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Fitness Landscape

EVOLUTIONARY BIOLOGY

A rugged yet easily navigable fitness landscape

Andrei Papkou, Lucia Garcia-Pastor, José Antonio Escudero, Andreas Wagner*

Empirical fitness landscape E. coli dihydrofolate reductase
of dihydrofolate reductase.

CRISPR-Cas9 gene editing —————» Mass selection experiment

T Trimethopri
We edited the E. coli genome to folA st i e
create a fitness landscape
of all 64% codons encoding i i
three consecutive amino o Cas9 T
AAA AAA AAA TR S
acids (A, Ala; D, Asp; L, Leu) ChA AN AAA P &
of the protein dihydrofolate AP ‘«\§ o "\(}%\ /‘
reductase. We measured PO §// )
the fitness of each genotype gee cog TTT
in this landscape in the GGG GGG GGT )
ihioti 666 6666ee 262,144 variants
presence of the antibiotic
trimethoprim using a mass

selection experiment and Adaptive evolution <«————  Fitness landscape reconstruction «—— Deep sequencing

deep sequencing. Even
though the landscape is
highly rugged, adaptive
evolution can find the highest
peaks from most starting
locations via short and
abundant fitness-increasing
paths. [Created with
BioRender.com]

CTGCCTGCCGATCTCGCCTGGT
CTGCCTAMAAATIBAGCCTGGT
CTGCCTIGAAAA GCCTGGT
CTGCCTWAAAATAAlGCCTGGT
CTGCCTAAA.AA AGCCTGGT
CTGCCT1AAAAAT GCCTGGT
CTGCCTGHAA TlAAGCCTGGT
CTGCCTAAA AAAAIGCCTGGT

CTGCCTAAGMAAATIGCCTGGT
CTGCCT.AAA AABRGCCTGGT
CTGCCTGAAAMIAATIIGCCTGGT

CTGCCT AAABBAAGCCTGGT
CTGCCTAAA AGCCTGGT
CTGCCTHlA AAAIGCCTGGT
CTGCCTGAAAAAEAGCCTGGT

Fitness I cTecCcTAAMMAARBAGCCTGGT
Low High 2x150 bp lllumina reads
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Deep Mutational Scanning
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