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O O O Progress in identifying genes responsible for multi-factorial nonsyndromie CLC PO has come from the
study ofrare single-gene forms of syndromic CLO PO . These includeX-linked elefting with ankyloglossia

(] tethering of tongueby short or anterior frenulum and two forms of autoso-real dominant clefting, one
associated with missing teethand the other with infertility and anosmia [ inability tosmell(] . These three
mendelian forms of syndromic clef-ting result from mutations in two transcription factorgenes, TBX1 and MSX1,
and in the gene FGFR1, whichencodes a cell signaling molecule. The most striking find-ing, however, is that a
variety of rare mutations have nowbeen found in all three of these genes in patients from avariety of different ethnic
backgrounds who appear tohave nonsyndromic CLLI PJ . The frequency of mutation inCLL P[J patients is
approximately 5[1 for TBX1, approxi-mately 2% for MSX1, and 10 for FGFRL. In all cases,investigation of
additional family members may discloseaffected individuals with more typical features of the syn-dromes
associated with mutations in that gene. Anothertranscription factor gene, IRF6, in which mutations causethe
syndromic form of CLO PCJ known as Van tier Woudesyndrome, is also involved in nonsyndromic clefting.
Vander Woude syndrome has pits in the lower lip in 85% ofpatients, but 15% may present only with cleft lip or
pal-ate. What is very likely, however, is that these genes re-present only a fraction of the total genetic contribution
tothis birth defect and that marked locus and allelic hetero-geneity will be the rule. It is unknown to what extent
themajority of CLO PO patients will turn out to have the de-fect because of rare alleles at additional single loci, or
be-cause of multifactorial interactions between more commonalleles at many loci. Finally, maternal smoking is a
wellrecognized risk factor for CL P .
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