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An endophytic plant growth-promoting fungus from Nymphaea
candida: isolation, identification, and evaluation of its promoting
effects on early seedling growth

XING Yuwei', LIU Cong"?, LIU Yang', WANG Jun""

1 College of Marine Life Sciences, Ocean University of China, Qingdao, Shandong, China
2 Weifang Ocean University of Science and Technology, Weifang, Shandong, China

Abstract: Nymphaea candida C. Presl, a rare water lily species in China, is on the brink of
extinction due to its extremely low natural germination rate. Obtaining robust seedlings suitable for
artificial propagation has become a key for the conservation of this species. [Objective] To isolate
and identify endophytic plant growth-promoting fungi from the roots of N. candida and evaluate
their growth-promoting effects on seedlings. [Methods] Pot experiments were carried out with
Chaetomium globosum isolated from N. candida to assess its effects on the growth of N. candida,
soil physicochemical properties, rhizosphere microbial community structure, and leaf gene
expression. [Results] The application of C. globosum significantly increased the leaf length, leaf
width, number of leaves, and root length of N. candida by 46.74%, 96.08%, 64.71%, and 130.13%,
respectively. Moreover, the application of C. globosum significantly increased soil organic matter,
alkali-hydrolyzable nitrogen content, and sucrase activity. Rhizosphere microbial community
indicated that the application of C. globosum specifically enriched beneficial
microorganisms, including norank-p-Cryptomycota, norank-o-Monhysterida, Surirella, and norank-
p-Aphelidea. Leaf transcriptome analysis further revealed that C. globosum significantly

analysis

upregulated the expression of the genes related to the steroid biosynthesis pathway. [Conclusion]
C. globosum effectively promotes the growth of N. candida seedlings by improving the rhizosphere
microenvironment, recruiting beneficial microorganisms, and regulating steroid biosynthesis in the
leaves. Thus, the endophytic plant growth-promoting fungus C. globosum might be a reliable tool
for the conservation of the endangered plant species N. candida.

Keywords: Chaetomium globosum; Nymphaea candida; Surirella; steroid biosynthesis pathway
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M4 58 2 A [ REAS Z ] 1Y 22 S 3R 58 4 W 228k, SRS S L, JF Hm R R
(differentially expressed genes, DEGs). fff [ Joyshidy. %k EA FE0aRik . B pLEk .
RSEM EFLIEN A, fH DESeq2 MAT2E5# RISyt . fBAESI (B 1A). 18S rRNA IR
J3#t. KEGG M Tl Python scipy #AIFHE 4 52 g . % bR 5 R 55 1 (Chaetomium
17 o FIH Uparse & % (Uparse v7.0.1001) X} fir A globosum) K [FJEEE 5 99% LI 1-( 1B). 454

FEA [ 4 %8 Effective Tags #H17R2A 00 Bt B - e
ATBLLAL LT Origin 2019 Bcfbseiy, biple 0o+ 0 TARIIEATR, R HIEER A

PR T IR C. globosum.

" ) 22 HNEREEEXEBEEM MR
2 BRGaH B KB
21 EHEENSEENSEBSS5LE XA, HEhn C. globosum 60 d &,

T R R B8 1 BN AR TR . SR 5l B A
W, WigREf, ROATE, FAh%ys, T (46.74£0.55)% . (96.08+0.51)% Fl (64.71+

PDA PVK OPM PSM CAS

95 Chaetomium globosum B-d-G1 (JQ964323.1)

Chaetomium globosum (JN639019.1)

84

73 L Humicola fuscoatra (0Q674787.1)

67 Corynascus verrucosus (KT587332.1)

Trichocladium asperum (AM292054.1)
78

Botryotrichum atrogriseum (LR584031.1)

Uncultured fungus (AB534481.1)

—_
2.00

El EAEEALREEENESFELEENS FFEESR

Figure 1 Morphological and molecular identification of endophytic growth-promoting fungi isolated from
Nymphaea candida C. Presl. A: Colony morphology of Chaetomium globosum on PDA, inorganic
phosphorus-solubilizing, organic phosphorus-solubilizing, potassium-solubilizing, and siderophore-producing
media; B: Neighbor-joining phylogenetic tree based on 18S rRNA gene sequences of the endophytic
growth-promoting fungus Chaetomium globosum obtained in this study. Species names and strain numbers in
bold indicate the isolates obtained in this study; the species name represents the molecularly identified species,
and B-d-Gl is the strain number. GenBank accession numbers are shown in parentheses. Bootstrap analysis was
performed with 1 000 replicates; The scale bar represents 0.05 nucleotide substitutions per site.
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3.31)% (P<0.05; & 2A. 2C-2E), {HAEEK
s&, C. globosum ZH 135 1 HE AR 28 B2 A0T I
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(10.22+£0.06)%F1(36.68+0.06)% (& 3A-3D).,
24 REREEENEBEERRLTE
H R A% S B PR B S

Jit i C. globosum J&, 25 1 REEEAR PR 1= 458 )5

C. globosum

r 8r . 25+
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= L g ° S 151
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3 o 3 2+ ° 2 L
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E2 Chaetomium globosum33E BIEERM AR 24 KRS0

Figure 2  Effects of Chaetomium globosum on leaf and root growth of Nymphaea candida C. Presl. A: Leaf
morphology; B: Root morphology; C: Leaf length; D: Leaf width; E: Number of leaves; F: Root length. All
treatments were replicated six times, and data are presented as mean+SD (n=6). *: 0.01<P<0.05.
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[E3  Chaetomium globosum3}E B HEEFE S A IR LI
Effects of Chaetomium globosum on soil physicochemical properties in planting containers of

Figure 3
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A

Nymphaea candida C. Presl. A: Alkali-hydrolyzable nitrogen content; B: Organic matter content; C: Sucrose
enzyme activity; D: Peroxidase activity. All treatments were replicated six times, and data are presented as mean+

SD (1=6). *: 0.01<P<0.05.
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YR o F B 2P T0 I 2 22 7:(P<0.05;
Kl 4A. 4B). JURSHT(RDA)ZE SR, Jitfm
C. globosum J5 , 25 [ HEE AR bR A% 30 P v
SEA 5 g b sk S A P i I S IR AR DG OC
Z (I 4C). H4N, Jtihin C. globosum J& Ellin6067
MG EAT & Luteolibacter WAXT 437 i 3%
BT 0.49 £551 5.04 £5(P<0.05; &l 4D), Tiik#
I 760 T A Bl A 0 o AR F PR IR & 13.90%,
rh ) 78 iR A% A A T AR X 3 R i &=
36.08% (¥l 4E). Jiti[f] C. globosum i Ik
R R TR B8 A 0 00 R 2% 1 1 2 8 . Ak A
TACEYIBE 3 SI3E I T 5.79% . 8.25% F1 5.70%
(A 4F).
25 RAEREERENEQEERRLTIE
R EZME R ENE

N C. globosum J& =5 1 HEFEAR PR+ 158 HLA%
AR o Fl B ZREMTE B35 22 53 (P<0.05; &
5A. 5B). RDA Z5R%EH], jtif] C. globosum fig
B (8 5 1 B AR PR B S W BV 454 5 48
HOA ML L B 2 R R T 1 2
ZIEAEIK A (E 5C), f# norank-p-Cryptomycota,
norank-o-Monhysterida.  Surirella,  norank-p-
Aphelidea /) AH X =F B 23 o0l i & 38 m 1 3.72.
447, 121, 10.84 1%(P<0.05; &l 5D). jitif C.
globosum J& , Wk B 1 1 v [i] 7 ECAZ B A WD E VR
AH R 2 B A BN &= 7.63% . 30.83% (& 5E).
AL, I C. globosum 1§25 [ HE ZEAR bR ELA%
A R ) 4 g IR L AR IR T 1
ATHEEINT 6.63%. 64.95% Al 11.27% (& 5F).
26 NEREEFENEHEEHHFERE
TR

SXTRAMI, C. globosum 2H )25 H HEE
A 4839 AL LIH, 8758 AL T IH (&
6A). BEMIEEREN, CK AR C. globosum
21 Y Unigenes 33|30 37 b —%%, FTA Unigenes
AR T K143~ Cluster 1 11 Cluster I 7§ K%, F
PR Z R Vem, B nl 1 T it — 240
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Br (Bl 6D). KEGG i i 45 % W7~ , i fin C.
globosum Ji it 3 W& FE AR AR 32 B4 3G I bk
T “SEEVER-REE 1 <GB IS i
WG (K 6B). 22 5 E AT R, it
I C. globosum &, TEZEEBEAY) A BGEFE T 4
1 £ & Js P00 42 B (SQLE) ) 3 [K (DN2 027-c -
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Figure 4 Effects of Chaetomium globosum on the prokaryotic microbial community structure in the rhizosphere
soil of Nymphaea candida C. Presl seedlings. A: Alpha diversity; B: PCoA analysis; C: RDA of soil
physicochemical factors and rhizosphere soil prokaryotic microbial community; D: Histogram of species

difference test; E: Stack plot showing the distribution of transient, intermediate, and persistent species; F: Co-

occurrence network diagram of prokaryotic microorganisms in the rhizosphere soil of the Chaetomium globosum
group. All treatments included three replicates. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 5 Effects of Chaetomium globosum on the eukaryotic microbial community structure in the rhizosphere
soil of Nymphaea candida C. Presl seedlings. A: Alpha diversity; B: PCoA analysis; C: RDA of soil
physicochemical factors and rhizosphere soil eukaryotic microbial community; D: Histogram of species
difference test; E: Stack plot showing the distribution of transient, intermediate, and persistent species; F: Co-
occurrence network diagram of eukaryotic microorganisms in the rhizosphere soil of the Chaetomium globosum
group. All treatments included three replicates. *: 0.01<P<0.05; **: 0.001<P<0.01; ***: P<0.001.
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Figure 6 Effects of Chaetomium globosum on gene expression in the leaf transcriptome of Nymphaea candida
C. Presl. A: Volcano plot showing the distribution of differentially expressed genes in leaves of the Chaetomium
globosum group; B: Top 20 KEGG enrichment pathways in the Chaetomium globosum group compared to the
control group; C: Steroid biosynthesis pathway diagram in the Chaetomium globosum group; D: Cluster diagram
of differentially expressed genes in Nymphaea candida C. Presl; E: Relative quantification of upregulated genes
in relevant pathways in the Chaetomium globosum group. All treatments included three replicates. *: 0.01<P<0.05.

http://journals.im.ac.cn/actamicrocn



5020

XING Yuwei et al. | Acta Microbiologica Sinica, 2026, 66(10)

Effects of Chaetomium globosum on the growth
of Nymphaea candida seedlings

=
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Figure 7 Chaetomium globosum-mediated mechanism underlying the growth promotion of Nymphaea candida

C. Presl seedlings.
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