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Neuroscience 
Abstract 

Neural plasticity, or the ability of neurons in the central nervous system (CNS) to adapt in 
response to environmental changes, is common during developmental nervous systems but seen 
significantly less in adults. The auditory system of the cricket Gryllus bimaculatus is known to have an 
unusual level of neural plasticity (Horch et al. 2017). The amputation of a cricket’s leg (deafferentation) 
removes the ear and severs the auditory afferents, or nerve fibers. Upon deafferentation, there is 
extensive branching of dendrites and axons across the midline of the CNS, a normally respected barrier 
to neuronal growth. This reorganization can help restore essential behavioral responses in the cricket 
(Horch et al. 2009). In this study, key proteins involved in developmental processes are explored to 
provide a deeper understanding of neural plasticity, as well as regenerative biological processes. 
Specifically, the retinoic acid (RA) pathway proteins were observed and characterized due to their 
essential role in sustaining the life of many different organisms. Using accessions from Drosophila 
melanogaster and other invertebrates, we were able to perform BLAST procedures in coordination with 
a previously mined Gryllus bimaculatus transcriptome to reveal genetic similarities. This de novo cricket 
transcriptome was mined for select proteins in the RA pathway: alcohol dehydrogenases (Adhs), 
retinol/retinal dehydrogenase (Rdhs), cytochrome p450s (CYP450s), and 17-beta hydroxysteroid 
dehydrogenase (17BHD). By generating phylogenetic trees of these particular protein families, we were 
able to visualize connections and characterizations, which provides a solid foundation for future 
investigations on the RA pathway and its potential involvement in the neuroplasticity of the cricket 
auditory system. 
 
Project Objectives 

This study explores and characterizes protein members of the RA pathway to provide insight 
into their potential role in the neuroplasticity of the cricket Gryllus bimaculatus. We aimed to perform 
bioinformatic analyses and produce phylogenetic trees that characterize four protein families—Adhs, 
Rdh, CYP450s, and 17BHD. These findings will provide the Horch lab future opportunities for 
investigation on retinoids acid pathway proteins involved in the neuroplasticity of the cricket CNS.  
 
Methodology Used 

Initially, a literature search was conducted to select proteins involved in the RA pathway. Using a 
cricket, Gryllus bimaculatus, transcriptome of the prothoracic ganglion assembled previously in the 
Horch lab (Wang 2020), additional proteins with both an observed regulation after deafferentation and 
connection to the RA pathway were included in this study. For every protein selected, Drosophila 
melanogaster accessions and FASTA sequences were obtained from the NCBI Protein database and 
imported into Geneious, a bioinformatics software program that can be used for alignment, assembly, 
and analysis of proteins. These sequences were then BLASTed, an algorithm used for comparing 
proteins, against the de novo 



protein. In Geneious, “Identity” cost matrix phylogenetic trees were created for each of the four query 
protein families—Adhs, Rdh, CYP450s, and 17BHD—with the initial Drosophila melanogaster accessions 
and the blasted TRINITY sequences. The phylogenetic trees were expanded to include the sequences of 
orthologues from other insect species. The TRINITY sequences were termed potential proteins based on 
location within the tree.  
 
Results Obtained 

In this study, select proteins involved in the RA pathway were identified using the Horch lab 
database for regulated proteins, as well as an extended literature search for potential proteins not 
documented in the initial research. The proteins collected from Wang 2020’s research were found to be 
related to Adh, Rdh, CYP450, and 17BHSD. Within these protein families, individual proteins were 
identified in coordination with the RA pathway and their regulation status during deafferentation of the 
cricket, Gryllus bimaculatus. All proteins identified were upregulated. A literature search found 
additional proteins connected to the 
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