Soil properties have more significant effects on the
community composition of protists than the rhizosphere
effect of rice plants in alkaline paddy field soils
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Protists are all Eukaryotes except Animals, Fungi, and Plants!

microscopic, unicelluar (single cell) organisms with a nucleus and mitochondria

- aguatic or moist environments (i.e. rice field) are favorable for the protists

- abundant members of the soil microbiome (typically present at densities of 10°~108 per gram of soil)

- found in all eukaryotic supergroups (i.e. Amoebozoa,Obazoa, Archaeplastida, SAR, and Excavata).

- essential components of soil biodiversity and ecosystem functioning ( vital role in the microbial food web as consumers of bacteria,

fungi, and other small eukaryotes
- maintaining soil fertility and plant productivity



Functionality of soil protist
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What do protists function ...?

Consumers (heterotrophs)
» Phagotrophs (consuming other microorganisms such ‘
as bacteria)
» Saprotrophs

Autotrophs (Photosynthetic protists)

Parasites

“top-down control” refers to controlling community structure or
population dynamics of the ecosystem by a top predator reflecting to
lower trophic levels (through bottom of the pyramid).
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Geisen et al. 2018
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What do protists function ...?

Consumers (heterotrophs)

> Phagotrophs

» Saprotrophs (consuming dead or decaying organic
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What do protists function ...?

Functionality of soil protist

Protists

1 4

e Consumers (heterotrophs)

* Autotrophs (photosynthetic protists) —

Top-down control » contributing SOC input and C sequestration
» most abundant in the top soil
X ' f Bacterial and » major autotrophic protist group is algae
\ fungal prey

N\

Bottom-up control ] Bacillariophycae
* Parasites

| &5 ~
e Tt T “]
\ Root exudates Soil organic matter i Zygpf_r_natc-phyceae !

Resources

Geisen et al. 2018  Trebouxiophyceae |




What do protists function ...?

Functionality of soil protist
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What do protists function ...?

Nature wide distribution of soil protist
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Numbers at the top of the boxplot indicate significantly different distributions
within a functional groups (Nem-enyi test P <0.05), "1” representing the highest
distribution and “2” the lowest. (Singer et al., 2021)



Root exudates (food
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Research priorities on soil protist ...

Factors shaping protist communities

2. Prey — Predator interaction between Bacteria — Phagotrophs

“

J.

Culture-dependent methods
Isolation, cultivation efc.

Effects of phagotrophs on plant growth

Culture-independent methods
High Throughput Sequencing, qPCR efc.
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Aims of the research
Soil properties have more significant effects on the community composition To investigate protist communities in a
of protists than the rhizosphere effect of rice plants in alkaline paddy series of Turkish paddy fields to answer
field soils — the following questions:
Rasit Asiloglu® ", Keiko Shiroishi ®, Kazuki Suzuki®, Oguz Can Turgay ", Naoki Harada® .
N —— *  Who are they? (Taxonomical
It o RsarhPromesion, Vi ey, Mg, 502181 g characterization by high-throughput
* Faculty of Agriculture, Ankara University, Ankara, 06560, Turkey .
* Institute of Science and Technology, Nijgate University, Niigam, 950-2181, Japan Seq uenC| ng)
ARTICLE INFO ABSTRACT « What do they do? (Their potential
o o e o e et e ol e v o el e nd ey et b functionalities)
m?ﬂ}s umlc_rf:m:ul in pn_ddy field :c.:il. c:]:tc{:iaJ:ly n !IJJ\ZIJ.I.‘I'.I.C paddy ficlds. Here we :l.imcdl to d:m‘lac:ﬂi:c pm:ti.:t com- . .
S i munities of alkaline paddy field zoils with a particular focus on the effects of physicochemieal properties of the ° Facto rS aﬁectl ng them? (SOI I

properties vs. the rhizosphere effect)

* Do they interact with each other
(Pathogens & Predators)



Materials and Methods

The so1l samples obtained from each region exhibited
differential physicochemical characteristics, and the
regions were grouped separately by the PCA analysis.

Soil samples were obtained from 11 paddy fields from 3
regions in Turkey. (Kizilirmak, 3; Osmancik, 3; Samsun, 3)
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| Materials and Methods

Molecular Analysis

= DNA Extraction (0.5 g soil samples using [SOIL for Bead Beating)
= PCR (The V9 region of the 185 fEINA gene with the the universal
eulcaryotic primers [1389F/1510R])
=  Ilumina MiSeq Sequencing

\ 4

Biomformatics

The microcosms were establizshed in sterile 30
ml plastic tubes filled with the paddy field so1ls.

The bioinformatics were done to assign taxonomies to
the obtained sequences.
* The protist taxonomies were assigned into three
functional groups (consumers, autotrophs, and

pathogens).
Planted *»  NMDS analysis was conducted to visualize the protist
(Onyza sativa L) diversities.
« LEfSe analysis was conducted to identify the
Incubation in a growth chamber under submerged significantly different (p < 0.05, Kruskal-Wallis test,
conditions at 23 =C with a day length of 13 h LDA score >2.0) protist groups which were affected by
(230 pmolm— 2 s— 1) for 21 days. the so1l physicochemical properties and the rhizosphere

‘ effect.

« A network analvsiz was used to understand the
sampling of bulk soil (non-planted) and the int H }ﬂ:l £ 1 £ tiste
thizosphere soil (planted). interaction among the functional groups of protists.



Results: Taxe_fbomic and functional groups of protists.
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Table 1

Permutational multivariate analysis of varianee (PERMAMNOVA) resulis based on
Bray-Curris dissimilarvivies for the effects of region (soil properties) and plant

rooks,
Factars f  SumsDiSgs  MeanSgs  F. n* i
Model

HRegion 2 28495 1.4247 318307 01025 (il

Rhizosphere 1 1.01al 10101 27154 00363 R
effect e

Region: 2 1.6I506 0E128 2 1854 0.0585% fual
Rhizosphere b
effect

Residuals B0 22 1156 0.371e 08027

Tatal 65 27 B00g 1.0

Soil properties :}- Rhizosphere effect

=  The differences in the zoil physicochemical

properties in each region were the major controlling
factors on the beta diversity of protist communities.

=  The rhizosphere effect of rice significantly affected
the protist community composition.

=  However, it was less prominent than the effects of
the z01l properties.
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Results: Comparison of factors effecting protists

Effect of soil properties The rhizosphere effect
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Results: C;;Iff)i__mparison of factors effecting protists

The relative abundance of Pythium sp. was negatively correlated Over 73% of the interactions between
(Regression analysis, B2 = 04126, p = 0.00003) with the relative phagotrophs (predators) and Pyfhium sp. were
abundance of phagotrophs in the rhizosphere samples. negative (r <—0.73).
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Summary & Conclusions

Here, we revealed that the protist communities were driven by the soil physicochemical properties
and the rhizosphere effect of rice roots in alkaline paddy field soils of Turkey.

The soil physicochemical properties have a bigger effect determining protist communities than
those of the rice roots.

The phagotrophic protists (predators) are the dominant protist groups in the bulk and rhizosphere
soils of alkaline paddy fields.

As protist communities, especially phagotrophs, were differed depending on the soil properties,
they may have different the top-down control on bacterial communities in soil food-web of paddy
fields.

In addition, we showed a significant negative correlation between phagotrophic protists and plant

pathogens, which indicates that the plant pathogens could be top-down controlled by the
phagotrophs.

Further research on the whole microbiome (not only protists but also bacterial, archaeal, and
fungal communities) should provide a better picture of the microbial food-web in paddy field soil.

Feel free to read the published manuscript for more details:
Soil Biology and Biochemistry 161 (2021) 108397
DOI: 10.1016/j.s0ilbio.2021.108397

______________________________________________________________________________________________________



