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Diversity and functional analysis of endophytic microbial communities
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Abstract: Nerium indicum witches’ broom disease is a common disease of Nerium indicum. This study aims to investigate the
impact of pathogenic on the endophytic microbial communities in the infected regions. Branches of N. indicum collected from
Dongguan, Guangzhou, and Shaoguan in Guangdong Province were used in this study. Illumina MiSeq high-throughput
sequencing technology was employed to analyze the composition and diversity of endophytic microbial communities in the phloem
tissue of healthy samples and witches’ broom-affected samples, and to predict their community functions. The results showed that,
compared to healthy samples, the diversity and richness of endophytic bacteria increased significantly in the diseased samples,
whereas the richness of endophytic fungi increased without a significant change in diversity. In the phloem of healthy samples, the
dominant endophytic bacteria were Pseudomonas, whereas in diseased samples, Methylobacterium, Sphingomonas, and
Burkholderiaceae were significantly enriched. Additionally, in the diseased samples, weakly parasitic pathogenic fungi and
saprophytic fungi showed a significant increase as the disease progressed. This work offers fundamental data for elucidating the
interactions between pathogens and microorganisms during the development of witches’ broom disease, and for developing precise
control strategies utilizing beneficial endophytic microorganisms.
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Fig. 1 Symptoms of Nerium indicum witches’ broom disease
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¥ E.ZN.A." soil DNA kit (Omega Bio-tek, Norcross,
GA, U.S.) 1 B 45 2 17 T 26 9 B 7% 558 (K 41 DNA il
P, i T 1% 1 B AR B i kRS D0 il B2 ) B R 2R
DNA 1) Jii &, fdi ] NanoDrop2000( 3% [& 3£ 2k « A #)
D5 DNA ¥ B A4l i

£l 40 16S tDNA B 4734 X5 16SV5-V7 IX,
L ITS rDNA 7 1 X 38 2 TTS1-2 X, 43 %I 48 FH 40 14
16S rDNA F R 5141 799F (5 -AACMGGATTAGAT
ACCCKG-3" )-1193R(5’ -ACGTCATCCCCACCTTCC-
37 ) MIETA ITS rDNA i 5[4 ITSIF(5” -CTTGGTC
ATTTAGAGGAAGTAA-3’ )-ITS2R(5" -GCTGCGTT
CTTCATCGATGC-3" )i 47 PCR¥" 3 . 799F-1193R
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5|4 PCR X F TransGen AP221-02: TransStart Fastpfu
DNA 2B 45, 2 % 1A % (20 pL) : 5xFastPfu Buffer 4 ul.
dNTPs(0.0025 mol/L) 2 pL, b3 F R i 5] %7 (5 pmol/L)
£ 0.8 pL. FastPfu ¥ A 0.4 uL. BSA 0.2 pL. Template
DNA 10 ng, 2 & F 7K # /£ 20 uL, ITSIF-ITS2R 5| 4
PCR K ] TaKaRarTaq DNA R4 i, SV K &R (20 pl)
10x Buffer 2 uL. dNTPs(0.0025 mol/L)2 pL. [ ii# #1 F
W51 4 (5 umol/L) 4% 0.8 pL. rTaq B4 0.2 uL. BSA
0.2 uL. Template DNA 10 ng, 25 & F /K #b & 20 pL.
PCR J J¥ & J¥ : 95°CHil 22 1 3 min; 95°C 2% £ 30 s,
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com/uparse/) , AR 5 97% (1) AR BN BE X I 4% Pf 432 )5 14 )7
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LRI PP 51 o S 1 0 I ) R X Sk
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BEAS 7 5 803 S 28 20 000, #1°F J5 , AR FEAS 1 F 1
75 7 35 5 (Good” s coverage) 13 A] ik 99.09%., ] H
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Silva 16S rRNA JE [ 8di P2 (v138) #£47 OTU 4 43 2
SR, BASEBIE N 70%, FH7E A [E 9 Fh 7 20K E R
GEHH R B4 i ] PICRUSH2 (version 2.2.0)
BPFEAT 16S D AE T 43 T, £ H] FUNGuild %5 4% 12
HEAT LT ) R T30 4347

JITAT 0 B8 53 B I 7E 26 55 AR W i R AR AR B = F
£ (https://cloud.majorbio.com) I # 47, BRI T R A
mothur %4 ( http://www.mothur.org/wiki/Calculators ) 7755
Alpha £ FE P48 P 19 Chao 1. Shannon 5 %%, -k
F Wilxocon Fk F1 K % £ 17 Alpha £ % 4 A% 21 8] 22 &
M7 48 3 T bray-curtis 5 55 55 15 ) PCoA 43 #r (£
AR AT ) A A A ) SR R 7 A5 A O AR AL, T4
# PERMANOVA 11 2 Bk 5 73 Hr B AR 20 1) o A= 1 A
& S AL 22 S0 A5 s P2V B W 300 B 43 BT (Linear
discriminant analysis Effect Size (http://huttenhower.sph.
harvard.edu/LEfSe) (LDA > 2, P < 0.05) #fj %€ A~ [) 2H 7]
T B8 K- F A 3 25 S U E 2R B .
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i f Mumina W 777 & 3845 2 5 VA0 09 J5 46 7
FNVECHE, 280 o i i A0 1 2 F S AL B, L3RG
300 622 Fi1 890 786 4% 16S/ITS rDNA % [H [ 51], it A #¢
i 8 SF- 24K BE 43 91 376 bp Al 240 bp, £ KE F 3R
1531 4 T 16S tDNA J7 51 i M 10 609 F 46 100 A4,
BEANRE S AR 15 (0 ELE TS rDNA JF7 51 50 M 46 815 %]
74 674 A5, BT 97% WP AR M AT SR 26 4 Hr
MR A RE A 3 345 1180 4 41 B OTU, 3k 1 ¢ 2
32077, 78 40, 188 H . 315 Bt 580 J&; #k45 1 027 KL
OTU, FEBR|5 (1. 294, 75 H 177 B 322 )@ (£ 1) .
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Tab.1 Overview of metagenomics sequencing quality control and assembly information

TSR R B B 4y 26
A 2 5. # 7N
o 51 H AT /2% OTUZH /1 Classification of Ribosomal Database Project
Test items Reads num OTU num - - -
["] Phylum 2N Class H Order Al Family J& Genus
4 1 Bacteria 300 622 1180 32 78 188 315 580
. Fungus 890 786 1027 5 29 75 177 322
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= Pseudomonas = Methylobacterium-Methylorubrum ~ m 1174-901-12 = Ralstonia
= Pantoea  ® Sphingomonas  norankf Alcaligenaceae = Actinomycetospora
» Rubellimicrobium = norank_f Acetobacteraceae

= unclassified_oSaccharimonadales = Rhodococcus ® Candidatus_Uzinura

= Amnibacterium = Craurococcus-Caldovatus ® unclassifiedfRhodanobacteraceae
» Others = Quadrisphaera ® Novosphingobium ® Friedmanniella ® Lapillicoccus

® Aureimonas ™ Roseomonas ® Burkholderia-Caballeronia-Paraburkholderia

m Jatrophihabitans ® Marmoricola ® Noviherbaspirillum = Massilia

= Allorhizobium-Neorhizobium-Pararhizobium-Rhizobium = Nocardioides = Klenkia
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= Cophinforma = Trichomerium = unclassified_o_Capnodiales = Devriesia

= Neodevriesia = unclassified f Didymellaceae ® unclassified p_Ascomycota

= unclassified_o_Tremellales = unclassified_f Phacomoniellaceae

= unclassified_o_Chaetothyriales = Strelitziana™ & unclassified ¢ Sordariomycetes
= Cladosporium = Lithophila ® Albonectria = Septobasidium = Dioszegia

w others unclassified_c¢_Dothideomycetes = unclassified k_Fungi

= unclassified_f Trichomeriaceae ® Pseudocercospora ® unclassified_f Elsinoaceae

= unclassified_o_Hypocreales = Symmetrospora = unclassified f Septobasidiaceae

= unclassified_o_Arthoniales = Cryptococcus_f Tremellaceae

= unclassified_P_Basidiomycota = Erythrobasidium = unclassified ¢_Eurotiomycetes
= Apiotrichum = Aspergillus
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Fig.2 Community bar-plot analysis of endogenous microbial
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Notes: A. Bacterial community; B.Fungal community.
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Fig. 4 Alpha diversity index of OTUs in the communities

H: A-B. 4IETEE; C-D. HERHE; *Fn P<0.05; **FR P<0.01; ***3F/R P<0.001,

Notes: A—B. Bacterial community; C—D. Fungal community; * indicates P<<0.05; ** indicates P<<0.01; *** indicates P<<0.001.
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Cladogram
= a: p_Abditibacteriota =b: p__Actinobacteriota =0: p__Armatimonadota
ENOH = d: p_Bacteroidota =¢:p_ Bdellovibrionota = f: p__Chloroflexi
= g: p_Myxococcota, =h: c__Abditibacteria =i: c__Acidimicrobia
BNOW_DG - 'c7AFC_tmhol_n_acterle:i ) ¢ Bacteroidia =: ¢_ Chloroflexia
= m: ¢ Fimbriimonadia =1 ¢ Gammaproteobactenia = 0: ¢__Holophagae
BENOW_GZ = p: ¢c_Longimicrobia =qic Myxoco%ma =r: ¢ Oligoflexia
BNOW SG S = s: ¢_Thermoleophilia =: o_Abditibacteriales =u: 0__Acetobacterales
— »_Cfigroie = v: 0_Aeromonadales =w: 0 Bacteriovoracales = x: 0__Caulobacterales
= y:0 _Corynebacteriales =7:0 Cytophagales =al:o_ Fimbrimonadales
= bl: 0 Flavobacteriales =¢l: 0_Holophagales = d1: o__Longimicrobiales
= el: oMicrococcales 0 Microtrichales mgl:o_ Myxococcales
-k l(’)slé%(égzzil:rihales =1: 0_Propionibacteriales =jl: 0_ Pscudomenadales
- -1 . i :
~ Solirubrobacterales 11: o__ Rhodobacterales =ml:o_ Rickettsiales

ql: f Acetobacteraceae
= t1: f Burkholderiaceae

= wl: f Comamonadaceae
= z1: f Flavobacteriaceae
= ¢2: {_Holophagaceae

= 2: f Micrococcaceae

f Myxococcaceae
f_Oxalobacteraceae
= 02: f_ Pseudomonadaceae
= 1r2: f_ Rhodobacteraceae
= 12: f~Solinubrobacteraceae

f"env_OPS 17
=a3: g 1174-901-12
= d3: g Aeromonas
Cellulomonas

j3: g Gaiella
- m3 g Kineocoocus

= p3: g Massilia

g Mycobacterium

. Oligoflexus

' Pelomonas
_Pseudomonas
Rhodocoocus

' Sphingobium

. Truepera

norankf Beijeinckiaceae

" norank_f_llumatobacteraceae

= 01: 0__Sphingobacteriales
=r1: f_Aeromonadaceae
=ul: f Caulobacteraceae
= x1: f Devosiaceae
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Fig. 6 LEfSe multilevel species hierarchical tree diagram and LDA discrimin bar chart of endophyte
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AW REVE SR ZREME B 22 e, (HAE A DI RE SR AT
EFERRBFZES . XJEw T R 40 # D RE LA A
A, RO A T 2RO — BUE D RE AT RE— 2, A
AR T RE T v Hh A5 T RESE A 22 S AN 3B A O
i 5 X FUNGuild %5415 2 X fa B R iy AT ARG
P RE A A TR S RE Y 2 BE R AT TN (AT 8) .
SRR, B AE b AT AE — 58 FOI I R KD RERE v
(unknown) , 75 {dt FEAF: i v 32 22 Ty 8 4 i 76 4 9 0 I
J& 1 I ( Plant Pathogen-Undefined Saprotroph) . 4% R
4 (Plant Pathogen) i [ff 4 ) & 74 ( Epiphyte) o 1fii £ 2\
A9 A i T AE ) 98 IR A= TR (Plant Pathogen-Undefined
Saprotroph) it % ik />, A ¥ J% J&R i (Plant Pathogen)
F¥Gm, B AE 28 W (Epiphyte) JL-F-1H 2% o e AT Bk M
RO i TR R AR A B R 4R, 48 T IZIX U AR S
A2, 90 JF A RS A T R B A T Y

3 ihie

FE ) AS [) 248 B 00 A0 09 A 25 40 D K B
Tl 28 B2 0 A W, 3 SE AR W) B O st A% 15 R RIAR
WY A LR A T AW B W 4 (Turner et al.,
2013; Li et al., 2024) o #4130 A= Wy 20 Xof AL 49 it e ke )
ZOCHEZMAEN, e m A IR 40 RIS R A
POE7INE |27/ S EIE i 7/ R Toie o o QU o
2023) o MEAFER, WA S E DT AR B AR
7k B K 9 R B AR KA W) ok A ) A R ) R
Wil 328 A0 A8 7S, AL 45 AF AR WA S5 A 2 R AR AL

0.8

0.6

0.4+

AXFE
Relative abundance

02

0

NOH  NOW DG NOW GZ NOW SG

® unknown ® Plant Pathogen-Undefined Saprotroph m Plant Pathogen
® Epiphyte ® Undefined Saprotroph ™ Soil Saprotroph
= Animal Pathogen-Plant Pathogen-Undefined Saprotroph
B Animal Pathogen-Endophyte-Lichen Parasite-Plant
Pathogen-Wood Saprotroph
™ Fungal Parasite-Undefined Saprotroph  Animal Pathogen ™ Endophyte
™ others

B8 ETF FUNGuild Hill B IhAER
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