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Mechanism of ferulic acid-induced resistance to soft rot disease in kiwi-

fruit based on transcriptomics analysis
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Xiang Miaolian’
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Abstract: [Objective] The study aimed to try to find natural and safe plant growth-promoting agents in
order to effectively control the post-harvest soft rot disease of kiwifruit (Actinidia chinensis) caused by
Botryosphaeria dothidea. Previously, some researchers have stated that ferulic acid (FA), as a natural
phenolic acid, can induce the expression levels of related genes in apples and tomatoes, thereby enhanc-
ing their disease resistance. Moreover, the application of transcriptomics technology in post- harvest
preservation of fruits and vegetables has been widely reported. Therefore, in this study, using transcrip-
tomics technology, the influence of ferulic acid on the related genes of kiwifruit fruits for post-harvest
soft rot disease resistance was analyzed with intention to provide a theoretical basis for the preliminary
exploration of the molecular mechanism of ferulic acid inducing post-harvest soft rot disease resistance
in kiwifruit fruits. [Methods]Hongyang kiwifruit (Actinidia chinensis) was used as the test material.
The fruits were immersed in 0.8 g- L™ FA solution for 10 min, and the same amount of sterile water was

used as the control for the same time. Then, B. dothidea was inoculated, and the lesion diameters were
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measured daily. The tissue samples of the FA treatment group, inoculation group, FA + inoculation
group, control group and blank control group at 0 d after inoculation of B. dothidea were selected for
transcriptome sequencing, and RT-qPCR technology was used for verification. [Results] Compared
with the inoculation group, the diameter of the disease spots on the kiwi fruits in the FA+ inoculation
group was significantly reduced, and the induction effect was significantly increased. The peak value
was reached on the 5th day after inoculation, at 18.27%. Through transcriptome sequencing and data
analysis of 15 samples, an average of 6.62 Gb of clean data was obtained for each sample, with high da-
ta quality. The results of reference genome alignment showed that the sequencing data of this study
were highly matched to the kiwi reference genome. The correlation analysis of samples indicated good
repeatability within the groups. Through the annotation analysis of transcription factors in the transcrip-
tome data, it was found that the families with a relatively large proportion were bHLH (1643), NAC
(1218), MYB _related (1154), ERF (965), WRKY (697), etc. These transcription factors are closely relat-
ed to plant disease resistance. Compared with the control group, the single treatment group with ferulic
acid had 622 genes upregulated and 308 genes downregulated; compared with the inoculation group,
the FA+inoculation group had 500 genes upregulated and 95 genes downregulated. The results showed
that ferulic acid treatment induced changes in the expression of kiwi-related genes. The GO analysis in-
dicated that ferulic acid treatment had a significant impact on the metabolism and catalytic functions of
enzymes during the post-harvest storage of kiwi fruits. The KEGG pathway enrichment results showed
that after FA treatment of kiwi fruits, differentially expressed genes (DEGs) were enriched in pathways
such as plant-pathogen interaction, secondary metabolism, ascorbic acid and aldehyde acid metabolism,
glutathione metabolism, phenylpropanoid biosynthesis, flavonoid biosynthesis, and MAPK signaling
pathway. Further research found that FA treatment caused transcriptional reprogramming of kiwi fruits.
FA may regulate the expression of genes related to the AsA-GSH cycle, thereby coordinating the regula-
tion of glutathione and ascorbic acid contents to maintain ROS homeostasis. Secondly, FA may also co-
ordinate the regulation of lignin and flavonoid contents by regulating the expression levels of key genes
in the phenylpropanoid biosynthesis pathway. Moreover, correlation analysis showed that multiple dif-
ferentially expressed WRKYs and MYBs were significantly correlated with some key genes of the phen-
ylpropanoid biosynthesis pathway (the AcCHS, AcHCT, AcF5H, and AcCOMT), and Actinidial 7942 was
significantly positively correlated with the 4cCHS, AcHCT, and AcF5H, the Actinidia37434 was signifi-
cantly correlated with the AcCHS, AcHCT, and AcCOMT. This indicated that Actinidial 7942 and Actin-
idia37434 might synergistically regulate the synthesis of flavonoids and lignins. Furthermore, it was
found that most DEGs in the MAPK signaling pathway were upregulated. The protein-protein interac-
tion network (PPI) analysis showed that the Actinidia03761 was the core of the network, and the Actinid-
ia03761 was located in the MAPK signaling pathway. Therefore, it is speculated that the Actinid-
ia03761 may be the core of the regulatory network of FA-induced resistance to post-harvest soft rot dis-
ease in kiwi. Finally, RT-qPCR results verified the reliability of the RNA-seq data. [Conclusion] In
summary, the treatment with ferulic acid could enhance the post-harvest resistance of kiwifruit to soft
rot disease. This might be achieved by regulating the AsA-GSH cycle, phenylpropanoid biosynthesis,
and the MAPK signaling pathway, thereby strengthening the defense against B. dothidea. Investigating
the regulatory effect of ferulic acid on the related genes for disease resistance in kiwifruit would pro-
vide a theoretical basis for effectively controlling postharvest soft rot disease in kiwifruit.
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Table 1 Sample setup and grouping

%5 Serial number 73204 Cluster name £ §: 4 Sample name

1 HC HC1,HC2,HC3

2 HTJ HTJ1,HTJ2,HTJ3

3 HTK HTK1,HTK2,HTK3

4 HWIJ HWIJ1,HWJ2,HWJ3

5 HWK HWKI1,HWK2,HWK3

W H RORLLABRE R : C FRoR B 0 d 1A XTI T R
TIE T s W RIS AR ] RoRB B AL B K =i /Rt
MR Fr P R B

Note: H represents ‘Hongyang’ kiwifruit; C represents the blank
control inoculated for 0 days; T represents the inoculation of B. do-
thidea; W represents no inoculation; J represents the ferulic acid im-
mersion treatment; K represents the water control treatment; and the

numbers indicate the number of repetitions.
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http://kiwifruitgenome.org/) I i 17 J5 22 0 #r » ¥
|[Log: Fold Change|=2, Q-value (adjusted P-value) <
0.05 fFE R 58 N 7 57 R IE FE (K] (DEGs) , K H FP-
KM PEA 5 PR R Ak 7K1 o 1) P AR Y e s R 7
JE (PlantTFDB) LE 3 2 K - #4770 2K . i3 GO ¢
P& (http://geneontology.org) - KEGG %4 J# (https:/
www.genome.jp/kegg) X} Unigene ] 51| #E 4T LL X,
SR REAT S, [F] I X0 22 e 0 25k (R b A7 AR 7 %
Iy R E AT
1.6 qRT-PCR &

BRI it 2H 24 RNA {3 ] RNAprep Pure Plant
KitCRARAE A, A ED R A7 FE B, RNA Y B Af A A% R
53 B (Biochrom Ltd , 9% [ED FEAT A ] , RNA o7 &1
F 10 g- L' BRHEHE&E AR UK AT A0 . cDNA i H
SO A& CREAY, hED & . ffH TB
Green® Premix ExTaq (Takara Bio Inc., H A ) i it
qRT-PCR 3 A far il 55 K R 35 /K ¥, 22 i B i B
NFEFF o HHE AcActin(FER 1D : Ach05g10718 DA
FERIERE N 2 31K, R H Primer ¥ 11 RT-qgPCR 514
A2 . HAFERMKEIREMFEL. His
FER A RIS Rl F=2 A XA .

1.7 ¥ESHH

P A e 2 /b 34T 3 IRE B, Hdls B UL
fi = hr i 22 () Ko, K H Excel 2019 A1 SPSS 23.0
AT 08 o SR H ek B B P 40 22 e 1) S 35 12k
K LR 365 2 43 BT (ANOVAD RIS 2 5y [ A6

x2 595

Table 2 Sequences of primers

HN D L5 (5-30 BT 51 45030

Gene ID Forward primer (5'-3") Reverse primer (5'-3")
Ach05g107181 GCTTACAGAGGCACCACTCAACC CCGGAATCCAGCACAATACCAG
Actinidia32509 AAGCGTGTCATGGCTTGTCT GGAACAACTCCAAAGGGCTG
Actinidial 8683 TCTTACCCTGGAGTGGAGCA CTTCCCATTGTTCGGCAACG
Actinidial 8256 ATGCAATGCTTGCAGGACAC CCAAAGTAGCCCGGAGGAAG
Actinidiall 396 TAGGCAGGACATGGTTGTGG AGCTTGGTGAGCTGGTAGTC
Actinidia29030 GCAAGAATACCTGGGGCAGT AATTGCATATCCGCCAACGC
Actinidiall769 TCGAGTTCATTCCGTTCGGG ACTTGGCGTCATCCCATCAG
Actinidial 8245 CCGTTGTTGACGAGAGTTGC CACCCCTCTCTCCTTAGCCT
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A: The disease symptoms of kiwi fruits in different treatment groups after inoculation with Botryosphaeria dothidea; B: The effect of FA on the di-

ameter of disease spots on kiwifruits; C: The induction effect of FA on kiwifruits resistance to soft rot disease. Different lowercase letters indicate sig-

nificant differences at the P<<0.05 level.

1 FA SIBRIGHEICGEIHRIE) Botryosphaeria dothidea 5| 2HIR [RHRFE RS
Fig.1 The effect of FA on postharvest soft rot disease caused by Botryosphaeria dothidea during the storage of kiwifruit
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%3 RNA-seq BT ERSEEFHALLE
Table 3 RNA-seq data filtering and reference genome

comparison
Ff it G BiEERE R B R
e Pl SR #EME S Q30/  Total

Sample  Total raw Total clean Total Clean % mapping/
name reads/M  reads /M Bases/Gb %
HC1 22.40 22.06 6.62 92.63 86.55
HC2 22.56 22.08 6.62 91.70 87.45
HC3 22.56 22.13 6.64 92.98 89.89
HTJ1 22.56 22.11 6.63 92.73 88.02
HTJ2 22.56 22.14 6.64 93.00 91.32
HTJ3 22.56 22.04 6.61 92.89 89.69
HTK1 22.56 22.05 6.62 93.33 92.69
HTK2 22.56 22.15 6.65 93.42 92.44
HTK3 22.40 22.00 6.60 93.00 92.11
HWIJ1 22.52 22.12 6.64 92.56 89.19
HWIJ2 22.56 22.07 6.62 92.79 85.73
HWIJ3 22.56 22.06 6.62 93.01 92.09
HWK1  23.00 22.11 6.63 93.89 92.69
HWK2  22.56 22.02 6.61 93.03 91.74
HWK3  22.56 22.06 6.62 91.98 92.05
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Fig.2 Sample correlation analysis
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Fig. 3 Classification of transcription factor families
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