
Metagenomic insights into the structure and functional potential of Switchgrass 

soil microbial communities under preindustrial and future CO2 treatment

Swastika Raut1, Wayne Polley2, Philip A. Fay2 and Sanghoon Kang1, 1Department of Biology, Baylor University, Waco, TX, 
2Grassland, Soil & Water Research Laboratory, US Department of Agriculture, Agricultural Research Service, Temple, Texas

1. Fay et al. 2009. Primary productivity and water balance of grassland 
vegetation on three soils in a continuous CO2 gradient: Initial results from the 
lysimeter CO2 gradient experiment, Ecosystems, 12, 699-714.

2. Buchfink, B., Xie, C., Huson, D.H., 2015. Fast and sensitive protein alignment 
using DIAMOND. Nature Methods 12, 59–60. 

3. Huson, D.H., Auch, A.F., Qi, J., Schuster, S.C., 2007. MEGAN analysis of 
metagenomic data. Genome Research 17, 377–386. 

4. Oksanen, Jari F.,et al. Vegan: Community Ecology Package (version 2.4-1), 
2017. 

5. Raut, S., Polley, H. W., Fay, P. A., & Kang, S. , 2018. Bacterial community 
response to a preindustrial-to-future CO2 gradient is limited and soil specific 
in Texas Prairie grassland. Global Change Biology, 24(12), 5815–5827. 

6. Fay, P.A., Polley, H.W., Jin, V.L., Aspinwall, M.J., 2012. Productivity of well-
watered Panicum virgatum does not increase with CO2 enrichment. Journal 
of Plant Ecology 5, 366–375. 

We acknowledge USDA ,NSF and C. Gus Glasscock Jr., for funding the
project. We thank all the technicians for operating and maintaining
the LYCOG facility and Dr. Wayne Polley for providing the ancillary
data. We would like to acknowledge Dr. Jeff Back for his assistance in
measuring soil NO3

- -N, NH4
+-N and PO4

3- and Dr. Thad Scott and Dr.
Nicole Wagner for providing access to elemental analyzer in Scott lab
at Baylor University. We would also like to thank Michael C. Davis for
helping us collect the soil samples from LYCOG site.

➢ CO2 alone did not have a significant effect on microbial 
community structure (Figure2) perhaps due to 
stronger soil effect as illustrated in prior study (Raut et 
al, 2018)

➢ Most genes involved in carbohydrate degradation, 
nitrogen cycling pathway and phosphate (PO4

-3) 
metabolism remained largely unaffected by CO2

enrichment (Figure 3, 4 and 6) but the legacy effects in 
2016 persisted with an exception of  a few genes.

➢ The interactive effects of soil × CO2 on the abundance 
of genes including glucoamylase, nitrate reductase 
(nar) and polyphosphate kinase (ppk) were significant  
but CO2 alone did not have a strong influence. 

➢ At taxonomic level, members of α-Proteobacteria and 
phylum Actinobacteria were dominant taxa involved in 
C degradation (Figure 5a) and N cycling (Figure 5b).

➢ Switchgrass plants in LYCOG system were particularly 
well-watered (Fay et.al 2012) and CO2-induced 
nutrient limitation was not evident (Figure 7) or 
directly correlated to functional gene abundance.

➢ These findings expand our current understanding of C, 
N and P cycling processes, specifically in switchgrass 
soil microbes exposed to  preindustrial and future CO2

treatment scenario. 
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Figure 2. Non-metric multidimensional scaling (NMDS) ordinations
with Bray-Curtis distance based on taxonomic community
structure of (a) Bacteria, (b) Archaea and (c) Fungi at species level.

Figure 3. Bar plots showing absolute gene counts for different
carbohydrate substrate categories.

Microbial community structure
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C16 = Clay 2016
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Nitrogen cycle gene abundance

Carbohydrate degradation gene abundance

Taxonomic contribution to functional gene groups

Figure 4. Bar plots showing the absolute gene counts (y-axis values) for individual

genes involved in Nitrogen cycling processes. Genes with asterisk labels (*) were

either rarely detected or absent in SEED level 4 Nitrogen metabolism category.

Sub-ambient
CO2 level= 250-360 ppm

Super-ambient
CO2 level = 420-500 ppm

Figure 5. Bubble plots showing the relative proportion of microbial populations involved in a) 
carbohydrate degradation and b) nitrogen cycling processes per gene category . The taxa 
identification is represented at phylum and order level.

a) b)

LYCOG Experimental design
➢ LYCOG consists of two longitudinal chambers

where the CO2 gradient was maintained since
2005 until 2015 in super-ambient and sub-
ambient sections.

➢ 2015 CO2 levels were considered in this study
to assess the long term CO2 enrichment effect
in the last year (2015) of CO2 treatment and
its short term legacy effects in 2016, which
was the year following the cessation of
LYCOG experiment.

Switchgrass (Panicum virgatum L) is a perennial C4 grass and also an important
biomass crop for biofuel production. Although effects of rising atmospheric CO2

concentration on C3 grasses have been extensively studied, little is known about the
complex interactions between CO2 enrichment, soil type and legacy effects (CO2 x soil x
year) on the structure and functional potential of soil microbes associated with C4 plants.

Here, we utilized shotgun metagenome sequencing to elucidate the changes in
community structure and functional gene abundance linked to carbon (C), nitrogen (N)
and phosphorus (P) cycling. This method also allowed us to identify the taxonomic
identification and contribution of key microbial groups involved in C, N, and P cycling.

We expected that CO2 enrichment would have significant influence on microbial
community structure as well as on the abundance of functional genes linked to
carbohydrate degradation, nitrogen cycling processes and phosphate metabolism.
However, we hypothesized that the effect would be rather indirect through changes in
soil nutrient dynamics under preindustrial and future CO2 treatment scenario.

Soil sampling

Figure 1. Experimental setup diagram (Fay et al.,
2009) and pictures from Lysimeter CO2 gradient
(LYCOG) facility in USDA-ARS at Temple, TX
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Soil Nutrient

Figure 7. Bar plots showing soil nutrient
concentrations.

Phosphate (PO4
-3) genes

Figure 6. Bar plots showing absolute gene
counts for gene counts for alkaline
phosphatase (alp), polyphosphate kinase (ppk),
and exopolyphosphatase (ppx).

➢ Three soil cores from top 0-5 cm of each plot was collected in a centrifuge tube and
stored at -80°C freezer until further analysis . A total of 20 soil monoliths were
collected during August 2015 (n=10) and 2016 (n=10) growing season.

➢ We considered the sub-ambient and super-ambient CO2 treatment levels as discrete
rather than continuous variables because we had a limited number of switchgrass
monocultures (n=5) each year from each of the two soil types (a clay-rich Vertisol and
a Silty clay Mollisol).

➢ Soil samples were also analyzed for soil C/N ratio, NO3
- -N, NH4

+-N and PO4
3- .

➢ Community DNA from individual soil samples were extracted using MO bio kit and
sent to mrDNA (Shallowater, TX) for linear amplification and library preparation.

➢ Whole community (shotgun) metagenome sequencing was performed on individual
soil samples using Illumina HiSeq 2500 (2x150 bp paired end reads). Paired-end reads
were aligned and filtered using the join-fastq algorithm from eautils .


