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Abstract: Exploring microbial changes in different niches of Angelica sinensis under the
intervention of Fusarium solani to reveal the microbiome response mechanisms of A.sinensis
against soil-borne diseases and preliminarily screen potential core cross-niche antagonistic
microbiota. In this study, A.sinensis was used as the research object. A diseased plant model was

established by exogenous inoculation with Fsolani. High-throughput sequencing technology was
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employed to analyze the structural changes in bacterial and fungal communities across six distinct
niches:phylloplane, endophyllosphere, rhizoplane, root endosphere, rhizosphere soil, and
non-rhizosphere soil. The results were as follows: (1) The microbial communities in different
niches of A.sinensis exhibited significant spatial specificity, with a gradient decline in diversity
and evenness from belowground to aboveground compartments. (2) Under the intervention of
F.solani, bacterial species richness in the rhizosphere soil and rhizoplane, as well as fungal species
richness in the rhizosphere soil and endophyllosphere, significantly decreased. The bacterial and
fungal community structures in belowground niches tended to simplify, while the number of
bacterial genera in the phyllosphere increased abnormally; the pattern of change in fungal
communities was not entirely consistent. (3) Spearman correlation analysis between differential
genera across different niches of healthy and diseased A.sinensis and the genus Fusarium revealed
that bacterial genera such as Pseudomonas, Bradyrhizobium, Sphingobium, and Devosia showed
significant positive correlations with the pathogen across multiple niches, suggesting their
potential co-enrichment in the host’s response to disease. (4) Phenotypic prediction and functional
prediction indicated that while pathogenic fungi increased in diseased plants, beneficial genera
such as stress-tolerant bacteria, mobile genetic elements, and pathotroph-saprotroph-symbiotroph
type fungi were simultaneously enriched. In summary, the microbial communities in different
niches of A.sinensis exhibit a natural spatial specificity characterized by a bottom-up decreasing
gradient. However, pathogen invasion drives a directional shift toward simplification of
belowground communities and increased complexity of aboveground communities, triggering an
aboveground-belowground microbial migration or systemic response. The resistance of A4.sinensis
to Fisolani infection primarily relies on bacterial-mediated microecological regulation strategies.
Whether these bacteria represent beneficial taxa actively recruited by the host requires further
validation through inoculation experiments.
Keywords: Angelica sinensis, root rot, Fusarium solani, bacteria, fungi, multi-compartment
microbiome
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FHIM B (Bacillus subtilis)  FB17(Rudrappa et al., 2008) , #5228k JJE (Fusarium
oxysporum) YL J5, I 4y WA 8 S I ) VO s - 38 AR ZF FRAT TR SQRY it R AR B Y B
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1.2 RETHE
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HUHTHA > B ARAFE A S Bl DR, A PES 0.5 cm x 0.5 cm B HUE T PDA £ 773k
g, 25°C, 53R 10d, BEGAERSFRMAIIN 20 mL TEH/K, THEERIRELZ, SZELHEY
A L Y ) A TR, O R T 3.5%108 CFU-mL! (B & A G AR, 2025) .
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PR/ (HRERZ 0.55em)  HE (AHEZ 100 g) —FBIMEE S IHEEK, K
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TR R R 20 d 24, VA IR ER R L, T RS s Al . 2 ol R AR A AT B
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KIMHTE, JCEZKMPBE 3 IFIRATR IR TE R, TEON TG TR D 78 70 W TR A
MR CHWEREBY I8 B, IR KR VS PEF Silwet L-77, 25 °C, 200 r'min?! #&
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60 NFENL, A FE AT -80 CCHTEBARIR VKA IR A7 22 DNA $2HL (RS, 2025) .
1.3 DNA #5307

KRR & Hh PR S 3O R RE S S 3E IR 40 DNA . 4 B E O A 341F 51
5'-CCTACGGGNGGCWGCAG-3' 1 J5 % 785R 5| ¥ 5'-GACTACHVGGGTATCTAATCC-3' %}
16S rDNA FE[K [ V3-V4 X 1T R & f5E L% B (polymerase chain reaction, PCR) #3,
HAE ITS XA# H A7 ITSIF 514 5-CTTGGTCATTTAGAGGAAGTAA-3'F1J5 %t ITS2R 5|4
5'-GCTGCGTTCTTCATCGATGC-3's RAMFEMNTE 25pL AR R P38, 1Z RNV — Rk R AHE
15 uL 2xGflex PCR 2217, 0.6 uL Tks Gflex DNA £ &8 (1.25 U-pL') , 1 uL AR, 5
pmol/uL IEZ 5194 1 uL. PCR RV AK FR A 5xTransStart FastPfu 221K 4 pL, 2.5 mmol-L"!
dNTPs 2 uL, E. F¥#i514% (5 umol-L) %% 0.8 uL, TransStart FastPfu DNA &7 0.4 uL,
BifR DNA 10 ng, MW ZEKAMNE R 20 pLo FIFEFUIR: 95 °CHIATE 5 min, 95 °CAEME 30
s, 55°CiB/K 30s, 72°CHEAf 30 s, 325 MEH, 2 72 °CRaE LM 5 min CERFEIGSE,
20265 ZIFEESE, 2025) o H 2%B IR UK IRIE PCR 2558, A RATER 4, WA AMPure
XP i jfl & (BECKMAN COULTER, E[E) #ii7fizkaifth, 4ifb/5#REZR 50 pg-ul ' fEN
PCR BAR AT S8 5041, 7£ 5 55— %0 PCR AHFI 26 1F T K% DNA #9738 8 MG . B 2 uL
alifb L 1 R P REAT 2% 3 HE HE R A I, AR A AT R A RS, B 1l
afifl s 1) 5 =) 4E Nanodrop AT BEAS I o A% i A G 4% S5 T2 P 22 =1 R Tlumina
Novaseq 6 000 il 7~ 5 147 16S tDNA #3#4ll J7 A1 ITS tDNA #3470l J¢ (G5 44, B,
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GG 7 90 280 X e Ik PR 25 R ik S AR 519 24T 51, DADA2 3347 P Ak
P, RGP T 545K (amplicon sequence variants, ASVs) , 16S UK F41. ITS A%
P35S SILVA £ 2 (v138.0) « Unite i E (v8.0) LLXIIFHEAT ASV FhiERE,
BIEEREN 70%, ZBRATA A LLXT B SRR R 1) ASVs [5751 o Alpha ZFEPES)>
BT EALBR 5 HT (principal coordinates analysis, PCoA) K QIIME 1R i vegan 2.5-6 5L
W, FHRH B % o007 2 0 HT(PERMANOVA) K5 ;s KA SPSS 26 %4 (SPSS Inc., Chicago,
IL) #TEHR G508, HRETTZ5HT (ANOVA) K5 WP, Wilcoxon FL AL

(Mann-Whitney U test) f{g 5 FH i ek (B 0 Fh 22 5 70 4, SR Origin2021 SEHL 22 4 b
KL, 3 A AT RO AR PR ) B LA B35 22 R 10 M, SRJE RHE A Z IR AR
11 2 7 1 s 5 4k ) B & 3 Spearman AH M 3 AT s B R £ psych & Gephi 0.9.2 £ ASVs
TP 1) SparCC 3 3 I 286 XoJ {5 R A5 9 R AR 4 T AR B T A 7 30 A T B8 SR A ) 3 P 285 73 # 5
f# F BugBase F FunGuild (#5822, 739 5% 41 B R0 18 B B OEA T R BRI T RETE %
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X 60 MEABEATRAEDINT , AR LIRS S BT 1 4 098 035 %%, A AR L
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Z[a]e DB NI I Hds 2o AR, LRSS 21 ASV BE1E AR, BAIFEA
YU A E RN ZE, Wil 1 BN, BRI 2 A 6 ANERALEEA I 4H T A ASV H
FEM R T P22, 405 SO P f5 FEIITE 99.72% A E (B 1: A, BB SCFE NP7 i
FEXITE 99.98% L b (B 1: B) , FRBFINFIRE L DU BWORE S B RE S5 14
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iR PR AT IR 7L . HG. (@5 FIERPR 3%, HS. {89 ARr L%, HRT. @R 4ARE;
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A gentle curve indicates sufficient sequencing depth. HG. Non-rhizosphere soil of healthy Angelica sinensis; HS.
Rhizosphere soil of healthy A. sinensis; HRT. Rhizoplane of healthy A. sinensis; HRO. Root endosphere of
healthy A. sinensis; HLT. Phylloplane of healthy A. sinensis; HLO. Endophyllosphere of healthy A. sinensis; DG.
Non-rhizosphere soil of diseased 4. sinensis; DS. Rhizosphere soil of diseased 4. sinensis; DRT. Rhizoplane of
diseased 4. sinensis; DRO. Root endosphere of diseased A. sinensis; DLT. Phylloplane of diseased 4. sinensis;
DLO. Endophyllosphere of diseased A. sinensis. The same applies below.
B 1 LERFERAERAE (A FIEE (B) KAEMK
Fig. 1 Rarefaction curves of bacterial (A) and fungal (B) communities in Angelica sinensis
samples from different plant tissues
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W 1 R, HIEASEERALRE S AR VR 1 Ace TEEUHT Chao 1 F8 8GRI E>H>H11)
AAp Ry, R YR E LT B BB P R . RN Shannon 8 BGEILLE L >4>mt
AL, Simpson FRHCRIL tH M >AR> L ARAG S, RUIHYFN 2 AR IE RS 5052 5 R 1
BB TR FIRN, EAERIER TR, B Ace $R A Chao 1 48 E7EAFIR PR
gL ARPR A R RASERXEALT, SR 8% N (P<0.05) , HFE
AT P AL i R 2L 5 A 2H 2 TR) I 2 2 S o T B iR e 2 O XA ) A o - T
TBE, YA EOR D, EXTH BRI sEAh, B AR Shannon FiE EUAEAR R AR
WE T (P<0.05) , RUPH R L ZT- PRI EAEVE IS 110 Simpson Fi5 AU ALY
BFE MR (P<0.05) , RHIM N AL R S YR AR A . XI5
R DX PR S 25 M SR T FEoxef B, T 8 S e 7 P P R A 2 PR ) 6 s 0 0 AT T o 82 L A o
k.
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H SR> AR H, Simpson FEHCR L H>HR> 1 AL S, RUIHYIF 2 FEE ALY
SIEEE R EEL TR RN, EAERIER TR, B A Ace 480 Chao 1 45
HAEARPR 35 RN MR XA, S RRAM LR E TR (P<0.05) , (HIEAFRPrt1%
AN R g e 2H 55 R0 20 2 18] TG S5t 28 22 55 o 3K i WD JiR 1T 1 5 BOAR. P R o ¥ 5. F) . 7
BN, YRR, (EXHBRATEARR PR R RN . AN, R 2T Shannon F5 £ #E
MRPR3E, WL RN, HRBEE TR (P<0.05) , FKUIK I B2 R 0 DONTH- xR &
AL FC RIS T Simpson FEEUNAEMREE . R TR (P<0.05) , R IR X
AR AN 2 1) L B AV D038 L A AT S 25 RO 0, T X At P8 A5 PR 08 330 i 35 4 - SRR X A
590

R 1 JEANFEIAFESMERE Alpha ZRAEHEEEL

Table 1 Variations in bacterial community alpha diversity indices across different tissue samples
of Angelica sinensis
Ffdn Ace fa ¥k Chao 1 f54k ARG 3 AR HL
Sample Ace index Chao 1 index Shannon index  Simpson index

AR b g R4 HG  2264.85£201.48a  2210.39+199.10a  6.82+0.07a 0.00£0.00c
Non-rhizosphere soil  sipisn DG 2038.95486.74bc  1996.80+82.79bc  6.75+0.05a 0.00:£0.00¢
W 4 {#FEL HS  2048.18+151.96bc  1994.71+143.14bc  6.71+0.08a 0.00£0.00¢
Rhizosphere soil WAL DS 1760.59£122.496  1717.89£121.096  6.31+0.15a 0.00:£0.00¢
W {f#FE4H HRT 922.17+97.56cd 921.75+97.15¢d 5.7740.11a 0.01+0.00¢
Rhizoplane MRl DRT  279.33£15.94ef  276.75:1593¢f  3.0840.11c  0.10£0.01bc
B f# 220 HRO 1 088.83+83.38¢ 1 076.47+84.65¢ 5.76+0.08a 0.01+0.00¢
Rootendosphere sy pRO  657.534306.15de  648.144299.85de  4.23+1.04b  0.07£0.05bc
2% @ B4l HLT 141.11+37.95¢ 139.28+37.83f 3.02+0.25¢ 0.12+0.06b
Phylloplane MU DLT  528.79+4840.15def  524.88+833.64ef  4.01=1.60bc  0.08+0.08bc
H Py A HLO  383.91£106.73¢f ~ 383.30+107.0lef  3.41+1.47bc 0.23+0.23a
Endophyllosphere s Do 405.58:392.69¢f  403.444393.70ef  3.74£1.27bc  0.07£0.05bc

T BUENTIME + b, FSIAR PR RZEREE (P<0.05) . R,
Note: The data are x = s, and the different letters in the same column indicate significant differences (P<0.05) .

The same below.
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Table 2 Variations in funal community alpha diversity indices across different tissue samples of

Angelica sinensis
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Simpson

[EFN Ace 1E%L
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Chao 1 8%k
Chao 1 index

BRARH

Ace index Shannon index

index




e 23l e iR 4H HG 475.55+44.13a 476.04+43.42a 4.46+0.21a 0.03+0.01¢
Non-rhizosphere soil B DG 466.01+32.98a 464.91+32.91a 4.34+0.31a 0.0420.02¢
HRBR - 13 {4 HS 483.56+57.41a 483.65+58.44a 4.3840.17a 0.03+0.01e
Rhizosphere soil R4 DS 381.64+73.76b 379.48+72.91b 3.29+0.67b 0.1120.09¢
RE f fe4H HRT 87.08+13.67¢ 87.00+13.56¢ 3.52+0.38b 0.070.04¢
Rhizoplane HIFi 4 DRT 112.64+11.94de 113.20+£11.99de 2.05+0.14c 0.41+0.04b
A f@He4H HRO 210.00+29.69¢ 211.65+32.81¢c 3.17+0.37b 0.13+0.08de
Root endosphere HJi41 DRO 112.87+32.85de 112.17+33.13de 2.20+0.49¢ 0.23+0.10cd
-2 fFE41 HLT 91.80+21.00¢ 91.80+21.00e 1.19£0.21d 0.63+0.07a
Phylloplane B4 DLT 114.82+17.61de 114.75+17.74de 2.05+0.13¢ 0.38+0.04b
- fé FE4H HLO 129.15+20.18de 128.94+20.37de 2.40+0.68¢ 0.22:£0.20cd
Endophyllosphere HEFIE DLO 154.85+16.80d 154.18+16.94d 2.16£031c 0.330.08bc
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Fig. 2 Principal coordinate analysis (PCoA) of bacterial (A) and fungal (B) communities in
different tissue compartments of healthy and diseased Angelica sinensis

2.3 AN[FIHEBALEH B REVE S5 M 2 AR

i 3. A fros, BEAFEERA RS A TR AR —B, FEME TR E ]
(Proteobacteria)  JiZk ] (Actinobacteriota)  JEEER [] (Firmicutes) %% 12 AN 14
AR LR 98.56% ~ 99.84%. AN [ El AL 40 T A MR VR AE SR KT B (1 3: B
TEMEREREE (Pseudomonas) « 72 H J& (Pantoea) . Unclassified_ f Comamonadaceae
J& - AR E (Sphingomonas) W& (Massilia) %5 19 MBS, (H AT
FE 12.86% ~ 82.35%.

BN, 24 A AN [ A ASE i (0 D00 34 A B T DR R 3 B 52 380 550 J6 e 0 v AN [RD R BE ) T4t 3R PA
i SR TR R QLS I 1 AN R AR B R IR S5 0 o R4, ARTRBET] T B T AR X
FREAERE . RN HREZE BT BRERTI/ERE . HEREE TR, mATET. R
I SREET] BT, SRR ] AR E B 1] &5 (AR 0T =F BEE M PR A 2 A8 1L,



FERIONAEIRMREr L. WRbrhse, R WA R TR JUH MR L 6
OIS T I RE T 2 E R R 25 T e, FLUCRARERAE 3 AL 1 AR X 2 P 825 N Bk o SRR B
MR KT 00 JE 90 D T A TSR BRI o 4 B R T R AR AL R A% L A
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Fig. 3 The composition of bacterial communities in different parts samples of Angelica sinensis
at phylum level (A) and genus level (B)
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A. Non-rhizosphere soil samples of 4. sinensis; B. Rhizosphere soil samples of 4. sinensis; C. Rhizoplane samples
of A. sinensis ; D. Root endosphere samples of A. sinensis; E. Phylloplane samples of A. sinensis; F.
Endophyllosphere samples of 4. sinensis. The same below.
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Fig.4 Venn diagram of bacterial genera in different tissue compartments of healthy and diseased

Angelica sinensis
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Fig. 5 Volcano plot of differentially bacterial genera in different tissue compartments of healthy
and diseased Angelica sinensis
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Fig.6 The composition of fungal communities in different parts samples of Angelica sinensis at
phylum level (A) and genus level (B)
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Angelica sinensis
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Fig.8 Volcano plot of differentially fungal genera in different tissue compartments of
healthy and diseased Angelica sinensis
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Table 3 Correlation analysis between key bacterial/fungal genera and Fusarium across Angelica

sinensis tissue compartments

HHK R E Correlation coefficient

)= E I e R P A 1% RA
: _ _ [ ES U3 A
Bacterial and fungal genus Non-rhizosphere ~ Rhizosphere Root
Rhizoplane Phylloplane Endophyllosphere
soil soil endosphere
P R B
— 0.782%* -0.600 0.610 0.550 -0.150
Pseudomonas
18 A MR R 1
-0.260* — 0.479 0.670* 0.650* —
Bradyrhizobium
G R
— 0.661* 0.661* 0.800* — —
Sphingobium
Allorhizobium-Neorhizobium-
— -0.697* -0.600 0.600 — —
Pararhizobium-Rhizobium
PRI IR R
— 0.636* 0.200 — — 0.770**
Devosia
FUB
— — 0.370 -0.480 0.600 0.330
Erysiphe
INABERRTE R
— -0.500 -0.570 0.040 — —
Plectosphaerella
Fungi gen Incertae sedis — 0.610 — — 0.410 -0.140
4L A B
— — — -0.490 -0.600 -0.095
Filobasidium

FE: #RIF 351 RTE P<0.05 Rl P<0.01 7KF B3 HIK.
Note: * and ** indicate significantly correlated at the levels of P<0.05 and P<0.01, respectively.
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The pink and blue dots represent bacteria and fungi, respectively, and the red and green edges indicate positive and
negative correlations, respectively.
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Fig.9 Visualized networks of microbial co-occurrence patterns in across healthy and diseased
Angelica sinensis tissue compartments
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Supplementary Table 3 Topological properties of microbial networks
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