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Diversity characteristics and variations of endophytic fungal
communities in Psidium guajava during different developmental
stages

CHEN Yazhen!, CHEN Hongbin"!, CHEN Xiaochen', JIANG Xuanjing!, LIN Yuzhao',
ZHANG Hongyin"!

1 College of Oceanology and Food Science, Quanzhou Normal University, Quanzhou 362000, Fujian, China
2 School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, Jiangsu, China

Abstract: [Background] The distribution of endophytic fungi in plants is affected by
environmental changes and growth stages. Investigating the shifts in these fungal communities
and understanding their interactions during plant growth and storage enhances our ability to
harness the positive effects of fungi on plants. [Objective] To investigate the characteristics and
variations of endophytic fungal communities in Psidium guajava fruits during different
developmental stages, and provide a scientific basis for the in-depth research and utilization of
endophytic fungal resources of this plant and the post-harvest control of diseases. [Methods]
High-throughput sequencing of ITS was employed to compare the composition of endophytic
fungal communities in P. guajava fruits during different developmental stages. [Results] A total
of 1 582 892 high-quality endophytic fungal sequences were obtained, involving 566 OTUs
belonging to 281 genera, 161 families, 70 orders, 26 classes of 7 phyla. The diversity and
abundance of endophytic fungi in P. guajava fruits increased over time before fruit ripening and
then decreased as fruit continued to ripen and decay. Ascomycota was the dominant phylum,
with the relative abundance being 99.34%, 96.35%, 91.63%, 65.22%, and 100.00% at the
flowering, young fruit, fruit expansion, fruit ripening, and fruit decay stages, respectively. The
relative abundance of dominant genera was in a descending order of Neopestalotiopsis
(39.34%), Colletotrichum (26.54%), and Cladosporium (18.58%). The dominant genera varied
among different developmental stages, with Gibberella, Cladosporium, Neopestalotiopsis, and
Didymella being dominant at the flowering, young fruit, fruit expansion, and fruit ripening
stages, respectively, and Neopestalotiopsis (49.76%) and Colletotrichum (50.00%) being
dominant at the decay stage. The topological characteristics of the endophytic fungal network
were influenced by different developmental stages. The strongest interaction occurred at the
fruit expansion stage and the weakest at the flowering stage. The reciprocal relationship
between species was stronger than the competitive one. [Conclusion] P. guajava fruits
contained a rich endophytic fungal community, whose composition and interactions varied
considerably at different developmental stages. The findings provide reference for the
excavation of fungal resources in P. guajava fruits.

Keywords: plant endophytic fungi; community diversity; Psidium guajava; Ascomycota;
[llumina MiSeq sequencing
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A1 B (Psidium guajava), X & Uik, &
e HFDE R #aT KR 2 —, ERERE A
P AEZRNIE O, R IR 4R 4T
WIMER . ZEEHE b &R S HA BTG R R 5 2
G EARTRE T BT R Britkz
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) AH O 1Y L TR — 78 2 BEAE O N AR TR S AL PR B
FIFEA A — SR Ay 0 A it T A A A v A
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w, RE AR, B2 R R gy, R,
e . BRE, X THAMApRE EEE T
TRk . IEVEY B AR B N T L e
B 36 95 S A W 3 B8 5 2R 12500 iR AN [
A B 0 A AR R S0 N A LT R I 2 AR I
TEFNAE AL A A IS5 19 R DL 42

ASZH A ITS DXk m i W r HoAR, %t
AN TR AR K B 4 ) 7 A AR R S N A LT I A T
I3, WRGE T A R AR SEAE A [R] A I BT B P A
TL DA HE IS P RRAE AR (R R, DA i — 20 )
FH R A8 N A L T 9 I S R SR S o 3 B TR B
B HEAY, EEE ARAR AN E R AR
A

R

1.1 M

TENL FAE R AR SR ILX
TR 35 MDA AR S . R TS B HORE 1 T R bl
S RPN At N Al 2 2 Ly 1 IO > O Wl 1 b S 1] 1
BEEg, YEER 6 HEEATHIRE, 7E4FHEEI 1 ki
AEAR RIS AR, FF A% A K i R R A
5. YIRS BRORIIR S | B SR S
JERAIR S, MR E 6 MEYFERE, It
T30 REEL, HEUNFR 1R SRAERIRE S

AT B BRI O A, Kz [ S5 % 5 57
ROARRR SRS S o 2 0y, Heh—p a7
RUAbEE, O3 — 0 W IR O A e fm & T
B (25+1) °C. AHXTR B 85% 5% 4F T #EAT
L F F AR IS AT AR R
1.2 EER TR

FastDNA Spin Kit, MP Biomedicals 2 f] ;
ITSIF/ITS2R 514, £ T A9 TARE( i) B3 R
N BREY, BRRTEC ) (s S A PR A F
BilgMiHL k1Y, Bio-Rad /AH]; %)E{Y, Thermo
Fisher /A F]; MiSeq PE300 ll/5{%, Illumina 2y
Al BREN AR, TR A A TR A
Al R REOHL, R EREER
NanoDrop 2000, FEBK € i/REHL (R E)AFRAF] .
1.3 HEEE

Fir G FE R AR R B R 8 k. &
SENE SR AR AR i L RE 2 7K i gl D2 i 5 v
BV, RGN T0% LR 5 min, A
0.5% K EIR NI P 5 min, ZJEHIA 70%
CPEHIR 30 s, feJa HICHZK vk 3 Uk LLakE
T OBEFR R . WEURE UG, A6 B AT A
BUR, FHIA T KR ERECH IS 30 s;
SRR S U S5 8 K B T AR IT VI
LW AR R IG TSR EE A IS 60 s, fF S
J& B AR T 5 2RE i DNA B Hili32 .
1.4 #m DNA #i#270 PCR ¥ 1&

FREUFBE JG B0k K 0.5 g, R FastDNA
Spin Kit $2HUFE 5 B DNA, $2BCE AR 4 7

F1 HRLBNES

Table 1 Sample type and sample number

H K B Growth cycle i W5 Sample number
164 Flowering stage HI1-Hé6

R Young fruit stage Y1-Y6

[ K Fruit expansion stage P1-P6

WY Fruit ripening stage  C1-C6
J&5 £ 3 Fruit decay stage F1-F6
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GV AT o SR 1% BE W v e FL K o U
fi#2HY9 DNA Jist, FIH NanoDrop 2000 W&
DNA W F4iE . RH54Y) ITS1F (5-CTTGG
TCATTTAGAGGAAGTAA-3")Fl ITS2R (5'-GCT
GCGTTCTTCATCGATGC-3")%f EL & ITS1 X i
791 PCR FZ W 1K % : 10xBuffer 5 pL, dNTPs
(2.5 mmol/L) 4 pL, . F#E5I%(5 pmol/L)
£ 2 uL. ExTaq fi#(5 U/uL) 0.25 uL, Az DNA
(10 ng/uL) 1 pL, ddH,O % 50 uL. PCR JZJif
M. 94 °C 5 min; 94 °C 30 s, 56.5 °C 30 s,
72°C30s, 35 MEH; 72 °C 7 min, Bl 2%
T REHE FH IR DU A 21 BH 5 4545 1) PCR 338 774
ZHt B M BEARHECA RS FIFE MiSeq
PE300 /343 1 i#F 47 e i 1 )
1.5 HIEIE

FFIARAY ITS P44k FLASH v1.2.11 i
QIIME 2 ¥k 242904 . Kb IR %L
UEALFE, 1RRNEALIFS. @it DADA2 BIRIE
A 1E PCR MNP R i, i RER
JEAF B OTU fE N/ dE oo, R
classify-sklearn (naive Bayes):F B LIS 2 &1
OTU XJ 1 M Fh 43 2605 B o FHAZ AR A B 30 g 10
H (ribosomal database project, RDP) classifier
v2.13 BAFXE OTU FEaN AT YA i B oA, Xt
e SILVA #(#&)% (silval38/16s_bacteria)F] UNITE
B (unite8.0/its_fungi) 17403824000 1
OTU /KR, FH Mothur v1.30.2 155 A [H] b
BUMAE T o Z2HEPEREE(fFE ACE. Sobs.
Shannon ., Simpson Fl Coverage TE‘;%(), F H
SPSS v26.0 4 Kruskal-Wallis % FlIAS: 56 X}
MAY o ZRMERREGETT2Z R0 . FIH
QIME 2 #fFittr B 2 FF M1 3 A A5 41 B
(principal coordinate analysis, PCoA). ¥ F
Venn El5#r. PIFPA N3 R v4.2.0 52
P, Jfisd Origin Pro v2021 SZRLAT 44k, it

Ah, i R 1EF v4.2.0 i) vegan Al igraph {1 il
it Spearman’s AH ¢ F U L) A B DR 2 A OC 1Y
4%, NN Spearman’s ¢ R 5 (p)>0.6 LA 5
T8 X (P<0.05), ffiH Gephi v0.10.1 {452
PR ALAG o B A I RE AL S E 4 2= NCBI
SRA #¥# 2 (775154 PRINA1123402).

2 XRS50

21 MFSIH R o ZHEMH

ITS R Bl P 315 A %0741 1582 892 4%,
Pt/ VRE SRR AVEGIT- . Qi 1 PR, TR
st PR B Tl R AE 2R 1 TR AR RS
SCIEAE TR KT 0.99, i B BT RE A A4 PR
HHL, NIRRT 2R R A
A e A it R BRSBTS A 7 1] 26 49
70 H 161 #} 281 J& #1 566 1~ OTU,

o ZREHETE 50 B9 ACE T Sobs 45 550 i i
YR E & B, Shannon Fl Simpson 8 %5 s ik
BEVE I Rh ZREME . 38 1 0 2 A AR AS TR AR K B 3
PN A B R A T 2 R PR B ) 1) 22 A
(Kruskal-Wallis BkAIK ) (B 2), KMFAH
IR S W it 2, ACE. Sobs #
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14 = B 0 22 R I A R S B T B SR S R F I
PR, T SR SRR S W 1 o e P A
2.2 FHERDH

XoF e A7 AN [R) A A s 300 P 2 PR VA 7R R
IKAE B 53 AT T ARBR AT (PCoA), BE BERE
°~ Bray-Curtis. Z5HR £, FAMAFE ALK
WA LT TR A A % 25 5 (R=0.954 5,
P=0.001). WK 3 f7~, 55— i
43500 40.10%F1 22.35%, MHIK 62.45%.
AN [ B30 B TR AR 7 14 28 6 K F [R] — B A AN [
A AR A, o 6 RN &)y SR SR S R A 4
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Figure 1  Rarefaction curves of endophytic fungal communities in Psidium guajava at different
developmental stages. H: Flowering stage; Y: Young fruit stage; P: Fruit expansion stage; C: Fruit ripening

stage; F: Fruit decay stage. The same below.

A = = 350 -
350 P=0.000 182 7 - 3 P=0.000 151 2 Wi
300 BY 300 HY
I mP 250 mp
) 250 BC . BC
200 — gF 5 20 BF
S 150 *% E 150 *%
&) =]
= 100 - & 100 — !
50 === ? i & 50 == i
—
of 0
- ; : -50 — :
>0 H Y P C F H Y P C
€ g%, P=3.735¢-05 D 18, P=2.858¢-05
col .. HH V&l et WH
55F i BY : T BY
R - E3
e 501 T LT ] mP 1.4 ET L mP
% 4.5+ = HEE BC ﬁ 12+ = ETT] EC
E 4.0t E3E3 OF 2 1.0} T EF
g gg @ === § 0.8 é
E25¢ g 067 -
220+ = Z 04+
1.5¢
02} =
1.0} =
0.5f == — 0.0F -
00— Y p C F 027y Y P C F

2 OTU KETEABMAFEKNPRNEERRE o ZHMEHLER
Figure 2 Comparison of alpha diversity indices of endophytic fungal communities in different developmental
stages of Psidium guajava at OTU level. A: ACE index; B: Sobs index; C: Shannon index; D: Simpson index.

*: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 3 Principal coordinate analysis (PCoA) of
endophytic fungal communities in different developmental
stages of Psidium guajava at genus level.
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Figure 4 Venn diagram (A) and pie chart (B) analyses of endophytic fungal communities in different
developmental stages of Psidium guajava at genus level.
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Figure 5 Distribution of dominant endophytic fungal communities in different developmental stages of

Psidium guajava at phylum (A) and genus (B) levels.
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Figure 6 Correlation network analysis of endophytic fungal communities in different developmental stages

of Psidium guajava at genus level.
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*2 BARFETELRBIREKIHARNE EEREEX MK FRTIMFIE
Table 2 Topological characterization of endophytic fungal community correlation networks in different
developmental stages of Psidium guajava at genus level
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