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Alkaloid response mechanism of Capsicum annuum root potted in ad-

verse soil

ZHANG Minghui, ZHANG Shaoping, LI Zhou, JU Yudong, LIAN Dongmei, LIN Bizhen, LAI Zheng-
feng

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

Abstact: Alkaloids, as important secondary metabolites secreted by plants, play a significant role in helping plants resist
environmental stresses. To understand the specific components and synthetases information of alkaloid in Capsicum annu-
um roots under adversity both 5 years continuous cropping soil (CCS) and irrational crop rotation soil (CRS) with shal-
low-rooted vegetables under long-term high load indices, the composite substrate soil (CSS) primarily composed of coco-
nut coir was used for control group. After entering the peak fruiting period, the roots including 3 treatments were taken for
both metabolome and transcriptome analysis. The results showed that there were a total of 108 alkaloids were detected in
Capsicum annuum roots, in which 11 compounds showed significant difference under 3 different cultivation medias. 7
compounds with significant differences were generally higher under 2 adverse cultivation conditions, but 4 alkaloids such
as norcraugsodine etc. were opposite. At the same time, the synthesis of alkaloid compounds involved 62 major synthetas-
es, and 18 synthetases showed significant differential expression under 3 different cultivation media. Among them, 7 syn-
thetases such as reticuline 7- O-methyltransferase etc. were higher expression levels under adverse cultivation condition.
The result lays a solid foundation for further research on the mechanism of alkaloid in pepper continuous cropping obsta-
cles.

Key words: Capsicum annuum; Transcriptome; Metabolome; Secondary metabolite; Synthetase gene
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Table 1 Gene and primer for qRT-PCR

FE[A ID Gene ID 1E[A] /7 %1 Forward sequence

J2 7] 7 1] Reverse sequence

LOC107875860 GTCAAGGAGGAGGAGGAT
LOC107871326 GAAAGGTGGCGAAGGTATCT
New genel1091 GCAACCAGATTAACTCGGA
LOC107853101 GATCCTATCGGTCCAGCAA
LOC107872392 GAATGGGCGAAGGACAAC
LOC107874579 GGTAGTATCACGAACTCCAC

TCCAGTCAGTCCCATAGAA
CGTCAAAGCATCACACATCAA
TACCTCTAACGCCAGCAT
GCGTACACATTACTCCTCCT
GCAGAGCACATCTATCAATCAG
GAATCCTCCATCAACTGCTAT

RIS M AR 1DBEAT SEI 52 52 & PCR A&, 3 A
FESRBIREAT 3 IR R AR, M RS BT 2 {E

2 RS0
2.1 YRR SR

A
2 H UL 5E Norbelldine
(-)-8-25 1 B it 100 4> e 4 5 L (-) -8-Demethylmaritidine [ —_—
(S)-AK KA (S)-Autumnaline |- =SS

Ji 48 A A1 7 3 Deoxytubulosine -
+ A1 7% % Tubulosine [

25 1 5% 3Bk (S)-Norcoclaurine |
FOKANEE % Demecolcine |

6-0-F1JE-N 2 L5 FF KB [
6-O-Mcthyl-N- dcacctyllsmpccosndc aglycon

1,2-%% T 1,2-Dehydroreticuline

IR S Oripavine [

1wk Lycorine

7'-0-D-H1 3 /1% 7 ¢ -O-Dmethylcephaeline

N-2¢ B0 2% Aih 8 Norgalanthamine [
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It AR ) il Cephaeline [
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1, 8- 3k -13-0- LI A6 -N- FF DU 20/ BE T
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F& 5 Bl Allocryptopine
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7-5 A A Salutaridine |
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(S)- AR T 7 5 (S) -Reticuline

6-0-F15EJ: 2 e tMT T 6-O-Methyldeacetylisoipecoside
(S)-fiir 1 % 218 (S)-Coclaurine

54 JH Isocorypalmine

($)-6-0-H 54 L HF7PHR(S)-6-0-Metayl norlaudamosoline
()~ 3 55 HETH (S) -Scoulerine

() - i () -Cheilanthifoline

(- /NEERK (S)-Canadine
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Note: A. Isoquinoline alkaloid; B. Indole alkaloids; C. Tropane, piperidine and pyridine alkaloid.

E1 AR

REFRFMRADPEDHEF LA EEENSE

Fig. 1 Specific components and relative content of alkaloid compounds in the potted pepper roots in different medias
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Table 2 Alkaloid compounds with significant difference in the spotted pepper roots in different medias

N ARt ER S FH*T 4 & Relative content

25 Category — -
Compound name F 4 CSS(CK)  #1E+ CRS HEAEL CCs

S WK AR A 2= D143 52 Norcraugsodine 1 104.00+303.67a  181.50+70.77b  229.04+58.76 b

Isoquinoline alkaloid (S)-HF M 2 258 (S)-Coclaurine 160.31£116.99b  408.48+68.50 a  216.86+99.29 ab
RESEFEHE Narcotoline 69.34435.27 b 145.78+15.75a 189.15+23.24 a
% 21 5 1 FF Deacetylisoipecoside 47.72+10.45 a 9.01+8.66 b 26.304+32.10 ab

7'-0-D-H 3L A% F 7-O-D-methylcephaeline

32.29+39.12 b

334.26+183.97 a 305.12+48.52 a

()-8 H 3L 4= RETE B (-)-8-Demethylmaritidine 0.72+1.24 b 219.18+70.90 ab 239.34+183.96 a
M| R A 2 A ik 17-0-Z. K51 17-0-Acetylajmaline 38.96+4.37 a 0.89+1.54 b 1.78+1.60 b
Indole alkaloid 7% %5 Z Baeocystin 6.2147.35b 50.04+15.64 a 1.2342.13 b

FEJt IR IE FIILE e 2B i

Tropane, piperidine and

iR AE Sparteine
ALk Trachelanthamidine

pyridine alkaloid 5 -ZHE K% 5-Aminopentanal

292.38421.03 a
33.24+16.00 b
11.96+4.93 b

168.04+39.37 b
97.30+37.64 a
25.40+0.96 ab

209.13+40.44 b
82.15423.19 ab
31.26+15.26 a

T [FAT AN AVING RO AR B ] 72 57 2 (P<<0.05) . R 1A,

Note: Different small letters in the same row indicate significant difference between treatments(P<<0.05). The same below.

A

WXR 2 75 ROk 7-O-F 3L 56 F2 | Reticuline 7-O-methyltransferase

KR FAEE A )i Uncharacterized protein

17 0 % 245 N-F 3 54 FE B Coclaurine N-methyltransferase
2-ifl [} — T 2-oxoglutarate

L% A A Catechol oxidase .

Z W %A (L Polyphenol oxidase [ ]

FEWR G A Carboxylesterase

S S A S Strictosidine synthase

A 14 1 Hypothetical protein

C [H¥ C-factor

] %) R FAZ A T 208 Glucose and ribitol dehydrogenase
#4525 [ Zine finger protein .

J& I N-H L% F2 i Putrescine N-methyltransfcrase °
TEZAHIRE H Senescence-associated protein

% S [R5 #% Transcriptional regulato

FE il & )5 Tropinone reductase °

O O O o0 o o
600 500 400 300 200 100
HH %} 1% & Relative expression (FPKM)

CSS(CK) CRS CCS
AL PR Treatment
[ N |
2 6 10 14

KGR R The number of family genes

AL I B. IS C. FEKE RBEATIEIE .
Note: A. Isoquinoline; B. Indole; C. Tropane, piperidine and pyridine.

B2 AENTRABFRMIRFZEYE S REEEE AN REE

Fig. 2 Specific synthetase gene and relative content of alkaloid compounds in the spotted pepper roots in different medias
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Table 3 Synthetase of alkaloid compounds with significant difference in the spotted pepper roots in different medias

Z55 FEpn AL E AN A 1D FPKM
Category Synthetase name Gene ID Fefi+ CSS(CK)  #&4E+ CRS #AE L CCs
FEHE IR IE AL FCRIE JE i Tropinone reductase LOC107874579 66.79+22.17 a 14.57£4.18 b 7.99£1.21 b
e LOC107842827  25.17+6.09 a 16.28+1.12 b 10.26+1.19 b
Z;Zp;;ﬁhfﬁzjff;fid LOC107867623 7.88+1.72 b 10.23+1.98 b 22314579 a
LOC107854575 7.01£1.33 a 5.98+1.33a 2.29+0.89 b
LOC107872392 6.69+1.25a 5.17+2.28 ab 2.21+0.08 b
LOC107844868 2.20+1.04 a 1.38+0.24 ab 0.50+0.21 b
LOC107854516 0.910.17 b 4.14+1.07 a 0.95+£0.26 b
JE HE N-HIBE 7% B LOC107853101  187.57+23.38 a 70.53+14.84 b 47.8149.50 b
Putrescine N-methyltransferase LOC107857261 11.26+1.45 a 0.49+£0.21 b 0.33+£0.13 b
A H14E H Hypothetical protein NewGene 11091 18.55+1.52a 8.524+2.50 b 4.44+0.51 ¢
C [X-F C-factor LOC107858447 5.80+0.19 a 5.08+0.13 b 5.40+0.55 ab
EEYRER 1 Zinc finger protein LOC107842122 3.61+0.89 a 1.39+0.41 b 1.85+0.38 b
- W IR A D, Z 8 fLH Polyphenol oxidase LOC107851011  329.21+49.64 a 47.65+4.14 b 57.25+8.70 b
Isoquinoline alkaloid LOC107860389 7.25+1.83 b 3.99+1.08 b 37.0945.27 a
LOC107871326 87.85+12.77 ¢ 140.49+635b  301.17+39.06 a
JLAS T AL Catechol oxidase LOC107871405 7.85+1.89 b 4.94+£2.39b 26.10+5.14 a
WAAR T 7 B 7-0- H B R LOC107842318 6.48£0.79 b 10.08+4.42 b 18.70+5.27 a
Reticuline 7-O-methyltransferase
FKFAE K 1 Uncharacterized protein LOC107879788 1.43£0.49 b 1.63£0.53 b 521£0.39 a

2.3 ERFRIEEEEN

AR 3 A o 72 B BRABURR 2% 5 Sie 21 B e
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Fig.3 Detection of 5 differential expressed alkaloid biosynthesis genes by qRT-PCR
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