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When on board H.M.S. ‘Beagle’ as 
naturalist, I was much struck with certain facts... 

Darwin's finches. The finches numbered 1–7 are 

ground finches. They seek their food on the ground or 

in low shrubs. Those numbered 8–13 are tree finches. 

They live primarily on insects.

 1. Large cactus finch (Geospiza conirostris)

 2. Large ground finch (G. magnirostris)

 3. Medium ground finch (Geospiza fortis)

 4. Cactus finch (G. scandens)

 5. Sharp-beaked ground finch (G. difficilis)

 6. Small ground finch (G. fuliginosa)

 7. Woodpecker finch (Cactospiza pallida)

 8. Vegetarian tree finch (Platyspiza crassirostris)

 9. Medium tree finch (Camarhynchus pauper)

 10. Large tree finch (Camarhynchus psittacula)

 11. Small tree finch (C. parvulus)

 12. Warbler finch (Certhidia olivacea)

 13. Mangrove finch (Cactospiza heliobates)

 (From BSCS, Biological Science: Molecules to Man, 

Houghton Mifflin Co., 1963)

Darwin’s finches



“On the various contrivances...” - 1862





Variation: within species - Human hemoglobin

ATG GTG CAC CTG ACT CCT GAG GAG AAG TCT GCC GTT ACT

ATG GTG CAC CTG ACT CCT GTG GAG AAG TCT GCC GTT ACT

MVHLTPEEKSAVT (E is the single letter abbreviation for 

                                                glutamic acid)

MVHLTPVEKSAVT (V is the single letter abbreviation 

                                            for valine)

Glutamic acid is a hydrophilic amino acid. Valine is a 

hydrophobic amino acid.

Human variation at genetic code level (genotype) to 
variation in protein to variation in...



Variation: different “allelomorphs” or “alleles” 
(Bateson, 1908)

Variation in “phenotype” = ‘form that shows’





 Paracoccus Denitrificans

Cytochrome c oxidase: cow vs. bacterium

 Bos taurus
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Heavy Metal: zinc resistance in grasses



Between species variation: chimpanzee vs. human



1320 Am. J. Hum. Genet. 70:1318–1327, 2002

Figure 2 Schematic of FOXP2 (adapted with permission from Lai et al. [2001]). Numbers in black indicate exon numbers. Numbers in
grey indicate intron numbers as used in table 3. All exons are shown to scale. Introns are shown to scale with each other, and the sizes of all
introns 15 kb are given in brackets (in kb). Positions of all microsatellites and SNPs used for association analysis are indicated by arrows, and
distances (in kb) are given from the nearest coding exon. Exons 5 and 6 contain a polyglutamine encoding tract; exons 12–14 contain the
forkhead (fox) domain; exons 3a and 3b are alternatively spliced; the KE mutation is found in exon 14; the CS translocation breakpoint is
between exon 3b and exon 4.

notype is characterized by severe orofacial dyspraxia,
which impedes complex articulatory movement, accom-
panied by extreme impairments in both expressive and
receptive language skills. There is also evidence of non-
verbal deficits in some individuals (Vargha-Khadem et al.
1995). Although the affected members of the KE family
show no autistic features and do not meet strict diagnostic
criteria for SLI, the overlap between the SPCH1 and
AUTS1 loci raised the question of whether a single gene
on 7q might be involved in both autism and SLI (Folstein
and Mankoski 2000). Such a hypothesis is strengthened
by cytogenetic studies of individuals with chromosome 7
abnormalities (fig. 1). Ashley-Koch et al. (1999) described
a family with a pericentric inversion of the long arm of
chromosome 7 (inv[7][q22-q31.2]), transmitted from an
unaffected mother to all three of her children. Interest-
ingly, two of the three siblings in this family were affected
by autism, and the third presented with a severe expres-
sive-language disorder. Vincent et al. (2000) characterized
a translocation transmitted from an unaffected mother to
an autistic child (t[7;13][q31.2;q21]) and mapped the
breakpoint within a highly conserved, brain-expressed
gene of unknown function (RAY1) between markers
D7S2460 and D7S633. Warburton et al. (2000) described
two unrelated individuals, one with autism and a second
with a severe expressive-language impairment, both of
whom showed de novo abnormalities involving break-
points on chromosome 7q31 (inv[7][p12.2;q31.3] and
t[2;7][p23;q31.3], respectively). Finally, Lai et al. (2001)
described a child (referred to as “CS”) affected by a severe
orofacial dyspraxia and language deficits similar to those
seen in the KE family, with a de novo translocation
(t[5;7][q22;q31.2]) mapping to the SPCH1 region.

Recently, the gene mutated in the KE family was iden-
tified as FOXP2 (MIM 605317) (Lai et al. 2001). The
FOX genes encode a large family of transcription fac-
tors, all of which possess a winged-helix—or forkhead

box (“fox”)—DNA-binding domain. The known se-
quence of FOXP2, as reported by Lai et al. (2001), is
organized into 19 exons (2 of which are alternatively
spliced), and the major splice form encodes a 715-residue
protein containing a characteristic fox domain (exons
12–14) and a 40-residue polyglutamine tract (exons 5
and 6). The polyglutamine repeat is encoded by a mix-
ture of CAG and CAA codons and has been demon-
strated to be stable in normal individuals (Lai et al.
2001). The mutation identified in the KE family is a GrA
transition in exon 14 that cosegregates with the speech
and language disorder in the KE pedigree. This nonsyn-
onymous change results in an arginine-to-histidine sub-
stitution at a highly conserved residue within the fox
domain (Lai et al. 2001). Furthermore, the FOXP2 gene
was directly disrupted by the chromosomal breakpoint
of the unrelated translocation patient, CS. Lai et al.
(2001) suggested that the KE and CS phenotypes may
be caused by haploinsufficiency of FOXP2 at a key stage
of embryogenesis, which results in the abnormal devel-
opment of neural structures important for speech and
language.

Clearly, there is strong support for the role of chro-
mosome 7q31 in the etiology of both autism and lan-
guage disorders. However, questions remain with regard
to the relevance of FOXP2 within more common and
genetically complex forms of language impairment, and
it is still a matter of debate as to whether the phenotypic
and genetic overlaps between autism and SLI are caused
by the same or by different loci. The present study there-
fore presents the characterization of FOXP2 within sam-
ples of patients with SLI and autism, with two aims. The
first is to assess the relevance of the FOXP2 gene within
forms of language impairment more common than those
found in the KE family and in the translocation patient
CS, and the second is to directly evaluate the hypothesis
that the overlap in SPCH1 and AUTS1 mapping da-
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Between-species variation that matters?

Between-species variation that matters?



Transformational Evolution - the main sequence

Mortal Immortal

Variational

Transformational



+

Mud slide: Blending inheritance 
washes out variation
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Fisher’s proof of mud slides

x =  1st parent's deviation from mean

y =  2nd parent's deviation from mean

variance = E(x
2
)



Gregor Mendel saves Darwin?
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Mating Selection

Mendelism

Genotype space

1000 loci ('genes'), 3 types each (alleles), genotype space

has 1000 x (10-1) = 9000 dimensions, and

31000  genotypes




