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Abstract: The Dlx gene family expanded via gene duplication in early vertebrate ancestors. The six 

paralogous genes are expressed in several vertebrate tissues, including the jaw-forming tissue of the first 

pharyngeal arch, where they have taken on a patterning role. Combined knockout of Dlx5 and Dlx6 in the 

mouse led to a homeotic transformation of the lower jaw into upper jaw structures, revealing a vital role 

for these homeodomain transcription factors in differentiating between upper and lower jaws. Despite the 

apparent importance of these genes in craniofacial development, the gene regulatory networks that they 

participate in are largely unknown. We describe the expression of all six Dlx genes by in situ hybridization 

in the pharyngeal tissue of chicken embryos between HH16 and HH26. Some candidate Dlx target genes 

(Pitx1, Gsc, Gbx2, Hand1 and Hand2), whose expression is lost or down-regulated in Dlx5/6 null mouse 

embryos, were also examined. We confirmed the endothelin dependence of each Dlx gene using Bosentan, 

an antagonist of endothelin signaling. The expression of Gsc, Pitx1 and Hand2 was also reduced in 

mandibular arch one under these conditions, consistent with the prediction that they are Dlx5 and/or Dlx6 

targets. The genomic loci of these candidate Dlx-regulated genes were examined using bioinformatics 

tools to identify nearby sequence-conserved regulatory regions. To identify novel Dlx targets, I examined 

the intersection of two publicly available datasets: p300 ChIP-seq data from E13.5 mouse craniofacial 

tissue (Face Base) and first arch-active enhancer regions from transgenic mouse embryo screens (VISTA). 

I found five enhancers from this analysis with VISTA designations mm384, mm901, mm924, mm1090, 

and mm1114. The orthologous chicken loci (gg) for both candidate and novel downstream genes were 

cloned into a GFP reporter plasmid and electroporated in ovo at HH8-10 to screen for activity in migratory 



CNCC or pharyngeal arch ectomesenchyme. Element gg901 showed activity in migrating neural crest at 

24- and 48-hours post-electroporation (hpe), whereas gg384 was weakly active at 24 hpe. The closest 

genes to these enhancer regions, with known involvement in craniofacial development, are Twist 1 and 

Bmp4, respectively. The transcription reporter assay confirmed the responsiveness of gg384, gg924, and 

regulatory elements associated with Gsc and Hand2, to both Dlx5 and Dlx6. 
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