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Verification of the subfunctionalization hypothesis in paralogous genes by
engrafting cis-regulatory elements
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Mice lacking the pharﬁngeal arch enhancer of the DIx5-6 gene cluster by
genome editing exhibit a phenotype in which the mandible is transformed into an upper jaw. This
result indicates that the DIx5-6 pharyngeal arch enhancer plays an essential role in mandible
development. knock-in of the DIx5-6 pharyngeal enhancer resulted in an approximately 2-fold increase

in DIx3 expression. mice lacking the DIx5-6 pharyngeal enhancer were transfected with the DIx3-4
gene cluster. Crossing the DIx5-6 pharyngeal enhancer knock-in to the DIx3-4 gene cluster resulted
in mice in which both were homozygous; the phenotype of mice lacking the DIx5-6 pharyngeal arch
enhancer, in which the mandible becomes maxillary and postnatal lethality occurs, was rescued in
these mice. These results indicate that paralogous gene function can be transferred to another
paralogous gene by enhancer integration.
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