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Anthropogenically induced environmental change is causing
populations to go extinct at unprecedented rates. This has created
a triage situation where the preservation of genetically distinct
populations could be prioritized if methods could be developed to
quickly identify them. Traditional “common garden” methods of
identifying traits showing genetic differences among populations
are often too slow to be useful. I will argue that modern genomics is
enabling discovery of DNA markers that are phenotype informative
for skin pigmentation patterns, coat color, eye color and body size
that could be used as an index of genetic distinctness and therefore
conservation priority. I believe that the potential role of phenotypically
informative SNPs has not previously been recognized because of the
paradigm that local adaptation mostly involves quantitative traits
determined by many genetic loci (QTL) of small effect.
The development of high density SNP (single nucleotide
polymorphism) chips for humans and increasing interest in
molecular forensics has facilitated the discovery of the phenotypically
informative mutations for skin colour, eye colour, and hair colour [1].
A number of SNPs in two highly conserved genes: the melanocortin
1 receptor (MC1R) gene and the agouti signaling protein (ASIP) gene
have been shown to affect not just human pigmentation but also that
of other vertebrates such as deer mice and fishes [2]. Two SNPs in the
MC1R gene cause a blue variant of the arctic fox whose coat colour
does not become white in winter [3]. The blue variant may be adaptive
in Iceland, Svalbard and western Greenland where some individuals
have adapted to a coastal life-style [4] and where coat colour could be
noninvasively detected by genotyping of fox faecal pellets.
High density genotyping and genome wide association analysis
(GWAS) makes it possible to find SNPs that are physically linked
to ecologically important traits controlled by major loci [5] that are
under selection for different optima in different environments. For
example, juvenile salmon from gravel-bottomed streams have dark
vertical bars on their sides while those from mud-bottomed streams
have faint or no marks; these skin patterns help camouflage parr from
bird predators against their natal streams [6]. The number and the
contrast of parr marks seem to be controlled by different sets of major
QTL [7] as well as limited phenotypic plasticity. Atlantic salmon SNP
chips containing 5000 to 200,000 polymorphic SNPs can be used in
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wild populations [8] increasing the likelihood that genome regions
responsible for adaptive differences among rivers will be tightly
linked to specific SNP markers (Boulding, unpublished data). This
may eventually allow us to use SNP genotypes to predict adaptation
trait values of extirpated Atlantic salmon populations from archived
scale samples as is now done for ancient human skeletal remains [9].
Detection of local adaptation with phenotypically informative
SNPs in endangered, non-model organisms is becoming more
feasible as high-throughput SNP genotyping becomes possible
for more species and as efficient GWAS methods that use linkage
disequilibrium among small populations become more sophisticated.
Some ecologically relevant traits are determined solely by small QTL
and therefore the discovery of phenotypically informative useful
SNPs is unlikely. This could create a possible trait bias in any index of
genetic distinctness. Phenotypically informative SNPs are more likely
to be discovered for traits determined by major QTL. Major QTL are
more likely to persist in when selection on the trait is diversifying
rather than directional. A promising area for future research is to
explore the extent to which phenotypically informative SNPs can be
used as an index of genetic distinctness and therefore conservation
priority. Phenotypically informative SNPs should be especially useful
in field situations where the phenotype is not easy to observe.
Acknowledgement
This editorial was much improved by criticism from H. Helgland and DI Vage
however the views expressed are the author’s own. Travel funding was obtained
from Natural Sciences and Engineering Research Council of Canada Strategic
Project grant STPGP 322406 - 2005.

References
1. Budowle B, van Daal A (2008) Forensically relevant SNP classes.
BioTechniques 44: 603- 610.
2. Hubbard JK, Uy JAC, Hauber ME, Hoekstra HE, Safran RJ (2010) Vertebrate
pigmentation: from underlying genes to adaptive function. Trends in Genetics
26: 231-239.
3. Vage DI, Fuglei E, Snipstad K, Beheim J, Landsem VM, et al. (2005) Two
cysteine substitutions in the MC1R generate the blue variant of the arctic fox
(Alopex lagopus) and prevent expression of the white winter coat. Peptides
26: 1814–1817.
4. Norén K, Carmichael L, Fuglei E, Eide NE, Hersteinsson P, et al. (2011)
Pulses of movement across the sea ice: population connectivity and temporal
genetic structure in the arctic fox. Oecologia 166: 973-984.
5. Stinchcombe JR, Hoekstra HE (2008) Combining population genomics and
quantitative genetics: finding the genes underlying ecologically important
traits. Heredity 100: 158–170.
6. Donnelly W, Whoriskey F (1993) Transplantation of Atlantic salmon (Salmo
salar) and crypsis breakdown In: Production of juvenile Atlantic salmon,
Salmo salar, in Natural Waters. (Eds) Gibson RJ, Cutting RE. Can Spec Publ
Fish Aquat Sci 118: 25-34.
7. Boulding EG, Culling M, Glebe B, Berg PR, Lien S, et al. (2008) Conservation
genomics of Atlantic salmon: SNPs associated with QTLs for adaptive traits
in parr from four trans-Atlantic backcrosses. Heredity 101: 381–391.
8. Karlsson S, Moen T, Lien S, Glover KA, Hindar K (2011) Generic genetic
differences between farmed and wild Atlantic salmon identified from a 7K
SNP-chip. Mol Ecol Resour 11: 247–253.
9. Bouakaze C, Keyser C, Crubézy E, Montagnon D, Ludes B (2009) Pigment
phenotype and biogeographical ancestry from ancient skeletal remains:
inferences from multiplexed autosomal SNP analysis. Int J Legal Med 123:
315-325.

All articles published in International Journal of Evolution are the property of SciTechnol, and is protected by copyright laws.
“Copyright © 2012, SciTechnol, All Rights Reserved.

