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Read above article then answer the following questions.
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Please ignore part  c above .
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White Sands is a national park in New Mexico with two distinct habitats: dark
soil areas and white sand dunc areas, Two of the White Sands lizard specics,
Sceloporus undulatus and Aspidoscelis inornata, have cach evolved dark- and
light-skinned forms that live predominantly on the dark soil and the white sand
areas, respectively (Figure 1),

A recent scientific study has determined that the light-skinned forms of these
lizard species are associated with two different mutations in the gene that encodes
the melanocortin-1 receptor (Melr) protein. Meclr is a hormone receptor on the
surface of skin cells that is involved in switching on the synthesis of the dark

production and a lighter skin colour (Figure 1),

The effect of the Mc/r genc mutation in these two species of White Sands lizards
is subtly different. In 4. inornata, the mutant Mc/r receptor protein fails to switch
on melanin synthesis, whereas the mutation in S. undulatus results in a receptor
protein that is unable to insert into the cell membrane. This is an example of
convergent evolution, where different species have developed the same
adaptation to living in a similar environment (in this case a skin colour variation),
but they have each achieved this via a different evolutionary route, Here,
adaptation to living on the white sand habitat is associated with an increase in the
frequency of a different mutant ‘light” Ml r allele in each lizard species (Figure
2). Changes in melanin production affect colouration on the top of the lizard’s
body, which predators can see, and also the sides of the body, which other lizards
use to decide who to mate with,
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Figure 1 Light-skinned forms of lizards are predominant on arcas of white sand
dun (top row) and dark-skinned forms are predominant on dark soil habitats
(bottom row). The light-skinned form of cach specics is associated with a
different mutation in the Mc/r gene that changes an amino acid in the Mc/r
protein sequence (shown below the picture). The Me/r allele associated with the
light-skinned form of . undulatus, changes amino acid number 208 of the Mc/r
protein from histidine to tyrosine (His208Tyr). The Mc/r allele associated with
the light-skinned form of 4. inornata changes amino acid number 170 of the
Me1r protein from threonine to isoleucine (Thr!7lle).
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Figure 2 The frequency of dark and light Mc/r alleles present in populations of
two lizard species living on the two different habitats (dark soil and white sands)
in White Sands, New Mexico.

(a) The rescarchers in this study were not able to perform controlled breeding of
these lizards in captivity. However, if for each species, they had been able to
cross a lizard that was homozygous for the dark Mcr allele with a lizard that
was homozygous for the light Mc /r allele, in the resulting F, generation they
would have obtained the percentage of light-skinned offspring shown in
column 2 of Table 3. If they had then gone on to cross two of the offspring
from the F, generation, in the resulting F, generation they would have
obtained the percentage of light-skinned offspring shown in column 3 of
Table 3.

For each of the two species of lizard (S. undulatus and A. inornata),
determine whether the light Mcr allele is dominant or recessive to the dark
Mclrallele.

Thelad Nodas Dana £




image3.jpeg
Use mating diagrams to support your reasoning for cach species, showing the
crosses and the genotype and phenotype ratios that result in the Fy and F
generations. You should follow the strategies suggested in Book 5 Box 8.1 p.
172 for tackling genetic problems.

Table3 The phenotype of offspring in the F, and F generations.

Lizard species Percentage of light- Percentage of light-
skinned lizardsin the  skinned lizards in the
F, generation F, generation

Sceloporus undulatus 100% 75%

Aspidoscelis inornata 0% 25%

(b) The rescarchers carried out blood tests to determine the frequency of light
and dark MeIr allcles in lizard populations living on the two different
habitats; dark soil and white sands (Figure 2).

(i) Briefly describe the differences in the frequency of the light and dark
allcles between the species and the habitats shown in Figure 2. (bout
150 words)

(ii) Explain how natural selection could have resulted in the differences in
allele frequency between the two differcnt habitats. (4bout 150 words)

(iii) For lizards collected from the White Sands habitat, why would the
dominant or recessive nature of the light Melrallcle in cach species,
which you determined in part (a), result in the difference seen in light
allele frequency between the two diffcrent species? (4bout 1 50 words)

(c) Write a short account (450 550 words) describing how a mistake in DNA




