A mosaic of modular variation at a single gene
underpins convergent plumage coloration
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PART 01 How do complex phenotypes evolve?
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$ " Four comb phenotypes in chickens
(Freyja Imsland., et al 2012)
" Most phenotypic traits are thought to be polygenic.

Can a single gene drive phenotypic diversity?

(Kaustubh Adhikari., et al 2019)



PART 01 Introduction
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PART 01 Introduction

B Intermediate mantle phenotypes

Wheatears (genus Oenanthe HEJ&)
A Species phenotypes
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® How did these color traits evolve?

® What is the genetic basis of
plumage coloration in wheatears?

® Which single gene can generate
complex, modular phenotypes?




LUWNYE A single gene controls all three color traits

Throat coloration: TE insertion + coding mutation

B GWAS top hits of ASIP region
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ASIP gene (Agouti Signaling Protein): well-known regulator of melanin synthesis (E®&ZX&7k)
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PART 03 Mantle and neck coloration

B GWAS top hits of ASIP region
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PART 03

Additive ASIP-based architecture of mantle and neck coloration

D Additive model mantle coloration
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E Additive model neck side coloration

Mantle and neck side color score
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PART 04 Association of ASIP expression with feather coloration
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ASIP expression is ~4x higher in white feathers than black ones



LUWU'CH Introgressed origins of ASIP variation.

A Species phenotypes
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PART 06 Multistage introgression underpins color convergence and polymorphism

A Evolutionary history of plumage coloration
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PART 06 Multistage introgression underpins color convergence and polymorphism

B Genomic context of mosaic phenotypes
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PART 07 Conclusion

1. A single gene can produce modular variation CTE RaioR
Mantle mutations - /
2. Introgression acts as evolutionary “raw material” m .
e IAE “
/ TE insertion &
4 Coding mutation (SNP) intro 1

3. New mutations and introgressed variation interact
4. Fine-scale recombination within a gene can build new phenotypes
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5. Hybrid zones serve as evolutionary “melting pots”

A ;"\ ,"ﬁ,
Hybridization & ASIP recombination

Complex phenotypes do not always require many genes. They can arise from
modular regulatory and coding mutation within a single gene, reshuffled over
evolutionary time through hybridization and recombination.
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PART 08 Limitation

1. Limited taxonomic and phenotypic sampling.

2. Functional validation is limited and requires additional experiments (e.g., CRISPR).
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