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Abstract: The microbial community of fruit peel tissues helps to improve fruit quality and resistance to pathogens. There
are few reports on the community structure and diversity of endophytic microbes of pitaya peel tissues. This study analyzed
the composition and diversity of the endophytic microbial communities in the peel tissues of young healthy fruits and dis-
eased fruits at the early stage of canker disease, and predicted microbial functions to understand the characteristics, through
Illumina MiSeq high-throughput sequencing technology. The results showed that there was no significant difference in the
diversity and structure of the endophytic bacterial and fungal communities between healthy and diseased peel tissues of
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pitaya young fruits. In the peel tissues of healthy fruits, Proteobacteria, Actinobacteriota, Firmicutes, Bacteroidota, Deino-
coccota, Desulfobacteriota and Chloroflexi were the dominant bacterial phyla, and Ascomycota, unclassified k_Fungi,
Basidiomycota and Mucoromycota were the dominant fungal phyla. In the early stage of canker disease, the bacterial phyla
Proteobacteria, Actinobacteriota and Deinococcota, as well as fungal phylum Ascomycota, significantly decreased, while
bacterial phylum Desulfobacteriota and fungal phylum unclassified k Fungi significantly increased in average relative
abundance. Compared with the healthy fruits peel, with differences in the proportion of the above microbes, the expression
levels of chemoheterotrophy, aerobic chemoheterotrophy, methylotrophic and methanol oxidation functions of endophytic
bacteria in diseased fruits peel significantly decreased, the proportion of potentially pathogenic groups of endophytic bac-
teria significantly increased, the proportion of saprotroph, pathotroph, pathotroph symbiotroph of endophytic fungi sig-
nificantly decreased, and the proportion of unknown trophic fungi significantly increased. The results would provide bio-
logical information on the endophytic microbes in pitaya fruits peel, to reveal the role in the occurrence of pitaya canker

disease and provide theoretical basis for utilizing the function of beneficial microorganisms.
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Tab. 1 Number of microbial communities in peel tissues of healthy and diseased fruits at different taxonomic levels
WEED) bl I 4 H # & fif PGP AE R
Microbe Group Phylum Class Order Family Genus Species ASV
WA fRRER 25 52 106 190 363 442 969

FE AR 26 64 136 234 413 521 1058
Bt 29 73 155 285 551 719 1751
WARRM @R 5 20 45 95 132 167 254
AR 6 18 46 97 158 192 330
Bt 6 21 53 121 200 268 475

x2 BREMBERRREA[ANEMEM
HEABNSHEELY
Tab. 2 Diversity index of endophytic bacterial and fungal
community in peel tissues of healthy and diseased fruits

BN srdl RN WA FTE
Index Group Endophytic bacteria ~ Endophytic fungi

Chaol  fetpEt 400.67+151.38 123.33+37.50
fik e 424.75+54.13 153.00+14.73
P 0.808 0.271
R {aHE R 4.300+0.963 3.075+0.129
BEL T 42861113 2.968+0.219
P 0.988 0.506
FERIEE AR 0.058+0.055 0.0790.004
LRES 0.113+0.157 0.102+0.022
P 0.602 0.143
E TR 99.99 99.97
% R 99.99 99.99
A FERR R

BT ASV 2 i =F BUE SR, e R K G
IR 2 g1 SR R AU S AR I R 1751 40T ASV,
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SRR, F ASV B 2R/, 0 2 A2
ASV I LB 22 BEARAS K

B IR TR

Bl BERNEREREAANESAH (A) MEHE (B) HASY £EE
Fig. 1 Venn diagram of ASV in endophytic bacteria (A) and fungi (B) in peel tissues of healthy and diseased fruits
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Fig. 2 PCoA analysis of endophytic bacteria (A) and fungi (B) in peel tissues of healthy and diseased fruits at the ASV level
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(1.28% ), XUEHLHAHTE ] AH X 3= B SRy
85.67%. Hrf, MR, WA
SEERTA T AE T 2 B IR T AR AR, BAAT A
I T AR R v TR (3R 3). TEFLIAT]
KL, BREERAT 4 ADUHBETT, HXTFEEH
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#H F & '] ( Basidiomycota, 7.75% ) F1 % % |']
( Mucoromycota, 1.70% ), i SEfL 3BT ] 1 AHXT
FRE AN 99.98%; R R LI BB T T o (g
FREKIERA 14, B S HFRIA, AEX 4R
F BRI R . BREREEETT (56.06% ), THEH
1T (40.67% ) FIHHTFE] (2.68% ), XELHI
T T TR AR, 2 A 99.41%, Hrp, R SRM
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SN 36.85%; SHRMGRAH L, AR A UL A
DB A AR SR R R A L
HEEJE 8 >, PLIAANTR IR S H AR 3= B 43 51 -
FH L FT 1 5 ( Methylobacterium-Methylorubrum )
5.20%7F1 2.33% ., ZF{EFTFEJE (Bacillus) 4.71%F1
3.55%. HifF#JE ( Geobacter ) 2.31%#1 4.37% .
WEMNEF K2R (norank f_ Muribaculac-
eae) 2.12%H1 2.73% . BFE & ( Massilia) 1.94%
F12.98% . MEFMEFAAE (unclassified f
Comamonadaceae ) 1.66% fil 2.45% . L4 # )&
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Tab. 3 Endophytic bacterial composition in peel tissues of healthy and diseased fruits at dominant phylum level

| 17 AHX = BE Relative abundance/% b

Item Phylum S Diseased fruit R Healthy fruit

AT AL ] Proteobacteria 26.96+9.86 48.53+7.18 0.038"
JEEEFA ] Firmicutes 25.20+5.87 13.77+4.30 0.053
LA ] Desulfobacterota 13.54+3.20 2.49+0.55 0.004"
FIFFH ] Bacteroidota 13.13+4.34 7.15+2.70 0.115
TAELTH ] Actinobacteriota 5.56+2.06 14.70+2.50 0.008"
S5 H 1] Chloroflexi 0.62+0.40 1.15£0.99 0.444
SBRE ] Deinococcota 1.28+0.45 4.39+1.58 0.030"
HoAl 13.71£12.50 7.82+6.65 0.588

FLHH TFH#EH ] Ascomycota 40.67+£10.69 63.23+6.88 0.037
B A YET] unclassified_k__Fungi 56.06+10.57 27.30+10.81 0.030
$HT K1) Basidiomycota 2.68+0.52 7.75+6.58 0.254
E %] Mucoromycota 0.57+0.31 1.70+2.23 0.434
Fidtb 0.02+0.00 0.02+0.00 0.389

TE: TFORGN S BE (P<0.05),
Note: " indicates significant difference between groups (P<0.05).
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~
(=)
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RILGRARER 74, RHE IR E S IHAX
JE43 0 R FR A AR (unclassified_k _Fungi )
27.30%F1 56.06% . MARFERAR A (unclassi-
fied_f__ Nectriaceae )13.83%7#1 1.64% . K fflJ&( Cl-
adosporium) 13.51%#1 15.18% . Hit&f/E (Alt-
ernaria )6.50%#M 3.09% . &4 1# & ( Gibellulopsis )
6.16%F1 2.83% . WAL RIARE (unclassif-
ied f _Didymellaceae )2.95%7F 3.97%) I Bk i
BLKJJE (unclassified_f__Phaeosphaeriaceae )
1.43%F1 1.01%. TEfREERMLALF B, X
FHE R TR SR 0 AR e B R R

100

° = Others
é 90 unclassified_p__Ascomycota
38 Geotrichum
_g 80 Dirkmeia
lassified_f _Phaeosphaeriaceae
E 70 = Vishniacozyma
=] = Arxiella
3 60 = Choanephora
.z 50 = unclassified_f _Did)
< = Hannaella
S 40 = Colletotrichum
a2 R
- 20 Alternaria
Clad. i
£ 10 ladosporium )
g::n = unclassified_f_Nectriaceae
= unclassified_k__Fungi
0 unc | k|
Fh] th Fh3 FS] FSz FSg
#£5fh Sample

B3 BERERMEFREREALHNESNR (A) FEE (B) HEKFEAR
Fig. 3 Composition of endophytic bacteria (A) and fungi (B) in peel tissues of healthy and diseased fruits at genus level
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ftiJ& ( Colletotrichum ), T 78 HE o5 2 A< %5 5 3] gt B
KA E RN RS (Arxiela) )75, 1EH
RIS R E T, R B SRR AR
FREERES TEBER (B 3B). 7ok, fERHER
U S B3 W AT Y F I R i AE T 8 ( Neoscy-
talidium ) (i FL AN &5, P BIA 0 42 AR 0.36%,
R {2 A 2 B A 960 1 ) 91 (1] 3B ),
223 BAMBEE LEfSe 241 FI LM HIHI
7 A1 ( linear discriminant analysis effect size,
LEfSe ) J7 1 3RA5 48 7 (B SR FIAR S 2R 2 A
LR MA YRR, 4R IR, LDA WA KT 4
BF, R NAENEERERET, AR5
KL 4 A S AR TR ST B S AR A R
Ly AR 2 A3 (NIRRT T2
FETRRHE /N 8 R T 8 s AR 13 3
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Cladogram circles demonstrate phylogenetic taxa from phylum to genus. Colored dots indicate the taxa with different abundance, blue represents
healthy fruits, red represents diseased fruits, and yellow indicates taxonomic groups with no significant difference in abundance among different
groups or no significant impact on difference between groups.
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Fig. 4 LEfSe analysis of bacterial (A) and fungal (B) communities in peel tissues of healthy and diseased fruits
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Fig. 7 Prediction of the trophic modes of endophytic fungi in peel tissues of healthy and diseased fruits through FUNGuild
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