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Why the GABA receptor?

* A mathematical model suggests that female chorus frogs may discriminate between pulsed calls by
utilizing neuron systems that communicate through neurotransmitters (Naud et al., 2015).

*GABA Receptors: the predominant inhibitory neuroreceptors in the central nervous system which
recerve the amino acid GABA and control communication between neurons (Allen et al., 2022).

* Combinations of GABA receptors in Pseudacris (chorus frogs) determine female responses and
preferences to male mating calls.

* A difference in GABA receptors or their protein subunits (focus: GABA ,) among populations could
correspond to differences in female preferences to male calls, leading to speciation within Pseudacris
populations.

* This project explores a new frontier for research: determining which genes are involved in animal
behavior with respect to female choice for auditory signals with temporal components.

Prior Research:
* In previous experiments, a Pseudacris reference transcriptome was constructed using eight types of
Pseudacris tissues (brain, eye, testis, liver, heart, lung, skin, leg muscle) from two adult allopatric male
P. feriarum (Ospina, 2021).
* Seventeen Pseudacris individuals were RNA sequenced: five males and three females from an
allopatric Alabama population and four males and five females from a sympatric Florida population
(Ospina, 2021). Females 1n the allopatric and sympatric populations prefer different male signals. Reads
from these individuals are the ones used in this current project.
* Reads from the RNA sequencing of the individuals were mapped to the reference transcriptome Reads
were then 1solated from the mappings that corresponded to the GABA , receptor in order to determine
candidate speciation 10notropic receptor genes.
* From the reference transcriptome annotations, a search was conducted for Gamma-aminobutyric acid
(GABA ,) receptor subunits and associated proteins to 1solate matches.

* Transcripts that matched the specified annotation were selected.
* These transcripts were reduced down to a unique set of genes (sans isoforms).
* The next step 1s to focus 1in on various subunits of the GABA , receptor and analyze amino acid
variation across the Pseudacris individuals to determine 1f amino acid variation 1s the cause of
differences in mating call reception and selection.

Goal & Hypothesis:

* The main goal of this project 1s to determine i1f mate preference divergence across sex and geography
occur due to amino acid variation.

* In this first step of a continuing project, we 1solated the alphal subunit of the GABA , receptor to
analyze amino acid variation.

* We do not expect to see variation in amino acids in important regions of the GABA , receptor because
that variation would potentially alter other critical neurological functions.

* This project is necessary to rule out amino acid variation as the factor causing differences in mate call

{esponse and selection, a main driver in speciation. /

e [ Methods }

* Selected the GABA , receptor subunit alpha-1, gene TRINITY DN16293 c0 gl, to test for
amino acid variation.

 Extracted reads from seventeen Pseudacris individuals (see Introduction for details) which
mapped to the alphal subunit.

* Using Genelous Prime software, extracted the consensus sequence for each individual
alignment.

* Aligned the seventeen consensus sequences and ordered them by sex or geographical
similarities.

* Extracted and translated a selected nucleotide region which aligned to the amino acid
sequence of the human alphal subunit of the GABA , receptor (RSCB Protein Data Bank).

* Compared nucleotide and amino acid variation in the selected region across the seventeen
individuals to determine 1f the region displayed strong selection.

* Aligned the best translated consensus sequence (alphal A1l 129357) in the selected region
with the corresponding region of the human alphal subunit.

* Compared this translated consensus sequence to the human alphal subunit amino acid
sequence to determine sites of amino acid variation and similarity.

 Located these sites on the 3D human GABA , receptor alphal subunit model to determine
placement of amino acid variation and similarity on the GABA , receptor.
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Results

Result 1: Nucleotide variation, including heterozygous sites, was discovered among the
seventeen aligned Pseudacris consensus sequences for the selected region (see Figure 1);
however, there was no amino acid variation among the translated sequences (see Figure 2).

Result 2: When the most conserved, translated Pseudacris consensus sequence (an
allopatric male) was mapped to the amino acid sequence for the human alphal subunit,
there was very little amino acid variation between the sequences (see Figure 5). A few sites
of variation are located across various regions of the alphal subunit, including a few
notable variations near the GABA binding site (see Figure 4).
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L+ 1. alphalAi1_129357 - Allopatry, Male
2. alpha1Ai1_I29358 - Allopat
3. alpha1Ai1_I29360 - Allopa
4. alpha1Ai1_129362 - Allopa
5. alpha1Ai1_129364 - Allopa
6. alpha1Ai1_129361 - Allopa
7. alpha1Ai1_129363 - Allopa e
8. alpha1Ai1_129359 - Allopatry, Fe
9. alpha1Ai1_I29365 - Sympatry, Fe

a T Figure 1 (left): Nucleotide variation,
o . including heterozygous sites, among the
L 17 Pseudacris individuals for a selected
region of the alphal subunit.
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10. alpha1Ai1_I29366 - Sympatry, Female
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L+ 1. alphalAi1_129357 - Allopatry, Male
2. alpha1Ai1_129358 - Allopatry, M
3. alpha1Ai1_129360 - Allopatry, M
4. alpha1Ai1_I29362 - Allopatry, M
5. alpha1Ai1_129364 - Allopatry, M

F

Figure 2 (left): Absence of amino acid
variation across Pseudacris individuals
for the same selected region of the
alphal subunit.
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10. alpha1Ai1_129366 - Sympatry, Female
11. alpha1Ai1_I29368 - Sympatry, Female
12. alpha1Ai1_129371 - Sympatry, Female
13. alpha1Ai mpatry, Female
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b Ai1_129372 - Sy
14. alpha1Ai1_I29367 - Sympa
15. alpha1Ai1_129369 - Sympa

16. alpha1Ai1_129370 - Sympa
17. alpha1Ai1_129373 - Sympa
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Figure 3 (left): 3D model of the human GABA 4
receptor (RCSB Protein Data Bank). Alphal subunit
depicted 1n purple, Beta2 subunit depicted in
turquoise. GABA binding site between the al and 2
subunits.
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Figure 4 (above): Amino acid variation site (site 69 on
the amino acid alignment) near the GABA binding site.
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Figure 5 (above): Human GABA , receptor alphal subunit amino acid sequence aligned with an allopatric
male’s translated alphal subunit consensus sequence. Very little variation in amino acids is seen. Alignment
regions are labeled by their locations on the GABA receptor: a denotes alpha helix, B denotes beta strand,
star denotes sequences potentially near GABA-binding sites (GABRAI).
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4 Conclusions & Future ~

Image 1 (left): Pseudacris feriarum speciation.
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The variation 1n the alphal subunit Pseudacris nucleotide consensus sequences and
lack of variation among the translated amino acid sequences demonstrate that this
sequence 1s conserved over time. This was expected since the GABA , receptor 1s
critical for a variety of brain functions, and any protein variation would have to alter
those functions as well. Therefore, 1t 1s unlikely to discover protein variation in the
GABA , receptor across individuals.

Although there was little variation in the alignment of the Pseudacris amino acid
sequence and the human amino acid alphal subunit sequence, the few sites of variation
include locations near the al-B2 GABA binding site, which will have to be explored
further. The lack of variation implies that most of the amino acids are conserved for
specific function in the GABA 4, receptor.

In future research, other subunits of the GABA ,
receptor must also be analyzed for amino acid variation
across Pseudacris individuals. Variation must then be
located on the GABA , receptor to determine 1f 1t affects
function. Subsequently, the excitatory neurotransmitters
AMPA and NMDA must also be analyzed for amino acid
variation. Eventually, the project’s main goal will be to
discover 1f amino acid variation contributes to different
mating call reception and selection, and therefore,
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