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Impact of drought stress on the rhizosphere bacterial community struc-
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Abstract: In order to investigate the effects of root exudates from Qiubei pepper under drought stress on rhizosphere mi-
crobial communities and their shaping, a pot experiment was conducted using controlled watering methods. Normal culti-
vation was used as the control (CK), while drought cultivation served as the treatment(DS). The differences in bacterial
community were analyzed using Illumina- MiSeq high- throughput sequencing technology. The results revealed that
drought stress significantly reduced chlorophyll content and root vitality of pepper. Conversely, soluble sugar, proline,
malondialdehyde content, and superoxide dismutase activity exhibited significant increases. Drought treatment notably de-
creased bacterial community diversity indices (Chaol, Shannon, and Simpson). Furthermore, it was observed that CK and
drought treatments displayed limited similarity in bacterial community structure with notable differences. Differential
analysis demonstrated that drought treatment effectively promoted enrichment of beneficial microorganisms such as Acti-
nobacteria and Mesorhizobium genus in rhizosphere soil. These findings provide novel insights into the adaptation mecha-
nisms of Qiubei pepper under drought conditions and offer efficient cultivation strategies for peppers in rocky desertifica-
tion areas.

Key words: Qiubei pepper; Drought stress; 16s rRNA; Rhizosphere bacteria

TRPERREDOERMKE, SEEWT BRG, 2 KR RIS R 5HE 2 — 8 M
AT, R SR e e A A i R R CE SRR R R A BRI R LT
BHAREKRZ —o A2 REHBMEX 2 —, KL BEIRZEEY K. STtz #id s,
TP AAE I LA B IR E A PRI B TR S AL T E 2 R I BOBURR R

s HHA:2023-11-02; 18 [ HH#A: 2024-06-04

HEWA : =54 = AR LT85 H (202102AE090005) 5 7= B4 BHE A A 5 & 1F #1550 H (202205AF150017)
EERN: T A, 5, Wi, E A 28 AL BRI 7T, E-mail: 1561848631@qq.com

BEMEE VT W, L, @I, FENFHEEY T, E-mail : 1650379536@qq.com

« 57 -



X ISR 5T

hOE R

37 %

BEUR, a0 e AC B B TN KBS o (B [E] IR STl
Qb e I L X, A B I RO, 3
B A E B VR AL K R R S AR
EN RSB RN TR NS 2 5 L) S o | 5 2 1
FAFBUE — A AEY), & S AR
A I T7 Bl (LT, BRI A BRI IS, B iRy
FRY TR, R 32 ) R AR BRI 9 3 1 & 5%, o™ 45
FIE NS TSN At BT, fdk
B I K ) B AR FE AL, R4 T R
T SR 0 5 R SR L TR R T — RANTEAS
AR B ANy SRS BN R AR B e
RERFFCFR T, HE 00 I A 5 (7] AR B L 3 PR
CHORE TEUAS [5] W 4 2 ot AR o 338 Akt A= W v 1R AT
“RREACBRIE”, DN AR ) R e B, O T
2 Br 12 A B (plant growth promoting rhizobacteria,
PGPRO £+ 5B v e A H B 50 lkok ik %, L
18 1 B i M A 22 B Cexopoly saccharides , EPS) 3 5
TRAK M, ACC JIid 2 Bl i AL D AR I 20 & B, B AR
L&, KIBLTERR (abscisic acid, ABA) \ 77 %5 % (gib-
berellins, GAs) - M| Wk -3- Z, & (indole-3-acetic acid,
TAAD S5 8.4 A2 A T 5 BR] -l B0 A 2 1 0 308 4517
Mahmoudi 5™ 58 2 B, /)N 22 4)y B ML B o BELARL 51
B 77 A W R AL B AT A N 22 4 v BB R
MPTIEE . Kim S TR, AT BR L 39 1 B P
T EJOT BE 15 34U B 7T 7 25 M 2 R » HR 480 £
1. Shakir ZE"HE SR W], T FAEAF TR ACC
It 2 T 1 AR 989 B (rhizobia) 1) /N 22 556 BB AH L, HoAd
TR P AL e 5 R0 AR 2 A S 1, X R T
TN ARAT B 2 (17K 73 TN TR 53 B f LN (1403 5 01
B WA . HH AT W, AR AR AR TR A ) S 3 5
Py o EER A, LA B BRI
L g, BRI AT A+ A T R AR B AT 28
TEEPD I gE e, AR BE S AR WD AE S R L A P2 R
o BSOR FH 7 4 mTRIE N 52 9 TE ) H A
BARH TR A Z 5 YT 2% E
EFC ) 2 A (B AE B, B P % 7K 50 i
SRR DL DIV Gty iR e S R SR I N (S E N
LR BIURRURE R o A A= ) T 5 R A R R T A A O
Ti B> o R 2 D e AL RO 5 A
BE F 50 AL T 5 550 N AR B 20 B R v S5 A 1 2H
FVRHAE , 5 E N TICAE YD 1 B 1 3R - 5 T e o e Ak
FRUARE o 200 B v P 28 B P e 182 A i A P 1R
AR 298 AT R AE T 50 E o B A K B A IE
Iea) £ FH PR 4 B 2R, LA BT 2 S AR B 2B

« 58 -

AR RS S SR R 2%
1 MRS TR

1.1 kA

UM LR ST 1 5, Dy Pkt 7 AR i
i, B ST L AR} 2 B st 7e i 4, B TR
FE UL RE VB RS SRR . B RO e
JE B KA R 2 - 5 B R AR LG 101
HATIRE  AREEEW, 5D 301.53 mg-kg' AR
T & 89.34 mg - kg H A& & 370.59 mg kg
pH 5.71, L3 KEF/KE GEH/KBALIRE T, £7F -
e # KRR 5 M AUED &6 = &k TZS-3X +
K AR A A 39% o
1.2 R

WIS T 2022 4 12 H AE ST R ML B B i
FRM A AT . M F LR 75% A B 30 s, 4K
PRYE S B T 36 18 1) B RLE 75 (40 em*40 cmx
40 co) Y, BARCIRE N (27+1) °C/(23+1)°C,
o FRBAK 2] 7~10 Fr b CRE R i B 34
— ARG AT T R AR EE . UG B X IR (CK, IE
WA ) T R A HE (DS, A AL EE 10 #L 3
WES, TR A A KRN R R RS K
I 60%~70% ; % {8 2 7K B oy 58 L T e K K
B 90%. ALFERFAK N 7 d, R B A W e S
JR R 7K 53 A8 Ak, F2 ) 4% Ak T ) - 998 L 7 2 K B AR
TEBE 2 Ta I Y
1.3 BESNESZE

Qb PR 5 RIS 08 B 25 S 0 BOBUREL R L A
AbBFRE RS — BN S BRIRA N | IRE S, AL
M3 WES ., PEHERNLEE  BIR AR -
BT 50 mL T B OE H, -80 °CORAE , FH T I AE
YA, FEUSCER AR I FIAR JR GRIBUR &R L3585
F TR KM T4 , 4 °CLRAT FH T A BRFR Al

Z: 8 AN EE () 7 VE DI E R R R R ]
VAL TH R S DA R SR =, SR P R Y e
TEME R ALY B AL EE (SOD)TE 1, % F TTC 2
E AR 2% 1

A1) DNA $2 B illumina S22 A4 £ A1 &
DR B AE U R BORFHE A A B 2 7 58 . PCR
& Z 3 30 uL: Phusion Master Mix 15 pL, 54 515F
(5% : CTGCCAGCMGCCGCGGTAA) Hl 806R (/7
%] : GGACTACHVGGGTWTCTAAT) % 3 uL,
ddH,0 2 pL,DNAC(1 ng-pL™)7 pL; PCR SN 44«
98 °CHIAEYE 1 min; 98 °CE % 105,50 °CiB K 30's,



%5 8 1

oAl EE e TR E T AU BB PR 2 BRRE v S5 A4 R R

X ISR 5T

72 °CHEAH 30 5,30 DMEI ;72 °CIESH 5 min, ST
) %22 {8 | NEBNext® Ultra™ IIDNA Library Prep
Kit & 0 &, # A B 1) SCEE E AT Qubit A
Q-PCR 5 &, £33 G 1% J5 {8 ] NovaSeq6000 _EHL
MFF -
14 HERIESSH

H & barcode J 51 F1 PCR 934 51 ¥ )% 5| N R
PUECHE 4% 23 H %5 A 08 , 25 barcode F1514)
% J5 14 ] FLASH (V1.2.11, http://ccb.jhu.edu/
software/FLASH/ ) A XL A () reads #EAT HEEL , 15
#I| Raw Tags. R )5 H fastp 31 X% 15 2 f] Raw
Tags AT Bi4%, 15 2 = i & 1) Clean Tags. /i fif
F Usearch #ff¥4 Clean Tags 5 ¥ 2 3t 17 LU XS,
DA I 8% 5 A I 3R AT 25 B, AT A5 380 o5 28 1) /08K
¥ , Bl Effective Tags. i | QIIME2 ¥ ffH1 ] DA-
DA2 AT BN, FEad yE R N T 5 )T 51,
MNTT SR A e 2 4 38 1 7 410 22 S CAS V) B S RFAIE
o i H QIIME2 feature-table rarefy 1. H PUIKAEA
FeBI ) 97%BEAT P 4L B . {8 A1 QIIME2 #i
H ) classify-sklearn BHURE AT 2K ASVs 5 U
EExE, NI A3 2151 ASV INPIFIE B

ff F QIIME2 #% 4 it % Shannon. Simpson.
Chaol %5 a ZHEVEIREL, JFHIMm BN 4. 2R

TREUS L T YR AN S BB R R OR
Yk Z PR . A QUIME2 #2441} 5 Unifrac
FEES, FREH R3.6.2 A ggplot2 £l PCA , fi
QIIME2 #A: i f) adonis B %5 73 A1 41 18] T4 45 4 1)
ZRE M. [ LEfSe 858 LEfSe 4347, %
# LDA score BN 4. 18 F 54 Phylogenetic In-
vestigation of Communities by Reconstruction of Un-
observed States 2 (PICRUSt 2) i 17 [F] J§ & F #%
(Clusters of orthologous groups of proteins, COG) 3j
RETHM . Horf PICRUSt 2 & —Fh it 45 Marker 2 [
BEAT 7CHE K 2 Ty RE TN 1) AR 015 B IR AL, AT EAT
COG ¥ Fie L X (COG s i 42 %of F [5] 7 ) Dy g
HEAT [R5 28 SV RE B 2804 PR http < //eggnog.emble.
de/) , THIFEAFE XL ) COG, 2R JE X COG H#EAT
D ReERE VA2 DL RS B 3 R = B2 15, T BEAT
BB DT .
2 HRE
2.1 AEACIBSRMFR A E BN EER

% 1 afRLE X8 CK 4R 3R & 2 AR
RGN RE T TF0EE DS, i o] A ERE 2R
MY 58 & SOD iRk 2 M K, BER T+
FALH DS, PLESR U DS B 21 5P,

R 1 TREIAE R EEBIERHIT
Table 1 Effects of different treatments on physiology indexes of seedlings

e w30 wCHTTEPERED wHZ D b D WA SOD ik

Treatment Chlorophyll Soluble sugar Proline Malonyldialdehyde Root activity/ SOD activity/
content/(mg-g"')  content/(mg-g™") content/(pg-g") content/(nmol - g") (pg-g'-h" (U-gh

CK 2.46+0.02 a 12.380+1.802 b 12.62+1.328 b 9.01+0.93 b 22.70+£2.153 a 314.83£12.12 b

DS 1.37+0.16 b 19.356+1.789 a 21.81£1.094 a 14.85+1.57 a 12.71£3.428 b 478.31+19.39 a

TE - FZ S 5 AN FNS RIS AE 0.05 KT EREE. T

Note: Different lowercase letters in the same column indicate significant differences at 0.05 level. The same below.
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Table 2 Sequencing data quality

:i:jﬁ?um ber thpiffame Raw PE Nochime Base AvgLen/nt GC/% Effective/%
1 CK1 86988 78 561 19 886 787 253 55.06 90.31
2 CK2 76 239 69 421 17 572 105 253 55.15 91.06
3 CK3 87195 79 252 20 060 687 253 55.31 90.89
4 DS1 87453 79 217 20 050 324 253 55.20 90.58
5 DS2 80 185 72379 18319 161 253 54.98 90.27
6 DS3 74 054 67 286 17 028 677 253 55.00 90.86

£ :Raw PE KR JR4R T AL PE reads 1 H ; Nochime J& I 8 &4 5 , S & )5 8253 T 1) Tags J7°41), Bl Effective Tags; Base A& % Ef-
fective Tags HIBHFEEL H ; AvgLen / Effective Tags BI-F3HK i ; GC IR Effective Tags 1 GC Bl [ & & ; Effective &7~ Effective Tags FI%LH
5 Raw PE $t H I I 45 tL .

Note: Raw PE indicates the number of PE reads originally disembarked; Nochime is the tag sequence that is finally used for subsequent analysis

after filtering chimera, that is effective Tags; Base is the number of bases in the final Effective Tags; AvgLen is the average length of Effective Tags;

GC indicates the content of GC base in Effective Tags; Effective indicates the percentage of the number of Effective Tags to the number of Raw PE.
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B 8 Gemmatimonas %5 FIAHXS = B, {233t Puia
J& AR AR IR # B Mesorhizobium W& 4E . UL T
R 1 (s NI e e S o T e A Ay
&, AR 2 TR EmmE £, T
AN IR TR JB Mesorhizobium J& T o-HR 98 B4 , HR IR TR
W] O A KR AR SRS i, [
I )t 9 AR B HR AL T AR . FLAR U SE R AT
R IET BT, B A BRI 85 8K AR b2
PRV A, 48 A2 AR I8 R (Bradyrhizobium sp.) FCAB
BT AN W2 T e AT 45 SRR N 2 T S LU M
T AR AL b X R R = B R AR YR
Iy B E 3 PRANEE , R FL AR )52 T B i 1) A T
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Table 3 Description of soil bacterial community function of pepper seedlings under different treatments (p < 0.05, TOP25)

AT = BE
e Mh COG TkEdik Relative abundance/%
No. Function = COG description
CK DS
1 COG2197 &5 R~ 5 AT NarL/FixJ g4 & REC A HTH 45 K35 0.243 0.254
DNA-binding response regulator, NarL/FixJ family, contains REC and HTH domains DNA
2 COG1132  ABC BZ ##4i2 240 . ATP FEAIE R /) 0.211 0.222
ABC-type multidrug transport system, ATPase and permease component
3 COG1051  ADP-IZWEFEWERRES YihB, R84 f 5K R 0.156 0.163
ADP-ribose pyrophosphatase YjhB, NUDIX family
4 COGO0524  E olii% H s , A% M R 2 0.150 0.159
Sugar or nucleoside kinase, ribokinase family
5 COG0531 2R #%12 2 1 Amino acid transporter 0.148 0.156
6 COG2141  BEFRMME AL G , O 3R S R CRLAE L RETR 1 N St SsuD RIIE A DU S0 P NG S8 Al ) 0.143 0.157
Flavin-dependent oxidoreductase, luciferase family (includes alkanesulfonate monooxygenase SsuD
and methylene tetrahydromethanopterin reductase)
7 COG0601  ABC 2 = Jik/ZE/Ik/A8 e 12 R 4t , el B 4 7y 0.135 0.144
ABC-type dipeptide/oligopeptide/nickel transport system, permease component
8 COG1173  ABC M /SRR Bk Is R 58, il IE MR 4L ) 0.133 0.141
ABC-type dipeptide/oligopeptide/nickel transport system, permease component
9 COGI1216  HEFEEFEHE, GT2 K%k Glycosyltransferase, GT2 family 0.130 0.142
10 COG3832  ARRHEIELR S #2H YndB,ahsa 1/#24645 1415 0.124 0.137
Uncharacterized conserved protein YndB, AHSA1/START domain
11 COG2217 P B T-#32 ATP B Cation transport ATPase 0.121 0.126
12 COG2303 Ikl 20 g slAF 56 3 35 e 0.119 0.123
Choline dehydrogenase or related flavoprotein
13 COG1082  WERERR 5 Koy B/ 22 171 S ) il 0.105 0.120
Sugar phosphate isomerase/epimerase
14 COG1940 NBD/HSP70 ZCH (WS T e 6L & — > N K HTH 45 k3 0.100 0.112
Sugar kinase of the NBD/HSP70 family, may contain an N-terminal HTH domain
15 COG3842  ABC 4 Fe™/NUAK I/ [ e #4638 R 4t » ATP i 73 0.111 0.116
ABC-type Fe'"/spermidine/putrescine transport systems, ATPase components
16 COG0444  ABC M —fik/S K/ 8468 R 58 ATP ALY 0.100 0.108
ABC-type dipeptide/oligopeptide/nickel transport system, ATPase component
17 COG0845 £ AR AN AcrAUER G E) 0.316 0.301
Multidrug efflux pump subunit AcrA (membrane-fusion protein)
18 COG1538  4MEEEH TolC 0.282 0.260
Outer membrane protein TolC
19 COG1192 £V A E BesQ 0.139 0.134
Cellulose biosynthesis protein BcsQ
20 COG0776  #HIHF% DNA &5&HH 0.138 0.130
Bacterial nucleoid DNA-binding protein
21 COG1228  WRMEmpk A P4 I I o 5 (1 B M 7K f iy 0.129 0.120
Imidazolonepropionase or related amidohydrolase
22 COG0330 & F ARG VLI 1187 HAC, <AL 82 A /AW & B 5 0.124 0.118
Regulator of protease activity HfIC, stomatin/prohibitin superfamily
23 COGO0564  fRIRII T4, 23S rRNA B tRNA 55714 0.123 0.117
Pseudouridylate synthase, 23S rRNA- or tRNA-specific
24 COG1804 ELTFEISENR CoA: I CoA # RS CaiB FIAHKHESE CoA T 0.118 0.112
Crotonobetainyl-CoA : carnitine CoA-transferase CaiB and related acyl-CoA transferases
25 COGO0412 KU NS /K il Dienelactone hydrolase 0.104 0.100
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PR b, 5 REEFPAR LG, P R R ) 2 SRR, B
EPREEGIPIRERE S, Liu YR IE = 9t (4s-
tragalus sinicus L DFFIHLIRE 1 J5 , 8] 005 [F) 46 R
IR v 5 33T A B Ui 5 e R R N 22 B R, AT
SR SR BE 7o AR IR PN 2R 4 B 7E A AL b X AR Sk
S5EgEPAEAEIMEMN, B RET S EY
TR AT LA [ AR Rk B[ E LR R Y
SRAE IR FEH R IR R S T RME
VD) LA [ AR AR A = TR B T AR, SR
MR B R AT DL SRHE ) S B B A AL AR
EEAARRE PRI, T 2404 1 LB T a8
TFAE BN AL ] Actinobacteria. 7 4 R 9% 4 &
Mesorhizobium 54 &3 WAV M) 2 3% & LI G, W
FLEE NG R 5 B B AL B IR S AL A 9T L S B
RO 2 & A2 B 00 B P A A0 b DX A 0 v b b
MBI & TR AT AT AR S .

$£F COG %u# & , PICRUSE 2 [ ) REE R 45
R, 5XHIEAH LG, T 540 2 R BRARGER B AR Br il
L DR R BE AR, TR PH 16 4
COGs AHXT B i T 1 W AL TR, T 2RI R LR
THLE T il s 571 s A1 9 > COGs A XS F
PEAR T 1B AL B, S ERILAE D L A B
R A 2 A6 R0 A 0 B T T 5 X 3 W] 5 A T T
P4 AR B 2 B V% 7% 2 D) e B BRI 5
RHEER . Xu R, T 550 7 R bR
A Wt s 1 R A AR AL, B S R BT I AN T
REM AR O, EERIN SRR Y 2 FIAR
Ut B TR e as R LA S Ik AU ) AR & A
KBRS AR IR B 2 T, 25 R 5 AR &
A P AR ) 2503 AT 4038 A P 0t B2 11 3 L
Y REEY T E. TRE TGS
AU DhREAH DG HE DR i Rk B W 3 R vy, IX AT R
erh— e WA IIEY S 5 PR 5k
. FAIEFECIREFE R ], 5 AR 25 R A B TR
B 4 B o I b3 B 1 R R [ IS 4 R BV Th e
S R G OB AR OCHE DR 1) R I8 B 25 B, T
T e 25 AE FEL ) IR S0F A= 4 Jolk 3 O JEL 0 1 85 3 ) A
EED I E (TR m ) R R EEER .

g ERTd, 5 a5 20 AL BN S T AR bR 4
R RE VR 25 100 R AR TR BN AR AL, oA 1 g v JEUAC R B
AR, PRAR T I A B R VR I R 2 A
T REALPRE 3 T R ] Actinobacteria . 1 2F AR IR
W )& Mesorhizobium S5 i WU AEVI N B2 & £, W
FLaE RN AL BB 3R 50 RLHL I 78 A AL

b DX RO e RO S A3 13 ) AR A 7 R
SE 30k
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