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Abstract. To investigate the composition variation of planktonic fungal communities, and their relationship
with water physical and chemical parameters in the Xijiang River in China, the compositions of planktonic
fungal communities in the high-water and low-water period of the Xijiang River were studied in this paper
by high-throughput sequencing of fungal internal transcribed spacer amplicons. Ascomycota,
Basidiomycota, Chytridiomycota, Glomeromycota, Rozellomycota, and Zygomycota were detected from
the planktonic fungal communities. However, most high-quality sequences (59.58 + 0.03%) could not
accurately identify fungal phyla. Alpha-diversity indexes of the fungal communities and the relative
abundances of Phoma brasiliensis, Pseudozyma sp., Psathyrella sp., Haematonectria haematococca,
Podoscypha sp. in the high-water period were significantly higher than those in the low-water period, while
the relative abundances of Basidiobolus sp., Rhizophydium littoreum, Teratosphaeria jonkershoekensis,
Malassezia globosa, Malassezia restricta, Malassezia sp., Alternaria eichhorniae, Knufia epidermidis, and
Scedosporium prolificans were significantly lower. No significant correlation has been found between the
fungal community distance and geographical distance along the river. Water temperature and dissolved
oxygen significantly influenced the fungal community structure in the high-water period. These results
provide information for us to understand the composition and influencing factors of the planktonic fungal
community in rivers.

Keywords: subtropical fungal community, riverine, water ecosystem, high-throughput sequencing,
internal transcribed spacer, physical and chemical parameters

Introduction

Fungal community plays an important role in maintaining the normal operation of
water ecosystems (Cai et al., 2006). Aquatic fungi decompose organic matter and promote
nutrient migration, which cooperate with protozoa to utilize aquatic nutrients and promote
the flow of material and energy in water ecosystems (Grattan and Suberkropp, 2001;
Gulis and Suberkropp, 2003; Chung and Suberkropp, 2008; Roske et al., 2012; Zhang et
al., 2013). These roles have been demonstrated for planktonic fungal communities (Gao
et al., 2010; Gutierrez et al., 2011; Kagami et al., 2012). However, despite the fact that
the composition and function of fungal communities in soil (Broeckling et al., 2008;
Mueller et al., 2015; Carson et al., 2019; Lance et al., 2020), sediment (Wu et al., 2013;
Sui et al., 2016; Wang et al., 2018a), ocean (Gao et al., 2010; Gutierrez et al., 2011), lake
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(Kagami et al., 2012), reservoir (Shang et al., 2018; Chen et al., 2018) and other
ecosystems have been widely studied, the research on fungal communities in river water
ecosystems is very scarce (Béarlocher and Boddy, 2016).

The river ecosystem is one of the most important ecosystems on earth, and its
ecological function is of great concern (Hopkins et al., 2011). Rivers are the primary
conduits for land-to-ocean transfer of materials including terrestrial organic matter,
nutrients, and anthropogenic pollutants. Microbial communities in rivers, estuaries, and
plumes regulate the nutrient concentrations and biogeochemistry of these river-borne
materials and mediate their impact on carbon cycling. Although the compositions of
prokaryotic communities in rivers and their variation with physical and chemical factors
and seasons were investigated (Maksimenko et al., 2008; Kent and Bayne, 2010; Kaevska
et al., 2016; Wang et al., 2018b), the composition of fungal communities in river
ecosystems is rarely studied.

The Xijiang River is the mainstream of the Zhujiang (Pearl) River, which lies in a
subtropical monsoon area, South China. It is 353,120 km? of area and 230 x 10° m? of
annual runoff. The period from April to September is the flood season (Gao et al., 2002).
The Xijiang River is rich in river water and bait resources, and the ecological environment
is suitable for the growth of fish, shrimp, crab, and shellfish. It is rich in fish resources,
with 136 fish species. It is an important habitat and breeding ground of aquatic organisms
in subtropical areas (Li et al., 2009, 2010). To investigate the composition and variation
of planktonic fungal communities between the high-water and low-water periods, and
their relationship with water physical and chemical parameters, in the present study, the
compositions of planktonic fungal communities in the high-water and low-water period
of Xijiang River in China were studied by high-throughput sequencing of fungal ITS gene
amplicons on the Illumina HiMeq platform.

Materials and Methods
Sampling collection

Surface water samples were collected in March (low-water period) and June
(high-water period) of 2017 from 13 sites in the Xijiang River (Fig. 1) using previously
described methods with minor modifications (Yu et al., 2015). Briefly, triplicate water
surface samples (approximately 0.5 m below water surface) were collected from each site
using a 5 L Niskin bottle, mixed, and immediately stored in EPR-5590 sterile sampling
bags (LABPLAS, Canada). The water samples were subsequently transferred to the
laboratory on ice. 500 ml water from each sample was filtered with 0.22 um pore size
polycarbonate membranes (Millipore, USA), and the filters were stored at —80 °C until
DNA extraction. Other water samples were used to determine water physical and
chemical parameters.

Determination of water physical and chemical parameters

Water transparency was field measured according to a standard method (Huang, 2000;
Ni et al., 2010). Water temperature (WT, °C), pH, dissolved oxygen (DO, mg/L),
oxidation-reduction potential (ORP, mv), conductivity (Cond, puS/m), and total
dissolvable solid (TDS, g/L) were field measured using a ProQuatro smart portable multi-
parameter water quality analyzer (YSI, USA). Approximately 500 ml water was filtered
by WHATMAN GF/C filter membrane and used to measure the chlorophyll-a content
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(Chla, pg/L) according to a previously described method (The State Environmental
Protection Administration, 2002). Concentrations of NH4™-N, NOs-N, NO2-N, TN, TP,
and SiO3>-Si were determined using a SKALAR flow injection water quality analyzer
(SKALAR Analytical, Netherlands) according to the manufacturer’s instructions.
Concentration of un-ionized ammonia (NHs, mg/L) was calculated by NH4*-N, pH, and
WT according to a previously described method (Zou and Cheng, 2002).

) {
P .
g i f/ 23 i
A g
i { t N
/‘ .
\L £ A
Z
oy
o~
.\7_?
q‘k_ /J“’ﬂ/—\’/[
z
ol
N 3
A

109 °E 110 °E 111 °E 112°E 113 °E

Figure 1. Distribution of sampling sites. The blue lines indicate the Xijiang River and its
tributaries. The black spots are the sampling sites. DW, Dawan Town (109.469 E 23.867 N); SL,
Shilong Town (109.547 E 23.780 N); WX, Wuxuan County (109.675 E 23.677 N); DTX,
Datengxia (110.050 E 23.454 N); SZ, Shizui Town (110.267 E 23.586 N); PN, Pingnan County
(110.498 E 23.492 N),; TX, Tengxian County (110.883 E 23.374 N); SZD, Sizhoudao Island
(111.214 E 23.435N); WZ, Wuzhou City (111.338 E 23.476 N),; FK, Fengkai County (111.492 E
23.453 N); YN, Yunan County (111.551 E 23.240 N); DQ, Deqing County (111.789 E 23.139 N);
ZQ, Zhaoging City (112.433 E 23.047 N)

DNA extraction and sequencing

Water DNA was extracted using the MicroElute Genomic DNA kit (Omega, USA)
according to the manufacturer’s instructions. The total DNA was eluted in 50 pl of Elution
buffer by a modification of the procedure described by manufacturer (QIAGEN,
Germany) and stored at -80 °C until used for the PCR amplification by Vazyme Biotech
Co., Ltd, Nanjing, China.

The internal transcribed spacer 2 (ITS2) region of the fungus was amplified using the
extracted fungal DNA as a template and the primer pair fITS7
(5’-GTGARTCATCGAATCTTTG-3’) and ITS4 (5’-TCCTCCGCTTATTGATATGC-
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3’) (Honkanen et al., 2020). The reaction was carried out in 25 pl mixtures containing
approximately 25 ng of water genomic DNA, 12.5 ul PCR Premix, 2.5 ul of each primer
(10 nmol/L), and PCR-grade water to adjust the volume. PCR reaction was performed in
a Master cycler gradient thermocycler (Eppendorf, Hamburg, Germany) set to the
following conditions: initial denaturation at 98 °C for 30 s; 35 cycles of denaturation at
98 °C for 10 s, annealing at 54 °C for 30 s, and extension at 72 °C for 45 s; and then final
extension at 72 °C for 10 min. The PCR products were confirmed with 2% agarose gel
electrophoresis. Ultrapure water, instead of a sample solution, was used as a negative
control to exclude the possibility of false-positive PCR results. The PCR products were
normalized by AxyPrep™ Mag PCR Normalizer (Axygen, CA, USA). The amplicon
pools were prepared for sequencing with AMPure XT beads (Beckman Coulter
Genomics, Danvers, MA, USA) and the size and quantity of the amplicon library were
assessed on the LabChip GX (Perkin Elmer, Waltham, MA, USA). PhiX control library
(v3) (Illumina, USA) was combined with the amplicon library (expected at 30%). The
libraries were sequenced on MiSeq platform (lllumina, USA).

The reads were filtered by quantitative insights into microbial ecology (QIIME)
quality filters. The CD-HIT pipeline was used for picking operational taxonomic units
(OTUs) with 97% sequence similarity through making OTU table. Representative
sequences were chosen for each OTU, and taxonomic information were assigned to each
representative sequence using the Ribosomal Database Project classifier. Chaol index
(Chao, 1984), number of observed species, Shannon index, and Simpson index were the
commonly used alpha-diversity indexes to measure the biodiversity of microbiota (Bucci
et al., 2014; Ni et al.,, 2019; Xu et al., 2020). These alpha-diversity indexes were
calculated using the R vegan package (Dixon, 2003).

Data analysis

Wilcoxon rank-sum tests were conducted using R software (R Core Team, 2017) to
compare the differences of water physical and chemical parameters, and alpha diversity
indexes between the samples collected in March and those in June. Linear discriminant
analysis effect size (LEfSe) was conducted through the Galaxy platform
(http://huttenhower.sph.harvard.edu/galaxy/). The boxplots were plotted using R ggpubr
package. RDA was conducted using R vegan package. Bray-Curtis distances of the
planktonic fungal communities were calculated based on OTU tables using R vegan
package (Dixon, 2003), and Pearson's product-moment correlation analysis was
conducted using R basicTrendline package. Results with P-values of less than 0.05 were
considered significant differences.

Results
Seasonal variation of water physical and chemical parameters in the Xijiang River

Among the 16 common water physical and chemical parameters, only WT, pH,
transparency, TP, and NH4-N concentration were significantly different (Wilcoxon
rank-sum test, p <0.05). The WT, pH, and TP in June were significantly higher than those
in March, while the transparency and NH4-N concentration were significantly lower than
those in March (Fig. 2).
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Figure 2. Differences of water physical and chemical parameters between March and June in
the Xijiang River. WT, water temperature, SD, transparency, TP, total phosphorus; Sal, salinity,
Cond, conductivity; TDS, total dissolved solids, DO, dissolved oxygen, TN, total nitrogen; Chla,

chlorophyll-a

Seasonal variation of fungal community structure in the Xijiang River

Total 570,573 high-quality sequences were obtained from 26 samples collected in
March and June. Ascomycota, Basidiomycota, Chytridiomycota, Glomeromycota,
Rozellomycota, and Zygomycota were detected from the planktonic fungal communities
(Fig. 3A-F). However, the number of their sequences only accounted for 40.42 + 0.03%
of the total high-quality sequences, and most high-quality sequences (59.58 + 0.03%)
could not identify accurately fungal phyla (Fig. 3G). Except for Glomeromycota and
Rozellomycota, the relative abundances of other phyla fluctuated more in Marth than in
June (Fig. 3). Moreover, despite the existence of fluctuation between sampling sites, the
relative abundance of Ascomycota increased gradually from upstream to downstream,
while that of Zygomycota decreased from upstream to downstream in March (Fig. 3).
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Figure 3. Relative abundance changes of fungal phyla in the water of the Xijiang River. DW,
Dawan Town (109.469 E 23.867 N); SL, Shilong Town (109.547 E 23.780 N); WX, Wuxuan
County (109.675 E 23.677 N); DTX, Datengxia (110.050 E 23.454 N); SZ, Shizui Town (110.267
E 23.586 N); PN, Pingnan County (110.498 E 23.492 N); TX, Tengxian County (110.883 E
23.374 N); SZD, Sizhoudao Island (111.214 E 23.435N); WZ, Wuzhou City (111.338 E 23.476
N); FK, Fengkai County (111.492 E 23.453 N); YN, Yunan County (111.551 E 23.240 N); DQ,

Degqing County (111.789 E 23.139 N); ZQ, Zhaoqing City (112.433 E 23.047 N)

Although there was no significant difference in the number of OTUs detected in the
planktonic fungal communities in March and June, the Shannon, Simpson, and Chaol
indexes of the fungal communities in June were significantly higher than those in March

(Wilcoxon rank-sum test, p < 0.05; Fig. 4).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 19(3):1925-1937.
http://www.aloki.hu @ ISSN 1589 1623 (Print) @ ISSN1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1903 19251937
© 2021, ALOKI Kft., Budapest, Hungary



Liu et al.: Seasonal variation of planktonic fungal community structure in the Xijiang River, China
-1931 -

(A) (B)
*
© 1500 o s
'6 = L. * |
he] . g o
g 1000 at £6
D 1]
3 L 7
o) ;
500 4
Mar Jun Mar Jun
(C) (D)
* *
1.0 —
< 09 ’ 2000
O
2 5
= 08 S 1500
2 - T
a 07 2 F-'—
£ £ 1000
(%] © .
0.6
500
0.5
Mar Jun Mar Jun

Figure 4. Comparison of a-diversity indexes of planktonic fungal communities between March
and June in the Xijiang River

In the dominant fungi that were identified to species level, the relative abundances of
Phoma brasiliensis, Pseudozyma sp., Psathyrella sp., Haematonectria haematococca,
Podoscypha sp. in the fungal in June were significantly higher than those in March, while
the relative abundances of Basidiobolus sp., Rhizophydium littoreum, Teratosphaeria
jonkershoekensis, Malassezia globosa, Malassezia restricta, Malassezia sp., Alternaria
eichhorniae, Knufia epidermidis, and Scedosporium prolificans were significantly lower
(LEfSe, LDA > 2; Fig. 5).

To analyze the dispersal limitation of planktonic fungal communities in the river and
analyze the impact of water environmental parameters on the planktonic fungal
community structure, we analyzed the relationship between the Bray-Curtis distances of
planktonic fungal communities and geographical distances by correlation analysis, and
the relationship between water environmental parameters and planktonic fungal
community structure using RDA. Our results showed that no significant correlation
between fungal community distance and geographical distance along the river (Pearson's
product-moment correlation, p > 0.05; Fig. 6A and B). Although no water environmental
parameter significantly influenced the fungal community structure in March, WT and DO
significantly influenced the fungal community structure in June (Fig. 6C and 6D).
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Figure 5. Cladogram plot of Linear discriminant analysis effect size (LEfSe) (A) and heatmap
profile of significantly different fungal species (B) between the samples collected in March and
June
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Figure 6. Correlation between fungal community distance and geographical distance along the
river in March (A) and June (B), and RDA profiles showed the relationship of water physical
and chemical parameters and planktonic fungal community structures in the samples collected
in March (C) and June (D). WT, water temperature; TP, total phosphorus; Sal, salinity; Cond,
conductivity; TDS, total dissolved solids; DO, dissolved oxygen; TN, total nitrogen; Chla,
chlorophyll-a. * p < 0.05

Discussion

Panzer et al. (2015) summarized the research on environmental fungal communities
based on 18S rRNA gene, and found that Ascomycota, Basidiomycota, and
Chytridiomycota are the main components of freshwater fungal communities. In this
study, we found that although Ascomycota, Basidiomycota, Chytridiomycota,
Glomeromycota, Rozellomycota, and Zygomycota were detected from the planktonic
fungal communities, the number of their sequences only accounted for 40.42 + 0.03% of
the total high-quality sequences. This result implied that there were a large number of
fungal species that had not been studied in detail. Moreover, compared with bacterial
community compositions of freshwater and sediment, the results of our analysis on the
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compositions of fungal communities in the Xijiang River were similar to those in the
sediment of a lake - Ascomycota, Basidiomycota, and Chytridiomycota had the highest
abundance (Wang et al., 2018a). Among them, Chytridiomycota mainly feeds on dead
aquatic plants or other detritus in water, and the released zoospores are preyed by
zooplankton, which plays an important role in the food web of water (Kagami et al.,
2014).

The community structure of planktonic fungi has been shown to be affected by pH,
WT, and conductivity, as well as the physical and chemical properties of the organic
matter, such as nitrogen and phosphorus (Cudowski et al., 2015; Reich et al., 2017).
However, our results showed that only WT and DO had significant effects on the
community structure of planktonic fungi in the high-water period (Fig. 6C and D). This
might be because the physical and chemical indicators of various sampling sites in the
river had little difference (Fig. 2), thus eliminating the impact of physical and chemical
parameters on the composition of river fungal communities. Therefore, it is necessary to
investigate the community compositions of phytoplankton fungi in river at a larger time
and space scale with wider range of differences in physical and chemical parameters in
the future.

Dispersal limitation is considered an important factor that influences the B-diversity of
microbiota, which is mainly reflected in the fact that the distance of microbiota increases
with the increase in geographical distance (Ni et al., 2014; Cao et al., 2016; Logares et
al., 2020). Due to the weak active dispersal ability of microorganisms, it usually presents
a trend of dispersal limitation (Shurin, 2000; Peay et al., 2010; Chytry et al., 2012; Ni et
al., 2014; Beaton et al., 2016). However, our results showed no significant correlation
between fungal community distance and geographical distance along the river. These
results indicated that planktonic fungal communities eliminated the deficiency in active
dispersal through passive dispersal of river water flow, which eliminated the dispersal
limitation of the planktonic fungal communities in rivers.

Conclusion

Ascomycota, Basidiomycota, Chytridiomycota, Glomeromycota, Rozellomycota, and
Zygomycota were detected from the planktonic fungal communities. However, the
number of their sequences only accounted for 40.42 + 0.03% of the total high-quality
sequences. Shannon, Simpson, and Chaol indexes of the fungal communities in the high-
water period were significantly higher than those in the low-water period. The relative
abundances of Phoma brasiliensis, Pseudozyma sp., Psathyrella sp., Haematonectria
haematococca, Podoscypha sp. in the high-water period were significantly higher than
those in the low-water period, while the relative abundances of Basidiobolus sp.,
Rhizophydium littoreum, Teratosphaeria jonkershoekensis, Malassezia globosa,
Malassezia restricta, Malassezia sp., Alternaria eichhorniae, Knufia epidermidis, and
Scedosporium prolificans were significantly lower. No significant correlation between
the fungal community distance and geographical distance along the river. Water
temperature and dissolved oxygen significantly influenced the fungal community
structure in the high-water period. However, it is necessary to investigate the community
compositions of phytoplankton fungi in river at a larger time and space scale in the future,
and more freshwater phytoplankton fungi were needed to study through culturing method
and their genomic database was needed to supplement. In addition, the relationship
among planktonic fungi, bacteria, and multicellular organisms still needs to further study.
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