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Community structure analysis of fungi isolated from citrus surfaces
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Abstract: [Objective] To study the structural diversity of the fungal communities on the surface of
fresh citrus peel, with an aim to establish foundation for exploring the changes of the fungal
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community when the citrus peel became the citri reticulatae pericarpium (CRP) during storage and
aging. [Methods] The fresh citrus peel from the Citrus cultivar —Citrus reticulata ‘Chachi’ and
Citrus reticulata ‘Dahongpao’ was collected from 5 main citrus origins, namely, Guangdong,
Sichuan, Guangxi, Jiangxi, and Chongqing. The fungal internal transcribed spacer (ITS) domain on
the citrus peel surface was amplified on the [llumina HiSeq platform for high-throughout sequencing
for the first time, the species annotations and abundance of the fungi were analyzed, and the
structural composition of the fungal communities was analyzed based on the analysis of Alpha &
Beta diversity. [Results] The effective sequences of the 8 citrus peel samples could be classified into
35 genera. The fungal communities on the citrus peel surface of cultivars like ‘Chachi’ and
‘Dahongpao’ with various origins were consistently made up of 7 genera, among which,
Erythrobasidium, Penicillium, Aspergillus, Rhodotorula, Mycosphaerella were the top 5 genera in
terms of the maximum relative abundance. In addition, it was the first time to discover
Aureobasidium and Ramichloridium on citrus peel surface. [Conclusion] This research had
determined the structural composition of the citrus peel surface fungal communities, which had
established foundation for the correlation research on the fungal community changes and the quality
changes of the crude medicine during the storage of citrus peel.
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Table 1 Samples information

No. Variety name Sampling sites Sampling time
WL C. reticulate Blanco cv. Zhangshuensis Hort. 2015.10.30
DY C. reticulata ‘Dahongpao’ 2015.11.14
PIDX C. reticulata ‘Dahongpao’ 2015.11.29
XH C. reticulata ‘Chachi’ 2015.11.30
X C. reticulata ‘Dahongpao’ 2015.12.10
BS C. reticulata ‘Dahongpao’ 2015.12.16
LSJ C. kinokuni Tanaka 2015.12.21
PJHS C. reticulata ‘Dahongpao’ 2015.12.22
1.2 EZRFIFMNEE
TruSeq” DNA PCR-Free Sample 133 SCEMEF LN TruSeq® DNA
Preparation Kit Illumina QIAquick PCR-Free Sample Preparation Kit
QIAGEN Phusion” High-Fidelity PCR Qubit Q-PCR
Master Mix with GC Buffer New HiSeq 2500 PE250
England Biolabs PTC200PCR Bio-Rad 1.4 FIESHAE
HiSeq 2500 [lumina 1.41 MFEIREAIE. Barcode PCR
1.3 DNA MNFF#*
1.3.1 £ [F%H DNA #J$ZELS PCR ¥ 18: Barcode FLASH v1.2.707]
Reads
Sem>Sem 20 Tags (Raw tags) Raw tags (18]
CTAB DNA Tags (Clean tags) QIIME
v1.7.0M"  Tags
DNA
107 o/ Tags UCHIME algorithm*” Unite
DNA database
Barcode Phusion® - (Effective tags)
High-Fidelity PCR Master Mix with GC Buffer 142 OTU BEMYFERE: UPARSE
PCR v7.0.1001% Effective tags
ITS5-1737F  1TS2-2043R PCR 97%
[ PARZR(30 pL): Phusion Master Mix (2x) 15 pL, 1E OTUs (Operational taxonomic units)
5192 pmol/L) & 1.5 uL, gDNA (1 mg/L) 10 pL, OTUs
H,0 2 pL. PCR X W F2EJF: 98 °C 1 min; 98 °C 10's,
50°C 305, 72°C30s, 30 MFH: 72°C 5 min. OTUs OTUs
132 PCRF“=HIRRHEMLL: PCR 2% QIME BLAST ™! Unit
PCR 24 OTUs
2%
PCR
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Figure 1 Statistic analysis of the tags and OTUs number of each samples
(Tags number) Total tags ( ) Unique tags ( ) Taxon tags ( ) Unclassified tags ( )
« ) OTUs

Note The Y1-axis titled “Tags number” means the numbers of tags; “Taxon tags” (Orange bars); “Unclassified tags” (Orange bars); The
Y2-axis titled “OTUs numbers” (Purple bars) in the above picture to identify the numbers of OTUs in different samples.
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Note: Each point represents a sample, plotted by the second principal component on the Y-axis and the first principal component on the
X-axis, which was colored by group.
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Note: A: Plotted with UPGMA tree; B: The relative phylum-level abundance map .
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%2 MRPPHBESRHH
Table 2 Analysis of differences between groups MRPP

Group A Observed-delta Expected-delta Significance
CX-PJHS 0.163 6 0.695 3 0.8313 0.1
CX-LSJ 0.207 7 0.636 6 0.803 5 0.1
LSJ-PJHS 0.3254 0.470 4 0.697 4 0.1
CX-DY 0.205 6 0.634 6 0.798 9 0.1
DY-PJHS 0.3420 0.468 5 0.712 0 0.1
DY-LSJ 0.4156 0.409 8 0.7012 0.1
CX-XH 0.179 5 0.645 7 0.786 9 0.1
PJHS-XH 0.321 4 0.479 5 0.706 6 0.1
LSJ-XH 0.391 4 0.420 8 0.691 5 0.1
DY-XH 0.3377 0.418 9 0.632 5 0.1
CX-WL 0.059 9 0.771 4 0.820 6 0.2
PJHS-WL 0.193 3 0.605 3 0.750 3 0.1
LSJ-WL 0.267 5 0.546 6 0.746 2 0.1
DY-WL 0.202 1 0.544 6 0.682 6 0.1
WL-XH 0.162 3 0.555 6 0.663 3 0.1
CX-PJDX 0.130 1 0.724 1 0.832'5 0.1
PIDX-PJHS 0.170 0 0.558 0 0.672 3 0.1
LSJ-PJDX 0.283 8 0.499 3 0.697 1 0.1
DY-PJDX 0.2185 0.497 3 0.636 4 0.1
PJDX-XH 0.2403 0.508 4 0.669 1 0.1
PJDX-WL 0.137 1 0.634 1 0.734 8 0.1
BS-CX 0.151 6 0.6717 0.791 7 0.1
BS-PJHS 0.276 8 0.505 5 0.699 0 0.1
BS-LSJ 0.337 6 0.446 8 0.674 5 0.1
BS-DY 0.3267 0.444 9 0.660 7 0.1
BS-XH 0.3253 0.4559 0.675 7 0.1
BS-WL 0.172 1 0.581 6 0.702 5 0.1
BS-PJIDX 0.2372 0.534 4 0.700 6 0.1

Observe-delta Expect-delta LA 0 A 0
. Significance 0.05

Note: Smaller value of Observe-delta represents small differences in the group and the greater value of Expect-delta shows that the great
differences between groups. The value of A greater than 0O represents the differences between groups is greater than the difference in the
group. The differences in the group is greater than the difference between groups, conversely. Significance value which is less than 0.05
shows significant difference.

MRPP ( 3) XH 2096 WL 1754 CX 1711 DY 1708
(P>0.05) 24 OTU 65
OTUs LSJ 2%3% OTU

2877 BS 2836 PJHS 2522 PIDX 2220 WL2.0% DY 1.5% PIDX1.8% XH2.2%
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Figure 4 Species relative abundance in the classification level of phylum
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Note: Others: Total relative abundance of the rest phylum besides the top 10 phylum.
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Table 3 The distribution of dominant fungi genera in 8 batch samples

Sample No. The predominant genera

WL Aspergillus Penicillium Mpycosphaerella Cladosporium Ramichloridium

DY Rhodotorula Erythrobasidium Aureobasidium Candida
Cladosporium

PJIDX Erythrobasidium  Tilletiopsis Mycosphaerella Sporobolomyces
Rhodotorula

XH Lodderomyces Rhodotorula Candida Aureobasidium
Pyrenochaetopsis

X Debaryomyces Saccharomycosis Hanseniaspora Penicillium

Mycosphaerella

BS Penicillium Rhodotorula Micarea Biatora Erythrobasidium

LSJ Cyphellophora Sporobolomyces Cladosporium Erythrobasidium

PJHS Ramichloridium Mycosphaerella Strelitziana Lambertella

Preussia
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Figure 5 Species abundance heatmap

Note: Plotted by sample name on the X-axis and the Y-axis represents the genus. The cluster tree on the left side of the graph is a species
cluster tree.
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