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Abstract

Loss of genetic variability in small population, known as founder effect, is commonly seen in aquaculture, where broodstocks are
not routinely supplemented from the wild, leading to detrimental effects. Yet, the relationship between founding population size
and observed population genetic profile is not clear. Here, the effects of founding population size and number of alleles per locus on
the observed population genetic profile across multiple generations were examined using simulation. Our results suggest that the
number of alleles per locus (p-value = 1.2E-102) and generation counts (p-value < 1E-240) are significant factors in genetic drift but
not founding population size (p-value = 0.12). This suggests that genetic drift occurs regardless of population sizes, which may have

implications in broodstock management to constantly minimize the impact of genetic drift regardless of broodstock population.
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Introduction

Evolution is the change of genetic variations and allele frequencies in a biological population over generations, giving rise to the variety
of phenotypes [1]. The main driving forces are natural selection, biased mutation, gene flow and genetic drift [2], which are dependent on
the existing variations within the population [3]. Natural selection is the adaptation of suitable phenotypes to the environment leading to
improved survival and reproduction [4]. Mutation is the change in genetic sequences, which may give rise to new phenotypes [5,6]. Gene
flow is the transfer of alleles, which are alternative forms of the same gene, from one population to another [7]. Genetic drift is the random

change in the frequencies of existing alleles in a population [8,9] and its effect of genetic drift is the greatest in small populations [10].

There are two crucial types of genetic drift [11] - bottleneck and founder effect. Bottleneck occurs when the size of a population se-
verely is decreased leading to a change in allelic frequencies in the survivor population, leading to potential further loss of phenotypic
variation in the survivor population [12]. Founder effect occurs when a subset of the population form a new colony, leading to an altera-
tion of allele frequency is altered and potential decrease in genetic diversity [13]. Both bottleneck and founder effect are result of small
initial population size as genetic drift is more pronounced in small populations [14]. This is commonly seen in aquaculture where cultured

fish often cross-fertilize without any inflow of new broodstock [15-17], leading to multiple detrimental effects [18].

However, the relationship between founding population size and observed population genetic profile is not clear. Computer simula-
tions have been commonly used in the study [19-23] and teaching [24] of genetic drift and evolution. Hence, the study aims to examine the
effects of different population size and different number of alleles per locus on the population genetic profile across multiple generations

using simulation. Our results suggest that genetic drift occurs regardless of population size.
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Methods

Genetic drift is simulated using the software, Island [25]. Diploid organisms each containing fifty loci with uniform allelic frequen-
cies were simulated. The number of alleles per locus ranged from 2 to 10, resulting in allelic frequencies at each locus to be 50% to 10%.
Eight population sizes (1000, 2000, 4000, 8000, 16000, 32000, 64000 and 128000) were generated for each allelic frequency, resulting
in 72 populations in total (8 population sizes of 9 allelic frequencies). For each population, 10 generations were simulated. The popula-
tion size was kept constant during simulation. Chi-square statistic was calculated for each generation using the uniform allelic frequency
as expected while the allelic frequencies in the population for each generation were used as observed values. To compare results from
different simulations, normalized Chi-square value was calculated from Chi-square statistic as a quotient of Chi-square statistic and the

degrees of freedom.

Results and Discussion

Our simulation results show that the normalized Chi-square value increases over generations regardless of the number of alleles per
locus or the population size (Figure 1). Importantly, the degree of genetic drift is not proportional to population size. This suggests that ge-
netic drift is likely regardless of population size of up to 128 thousand organisms, which is supported by Kvie,, et al. [26] showing genetic
drift in relatively large wild populations of Norwegian wild reindeer. This may imply that a null hypothesis of no genetic drift, which is
equivalent to normalized Chi-square value of zero, may not be suitable. Instead, a simulated genetic drift of a sufficiently large population

may be better suited as null hypothesis.

Figure 1: Normalized chi-square values for varying population sizes with different number of alleles per locus.
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Regression analysis shows that the normalized Chi-Square value is significantly correlated (R-square = 0.9166, F = 2887, p-value
< 1E-240) to all three regressors; namely population size, number of alleles per locus, and generation; yielding the regression model,
normalized Chi-Square = 1.077E-6 (Population Size) + 0.2706 (Number of Alleles per Locus) + 0.7887 (Generation) - 0.9476. However,
only number of alleles per locus (t = 25.1, p-value = 1.2E-102) and generation count (t = 89.6, p-value < 1E-240) are significant but the
population size is not significant (t = 1.60, p-value = 0.12). This is consistent with our findings that genetic drift is likely to occur despite
large population size. More importantly, our result highlights the impact of allelic richness in terms of the number of alleles per locus on

genetic drift.

Taken together, our results suggest that genetic drift is a reality in broodstock management. This is supported by studies showing
population genetic differences between domesticated and wild populations. For example, An., et al. [27] examined 233 black rockfish
across 10 microsatellite loci in a hatchery facility in South Korea and found significant genetic differences between the parent and off-
spring populations. Molnar, et al. [28] average number of alleles and allelic richness in pikeperch were significantly lower in the pond
cultured stocks as compared to the wild population. Similar trends had been observed between farmed and wild Atlantic salmon [29].
This has led to suggestions to routinely supplement broodstock from the wild [30] to reduce the impact of genetic drift in captive popula-
tions. However, this requires further studies. Importantly, our results suggest the need to monitor broodstocks for genetic drift regardless

of the size of broodstocks.

Conclusion

The results from this study imply that allelic richness and population count have more significant impact on genetic drift than popula-
tion size. Moreover, genetic drift is likely to occur regardless of population size, which calls for constant monitoring in broodstock man-

agement.

Data Availability
The data files for this study can be downloaded at https://bit.ly/GeneticDriftA, which is a zip file containing a folder; Parameter Files,

where each parameter file contains the allelic frequencies to generate a population, and an Excel file containing the tabulated results from

simulation.

Conflict of Interest

The authors declare no conflict of interest.

Bibliography
1. Abrams M. “How Do Natural Selection and Random Drift Interact?” Philosophy of Science 74.5 (2007): 666-679.

2. Ashraf MA and Sarfraz M. “Biology and Evolution of Life Science”. Saudi Journal of Biological Sciences 23.1 (2016): S1-S5.

3. Saeb ATM and Al-Nageb D. “The Impact of Evolutionary Driving Forces on Human Complex Diseases: A Population Genetics Ap-
proach”. Scientifica (2016): 2079704.

4. Lenski RE. “What is Adaptation by Natural Selection? Perspectives of an Experimental Microbiologist”. PLOS Genetics 13.4 (2017):
€1006668.

5. Lind PA, et al. “Predicting Mutational Routes to New Adaptive Phenotypes”. Elife 8 (2019): e38822.
6. Carlin JL. “Mutations Are the Raw Materials of Evolution”. Nature Education Knowledge 3.10 (2011): 10.

7. Ellstrand NC and Rieseberg LH. “When Gene Flow Really Matters: Gene Flow in Applied Evolutionary Biology”. Evolutionary Applica-
tions 9.7 (2016): 833-836.

8. Masel]. “Genetic Drift”. Current Biology 21.20 (2011): R837-R838.

9. Honnay O. “Genetic Drift”. In: Brenner’s Encyclopedia of Genetics, Elsevier (2013): 251-253.

Citation: Maurice HT Ling,, et al. “A Simulation Study on the Effects of Founding Population Size and Number of Alleles Per Locus on the
Observed Population Genetic Profile: Implications to Broodstock Management”. EC Veterinary Science 5.8 (2020): 176-180.


https://www.jstor.org/stable/10.1086/525612
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4705322/
https://www.hindawi.com/journals/scientifica/2016/2079704/
https://www.hindawi.com/journals/scientifica/2016/2079704/
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1006668
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1006668
https://elifesciences.org/articles/38822
https://www.nature.com/scitable/knowledge/library/mutations-are-the-raw-materials-of-evolution-17395346/
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.12402
https://onlinelibrary.wiley.com/doi/full/10.1111/eva.12402
https://en.wikipedia.org/wiki/Genetic_drift

A Simulation Study on the Effects of Founding Population Size and Number of Alleles Per Locus on the Observed Population

Genetic Profile: Implications to Broodstock Management

179

10. Andrews CA. “Natural Selection, Genetic Drift, and Gene Flow Do Not Act in Isolation in Natural Populations”. Nat Educ Knowl 3.10
(2010): 5.

11. Ploshnitsa Al et al. “Impact of Historical Founder Effects and a Recent Bottleneck on MHC Variability in Commander Arctic Foxes
(Vulpes lagopus)”. Ecology and Evolution 2.1 (2012): 165-180.

12. Amos W and Hoffman JI. “Evidence that Two Main Bottleneck Events Shaped Modern Human Genetic Diversity”. Proceedings of the
Royal Society B: Biological Sciences 277.1678 (2010): 131-137.

13. Kivisild T. “Founder Effect”. In: Brenner’s Encyclopedia of Genetics”. 2" Edition. Elsevier (2013): 100-1.
14. Kliman R, et al. “Genetic Drift and Effective Population Size”. Nat Educ 1.3 (2008): 3.

15. Kim JE, et al. “Genetic Variability Comparison of Cultured Israeli Carp (Cyprinus carpio) from Korea using Microsatellites”. Genes
Genomics 40.6 (2018): 635-642.

16. HanZ, etal. “Near-Complete Genome Assembly and Annotation of the Yellow Drum (Nibea albiflora) Provide Insights into Population

and Evolutionary Characteristics of this Species”. Ecology and Evolution 9.1 (2019): 568-575.

17. Manousaki T, et al. “Muscle and Liver Transcriptome Characterization and Genetic Marker Discovery in the Farmed Meagre, Argyro-

somus regius”. Marine Genomics 39 (2018): 39-44.

18. Wang],, et al. “Effects of Inbreeding on Genetic Characteristic, Growth, Survival Rates, and Immune Responses of a New Inbred Line

of Exopalaemon carinicauda. Kurabayashi A, editor”. International Journal of Genomics (2020): 5735968.

19. Saunders PA, et al. “Sex Chromosome Turnovers and Genetic Drift: A Simulation Study”. Journal of Evolutionary Biology 31.9 (2018):
1413-14109.

20. Castillo CF and Ling MH. “Resistant Traits in Digital Organisms Do Not Revert Preselection Status despite Extended Deselection: Im-
plications to Microbial Antibiotics Resistance”. BioMed Research International (2014): 648389.

21. Castillo CE, et al. “Resistance Maintained in Digital Organisms Despite Guanine/Cytosine-Based Fitness Cost and Extended De-Selec-
tion: Implications to Microbial Antibiotics Resistance”. MOJ Proteomics Bioinforma 2.2 (2015): 00039.

22. Anderson CJR and Harmon L. “Ecological and Mutation-Order Speciation in Digital Organisms”. The American Naturalist 2 (2014):
257-268.

23. Beckmann BE,, et al. “Evolution of Resistance to Quorum Quenching in Digital Organisms”. Artificial Life 18.3 (2012): 291-310.

24. Price RM,, et al. “Observing Populations and Testing Predictions about Genetic Drift in a Computer Simulation Improves College Stu-
dents’ Conceptual Understanding”. Evolution: Education and Outreach 9.1 (2016): 8.

25. Ling MH Island. “A Simple Forward Simulation Tool for Population Genetics”. Acta Scientific Computer Sciences 1.2 (2019): 20-22.

26. Kvie KS,, et al. “Recent Large-Scale Landscape Changes, Genetic Drift and Reintroductions Characterize the Genetic Structure of Nor-
wegian Wild Reindeer”. Conservation Genetics 6 (2019): 1405-1419.

27. An HS, et al. “Mitochondrial and Microsatellite DNA Analyses Showed Comparative Genetic Diversity Between Parent and Offspring
Populations of Korean Black Rockfish in a Hatchery Facility”. Genetics and Molecular Research 12.4 (2013): 6389-6401.

28. Molnar T, et al. “Genetic Consequences of Pond Production of a Pikeperch (Sander lucioperca L.) Stock with Natural Origin: The Ef-
fects of Changed Selection Pressure and Reduced Population Size”. Peer Journal 8 (2020): e8745.

Citation: Maurice HT Ling,, et al. “A Simulation Study on the Effects of Founding Population Size and Number of Alleles Per Locus on the
Observed Population Genetic Profile: Implications to Broodstock Management”. EC Veterinary Science 5.8 (2020): 176-180.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3297186/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3297186/
https://royalsocietypublishing.org/doi/10.1098/rspb.2009.1473
https://royalsocietypublishing.org/doi/10.1098/rspb.2009.1473
https://en.wikipedia.org/wiki/Founder_effect
https://www.nature.com/scitable/topicpage/genetic-drift-and-effective-population-size-772523/
https://pubmed.ncbi.nlm.nih.gov/29892945/
https://pubmed.ncbi.nlm.nih.gov/29892945/
https://www.researchgate.net/publication/329576914_Near-complete_genome_assembly_and_annotation_of_the_yellow_drum_Nibea_albiflora_provide_insights_into_population_and_evolutionary_characteristics_of_this_species
https://www.researchgate.net/publication/329576914_Near-complete_genome_assembly_and_annotation_of_the_yellow_drum_Nibea_albiflora_provide_insights_into_population_and_evolutionary_characteristics_of_this_species
https://pubmed.ncbi.nlm.nih.gov/29395623/
https://pubmed.ncbi.nlm.nih.gov/29395623/
https://www.hindawi.com/journals/ijg/2020/5735968/
https://www.hindawi.com/journals/ijg/2020/5735968/
https://onlinelibrary.wiley.com/doi/abs/10.1111/jeb.13336
https://onlinelibrary.wiley.com/doi/abs/10.1111/jeb.13336
https://www.hindawi.com/journals/bmri/2014/648389/
https://www.hindawi.com/journals/bmri/2014/648389/
https://medcraveonline.com/MOJPB/resistance-maintained-in-digital-organisms-despite-guaninecytosine-based-fitness-cost-and-extended-de-selection-implications-to-microbial-antibiotics-resistance.html
https://medcraveonline.com/MOJPB/resistance-maintained-in-digital-organisms-despite-guaninecytosine-based-fitness-cost-and-extended-de-selection-implications-to-microbial-antibiotics-resistance.html
https://lukejharmon.github.io/assets/anderson-amnat-2014.pdf
https://lukejharmon.github.io/assets/anderson-amnat-2014.pdf
https://dl.acm.org/doi/10.1162/artl_a_00066
https://evolution-outreach.biomedcentral.com/articles/10.1186/s12052-016-0059-6
https://evolution-outreach.biomedcentral.com/articles/10.1186/s12052-016-0059-6
https://actascientific.com/ASCS/pdf/ASCS-01-0011.pdf
https://link.springer.com/article/10.1007/s10592-019-01225-w
https://link.springer.com/article/10.1007/s10592-019-01225-w
https://www.researchgate.net/publication/259588470_Mitochondrial_and_microsatellite_DNA_analyses_showed_comparative_genetic_diversity_between_parent_and_offspring_populations_of_Korean_black_rockfish_in_a_hatchery_facility
https://www.researchgate.net/publication/259588470_Mitochondrial_and_microsatellite_DNA_analyses_showed_comparative_genetic_diversity_between_parent_and_offspring_populations_of_Korean_black_rockfish_in_a_hatchery_facility
https://peerj.com/articles/8745/
https://peerj.com/articles/8745/

A Simulation Study on the Effects of Founding Population Size and Number of Alleles Per Locus on the Observed Population
Genetic Profile: Implications to Broodstock Management

180

29. Glover KA, et al. “Half a Century of Genetic Interaction between Farmed and Wild Atlantic salmon: Status of Knowledge and Unan-
swered Questions”. Fish and Fisheries 18.5 (2017): 890-927.

30. Liu D, et al. “Low Genetic Diversity in Broodstocks of Endangered Chinese Sucker, Myxocyprinusasiaticus: Implications for Artificial
Propagation and Conservation”. ZooKeys 792 (2018): 117-132.

Volume 5 Issue 8 August 2020
©All rights reserved by Maurice HT Ling,, et al.

Citation: Maurice HT Ling,, et al. “A Simulation Study on the Effects of Founding Population Size and Number of Alleles Per Locus on the
Observed Population Genetic Profile: Implications to Broodstock Management”. EC Veterinary Science 5.8 (2020): 176-180.


https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12214
https://onlinelibrary.wiley.com/doi/full/10.1111/faf.12214
https://www.google.com/search?client=firefox-b-d&q=Low+Genetic+Diversity+in+Broodstocks+of+Endangered+Chinese+Sucker%2C+Myxocyprinusasiaticus%3A+Implications+for+Artificial+Propagation+and+Conservation
https://www.google.com/search?client=firefox-b-d&q=Low+Genetic+Diversity+in+Broodstocks+of+Endangered+Chinese+Sucker%2C+Myxocyprinusasiaticus%3A+Implications+for+Artificial+Propagation+and+Conservation

