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Abstract: Verticillium dahliae is a soil-borne, semi-living, vegetative, plant pathogenic fungus. Verticillium wilt, caused by V. dahlia,
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is one of the most important issues affecting cotton production worldwide. Root endophytes play an important role in plant resistance
to pathogenic fungi. However, the impact of Verticillium wilt on the community composition and assembly of endophytic bacteria re-
mains poorly understood. In this study, based on a long-term field experiment, changes in bacterial taxonomic composition, diversity,
and community assembly processes in the roots of healthy and Verticillium wilt-diseased cotton plants were investigated using both
cultivation-dependent and cultivation-independent technologies. High-throughput sequencing results showed that the diversity of the
root endophytic bacteria was not significantly different between the two treatments. However, the taxonomic composition and com-
munity structure of the endophytic bacteria in diseased plant roots were significantly different from those in healthy plants. Com-
pared with healthy plants, diseased plants contained significantly higher relative abundance of Proteobacteria, Bacteroidetota, and
Firmicutes but lower relative abundance of Actinobacteriota, Verrucomicrobiota, and Myxococcota. Among the 4579 zOTUs detec-
ted in this study, 83% were shared between the two treatments; however, the relative abundance of these shared zOTUs was signific-
antly different between the two treatments, which mainly contributed to the dissimilarity of bacterial communities between the two
treatments. The biomarker species of the two treatments were identified using indicator species analysis (ISA). The healthy plants en-
riched zOTUs were assigned as Pseudomonas, Rhodocyclaceae, Moraxellaceae, and unidentified taxa in the roots, whereas the dis-
eased plants enriched different zZOTUs were assigned as Pseudomonas, Variovorax, Comamonadaceae, and Agrobacterium tumefa-
ciens. An antagonistic bacterial strain, ABLF-8 (designated Pseudomonas), against V. dahliae was detected in the roots of both
healthy and diseased cotton plants. However, its relative abundance was significantly lower in diseased plants than in healthy plants,
indicating that the antagonistic effect against V. dahliae in the root endophytic bacterial community of diseased cotton plants was
lower than that in healthy plants. The results of the beta-NTI and beta-null model analyses showed that the deterministic process dom-
inated the bacterial community assembly in cotton roots; however, its contribution was significantly lower in diseased plants than in
healthy plants, indicating that the randomness of bacterial community assembly in diseased plant roots was higher than that in healthy
plant roots, and the regulation of endophytic bacterial communities by plant roots was weakened by Verticillium wilt. In summary,
the results of this study indicated that V. dahliae infection directly or indirectly reduced the effect of cotton on the assembly of bac-
terial communities in roots and caused a significant decrease in the relative abundance of antagonistic taxa against V. dahliae. This led
to an imbalance of microbial flora in roots and reduced the antagonism of the endophytic microbial community against V. dahliae,

which may be one of the important reasons for the further development of Verticillium wilt.

Keywords: Verticillium wilt; Verticillium dahliae; Root endophyte; Community assembly

KR 46K B (Verticillium dahliae) J&—Fh + &2
AR I LT, AT A= G AL 4E AR AE (Gossypium spp).
i (Solanum lycopersicum), B (Canarium album)
EXE I 600 Z B AE W, XA lb A= 7= 3 il T E R R
Jp R AE R B b TR RIS AR, K Ee
KB (25 (Verticillium wilt) 8 FK <A 4698
SiE 7, 28 I R 5 M A AR 7 e R BT Y 3 R 2
— P E R AR A R TR 2 E R,
IFi) S AR A6 2 AR A8 280058 — R AE™, AR 46
TEARRT . ARERIR . HHE L OIURE. KRR EZ R
A B A TN A0 A TR I 5 1 B 28R o KB TR
AR AR K, I 7E 7—8 H B IFAESS 5 ik 3
T g, 52 L AR AL T R S B WA VL AR ZE R R
NI B AL /N L VR 300, I A R BU™ 1 FLh i
TR 2021 4F, B ER AR E S AR AL R SR
[F) 9 25 32 B P 408 2 V1Y 32.49%, S 5% M Al A6 2E ™
55— o s I, # B — Bk A 3 e
T o VPR S M JRE AR, R 5T 0 R B R AR AR 1Y 5 AR
SF- X1 2R 466 [0 38 00 T e R R A e A1 1) FL A A
IRES S SIAE, AR RARAR L . KRR L
e A 545 A [ G R kb, DX AT AT i o 8 4 58 A 1

e E T EER A EY. B, BRI
B O R IR UEAR AR A 77 0 B B AT 55

TR A K Ae R PR AE I () A AEE A,
RE TR 52 b ity 3 52 R pH 25428, M Hfl I = S i
MR ARG, R R E G S, WL RE
WaFE, 851 R 22 53 AT I — Tl AR IR (0 TR 22 )2 4544, B
BIEMR R IFFBER I . 22 I AR N LEMK KR
HAK, RAC TIPS R R, FBUEKR L TR
% FEE | ABORTE AR AR

e LA B SN A e 2 R B ™ 1
A= I 22 RE I TN RS R e Tk DDA 5T,
N AR TR W38 W SO TR AR TEA ) R R AR
SO Pk A= 1, iR AR P A 48 TR (Endotrophic
bacteria) & AH )4 N B 2L A T AR W A, SR AR ) R
A= E g e N FE 22— WEE T, R
PN A A TR R B AT A ) 25 A0 R TR Z AR PR T, Y
432 B3 B A= I, SCRPE FH o] RE 2 T o k22
PR T i T - H At oA A TR AR 5 2% 9 5 4 AT ) 45
HAESC R, 0 I T XA AR (8 AR A2 8K 52 31 P A= B
AR FE A, DRI, A PN A TR A A AR I A
R B R R E MR R — . FIREY N

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

87

B VRS BT AR AR AR P 40 T 2 R v A A Y ) 1185

A AR TN A8 AL R 2 B P AR B 2 1 T
ol 4n, A BE9E & B, HIAR A AR 4 B 10 i 9 AR JLIE
CEF818 (Penicillium simplicissimum) Fl CET-714 (Lep-
tosphaeria sp.) 1 EL oA JE RO MR AR FRFHE1 TR0 12 h
b B, T A KRR AR B 2 R R R E P 4. Bai
PV IE R, N 48 BRAR AL P A A R ZEAUAT R (Ba-
cillus subtilis) Wi 1€ H 19— AR A B4R BT 1
PR bR EBSO3, AE A il A #e A 1 A 2B 4 A SR K -
PO R AR T B R o, B AR AR R R IR A B
R, H 4 8RR (Pseudomonas adaceae)
HRO-CA8 4 JH P Fft A A b1, AN S48 1 b Al AE 114
SN, I EL AR T RS A A BARTRATTTE K
R 6 TR A 7 A 40 9 R e R O TR O TR 2
D, (R R Z WS R 3 T 3 N BN X SE 80, 7858
e 2 ™ v A RS R PRI . R 220 TR

VT SEAE R, BE A WA W0 Y B R AR 2SS A O
PR, X T A T A ST A0 e 1) T REVE AKCOF-
AR EAEXR, DUUREE . WAERMEE
40 1) A AR B A T AR P AR A W S
iy 2 ST AR RRUE I ELAE OCR, HRR R R R A
S T SR Y A BN R SR T A A R AR ok
A A ) P A A W ) B DG R T S A )
AR AE Y RETS o 00, o it 5 7K R AR % A I e
TKFE AR T BV B oY B, TR REUE AR PR I
FURERL I ZH 2, SR eI e T o 25784k, AR
TR A X = B S 3 1S 0, i Tylospora . Clohesyomy-
ces M5 B 1 (Penicillium) A XF 3 B8 ) i3 25 i 2>
Christakis 5" b Az F 9 N 25 TR TP 58 T AN
A A BRI B8 ) B (Pseudomonas spp.), I % B & fig
AR AR PR A0 ) R B T 1 AR A 3 g AR
Y A A TR SR 0 300 R 12 1 A0 KT D TR
YUk S Ah, e IR S AL U Y B
AR EAEFH, P88 v A7 7 22 Fhoxt o Tt Ak 2B ) H A 10 4
YR T80 0, 0 D i 2 ) 2 3 k3 A 2800 2, 1 4%
Ty 2k 52 i BRBE G2 W R VR, NI A T AR A A
Ry, R, AR R B, M SR SR
TPk R 45 B B G 22 G2 Bl AR 1S B TR R 0 )
JE A A PR, IR R P A B R R
) 52 e K HE 55 95 D AT %) A A P G AF 0 75 7 4 2
KHEZ,

A A AR P A W B TR AR — B P RR LR
Ak () H b, A5 T 20858 MG W0V 10 2 2% 1, e
B AE SR A 7= AR A A = BT B
T3 A, IRBEAS B sl A7 TE 22 A i s D A A 0 1 TR R

BEUR, BT AR AR AR 0 S E M TR A A, DLk
FERE W) 5O S5 AS B Gl W A s i 0 TR ROR B 2
B A R B T B . XK IRAT 0 5
R A B PR B AR W A T A AL A A A
55955 U TR A AR AL o 5 H RS0 R B4R Y an
0] 5 W L A0 AR DAY 200 TR R i P S AR G2 P TR B A
FIANHGE ANEERA o AF5T 2R FH 0] 55 % FAS ] 85 57
BEARAEE G178, 200 T R A6 58 25055 F8 0 Al AR RN
Tt AR PR AR DY A0 DT U 0 22 5, O R T T AR A AR
S P AR AT A8 TR 28 B B L 55 R e R TR A AR G R,
() B A3 AT 1 A5 TR AR AR PR A4 T A % A s ot R 1 AR A,
IR A5 AR A BT 1 AR N A A 1 5 A ) ft
(095G 22 Be N AR TR W e s A A BILTRL, SR B 4 A )
W PRI ) AR A PR A
1 MREFE
1.1 i 5iReig it

T 30 A b AV, TR 8 R T AL ) v £ i A
b IR A M A A 0 K 5 S (41°45 N,
85°48'E). H[HIIR I 55 WA~ Ab B, 4591 A it FREAR AL
T RO 250 RO I B AR R 5 A E A D
DX, /N DX T3 5 7K Je 355 B JF (30 em &), B 1R A 3 1%
o IR LG T 2015 4F, o [l 45 4 R AT R N 58 AL T 18
THERD, 3T 5 AERRAE - B B 99.85%.
1.2 ##mRER DNA RE

2022 4E 7 H, 43 5l SR AR i BRE T IE8] R B 2 O AR
T IR ACAE RS 5 bR, BHEURR TR 3, I /K ph kAR
F 3, P 2T R, 5 20% 09 XUE K R
7 30 min AW JCRKMPE 4 R T . WA
JE TN IR A BR PRI S OB R o BT B s A oK
BUE I # B . K H FastDNA SPIN Kit for Soil (MP
Biomedicals, USA) $2H(HR & & DNA,
13 AESEENFNENEEESHT

fift F 4 5 PR 51 ) X 48 T8 16S rRNA £E [H V3-
V4 [X #47 PCR "5 % PCR it I IE [ 3181 R 57—
GTGYCAGCMGCCGCGGTAA-3', X [a1 51 ¥ K 5'—
GGACTACNVGGGTWTCTAAT-3', PCR 7£ 25 uL &
Z Pk T, £43%: PCR premix 12.5 uL, DNA #4% 1 L,
IER BI85 1 L, Jop A€ K 19.5 uL. ¥ 38 44
W2 95°C Fl A8 10 min; 94°C 28 M 1 min, 55°C B
k1 min, 72°C ZE{§ 1 min, 30 P E I 72°C J5 3 fif
10 min, PCR = %) 2 H Kk & 0 5 {ff FH Illumina
NovaSeq “F- 15 #4738 2307 .

o A AR S B i A
VSEARCH v2.27.0 52 i, f#i F Cutadapt 4.7 X

http://www.ecoagri.ac.cn


http://www.ecoagri.ac.cn

1186

W AR RO 24 (R 3E3C) 2024

% 32%

14 25 B B e B s (R 4223k e 9 RS L) Y 3, 8K 5 DR
XUt F7 4 JF e BRAR S 1 )5 91 (P Y B 3 R IR RN 5
F 0.001, fastq maxee rate=0.001). fifi i§ UNOISE3 &
% (AR LA ECR 8) #E4T E — 2 £ I A i
zOTU (zero-radius operational taxonomic unit), fif Ff
SINTAX (& {5 0.90) % 41> zOTU JE47 4 R i B
(B4 )% N SILVA rRNA database, version 138). M5
BN zOTU J5 4% zOTU K BEHLAHT- 2 76 000 55 )7
GVERRE, SRIG AT GE 1T 00T . DAARKRE RN zOTU J7 571
R, ] VSEARCH )42 548 R D)k (usearch_
global) #F 17 K B #& &% 7 45§10 I 16S rRNA J¥ 41 5
zOTU J7 31 (1) A5 UM Lo X, 5 465§ 3@ 5 51 A5 {812
100% FJ zOTU YA ZFHBLR 19 z0TU.
1.4 St

B gt o el R 4.0.2 80k 58 il . H
Kruskal-Wallis 7 F16: 36 i 1 722 10 75 AN [7] 4k B i) 22
S . I BT Bray-Curtis FE B A0 E 1 & £ 4
JJE 43 M1 (non-metric multidimensional scaling, NM-
DS) S L5 4k B 6] 41 B 7 7% 1) 22 5%, I ANOSIM
(analysis of similarity) J7 ¥ K5 56 4 & 7 V% 22 5 19 Wk 3
P, BT HE AP 4 HT (indicator species analysis)
FEAS AR R R Y R . L 1T beta-NTI (beta

a 100 ¢ b
9 t
I
1%
)
30 | B Proteobacteria E
S 0 Actinobacteriota
3 O Bacteroidota
=
s 70 F ] )
2 O Verrucomicrobiota
=
2 mMyxococcota
(5]
'% 60 @ Firmicutes c
& o HAl Others
X
=2
= &
>~ 3
= :
20 + g
N =
= 8
]
£0
10 ¢ Q
0
CK MB
1

0.

0.

0.

0.

-0

—0.

—-0.50

4500
4000 L
3500 ¢
3000 f
2500 ¢
2000 ¢
1500
1000

nearest taxon index) F1 beta 215 7Y fig 2 K 1 < Bl ML 14
T 7 RIS M e e T 4 R AR 2 ) S A AR X DT

2 GRESH
21 EHZRXIBLR A E B EAMT SR

A
gt R RTS8 R AR AR A PN 200 AR 9 L R [T 1
BT/~ . ZZJE B 1] (Proteobacteria), il 2k 1] (Actin-
obacteriota) FILIFT £ ] (Bacteroidota) 42 A ££ R P 11
PR, BT DT A 93.31%., SRR
(CK) A 1, B AE R (MB) AR N A0 TR & 28 T
Ak, TETTK BRI ZASIE BT L S 1] AR
BET ] (Firmicutes) AHXT = BE RGN A @], 98
B '] (Verrucomicrobiota) 1K & ] (Myxococcota)
FEXE A B A, NMDS 43 B 45 5 s (& 1), fi
R AL R R AR A MR 2 BB B 0 23 5, [RIEE ANOSIM
SR BRW N E A ERE R AR EZLER R
0.4613, P<0.05), 15 BH ¥ = 9 XA AL AR P340 181 B 9% 7
T BEFERW . {fH Chaol 5504 P4~ 4k BRAH B
() 22 e, 25 S 0 s, (gt B A R RN AR O A PR 4 TR
Chaol 803 22 5 (I 1c), Ut I ¥ 29 I A % i
AEAR N AHTR o Z2 RV 28 2 5
JIT A R b LA B 4579 4~ zOTU, Horp 3814 4
70 ¢

50 | O

30 o)

ol ..
.

10 F

A

30 F

—-0.10 0.10
NMDSI

=050 —0.30

CK MB

TR IBFETEAR N4 H B AKX (a), NMDS 5347 B (b) Fn SHEMHET ()

Fig. 1 Community taxonomic composition (a), structure (b), and diversity (c) of endophytic bacteria in cotton root under different
treatments

CK: faFREAR R, MB: %Ak . CK: healthy plant; MB: diseased plant.
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