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S1 AR P R S e L RUE M IR S 2 AR )
TEVE th T BESZ WA 1 A R4l Bildn, 20
kR il (benzoxazinoids, BXs) & AR A< B 4 v &
D B €8 S R AT AR U AR AR, AT e AR R AR AR R
F14 4 Jed T T R SR B 0 AR PR IR 2L B U S AR PR AL
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JIE I A1 A A B e B g AR LS g
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Lot ol ) Gl 2B D RV R A8 A0 5 BRAUR R o &5 1 %%
YIAHG

BB B, A7 R BMUER AR W B B 7 M LR AL
il O A 1% 2 W5 (AR PR A W02 & 5 SR £
YA R AT B R . ARE ST T TS [ R
PRUZR 5 St UL i AR o 1 A i 465 A R AE ,
5 TRPRAEY G W LS 5HERME N AEY)
G R, B TE IR AR BRLAE Y 5 BRBUR & i 2 )Y
DI , 7R T 47 48 5 B MU AR W) & ) D) BE
EX//8
1 MRER=E
1.1 RXIE bR

I T PY R A A B i e B M (22°517 027N,
108°17'25"E) i#f 47 o R @A Iy K BEA7FhAE . 2%
(1 35 cm 48 50 em) H4E A 20 kg - 48, F el
N ARELEE, R AR QR pH 5.71, A AL &
8.42 g/kg, A & 0.51 g/kg, &M & 0.67 g/kg,
S E R 7.21 g/kg, AW 5 i 0.59 mg/kg, HALH
it 51.01 mg/kg, Hllff & & & 13.17 mg/kg.

1.2 RZesr

bR B 2 ARG A Sy A B (RS e
Fofrall A BN W) 9 R R AR B AL o T 2 AR ol
BHEARRAF]) S22 S R A BR A A o

RBRAER & BT A oy RO BLF, (LD AR R
IRFN A BRFD) 4 RO AL IR U5 Tl AR A P A
FRTTAE N A R AR A AR (A 5 IR A5 ATl B4 A e
ABRAHE]) .

DLAS o i BRI 4% 1 180 1 52 8 (BG) .
A SRR 20 B, BT A AP S (RIS
TTH AR R L
1.3 HmRESHE

FRBUAL S 1 A S BT A TR R AR . B
BLREE 13 6 TSR] BRARUR 25 i BB b i SR S0 A
fi, BT IR SR B i I o B b B B ML

B 3 B4 45— B BB R , AR AR R o, T 3
BRAHAN AR 2 25 em 1 [ B+ )2 | SR 5 TR R AR
ZEILHR , PRI A HABA R, R FHBAR L B AR
HRPR 48, R 4 B 5 7E B AR AR 3R 1 ke A
ToW F B4 AR R AT 5t LR (BG) , a4l 1]
THE ., RS SR 2 mm 5, R
—80 “CHY VKA, T J5 2 A Br - i A= Wi v
S5k 5317 -
14 HWESEMNE

FLAREAE L BT S BRIk 220 B fORURe & 1F
AT T8 b 3T S 1A AR SR FH FR 6] S 3R 3
AT PR IHRAE | 32 VR - A B S5 1 R TF- B S iy st
T A 3, DL BRBRANER Z AR oAb &4 . B
Jei Ml FFLAR 4 0.45 pm Y 8 A5 X B A 0B A a0 L DA
FBRIL A ORI B . B S SR FH e ROROR £ 1 v
(HPLC) XS B S b AT 4307, A A HE h e H 3R v
BRAR R
1.5 &2 DNARREL.PCR ¥ & E 5N E

BB DNA I, PCR § 58 A1 371 0 52 35 Hh
g E Y R A A SE . AR FastD-
NA® Spin Kit for Soil i 7 £ (MP Biomedicals, U.
SOOI AR AT 5 DNA 42 , {# ] NanoDrop2000 43+
66 3 (Thermo Fisher Scientific, U.S. ) ¥ il fifr 42
DNA B HJE 4 fE . 78 ABI GeneAmp®9700 | ik
#7 PCR §18 , BT 4= R 7 26 L6 1

[f] —#E A< (1) PCR 7™ #) # il AxyPrepDNA Gel
Extraction Kit( Axygen Biosciences, USA) #174fift ,
R A J5 8 206 Bht I W 06 e a2 A7 Tl ag A U, 5= 1)
Quantus™ Fluorometer (Promega, USA) X} [ i 7= )
PEAT 2 AR . il ] NEXTFLEX® Rapid DNA-
Seq Kit #E47 7 % , F ] Tllumina 23 7] Miseq PE300
E AT o B R 240 A1 I L 0 I 5 15 380 7 S 4
BE 4 3 2L PRINA1277448 F1 PRINA1277462 ()%
5 AL = NCBIEWREFE
1.6 SitHH

B4 % Excel 2019 F1 IBM SPSS Statistics 27
Gt A xR E e AT SR T AT, B R T8
b2 (SD) "R . M L35 A Y B 258}
oA B\ 1 T-sanger 2 B8 53 B F- & AT 5k
53471 o R F Shannon #8 £l Simpson 48 2 AE 24
PR S ELE ZAEE  DL Ace $8 50 Chaol $8 BCRAF AN B
FEWFEE,
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Table I Sequencing types and primer sequences
BlL P 7S Bk 2] MyF-& FEoIJE /bp
Primer name Primer type Primer sequence (5'—3") Sequencing platform Sequencing length
338F AN 16S rRNA ACTCCTACGGGAGGCAGCAG .
MiSeq PE300 468
806R Soil bacteria GGACTACHVGGGTWTCTAAT e
ITSIF FTIHEAEHITS CTTGGTCATTTAGAGGAAGTAA .
MiSeq PE300 300
ITS2R Soil fungi GCTGCGTTCTTCATCGATGC 1€

2 FER5HMH

21 AEHEHBMPRRESEMRESR
AR5 15 45 30 057 B DBA3/T 275—2006( BRAK

F BB F 7R 7 Ik ) UEAT R Ay G, A5 AR
N, A B R R A PR B R 22 BB 8 v, 43
FOG IHM YL, KRR F, 4 R ML SRR A
PR PR, 3 59 A9 3R (FE2),

K2 AEHRBAMURBEN_SHEHELIERRESRER

Table 2 The capsaicin and dihydrocapsaicin contents and classification of spicy degree in different pepper varieties

HEEE AR

. N
N ZEAER/ ¥ BT
HBUR ki s k g o
A Types s Variety ﬁﬁ;}%‘:/(g/ g (g/kg) . ‘E/(g/ g‘)‘ *Hﬂ Classification
Capsaicin . .. Total capsaicin ~ Scoville .
Dihydrocapsaicin . of spicy degree
content heat unit
Bl 2 A i) Bu Lang 3.99540.032a  1.39440.009a  5.988+0.043a 92 331.5 9
Tyl T i v B b
HXDH‘ﬂ . . . E&?@ﬁﬁfﬁirfﬁkTﬂ 2.401+0.058b 0.824+0.030b  3.583+0.032b  55249.3 9
Pepper with high ~ Thin-skinned Wrinkled Spicy Long Pepper
capsaicin content 1222 H Screw Pepper 1.99240.032¢  0.476+0.018¢  2.74140.030c 42 273.6 8
IR R & FAREAEF, Da Guo Zao You F; 0.11140.003d  0.04840.003d  0.17740.002d 2 729.9 5
=]
*ﬂun'ﬁ‘ 4 REHL Jin Feng Sweet Pepper 0.07140.002e ~ 0.02140.002e  0.101+0.003e  1564.8 4
Pepper with low
capsaicin content  FFRA A Extra-large Cayenne Pepper 0.0524:0.001f  0.009£0.002f  0.06940.003f  1056.7 3

R I AR MEE . WP R /ING R R AP ] 22 53 18 35 (P<<0.05) . FIAl, The data in the table were mean =+ stan-

dard deviation. Different lowercase letters in the same column indicate significant differences between varieties(P<<0.05).The same as below.

22 AEHMWESER/MRIRTIEREDAOTU
BESMH

LT 97 Y0 MU AKX AR PP 81 1A T R T
SESRL R R O i PR B AN B A4S 384
1.127444 3211 H 53118 1 05141 & .2 3031
9 046 1 OTU; 5 ZAH L ARBRBER & i fh AR B 145
YR AN [R5 KRR 730 : 384171 126 144 . 316
A~H 528 1FF 105548 .2 311490 .9 3144~ OTU; i
HacHEE(BG) AR 327K P AR 53508 : 404>
17,126 14 3164~ H 506 1R 9494 & 1 9954 FH
6 308 OTUs. e BARER & f A R 1 FC R 45
1347414049 .93 H (19818} 406 48 6464~ Fh |
15614~ OTU ;ISR 1% it PR R -+ S L RN ] 43
FAKERE 730 R - 14T 4540 1014 H (2134
B} 43248 70240 1 714 OTU; 5t HE(BGHZ
AR oG 73 3R 12451 1. 3540791 H
1604F1 3134Y& (48841 Ff .1 0971~ OTUs,

23 AEHMESERTREFETEREYEHES
S

HY e 3 AT, REACHE 9 R4 IR 3] 97 %6 LA I, 1501
725 BB A ACRAEAS TR 4l TR S LRI 2k . HE
AR A0 B £ REME 1Y Shannon , Simpson 48 507 = 1K
PRAE & SR LSS e IR M T 22 5
TN AN T F 5 (4 Ace Al Chaol 15 1 = G MU
B P Z B IR 2 25 L A 5t R (BG)
P Y T B e TR N Y R BRBUER 1 A AR
PR3 o A [R] BRARCER & o Bl B b R
Shannon , Simpson , ACE 1 Chaol 8 £ AN 76 i &
225, UL IS TR BRARUER 7 2t il Bl B 1 8 L B A 7%
ZHES R YA R EER .

F T OTU K- 19 Ot e /> 3 1254130 43 Br (par-
tial least squares discriminant analysis, PLLS-DA ) %% 5t
WoR KBRS AR PR 3 DL R S+
1Y) A TR R VR RN LI S 00 A TARTRI AR, AN AF
TEARA AR RIS TR AR &% 1 i A AR B - 3 LA
R 5 A S vh A TR R L TR Y IR I A5 A AP AR D 2
S(E D,
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Table 3 Alpha diversity indices of soil microbial communities in rhizospheres of peppers with varying capsaicin contents

A iz S AR R Ace 55 Chaol #8%% MR/ %
Types Varieties ’ ind Simpson index Ace index Chaol index Coverage
mdex
RIBUHUE £ it High capsaicin content  6.4470.17a  0.010 620.004 7a 4 533.704:262.69b 4 328.10=237.11b 98
M
B'tcﬂfa IR BRAE i Low capsaicin content  6.5620.11a  0.008 840.003 7a 4 711.104:113.02ab 4 517.704-104.67ab 98
al T1
55t 1492 Background soil 6.64+0.14a  0.0108740.0055a 4 958.40+47.61a 4 740.50+33.88a 97
SR £ High capsaicin content  2.61+0.20a  0.2880+0.036 7a  591.67+69.84a 593.804-73.57a 99
LT N
Fungi M ZE 7 i Low capsaicin content  2.72+0.19a  0.2757+0.041 6a  676.90+85.15a 673.35+86.16a 99
5t 1 Background soil 2.6840.29a 0.293540.0532a  694.51+24.18a 692.68+-23.25a 99
FETFOTUK -8 fhitme /N ik H 53 FT OTUKF i fhidne /N — 3Rk A o34
PLS-DA on OTU level PLS-DA on OTU level
35 T @ High 30 T @ High
30 ; Low 25 . Low
25 i
g 20 ¢ 50 @ 20 ; ¢ 86
s ' 2 ]
‘i o . S 15 .
& . & 10 .
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High: 8 & & 6P Pepper plants with high capsaicin content ; Low : fIRHUNE & & §h #1 Pepper plants with low capsaicin content; BG:

5 14 Background soil, T [A] The same as below.

Bl AEHFMESERMRETEAR(AMERB NEEEN
Fig. 1 Community structure of soil bacteria (A) and fungi (B) in rhizospheres of peppers

with varying capsaicin contents
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M S TR ] 2R B 94, 43 il AR TR T T
(Proteobacteria) \ it Z& 14 '] (Actinobacteriota) . %% 245
W1 7(Chloroflexi) \ JEEEF [ ] (Firmicutes) 5 B 41 7
["] (Patescibacteria) . 2f B g & ] ( Gemmatimonado-
ta) RAT I ] (Acidobacteriota) \fHUFT F ] (Bacteroid-
ota) FIZH ] (Myxococcota) o FIRAN [RI B R & 12
st PR s 48 e DR A TR A V% A AR R HE AT Y
FRE R R IRHER & & & Fh R br 4%
W 2225 B4 1] (Chloroflexi) AR FF B [ ] (Acidobacteri-
ota) 4 g B AE XS 32 BE G Eb 3 R A L
T, AR AP T 128 E W Z (R B3 JC i 35 25 5

J& 53 2K b AN RIS % £ Rl AR B
b R [FIBRBUR & d AR AR PR -3 v p DR SN o (A
XA LR T 100 Bt 435 191 F1 204~ (181 3) o
Horpr A B D020 181 i o3 2y 194>, 200 R 28
KT T I8 (Bactllus) 5 2 B 50 0 & (Sphingomo-
nas) .norank { LWQS8.norank { norank o norank c_
Gitt-GS-136.,

norank f norank o norank ¢ KD4-96.

norank f Gemmatimonadaceae .
norank f_
JG30-KF-CM45 555 14 J& (Streptomyces ) \norank _f_
67-14 . norank f norank o_Vicinamibacterales, Zf B
il % & (Gemmatimonas) .19 ¥ 5 J& (Arthrobacter) .
norank f norank o Gaiellales .28 F R & J& (Nocar-
dioides) . K ¥ 41 1 & J& (Marmoricola) . norank f_
norank f norank o Saccharimonad-
ales . 2 B I8 #T 1 J& (Altererythrobacter) norank _f_

Roseiflexaceae .
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Relative abundance at phylum level
i

[V
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B

I 1K WilcoxonFk ARG IRAT R &

Wilcoxon rank-sum test bar plot at phylum level
95% B {=X 8] 95% confidence intervals

P value
i 025 mHigh
=== 0.3314 ELow
—_—— *#0.034 07
—_— 04265
— 0.479 9
D 0.536 5
— #0.013 42
. 0.063 69
. 0.157 7

0

0 & &
& 3
1

< N
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* P <_0.05,*P <C0.01, TFI[d] The same as below.

E2

TRGWESEMMIRIRTEEMAE 12 ZEHK (A FI Wilcoxon #0438 (B

Fig. 2 Proportions (A) and Wilcoxon rank-sum test (B) of soil bacteria in rhizospheres of peppers with

different capsaicin contents at phylum level

JG30-KF-AS9, M4k, norank f Vicinamibacteraceae
SR AR ER & o b A AR PR A B R A O A R
J& o TRl , Wilcoxon Bk AR 56 A& BH A% & &t it AR PR
+ 4 rp | norank f norank o norank ¢ Gitt-GS-136.
norank f norank o norank ¢ KD4-96 #1 norank f
norank _o_Vicinamibacterales J& 40 7 f¢ = BE 5 H i 3
e R L P e g R (B A O A T A
Z IR BIAFAE E 2E 5

2) WRPR LA R A R 4T, 15
FACE b AN F B & i AR PR R v AT
JE S R T 100 B9 B T 2R 508 Y 34>, 4331
JFFEWE T (Ascomycota) B EE [ ] (Mortierellomy-
cota) \fHF B[] (Basidiomycota) . Wilcoxon Fk 1 K
55 R B, v BRARCER B o AR B g, B R )
(Mortierellomycota) B J& A8 X = B & L g 2% & F 4
J7 ARG 55 St it

J& 43 2K b A TR & o S R B 4
e R BRARCR & it i A AR B - S h LA B R R
(HHRTLOFEE S5 6 Mo, Hr, =%
Z IR HA WS BT i 64>, 20 o B 8
(Chaetomium) 75 %% J& (Penicillium) . 55 J& (Asper-
gillus) FEALH R (Mortierella) | J& I % J& (Humico-
la) AR EJE (Trichoderma) 5 53 — J5 T , 22 5 % )&
(Phoma) % J1 1 J& (Fusarium) | Plectosphaerella J&
FLE SR I 2 i AR PR - S R IR H R R .
Wilcoxon Bk FIAS 5 & B0, A% 7 &2t il AR B 38 v iy

)R DD R R EUR O H R R TR i AR Rl
(H 07 a6 s LT A9 5 B o U R T

FraEan A (A 5).
25 AEHEMELEMMIRRLIEMEMEES
HEME R

2T LEfSe 43 %1 (P<<0.05, LDA score=>3.0) %}
ANTFBARR & i i R AR B S A W RV G R 2R A T
B, S5 2R W, R kR 22 )8 IR & (Castellaniella)
2 T 2 (e OB % o i AR B 1 8 v B 3 AR L
P JE ;5 Z A B, norank _{_norank_o_norank _c_
Gitt-GS-136. norank f norank o norank ¢ KD4-96.
norank f norank o Vicinamibacterales .norank f Vic-
inamibacteraceae ¥ #.ER B J& (Phycicoccus ) 41 B W 2
(S el L T e T e SR U )
J& (&16) o

AN RV BRBUER B dt i PR s 38 LR B VR 25 A R
FETER E 2R . Hh W8 (Mortierella) R T
B )8 (Humicola) B TR & (5 BRAUER & 12 5l PR PR 1= 18
il R ENILHERE ; 52, th & (Asper
gillus) R T1H & (Fusarium) . Albifimbria J& E. 1§ W)
SRR A SRR BRI D B R A
J& (7).
26 HFWESEERRTIEREWEHEFMHEXE
S

$£T Spearman Z3 M BRAUR FI AR &2
Ja& 53 27K A5 5 BE T 30 A 20 TR L R R i 2 i 2 (]
FIAR G o S5 R, N [RIBRAR R 1 & i PR Br £+
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n
Norank_f__JG30-KF-CM45 —Cm 0.791 1
n
Streptomyces o 0.723 9
Norank_f__67-14 - 0.8598
Norank_f__norank_o__Vicinamibacterales ._._:. = (0.021 68
Gemmatimonas .- 0.536 5
Arthrobacter: —— 0.426 8
Norank_f__norank_o__Gaiellales -+ 0.479 9
Nocardioides ..i 0.077 39
Marmoricola -9 0.479 9
n
Norank_f__Roseiflexaceae e 0.757 2
|}
Norank_f__norank_o__Saccharimonadales - 0.3314
Altererythrobacter :.- 0.133 3
Norank_f__JG30-KF-AS9 = 0.479 9
Norank_f__Vicinamibacteraceae -.-: ##0.008 039
L L L ) N S A
0 5 10 15 20 -2 -1 0 1 2 3 4 5 6
HIXT R % AR BT %
Proportions Difference between proportions

3 AREHMESEMMRIR T EMEE 5 2 H B (A F1 Wilcoxon #1136 (B)
Fig. 3 Proportions (A) and Wilcoxon rank-sum test (B) of soil bacteria in rhizospheres of peppers with different
capsaicin contents at genus level
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T
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'

Relative abundance at phylum level

Basidiomycota

[V
=3
T

B

I KB Wilcoxon R FIFS B AE IR 14

Wilcoxon rank-sum test bar plot at phylum level

95% {5 1X 1) 95% confidence intervals

0

25/ Types

P val i
. value gl High
[ ]
———— 0.1853 MLow
[ ]
| |
g /—o— = 0.01712
|
[ ]
]
—e— 0.216 4
]
50 100 150 =2 -1 0 1.0 2.0
HR % FAX A B %
Proportions Difference between proportions

B4 FREFHBESEARMIRERTIEERISEAHM (A)F Wilcoxon B Fn1& % (B)
Fig. 4 Proportions (A) and Wilcoxon rank-sum test (B) of soil fungi in rhizospheres of peppers with

different capsaicin contents at phylum level
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Fig. 6 Multi-level species hierarchical tree diagram (A) and LDA discriminant histogram (B) for LEfSe analysis of

soil bacteria in rhizospheres of peppers different capsaicin contents
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Fig. 7 Multi-level species hierarchical tree diagram (A) and LDA discriminant histogram (B) for LEfSe analysis of
soil fungi in rhizospheres of peppers with different capsaicin contents
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Analysis of rhizosphere microbial communities structure
differences and screening of functional taxa in pepper
with different capsaicinoid content

LI Xinni', DAT Wanzhi', LIN Xinru', LIAO Liyuan',LU Wen®, YANG Shangdong'

1.College of Agriculture/ Guangxi Zhuang Autonomous Region Key Laboratory of Agricultural
Products Safery/ National Experimental Teaching Demonstration Center of Plant Science ,
Guangzt University, Nanning 530004, China;
2.Institute of Agricultural Sciences, Fusui County, Guangxi Zhuang Autonomous Region,

Chongzuo 532199, China

Abstract The potentially functional microorganisms involved in the synthesis of capsaicin were identi-
fied to study the differences in the structure of rhizosphere microbial communities between pepper varieties
associated with the content of capsaicin.High-throughput sequencing technology was used to analyze the rhi-
zosphere microbial communities in soil of pepper varieties with the high and low content of capsaicin.LEfSe
(LDA>>3.0, P<<0.05) and Spearman correlation analysis were combined to screen key taxa. The results
showed that there were no significant differences in the diversity and abundance of bacterial and fungal com-
munities in the rhizosphere soil of pepper plants from varieties with different content of capsaicin. There
were significant differences in the community structure of bacteria and fungi between pepper varieties with
high and low content of capsaicin in the rhizosphere soil and background soil. Compared with varieties with
low content of capsaicin, varieties with high content of capsaicin had an increase in the abundance of Prozeo-
bacteria, Firmicutes, and Bacteroidota in the rhizosphere. Bacillus and Sphingomonas were the major dif-
ferential bacterial genera.Castellaniella bacteria were also a dominant bacterial genus significantly enriched
in the rhizosphere soil of varieties with high content of capsaicin. Varieties with high content of capsaicin
were significantly enriched by Mortierella and Humicola fungi. The genus Devosia was significantly positive-
ly correlated with the content of capsaicin and dihydrocapsaicin among bacterial taxa in rhizospheres of vari-
eties with high and low content of capsaicin.

Keywords pepper; varieties; capsaicins ; rhizosphere ; microbial community
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