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Natural gene drive mechanisms

Gene drives

• Mechanisms that cause genetic elements to be inherited at super-Mendelian
rates

Natural mechanisms

• Transposable elements

• Maternal Effect Dominant Embryonic Arrest (MEDEA)

• Homing Endonuclease genes

• Cytoplasmic incompatibility

• Cytoplasmic male sterility

• Meiotic drive

• Underdominance
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Characteristics of gene drives (Sinkins and Gould, 2006)
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CRISPR game changer
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Why would we deploy this technology?
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Population suppression or alteration with CRISPR-Cas9

Source: Saey (2015)
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Gene drive in randomly mating population (Unckless et al., 2015)

Frequency of transgenic allele q depends on conversion rate c, fitness cost s,
and fitness cost dominance in heterozygotes (h = 1 dominant, h = 0 recessive)
:

q′ =

q2(1− s)︸ ︷︷ ︸
Homozygotes

+ q(1− q)(1− c)(1− hs)︸ ︷︷ ︸
Unconverted heterozygotes,

+ q(1− q)2c(1− s)︸ ︷︷ ︸
Converted heterozygotes

 w̄−1

When allele is rare q2 ' 0 and w̄ ' 1 so

q′ = q2(1− se)

se = hs(c− 1) + (1− 2s)c

Which means that deleterious allele can spread so long as

c > hs/(1− 2s + hs)
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Recessive female-sterile gene drive in An. gambiae

Source: Hammond et al. (2016)
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Immunity To Drive in Flour Beetles (Drury et al., 2017)
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CRISPR-Offcuts (Schaefer et al., 2017)
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