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RquA converts ubiquinone-9 to rhodoquinone-9 in Arabidopsis 
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Prenylated benzoquinones are essential cofactors for the core bioenergetic processes in complex 
living organisms. Recently, we discovered that the gene product of rquA, a protein first discovered in 
Rhodospirillum rubrum, can convert ubiquinone to rhodoquinone, a rare prenylated benzoquinone. 
The presence of rhodoquinone in mitochondria facilitates anaerobic respiration by redirecting 
electrons in the respiratory chain toward the final electron acceptor fumarate. After reduction by 
complex I, rhodoquinol delivers electrons via fumarate reductase to fumarate. We predict that the 
production of rhodoquinone in plant mitochondria will confer the trait of anaerobic respiration 
providing a novel, synthetic biology approach to design flood tolerant agricultural plants. So far, I 
have discovered that a codon optimized, mitochondrially targeted RquA, under an inducible 
dexamethasone promoter, is able to convert ubiquinone-9 to rhodoquinone-9 in Arabidopsis. While 
this strategy has so far yielded an approximate 1% conversion rate of native ubiquinone to 
rhodoquinone, there have been no phenotypic impacts observed in plants where synthetic 
rhodoquinone production is occurring. One important conclusion from these results is that synthetic 
rhodoquinone production in plants appears to be nonlethal. These findings provide an impetus to 
continue to explore the synthetic production of rhodoquinone as a strategy for designing flood 
tolerant crops.    
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Many steps of regulation exist between an organism’s genetic architecture and its phenotypic traits. 
A goal of systems biology research is to identify the interaction of regulatory elements contributing 
to complex phenotypes. Quantitative trait loci (QTL) are regions of DNA associated with regulating 
quantitative traits. Messenger RNA expression can be measured and quantified and thus QTL 
regulating the expression of mRNA transcripts can be investigated. The identification of these loci are 
termed expression QTL (eQTL). Populus deltoides is a forest tree species used in the production of 
wood pulp and lignocellulosic biofuel.  Here the findings of eQTL discovery are presented in an 
association population of P. deltoides. Previously, regulatory loci were identified in this population 
affecting traits related to growth and wood quality. Using the set of SNPs from this population and 
the transcriptomic profile of 268 genotypes we identified sets of cis- and trans-eQTL. Sets of eQTL  
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were identified regulating transcript expression at the gene and isoform level. At the gene level, eQTL  
were identified regulating networks of genes involved in wood formation and wood quality and genes 
regulating mRNA splicing. At the isoform level, putative regulators of alternative splicing were 
identified.  
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The forage and grain crop Sorghum bicolor has a high stress tolerance, making it a candidate for 
cultivation in environments generally unsuitable for food crops. Due to high sugar content and low 
resource usage, there is growing interest in using sweet sorghums for production of renewable 
chemicals and fuels. A constraint to sorghum cultivation in Florida is the prevalence of the 
anthracnose-causing fungal pathogen Colletotrichum sublineola. A previous mapping study identified 
two novel quantitative trait loci (QTL) containing over 50 candidate anthracnose resistance genes. 
RNA sequencing and virus-induced gene silencing (VIGS) are being used to evaluate the importance 
of these genes in resistance. Gene expression in inoculated and mock-inoculated plants of multiple 
genotypes points to a cluster of germin-like genes, along with several genes with leucine-rich repeat 
domains, as being important for resistance. Germin-like proteins have been documented in other 
plant species as contributing to resistance via cell wall cross-linking and the production of reactive 
oxygen species (ROS). A GFP-expressing strain of C. sublineola was generated for histochemical 
analyses, and 3,3′-diaminobenzidine (DAB) and Coomassie Blue staining are being used to evaluate 
the potential role of germin-like proteins in the production of ROS and cell wall cross-linking, 
respectively. 
 
Developing a CRISPR protocol for Blueberry Vaccinium corymbosum L. 
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Growing public awareness in consuming healthy produce such as blueberry contributed to a 400% 
global production growth of this crop in recent years (North America Blueberry Council 2014). Thus, 
there is a continuous demand for new improved cultivars, although it takes more than 12 years to 
develop them. In parallel, there is a lack of modern molecular breeding tools. i.e. customized 
transformation protocols and, to the best of our knowledge, nobody has succeeded in translating 
new breeding technologies such as CRISPR/Cas9 to this crop. We tested various marker to highlight 
successful Agrobacterium tumefaciens-mediated transformation in live plants. Our findings suggest 
that using albino or red color (anthocyanin) markers is not viable, as blueberry plants in tissue culture 
naturally lose their color or accumulate anthocyanins when under stress. Likewise, Green Fluorescent 
Protein is not a suitable marker, as blueberry displays strong autofluorescence. We found the β-
glucuronidase (GUS) reporter system to be the most reliable marker to verify blueberry 



 

transformation. Furthermore, we successfully inserted the Cas9 and guide RNAs in blueberry and are 
in the process of verifying successful gene editing. Future endeavors will involve use of this 
technology in a cis-genic approach for commercially relevant traits, such as flowering time, firmness 
and fruit quality.  
 
Recognition of the p33 protein of Citrus tristeza virus by the plant immune system alleviates virus 
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Plants counteract viral infection by developing a multifaceted innate immune response, which 
includes the accumulation of reactive oxygen species (ROS). In this study, we found that infection by 
Citrus tristeza virus (CTV) triggers ROS burst in Nicotiana benthamiana and in the natural citrus host. 
Using Agrobacterium-mediated expression system in N. benthamiana and generating transgenic 
overexpression lines in citrus, we demonstrated that p33, a unique viral protein, contributes to the 
induction of ROS accumulation. In the citrus–CTV pathosystem, deletion of the p33 open reading 
frame in a CTV variant (CTV:∆p33 mutant) resulted in a significant decrease in ROS accumulation, 
compared to that of the wild type CTV, which correlated with invasion of the mutant virus into the 
immature xylem tracheid cells and abnormal differentiation of the vascular system. At the same time, 
the wild type CTV exhibited phloem-limited distribution with a minor effect on the vasculature. 
Altogether, we conclude that the p33 protein is a CTV effector that negatively affects virus 
pathogenicity and propose that the recognition of the p33 protein by the host immunity restricts CTV 
into the phloem tissue and minimizes the development of the CTV-induced stem pitting disease.  
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Floral fragrance is dynamic and complex. While it is known the perceived fragrance of petunia flowers 
is a composition of volatiles from the benzenoid/phenylpropanoid pathway, and that these volatiles 
can be manipulated by using narrow-bandwidth lighting, the exact mechanism behind this is 
unknown. It has been previously shown Petunia x hybridia cv “Mitchel Diploid” (MD) flowers treated 
with 50 µmol m-2 s-1 red light produced increased levels of volatile compounds including 
phenylacetaldehyde, benzyl alcohol, and 2-phenylethanol (Colquhoun et al. 2011). To better 
understand this process flowers were excised from MD plants, subjected to various treatments, and 
volatiles were collected. Treatments included different amounts / type of narrow-bandwidth light 
and varying temperatures - room (22°C) or cold storage (8-10°C). All volatiles were collected and 
analyzed using gas chromatography mass spectrometry. This data sets the stage for the future 
application of red light on other commercially prominent flowers such as roses, which emit 2-
phenylethanol as the primary volatile giving the characteristic rose scent. The ability to increase 2-
phenylethanol with red LEDs, can potentially be an inexpensive method to add tremendous value.  


