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Effect on Metabolites and Their Synthetases of Flavonoids in Root Under 3
Media Potting Capsicum annuum

ZHANG Shaoping, LI Zhou, LAI Zhengfeng, LIAN Dongmei, LIN Bizhen, JU Yudong®

(Subtropical Agriculture Research Institute, Fujian Academy of Agricultural Sciences, Zhangzhou 363005, Fujian, China)

Abstract: To understand the root response mechanism of Capsicum annuum under continuous cropping obstacles,
three types of media, namely substrate soil (CSS), rotation soil (CRS) and continuous cropping soil (CCS), were
used to pot the peppers. The root systems were collected when they entered the fruiting period for omics research
to analyze the specific components of flavonoids and the information of their synthase genes in the root systems
of peppers. The results showed that a total of 31 flavonoids were detected in the root systems of peppers in the
three types of media. Compared with CSS, the contents of six flavonoids, namely pelargonidin 3-O-caffeoyl-f-
D-glucoside, cyanidin 3-O-glucosides (2 types), delphinidin 3-O-$-D-glucoside, neohesperidin, quercetin 3-O-f5-D-
glucosyl-S-D-glucoside, were significantly increased in the two cultivation conditions of CRS and CCS, while

only one flavonoid, malvidin-3-rutinoside-5-glucoside, was significantly decreased (by 82.37% and 91.29%,
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respectively). The synthesis of flavonoids involves 202 enzyme genes, among which the families with more genes
mainly include cytochrome P450 (15) and UDP glycosyltransferase (14). Compared with CSS, the expression of
main synthase genes of these flavonoids in CRS and CCS were significantly different, including 23 flavonoid
synthase genes, 3 anthocyanin synthase genes, 7 isoflavone synthase genes, and 5 flavone and flavonol synthase
genes. Among them, the expression of UDP glycosyltransferase genes in anthocyanin synthesis metabolism (1)
and flavone and flavonol synthesis metabolism (3) were significantly increased on CCS cultivation (by 150.00%,
161.45%, 92.77% and 773.50%, respectively). Therefore, continuous cropping and other adverse stress could
significantly increase the content of most flavonoids in the root systems of peppers, and the up and down
regulation trends of their synthase genes were not obvious.

Key words: Capsicum annuum; Metabolome; Transcriptome; Continuous cropping barrier; Stress cultivation;
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Fig. 1 Relative contents of flavonoid compounds in pepper roots potted in 3 medias. CCS: Continuous cropping soil; CRS: Crop rotation soil; CSS: Composite

substrate soil. The same below
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Table 2 Contents of 7 flavonoid compounds with significant differences in pepper roots potted in 3 medias

KRR e AAX} 2 & Relative content
Pathway Compound CSS CRS ccs
TEH K35 3-O-MNnEE L -p-D-WE T 47.18+41.82b  142.49+12.97b  404.00+49.85a
Anthocyanin Pelargonidin 3-O-caffeoyl-f-D-glucoside
biosynthesis IR 32 F -5 Malvidin-3-rutinoside-5-glucoside 33.98+8.96a 5.99+3.41b 2.96£0.69b
RIEHZK 3-O-F51F Cyanidin 3-O-glucoside 30.75+13.68b  202.71+49.02a  141.53+59.57a
KHEREFK 3-0--D-FE 1 Delphinidin 3-O-B-D-glucoside 19.81+18.70b 68.24+47.58ab  112.46+11.38a
R F 3-0-3",6"-0-Z HIEk S pE 1 9.06+15.69a 50.84+13.30a 41.45+32.63a
Cyanidin 3-0-3",6"-O-dimalonylglucoside
B GEAN] HTH5 2 ¥ Neohesperidin 11.16:4.81b 52.40+27.75a 21.32+2.80ab
Flavonoid biosynthesis
A AN B B A Wit 2 3-O-p-D-HliBE-B-D-FE 7.29+3.29b 36.26+19.80a 42.06+4.37a

Flavone and flavonol
biosynthesis

Quercetin 3-0-f-D-glucosyl-f-D-glucoside

[EAT Hds J5 AN [F) - BER 7R 22 57 . 35 (P<0.05) . R[]

Data followed different letters within line indicate significant differences at 0.05 level. The same below
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Fig. 2 Synthetase genes and FPKM of flavonoid compounds in pepper roots potted in 3 medias
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Table 3 38 Synthetases with significant differences in the roots when peppers potted in 3 different medias

Ritigse 3 PR 25 e X RLE FPKM
Pathway Gene ID Gene CSS CRS CCS
KEEAfCE  LOCL07876003 2. Wk A 4 PR 2B iy 104.52+8.14b 69.7343.54c  142.26+5.62a
tF> }avon;’lid ) LOC107866161  Acetyl-CoA-benzylalcohol acetyltransferase 27.95+10.48a 3.01£1.37b 4.05+0.92b
10synthesis
Y LOC107877086 1.58+0.17a 1.17+0.32a 0.32+0.15b
LOCI107848097 I3k Ay R s 75 il 59.06+19.42a  18.57+3.47b 28.11£1.97b
LOC107875625 ~ Agmatine hydroxycinnamoyltransferase 2.87+0.5b 3.28+0.54b 7.98+0.38a
LOC107846882 1.31+0.65b 0.93+0.29b 2.34+0.16a
LOC107847099 MESEPERE R 2 /G Acylsugar acyltransferase 9.92+1.52a 1.72+0.3b 1.19+0.38b
LOC107851983 1.39+0.26a 0.27+0.04b 0.18+0.04b
LOC107861362 1.08+0.21b 1.98+0.24a 0.75+0.13b
LOC107860278 IMHERL RS A O-H R 116.10+12.53b  153.50+27.72b  283.40+74.86a
LOC107853336  Caffeoyl-CoA O-methyltransferase 3.38+0.71b 4.20+0.52b 9.5742.73a
LOC107852750 /R B S #4 0§ Chalcone-flavonone isomerase 0.53+£0.13a 0.98+0.33a 2.73+1.64a
LOC107871144 7.08+0.48a 3.60+1.30b 8.41+1.38a
LOC107871238 7 /R4 BB Chalcone synthase 76.75+8.23a 30.76+6.30a 14.194+2.27a
LOC107857165  —32%E-N-HIEPYS/NEETL 13-0- LBk Fo B 0.95+0.17a 0.34+0.03b 0.86+0.12a
Dihydroxy-N-methylcanadine 13-O-acetyltransferase
LOC107845999  2-%% — FR MM WU 4 1ty 1.46+0.66a 0.29:0.08b 0.10+0.03b
2-oxoglutarate-dependent dioxygenase
LOC107851795 KFAE B Vinorine synthase 4.234+0.60a 3.75+0.37a 1.76+£0.27b
LOC107864010  (2)-3-C\Ji-1-B 2. BE 565 16.38+1.70a 9.76+0.96b 6.30+1.40c
(Z)-3-hexen-1-ol acetyltransferase
LOC107864307  qRHFEE A uncharacterized protein 1.03+0.01c 2.79+0.15b 1.7120.08a
LOC107842304  Z18ME000% 7-0 Bk R 47.14+4.41b 34.4042.75¢ 88.78+5.53a
Salutaridinol 7-O-acetyltransferase
LOC107844023 2l 5 2% P450Cytochrome P450 74.66+7.49a 33.88+1.74¢c 50.72+4.23b
WHZMAY  LOCI07845530  JE# 20 5- S AL~ 2.01£0.31ab 1.31+0.41b 3.17£0.82a
Anthocyanin LOC107845634 Anthocyanin 5-aromatic acyltransferase 0.38+0.18b 1.22+0.38a 1.43+0.33a
biosynthesis
LOC107866506 PR B B L AL R UDP-glycosyltransferase 0.42+0.10b 0.74+0.07ab 1.05+0.24a
SEEAY  LOC107860230  ZHAUfA 3R P450 Cytochrome P450 47.19+5.64a 41.45+1.67a 19.82+1.97b
Isoflavonoid  NewGene 13052 20.21+0.1b 16.84+1.41b  35.07+5.55a
biosynthesis -
LOC107867206 8.69+0.63a 10.33£1.64a 3.63+£0.41b
LOC107867197 8.28+3.26a 3.32+1.16b 0.80+0.12b
LOC107869455 0.67+0.35ab 0.36+0.16b 0.98+0.18a
LOC107871066  2-¥23L S5 Gl I Bt 7K g 13.48+1.56¢ 20.47+1.58b 39.39+1.72a
LOC107856519  2-hydroxyisoflavanone dehydratase 8.60=1.04b 7.88£1.25b  27.20+6.42a
HEAFIE AR LOC107843594  JRIT —@EMMEIEH M UDP-glucosyltransferase 1.92+0.22¢ 3.27+0.30b 5.02+0.732
N} LOC107866626 1.66+0.18b 1.04+0.48b 3.20+0.24a
Flavone and
flavonol LOC107851766 0.34+0.14b 0.73+0.56b 2.97+0.52a
biosynthesis ~ LOC107878053  B-D-FEEEH L AL p-1,6- WS E Ry 16.87+0.98a 7.01£0.67b 14.77+1.12a
LOC107878052  A-D-glucosyl crocetin f-1,6-glucosyltransferase 14.60£1.59 6.63£0.79b  13.24+1.30a
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Fig. 3 Analysis of 5 differential expressed flavonoids genes by qRT-PCR
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