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Model plants: the past, present, and future 

 Arabidopsis thaliana was the first widely adopted plant model. Experimentation 
with Arabidopsis began in 1907 with the publication of Friedrich Laibach’s Ph.D. 
dissertation on Arabidopsis, however, interest in experimentation and functional 
genomics did not arise in this species until the mid-1990s with simplified and 
inexpensive gene cloning methods (Meyerowitz 2001). Nevertheless, Arabidopsis had 
already been in use as a model in fundamental plant biology because of its four week 
life cycle, and the relatively small genome size of five chromosomes (Rédei 1975; Pruitt 
and Meyerowitz 1986). As the cost of molecular biology tools declined and their use 
became more mainstream, funding for molecular research focused on Arabidopsis 
became more available, culminating in the release of its genome sequence in late 2000 
(Kaul et al. 2000). The success of the Arabidopsis genome sequencing project 
trumpeted a new era of plant biology: since the release of the Arabidopsis genome, 
many other plant genomes have been sequenced. There was an exponential rise in 
data describing assembled plant genomes from 2010 to 2014 (Figure 11). 

Currently, model plants are used in a variety of ways. Novel genome editing 
methods such as CRISPR/Cas9 have been incorporated into Nicotiana benthamiana 
(Nekrasov et al. 2013) and Nicotiana tabacum BY-2 suspension cultures (Mercx et al. 
2016). However, Arabidopsis appears to still the preferred model in fundamental plant 
biology research. The future of model plants is solidified. As technology advances, more 
complicated experiments can be conducted with models. While there is an opinion that 
the future of model plants may actually reside in non-model plant species, as current 
research into single-nucleotide polymorphisms (SNPs) is being conducted on non-
model plant species to enhance selection of desired traits in the target organism 
(Christmas et al. 2016). This technology would assume the target organism’s gene 
regulation follows tendencies established in that of previously reported model plants, 
thereby negating the further development of new model systems. However, these 
experiments are dependent upon the organism under review, and that organism may be 
slow growing, needy, or genetically complex. Further research into plant proteomics and 
signaling pathways will become more common with technological advancement. 

Panicum hallii: potential model for switchgrass and other C4 grass crops 

Panicum hallii can be used for functional genomic studies in C4 perennial 
grasses. Our findings strengthen the case for a P. hallii C4 model in several key areas: 
(1) an improved method for generating somatic embryogenic callus from seeds directly 
harvested from the greenhouse, (2) improved shoot and root regeneration media, (3) 
and the ability to be maintained in both solid and liquid cultures. Somatic embryogenic 
callus can readily be produced from both inbred populations. Our improvement of the 
existing tissue culture method for P. hallii (Seo et al. 2008), includes ability to use seeds 
fresh from the greenhouse, allowing us to induce callus in about half of the seeds. The 
ability to use fresh, immature seeds decreases the amount of time required to establish 
transgenic or mutagenic generations by about a year. Our shoot regeneration method 
improves on the previous study (Seo et al. 2010), with our method increasing number of 
shoots per callus by 280% for FIL2 and 220% for HAL2. P. hallii’s capability to be 
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maintained in either solid or liquid cultures demonstrates the flexibility when it comes to 
culture care and maintenance. Additionally, the liquid culture was able to outperform 
solid cultures by 420% in mass gained. These accomplishments provide a major 
stepping stone toward establishing P. hallii as a model C4 plant. 
 Our results indicate that seed-derived callus can be obtained within one week of 
seed harvest, and callus can be regenerated as quickly as six weeks after initiation. The 
ability for genotypes to remain constant in a tissue culture system is a must. Callus can 
be initiated from inflorescences, thereby providing genotypically identical callus as the 
parent plant. This callus can then be maintained in either solid or liquid cultures, thus 
providing an abundance of tissue. The isolation of single genotype cultures for chemical 
mutagenesis would involve selection of single pieces of somatic embryogenic callus. A 
single piece of callus would be proliferated into multiple grams of a single genotype. 
Part of these callus pieces could be subjected to chemical mutagenesis, and then all 
callus could be regenerated into whole plants. An unmutated genotype would exist with 
plenty of mutants with which to compare. The ability for P. hallii to be maintained in both 
liquid and solid cultures allows for a variety of experimentation: isolation of single 
genotype cultures for chemical mutagenesis, single cell transformation, and high-
throughput analysis of transgenic or mutant lines. 

Further work 

 Further work could be done to optimize auxin and cytokinin levels after induction 
of somatic embryogenic callus. The regeneration medium could also be optimized, as 
the number of shoots per callus piece in switchgrass regeneration are much higher, with 
hundreds of shoots per callus piece (Liu et al. 2015; King et al. 2014). It is likely that 
both further optimization of medium components and advanced improvements in 
germplasm could increase regeneration rates.  Additionally, successful Agrobacterium-
mediated transformation in either a tissue culture, suspension culture, or floral-dip 
setting could greatly increase the candidacy of P. hallii as a model organism. Moreover, 
biolistic transformation of P. hallii could be implemented until Agrobacterium-mediated 
transformation is successful. Currently, switchgrass is primarily transformed in callus 
tissue cultures with Agrobacterium (Li and Qu 2011). However, biolistic transformation 
of switchgrass has been reported with a high frequency of success (King et al. 2014). 
Development of a floral-dip method much like that used with Arabidopsis would enable 
a quick generation of transgenic progeny with very little input. Overall, the development 
of a transformation system is absolutely necessary in order to advance P. hallii as a 
model system. 

In addition to a transformation system, genotypes need to be screened for 
susceptibility to tissue culture. These genotypes would be designated as elite tissue 
culture lines. Development of elite tissue culture lines could further increase somatic 
embryogenic callus induction and transformation efficiency. These elite tissue culture 
lines could be selected based on biolistic or Agrobacterium-mediated transformations in 
addition to further development of both the tissue and suspension culture protocols.  
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Conclusions 

 The work herein provides the basic groundwork for development of 
transformation systems and elite tissue culture lines. Continual cycling of seed to callus 
to plant to seed will allow for the genetic variation needed to screen for high somatic 
embryogenesis. Once lines are selected, callus of the desired genotype can be readily 
produced from inflorescences. One plant could provide a multitude of tissue, with which 
the transformation systems can be applied. The outlook for P. hallii is a positive one, 
and future experimentation would be quite rewarding. 
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Figure 3. Effect of 2,4-D on callus. (A) Total weight in grams of callus after 35 
days of 2,4-D treatment. (B) Type of callus induced on each treatment. Data 
represent three replicates of 33 callus pieces per replicate. ANOVA test showed 
differences (p < 0.05). Mean separation was analyzed using Tukey’s HSD. 
Standard error is shown.
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Figure 4. A comparison of weight change every two weeks between FIL2 and 
HAL2. Each week was analyzed separately under a one-way ANOVA controlling 
for population. ANOVA test showing differences among populations are marked 
with an asterisk (p<0.01). These data represent ten replicates of three grams of 
callus at each subculture. 
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Figure 5. Dissimilation curve. Each point represents one replicate of each 
measurement. 
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Figure 6. Suspension results. (A) Packed cell volume in mL of three replicates of 
1.5 mL suspensions. Populations were analyzed separately under a one-way 
ANOVA controlling for medium. ANOVA test showed differences among 
treatments (p < 0.01). Mean separation was analyzed using Tukey’s HSD. 
Standard error is shown. (B & C) FIL2 suspension cells. (D & E) HAL2 suspension 
cells. (D-E) Scale bars represent 100 µm. 
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Figure 7. Cell viability as measured by dual staining with FDA and PI. Populations 
were analyzed separately under a one-way ANOVA controlling for medium (p < 
0.05). Mean separation was analyzed using Tukey’s HSD.  Data represent two 
technical replicates of three flasks. Standard error is shown.
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Figure 11. The release of sequenced plant genomes by year. Data was pulled from 
the DOE-JGI and PubMed articles.  

 
 
 
 
 
 
 
 
 
 
 
 
 

  


