The evolution of complex traits in diverse
human populations
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Introduction to Patterns of Human Diversity and Evolution
Case Study of Natural Selection in Action: Lactase Persistence

The relationship between evolutionary history and complex
disease susceptibility in human populations.



Recent African Origin model of human evolution
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Past migration events in Africa
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(Campbell et al., Current Opinion in Genetics & Development , 2014)




Genes, phenotypes, and natural selection
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Traits/Phenotypes
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Genetic variation underlying traits/phenotypes
under selection



Genetic Origins of Lactase Persistence and the Spread of

Pastoralism In Africa

A. Ranciaro!’, M.C. Campbell?, J.B. Hirbo!, W.-Y. Ko?, A. Froment?, P. Anagnostous, M.J.

Kotze4, M. Ibrahim 3, T. Nyambo®, S.A. Omar’, S.A.Tishkofft
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What is Lactose?

A ltis a sugar present in milk. The amount
varies among species. The principal
function is to provide energy for the
newborn.
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A It is an enzyme expressed in the smalll H OH

intestine that digests lactose into two H OH
simple sugars which can be easily Galactose Glucose
absorbed into the bloodstream. l l
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A After weaning, the activity level of the lactase enzyme decreases
and the abllity to digest lactose also declines .
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Genetics of LP in European populations

Chromosome 2
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Convergent adaptation of human lactase persistence
in Africa and Europe

Sarah A Tishkoff!?, Floyd A Reed!?, Alessia Ranciaro2, Benjamin F \-’Oightj, Courtney C Babbitt?,

Jesse S Silverman®, Kweli Powell!, Holly M Mortensen!, Jibril B Hirbo!, Maha Osman®, Muntaser Ibrahim?>,
Sabah A Omar®, Godfrey Lema’, Thomas B NY‘dIleOT, Jilur Ghori®, Suzannah Bumpsteads,

Jonathan K Pritchard?, Gregory A Wray* & Panos Deloukas®

A SNP in the gene encoding lactase (LCT) (C/T-13910) is associated with the ability to digest milk as adults (lactase persistence)
in Europeans, but the genetic basis of lactase persistence in Africans was previously unknown. We conducted a genotype-
phenotype association study in 470 Tanzanians, Kenyans and Sudanese and identified three SNPs (G/C-14010, T/G-13915 and
C/G-13907) that are associated with lactase persistence and that have derived alleles that significantly enhance transcription
from the LCT promoter in vitro. These SNPs originated on different haplotype backgrounds from the European C/T-13910 SNP
and from each other. Genotyping across a 3-Mb region demonstrated haplotype homozygosity extending >2.0 Mb on
chromosomes carrying C-14010, consistent with a selective sweep over the past ~7,000 years. These data provide a marked
example of convergent evolution due to strong selective pressure resulting from shared cultural traits—animal domestication
and adult milk consumption.

In most humans, the ability to digest lactose, the main carbohydrate lactase persistence trait: C/T-13910 and G/A-22018, located ~ 14 kb
present in milk, declines rapidly after weaning because of decreasing  and ~22 kb upstream of LCT, respectively, within introns 9 and 13 of
levels of the enzyme lactase-phlorizin hydrolase (LPH). LPH is the adjacent minichromosome maintenance 6 (MCM6) gt‘nt‘nl (Fig. 1).
predominantlv exoressed in the small intestine. where it hvdrolvzes The T-13910 and A-22018 alleles were 100% and 97% associated with



Lactase persistence (LP) in Africa




Geographic distribution of samples (N=973)
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