
Institute of Biological Chemistry
Washington State University (WSU)

Switchgrass Root Composition, Anatomy, and 
Synthetic Biology Tools
Rahele Panahabadi (rahele.panahabadi@wsu.edu), Demeke B. Mewa (demeke.bayable@wsu.edu), Jeremy B. Jewell
(jbjewell@wsu.edu); Laura E. Bartley (laura.bartley@wsu.edu)

ABSTRACT

BACKGROUND

RESULTS

Switchgrass Root Anatomy and Composition Vary with Root 
Developmental Stage/Root Depth

Scheme for Identification and Enhancement of  Switchgrass Root Promoters

Background Switchgrass is a promising species for production of lignocellulosic biofuels and
simultaneous provision of ecosystem services that further mitigate climate change. The root
system plays an important role in sustainable switchgrass production by promoting acquisition of
nutrients and water and other aspects of abiotic stress tolerance. Roots are also the major
source of soil organic matter (SOM), the accumulation of which both improves soil quality and
reduces atmospheric CO2. Root architecture and cell wall and metabolite composition
influences each other and sustainability traits. The short-term goals of this project are to survey
root architecture and composition of diverse switchgrass genotypes and to identify root
promoters that can be used to manipulate root and aerial gene expression independently of
each other. One of the questions that we have is how the depth of sampling will influence
results.
Results Anatomical architecture of cross-sections for the lowland genotype, DVR3, shows
formation of aerenchyma in older root regions (zones 1 & 2), closer to the soil surface, consistent
with low specific root length measurements at shallow depths. Lignin and cellulose content are
greater in the upper root zones, as is suberin, a polyaliphatic-polyaromatic apoplastic
component that is especially stable in soils. On the other hand, polyphenolic tannins, which are
related to soil aggregate formation, are more abundant (per root mass) in younger, deeper
root zones. Work has also begun on developing root-specific promoters. Seven promoters have
been selected that are highly expressed in roots relative to shoots and are being introduced in
a dual luciferase expression system. These promoters will be screened for differential expression
in switchgrass protoplasts derived from different organs.
Conclusions Future analyses will test additional genotypes, higher throughput compositional
methods, and integration with transcriptomic and metabolite analyses. Together, this work will
advance understanding of natural diversity of switchgrass root traits and enable genetic control
over these traits to promote sustainability and ecosystem services of switchgrass production for
biorefining.

Root Phenotypes of Interest

Table 1. Summary of root traits that promote soil organic matter accumulation through different 
mechanisms. The sign indicates the direction of trait change that leads to an increase in SOM,  From: 
Poirier, Roumet, Munson 2018. Soil Biology and Biochemistry. 120: 246-259.

RESEARCH OBJECTIVES

• Survey root architecture, cell 
wall and cellular composition, 
and gene expression of 
diverse switchgrass 
genotypes.

• Establish protocols for 
analysis of roots obtained from 
switchgrass root cores in the 
CBI genome wide association 
study common gardens.

• Identify root promoters that 
can be used to manipulate 
root and aerial gene 
expression independently of 
each other.  

Soil Organic Matter (SOC) Motivations and Switchgrass Literature
• Known as a “natural climate solution,” an estimated 4 Gt CO2/year (Bossio et al., 2020 Nat Sustain 3:391) up to 

~200 Gt could be removed from the atmosphere by increasing soil carbon capture in the the forestry and 
agriculture system (out of the 570 Gt total allowed for capping warming at 1.5°C (IPCC, 2018. Global 
Warming of 1.5°C)).

• Soil organic matter (SOM) humification simultaneously addresses other sustainability needs by reducing run-off 
and increasing nutrient availability and soil water holding (Bossio et al., 2020).

• The C pool under five-year-old switchgrass stands was 13% greater than in nearby unmanaged region (Collins 
et al. 2010. Soil Sci Soc Am J 74:2059).

• Root-derived C accumulated faster in soils planted with switchgrass cultivars with a greater specific root 
length (SRL [root length/gram root]) (Adkins et al., 2015. Geoderma 262: 147).

• BUT, No significant improvements in SOM under switchgrass cultivation observed in soil at depths greater than 
~15 cm detected in short-term studies (6 years) (Lai et al., 2018. CATENA 163: 288)

• ALSO, No difference in surface (0-10 cm) SOM after 4-5 years of cultivation with low lignin and low S lignin 
transgenic switchgrass vs. WT switchgrass (Xu et al. 2019 PeerJ 7:7887)

Figure 1. Root architecture phenotypes altered for 
improved capacity to access N and water (left) and 
phosporous and other plant-origin nutrients (right) 
relative to the typical architecture (center). From 
Lynch (2019) New Phyt 223:548. Switchgrass roots 
generally possess the SCD form 

Spaces left empty (no sign) indicate that there is not sufficient experimental 
evidence to conclude on a trait effect. The magnitude of the circles 
reflects the relative importance of the mechanisms. Topsoil is the top ~20 -
30 cm and subsoil is below that. RBI = root branching intensity, RDD = root 
depth distribution, RLD = root length density, Diam. = root diameter, SRL = 
specific root length, Rhiz = rhizodeposition, Clu = cluster roots, Myc = 
symbiosis with mycorrhizae, N2fix = symbiosis with N2-fixing bacteria, Solu = 
root soluble compound concentration, RNC = root nitrogen concentration, 
Ca = root Ca concentration, Hem = root hemicellulose concentration, Al = 
root Al concentration, Phe = root phenolic compound concentration, Sub = 
root suberin concentration, RCC = root C concentration, Lig = root lignin 
concentration.  Reference: Poirier 2018

CompositionMicroscopy

Figure 3. Switchgrass root anatomy and composition vary with development. A. Root sampling scheme from a 
lowland switchgrass genotype, DVR3, grown from crown in a peat soil. Zone 1 represents primarily older roots whereas 
growth is still occurring in Zone 4.  Zones 2 and 3 have intermediate development. Microscopy of root segments from 
different zones demonstrates cellular and compositional developmental progression. B. Autofluorescence under low 
pH of cross-sections from zones corresponding to those in (A) shows the progression of aerenchyma formation. C. 
Phloroglucinol staining of lignin in root cross-sections shows Casparian strip formation during endodermal 
development between the root tip (zone 5) and young root (zone 4). Exodermis lignification also progresses from zone 
3 to 2. D. Suberin staining with Fluorol Yellow 088 of root surfaces shows suberin accumulation across development, 
with only single suberized cells in zone 1 and no signal at the tip (zone 5).
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Table 2. Root specific length and composition vary significantly with development. Darker shading indicates 
higher values. Letters indicate that the values within the same trait are statistically indistinguishable (ANOVA, 
Tukey’s Test P<0.05).

Nitrogen Acquisition: 
Cheap, Deep, Steep. Low density roots that do not 

spread and grow deeply are better able to access 
deep nitrogen and water resources.
Phosphorous and Other Mineral Acquisition:

Branched. Lateral roots can access phosphate 
stores and interact with mycorrhizae and other 
microbes. Besides nitrogen, these elements are mostly 
in the upper layers of soil.
Soil Organic Matter Improvements:

Deep and deeply branched, high suberin, high 
suberin-lignin, high condensed tannins.

A.

àRoot depth influences structure and 
composition with predicted contrasts for 
SOM formation. 

àSuberin (A, From: Graça 2015. FIC) is high at 
the top of the root column, but tannins (B, 
From: Zeller 2019. Crop Sci) are higher 
toward the root tips.

(B) Cyanidin Condensed Tannin (Model)(A) Suberin (Model)

C. Promoter Enhancement

Luciferase1. Native
Luciferase2. 35S Enhancer
Luciferase3. PvUbi intron
Luciferase4. Both

B. Organ-Specific Promoter Screen

Root Protoplasts Shoot Protoplasts

A. Organ-Specific Gene 
Selection and Cloning/Synthesis

Candidate promotor selection criteria:
Fold change (fc), and coefficient of 
variation (cv) (Table 3).
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Locus ID Root TPM CV Shoot 
TPM

CV Log2Fold 
Change

Annotation Promoter 
Size (bp) Status

1 Pavir.7KG278800 19510 0.37 44 0.68 8.6 AQUAPORIN TRANSPORTER 1003 Cloned
2 Pavir.3NG291000 6520 0.32 28 0.45 7.7 BURP domain 581 Cloned
3 Pavir.7KG322800 2480 0.18 22 0.71 6.7 AT-HOOK MOTIF 981 In process

4 Pavir.6KG093900 2200 0.25 29 0.73 6.2 Xylosyltransferase 986 In process

Table 3.  First round selections of root-specific promoters. TPM is transcripts per million, CV is coefficient 
of variation.
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Future Directions
1. Suberin quantification.
2. Compare root architecture and 

composition for diverse
genotypes in rhizoboxes and 150 
cm mesocosms.

3. Establish higher throughput
methods.

Special thanks to Larry York (yorklm@ornl.gov) for advice on root imaging and experimental design,
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