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EDITORIAL TEXT: 
Despite a longstanding interest in the origins of animal diversity, we have a limited understanding of the genetic changes that underlie the evolution of morphology, physiology, and behavior. The Mexican tetra, Astyanax mexicanus, has emerged as a powerful model to further our understanding of how traits evolve. This species of fish exists as two morphotypes, an eyed river-dwelling morph (surface fish) that is abundant in rivers across Mexico and Southern Texas, and eyeless cave-dwelling morphs (cavefish) that thrive in the perpetually dark limestone caves within the Sierra del Abra region in Northeastern Mexico1. There are 29 known cave populations that have originated from at least two independent surface fish invasions2,3. The cave and river-morphs have remained interfertile and are easy to breed in the laboratory allowing researchers to genetically map the traits that evolve in response to the unique selective pressures in the cave. For example, absence of light has led to regression of eyes4–9, pigment10–14, and sleep15–19; nutrient limitation has selected for overeating20, weight gain21, and fat storage22; and navigating in the dark has promoted increased ability to sense the environment23–28. A growing number of researchers are harnessing this fish to explore the genetic basis of evolution. Because some traits that are adaptive in cavefish, are detrimental in humans, the cavefish has also become attractive for biomedical research21,29–31. With the goal of promoting reproducibility and providing a platform for new investigators, this JoVE Methods Collection provides techniques for husbandry, trait measurement, and examination of gene activity. 

As a starting point, the in vitro fertilization procedure demonstrated by Peuß et al.32 serves multiple purposes as it provides a method to obtain 1) cave/surface hybrids that may be difficult to breed, 2) one-cell stage embryos for microinjections, and 3) stage-matched samples for analysis of embryonic phenotypes. A. mexicanus typically spawn during the night. Peuß et al. describe a system to alter light-dark cycle and obtain fish that are primed for gamete collection during normal working hours. Their visual demonstration of gamete collection is particularly helpful as this step requires careful technique. Their article is essential for a number of downstream applications including comparison of gene expression patterns during embryogenesis. 

Luc et al.33 provide a robust in situ hybridization protocol optimized for visualizing gene expression in A. mexicanus embryos. They simplify this multi-day procedure using a checklist (provided as a supplementary file) and share guidelines for troubleshooting. Complementary to this method, Riddle et al.34 show how to examine gene expression and protein localization in hatched fish using wholemount immunohistochemistry. To make meaningful comparisons between morphotypes after hatching and feeding begin, it is necessary to control the growth conditions. They show how to breed adults through natural spawning and raise larvae at fixed densities on a rotifer diet that has considerable advantages in nutrient content and cost compared to other food sources. Their immunostaining protocol successfully recognizes antigens in the brain, gut, and pancreas as late as 12-days post hatching allowing late stages of organ development and function to be interrogated. Importantly, they provide a list of antibodies that have been successfully used in A. mexicanus. The combined methods of Luc et al. and Riddle et al. are useful to analyze the effects of genetic manipulation. 

In this methods collection, Stahl et al35 describe multiple ways to manipulate gene function in A. mexicanus including: morpholino microinjection, CRISPR-Cas9-mediated mutagenesis, and Tol2-mediated transgenesis. In addition to demonstrating pico-injection and screening of injected embryos, they provide helpful guidelines for designing morpholinos, guide RNAs, and transgenes. They share results that validate each of these techniques. For example, targeting Hypocretin/orexin (HCRT) using a splice-blocking morpholino reduces locomotor activity and increases sleep in cavefish; editing oca2 (the causative locus for cavefish albinism) in surface fish using CRISPR/Cas9 produces albino surface fish; and inserting a genetically encoded calcium indicator driven by a pan-neuronal zebrafish promotor using Tol2 transgenesis achieves near-ubiquitous neuronal expression in the Mexican tetra. They point out that many of the genetic tools developed in zebrafish can be directly transferred to cavefish because of their similar genomes. Their article is an essential resource for researchers performing functional studies in A. mexicanus and complements the additional articles focused on measuring phenotypes, including behavior.

Cavefish have dramatically reduced sleep and altered circadian rhythm36–38. This presents an exciting opportunity to investigate the contribution of genetics and environment to variation in sleep in a vertebrate. Jaggard et al.39 show how to build a system from inexpensive materials that can be used to record sleep at different life stages and under different contexts. Further, they describe how to automate fish tracking in this set-up and obtain quantitative measurements for sleep and locomotion. Their technique is applicable for high-throughput drug and genetic screening as well as traditional genetic mapping studies. 

In addition to reduced sleep, cavefish have evolved differences in locomotor activities linked to foraging, including altered feeding angle and vibration attraction16,30,40. Central to understanding how these activities evolved is linking them to developmental changes. Worsham et al.41 present methods for recording behaviors and correlating them with changes in neuromasts; external mechanosensory structures that respond to water flow. They first show how to create chambers to record vibration attraction and sleep, and provide a detailed description of how to quantify the behaviors using free software and customizable scripts. Next, they demonstrate how to visualize neuromasts in living adult fish using a fluorescent mitochondrial stain and again, using free software, how to quantify the number of neuromasts in a semi-automated fashion. Vibration attraction and neuromast number are correlated23; their method provides a step by step protocol to interrogate this relationship. The methods of Jaggard and Worsham can be used to uncover additional behaviors and can also be applied to other species of fish. These methods produce quantitative and consistent results that are essential to discovering the genetic basis of behavioral evolution. 

Modern techniques to measure and manipulate gene function have pushed evolutionary studies from comparative to mechanistic. Combined, the articles in this methods collection serve as a guidebook to carry out investigations of gene function in A. mexicanus. While researchers have uncovered fascinating differences in morphology, physiology, and behavior between surface and cave morphs, there are many traits that have yet to be explored in detail, and likely more to discover. As more work is done, this little fish will continue to have a big impact on our understanding of evolution. 
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