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Methods

Abstract: Salmon hatcheries are widely used across the Pacific Northwest to enhance fisheries and supplement declining wild populations. However, substantial evidence suggests that hatchery fish have reduced fitness compared to their wild counterparts. Domestication selection, or adaptation to the hatchery environment,
poses a potential risk to wild populations if introgression between hatchery and wild fish occurs. While few studies have investigated domestication selection on a genomic level, none have done so in parallel across multiple hatchery-wild population pairs. In this study, we examined three separate hatchery populations of Chinook
salmon, Oncorhynchus tshawytscha, and their corresponding wild progenitor populations using low-coverage whole genome sequencing. We sequenced 192 individuals from populations across Southeast Alaska and estimated genotype likelihoods at over six million loci. Each hatchery population, which was reared in a hatchery
for approximately seven generations, was then compared to its wild progenitor population using multiple metrics of genomic divergence. While evaluating population-level genomic differentiation (FST), we discovered numerous outlier peaks in each hatchery-wild pair, although no outliers were shared across the three comparisons.
Further analyses indicated that these relatively small (5 - 60 kilobase) peaks are likely due to genetic hitchhiking on hatchery-selected alleles, though the effects of these peaks on fitness are unknown. Overall, our genome-wide analyses demonstrate that domestication selection is prevalent in all hatchery facilities, but the genetic
pathways differ across populations, possibly due to a polygenic basis of fitness related traits. These results provide fine-scale genetic evidence for domestication and highlight the need to assess if certain management practices, such as integration of wild broodstock, can universally mitigate genetic risks despite multiple pathways
of domestication.

• Salmon hatcheries are abundant in Alaska, and have been used for supplementing wild salmon 
populations since the 1970s

• In the past few decades, as we have seen declining salmon populations across the West Coast (1)
• Also, evidence for risks associated with hatchery salmon and supplementation

• Genetic Drift & Inbreeding (2,3)
• Domestication Selection (2)

1. Relaxation of wild, natural selection
2. Artificial selection due to environmental changes in hatchery-rearing environment

• Causes reduced fitness of hatchery fish when reintroduced into the wild (4)
• This can negatively impact wild populations if they interbreed (5)

• Reason for fitness reduction is still unknown (6)
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By comparing hatchery salmon 
lineages to the wild populations they 
were founded from, we can 
investigate if domestication 
selection is occurring in these 
hatchery facilities over 
approximately seven generations. 
Additionally, we can determine if 
selection is occurring at the same 
genomic regions across multiple 
hatchery facilities.

Figure 1 (above). Chinook Salmon | NOAA 
Fisheries

Figure 2 (right). The six study sites are located in Southeast Alaska: 
three hatchery facilities and three wild populations, along with main
watersheds in the region. Matching colored borders represent the 
hatchery facility and its corresponding wild progenitor population by 
which that hatchery line was founded | Map Credit: Alaska
Department of Fish & Game

Figure 5. Principal component analyses show genome-wide population 
structure across all six populations, (H = Hatchery, W = Wild). 

Figure 7. Manhattan plot of FST in the Unuk hatchery-wild comparison on Chromosome four at 53.2 million base pairs (Mb). 
Genes identified in the region of this outlier peak are delineated below FST values as gray bars.

Discussion
• Hatchery salmon have genetically diverged from their wild progenitor population in less than ten 

generations
• Numerous genomic regions are particularly differentiated (outlier FST peaks)
• Likely genetic drift is acting as well, especially in the Unuk hatchery population at Little Port 

Walter, which has the smallest population size in this study
• None of the outlier FST peaks are shared across hatchery-wild population-pairs
• Andrew-H and Chickamin-H populations have relatively low divergence

• Still have outlier peaks
• Still have lower effective population sizes than wild populations

• Domestication selection does not take one genetic path (potentially polygenic, or selection 
differences across facilities)
• Important for future research to determine effectiveness of certain management practices at limiting 
genetic divergence from the wild populations to increase resilience of hatchery populations in the wild
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Figure 3. Single nucleotide polymorphisms (SNPs) are 
genetic differences in a DNA sequence at one nucleotide.

Using low coverage Whole Genome Sequencing 
(lcWGS), we expect to find genetic differentiation 
between hatchery salmon and their wild 
progenitor pairs, and we will also find regions of 
the genome that are differentiated in more than 
one hatchery-wild population pair.

Global FST = 0.0102

Global FST = 0.0088

Global FST = 0.0138

References
1. ADFG. (2013). Chinook salmon stock assessment and research plan, 2013. Alaska Department of Fish and Game, Special 

Publication No. 13-01, Anchorage. ADF&G Chinook Salmon Research Team.
2. Waters, C. D., Hard, J. J., Brieuc, M. S., Fast, D. E., Warheit, K. I., Waples, R. S., Knudsen, C. M., Bosch, W. J., & Naish, K. 

A. (2015). Effectiveness of managed gene flow in reducing genetic divergence associated with captive breeding. Evol Appl, 
8(10), 956-971.

3. Waters, C. D., Hard, J. J., Fast, D. E., Knudsen, C. M., Bosch, W. J., & Naish, K. A. (2020). Genomic and phenotypic effects 
of inbreeding across two different hatchery management regimes in Chinook salmon. Molecular Ecology, 29(4), 658-672.

4. Blouin, M. S., Wrey, M. C., Bollmann, S. R., Skaar, J. C., Twibell, R. G., & Fuentes, C. (2021). Offspring of first-generation 
hatchery steelhead trout (Oncorhynchus mykiss) grow faster in the hatchery than offspring of wild fish, but survive worse in 
the wild: Possible mechanisms for inadvertent domestication and fitness loss in hatchery salmon. PLoS One, 16(12), 
e0257407.

5. Besnier, F., Ayllon, F., Skaala, Ø., Solberg, M. F., Fjeldheim, P. T., Anderson, K., Knutar, S., & Glover, K. A. (2022). 
Introgression of domesticated salmon changes life history and phenology of a wild salmon population. Evol Appl, 15(5), 
853-864.

6. López, M. E., Benestan, L., Moore, J.-S., Perrier, C., Gilbey, J., Di Genova, A., Maass, A., Diaz, D., Lhorente, J.-P., Correa, 
K., Neira, R., Bernatchez, L., & Yáñez, J. M. (2019). Comparing genomic signatures of domestication in two Atlantic salmon 
(Salmo salar L.) populations with different geographical origins. Evolutionary Applications, 12(1), 137-156.

7. Ford, M. J., Berntson, E. A., Moran, P., & McKinney, G. J. (2023). Genomic divergence of hatchery- and natural-origin 
Chinook salmon (Oncorhynchus tshawytscha) in two supplemented populations. Conservation Genetics, 24(2), 167-179.

Figure 6. Manhattan plot of genome-wide FST on a per-SNP basis for each hatchery-wild population pair. Greater FST values are indicate of differing SNPs 
between the two populations (e.g., the allele is A in many wild salmon, but the allele is G for hatchery salmon at that same loci). Outlier FST peaks are shown in 
red, and the purple arrow represents the prolific peak, which is shown in greater detail in Figure 7.  


