1.2~2 000.000
4-FRHEOKHR Y=2.8765X—1.2345 0.997 89 128~2 000.000
FEBR Y=32109 X+0.876 5 0.996 54 1.024~40.000
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%2 qRT-PCR 3|#5%)

Table 2 Sequences of qRT-PCR primer

B IS (5-3°) TR (5°-3)
CYPS81Q32 TAGTCAATGCGTGGGCCATT TATCAACGACCCTAGCCCCA
GTS5 TCGAACGATGTGTCGGGTTT GGCCATGCAATCATCGGAAC
JOX2 CCGAAAGTGGCGTAAACACG CTCGCGTAGGGTTTCATCGT
HOI ATCCAGAACCGTCATCCCCT GCCTATCATCCTGCCACCAG
ANS CGCGAAACAACTGAGAAGCC CGGGTTGAGGACATATCGGG
LAC3 ACGACCAACGTCCTTCTCAC AATGCGGGAAGTGTAGGCAA
AOX4 CCTCCTAATACGCGACGACC GATACGAGTGAGGTGAGCGG
LPR2 CGCGATCATAGTGAACGGGA TCGGATGCCACATGGACAAA
AS1 AGCTCCAAGTCCACAACTCG ACGGCATTGCGAAAGTAGGA
MT-CO2 ACCTGGTGAACTACGACTGC CTAGGGAGGGGACTGCTCAT
NCED?2 GCTCCTGTACCTGAACACCC ATCATGCCGTCACCATCGAA
GA20X1 GGAGCTTGGGCTTGGAGAAA GATCTGGGCATGGCGGATAA
CYP71D55 GGTACACCATCCCTGCGAAA GCGCCAAGGTAATCTACGGA
DET?2 CACTACACTCACCGCACACT GCGAAAGCCGTTAATGCGAT
IPT2 CCTGTTATAGTGGGCGGGAC TCGCAGGGTGTTCTTACCAG
ACT7 CGTGGGTGATGAAGCTCAGT CCTTGGGATTGAGAGGAGCC

5
P
W
L 5 10 0 5 10 18 %0
t/d t/d

AR B-bREARS; C-BE AT IR D-ARHR PSS ARTRERORAR M MfFEREZER (P<0.05 , FH.
A-phenotypic changes of V. polita after treatment; B-plant height and root length; C-fresh weight and dry weight; D-total flavonoid content in different

tissues; Different letters indicate significant differences between different treatments (P < 0.05), same as below.

E1 REAETEENNERERAREADERHSE

Fig. 1 Phenotypic changes and total flavonoid content in different tissues of Veronica polita seedlings under low-temperature stress
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B2 (RRAIETEZENFEYRMERSE CIBREN

Fig.2 Changes in bioactive substances and physiological-biochemical indicators of V. polita under low temperature

treatment
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Fig.3 Heatmap of changes in flavonoid and phenolic
contents in ¥ polita under low-temperature treatment
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341 FoRMMFFESNT RSN ECIR A EE

0. 5. 10 d J&, #1T de novo #FHM 7. ¥
W %4 © fr /£ /£ NCBI # #8 &
(PRINA1376212) . &ALFRIRIF I raw reads 7E
6 244 062 600~8 528 677 200 Xf, 7 HHE (1) Fi kb
HALHE PR S Bk iT Y reads ARENIHZE N &
KT 5%I1) reads PAACT3 B EABAR T Qa0 I reads,
3R clean reads 73 A VEHITE 6 024 815 063~
8192029 032 X} (£ 3) .

342 FmWHS T BB S ALY K R
RIFHREER, 5 E1EEM Paulownia fortunei 1117
Pk e m, MM 25.9%; R E B
Penstemon davidsonii 1 H. W [ 1 ¥ Buddleja
alternifolia, FMEST 5 9.5%F 7% . HEE44 [R5
75 B R P P A 23 A B L] 4-Ae 0 &I [A] A
) DEGs #1741t lRiRAE T, 5 Vo MLk, V5
I LRGN )RR RIER Y 974 A4S, NIRERECE
9334y HodAHEL, 10d R BiAFEEEEN
1088 4>, NUHFEFEE N 2033 4~ £ VO vs VS5
VOvs V10 b, JLm b i r) 2 R RIAEFF 568
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Table 3 Statistics of sequencing data of transcriptome

*®3 HRENFHESRIT

Fih raw reads clean reads O20/% 030/% GC/%
VO-1 6 694 123 800 6517016 768 98.44 95.30 44.78
V0-2 6 244 062 600 6 024 815 063 98.51 95.54 44.73
Vo0-3 7 608 174 300 7374 307 537 98.52 95.55 44.88
V5-1 6433 289 100 6 248 535 399 98.52 95.57 44.51
V5-2 7007 107 500 6 781 930 777 98.42 95.26 44.44
V5-3 8528 677 200 8192029 032 98.52 95.61 44.56
V10-1 7433 425 200 7 195 480 621 98.66 95.94 44.57
V10-2 7427524 500 7 236 803 695 98.64 95.90 44.67
V10-3 7 093 845 000 6 858451 181 98.62 95.87 44.70

rawreads i FHLIRYS reads $0H s clean reads 155 Fi & reads 20 H; Qa0 fRFTAIIE T O (KT 20 MIBRIELLE]; O FRFTEIEEH O AT 30

IR LBl GC iR G AN C IIEH o5 S 20 L.

raw reads refers to the number of original reads. clean-reads refers to the number of high quality reads. Oy refers to the proportion of all bases with a O

value greater than 20; Q3 refers to the proportion of all bases with a Q value greater than 30; GC refers to the percentage of the number of bases G and C

in the total base.

A B

W Paulownia fortune

W Penstemon’ davidsonii

W Buddleja alternifolia

I8 Rehmannia glufinosa
Sesamum alatum
Sesamum indicum
Handroanthus impetiginosus
Sesamum angolense
other

32.5%

2.8%
3.9%

|

B
6% 620, 6.3%

VO vs V5

S T
B N
N N\
\ N\
\ \
520 ] 1319 |
/’/ / /
4 /—//)/ ’///
VO vs V10 VOvs V5  VOvs V10

A-BEREINFNE T SILERS PR IR 3 A B B- LI AR (K DEGs 52 8.
A-distribution map of plant species for homologous sequence alignment of V. polita; B-venn diagram of Up- and down-DEGs.
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Fig. 4 DEGs analysis of V. polita under low temperature treatment at different time points
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