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SNPs in UCSC 
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Plotted allele frequency 
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Introduction

Our study findings largely supported our expectations that LP is more prevalent in pastoralist 
populations; however, findings suggest that LP is more prevalent among the Hadza than 
expected, and less prevalent among Nilo-Saharan groups than expected

Our findings also suggested a potential additive effect among known causal SNPs for LP, 
and/or greater expression of lactase among G-13915 and G-13907

We identified 58 SNPs associated with greater increases in blood glucose after lactose 
consumption; 35 were near loci related to glucose metabolism. These SNPs should be further 
evaluated for association with LP or changes in glucose metabolism using functional genomic 
analyses, HiC data analyses, and genomic scans of selection.
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Figure 2. Made in Lucidchart

Figure 4. Manhattan plot of GWAS for LP (n=877). The blue line marks suggestive correlation with LP (p=1e-5). The red line 
marks genome-wide significantly correlation with LP (5e-08). The green dots mark known causal SNPs for LP.

Table 1. Summary of simple linear regressions for percent of an individual’s ancestry by maximum glucose rise (mmol/L).
Ancestry Trend P-Value R2 Value

Afro-Asiatic + 4.325e-08 0.03474
Nilo-Saharan NA 0.9695 1.726e-06

Hadza + 0.1689 0. 01654

Table 3. Summary of Wilcoxon pairwise significant differences in 
maximum glucose rise values between groups in Figure 4.Results

Table 2. Summary of SNPs from GWAS identified that could be related to LP.
Chr # of SNPs Possible Relation to LP

2 2 Near LCT and MCM6. Overlap with small intestine regulatory peaks.
2 8 Near LCT. Overlap with regulatory peak(s).
2 25 Near gene(s) related to glucose uptake. Overlap with regulatory peak(s).
3 16 Overlap with regulatory peak(s).
4 3 Near gene(s) related to glucose uptake.
18 5 Near gene(s) related to glucose uptake.
19 2 Near gene(s) related to glucose uptake and/or overlap with regulatory peak(s).

Goal: untangle the evolutionary history of LP in Africa, the 
correlation between LP and the spread of pastoralism, and the

genetic basis of human adaptation.

Afro-Asiatic pastoralist ancestry is positively 
correlated with LP, but Nilo-Saharan pastoralist 

ancestry is not.

Figure 3. Maximum serum glucose rise (mmol/L) by population 
categorization boxplots in response to lactose consumption (n=1289). 
(Kruskal-Wallis: p=1.196e-14. The dotted line indicates 1.1 mmol/L, 
above which are the LP and lactase intermediate persistence (LIP) 
phenotypes. Wilcoxon pairwise significant differences are indicated by 
stars (p-values > 0.05 are “NS” or “non-significant,” 0.05 ≥ are “✱,” 
0.01 ≥ are “✱✱,” and each subsequent “✱” indicates an increase by e-
01).

Pastoralist groups tend to have a 
higher prevalence of LP. Afro-
Asiatic groups tend to have a 

higher prevalence of LP than Nilo-
Saharan groups.

Major peak on Chr 2 near 
lactase-coding gene

Putative 
causal 

SNPs for 
LP are near 

genes 
related to 
glucose 
uptake.

G-13915 and G-13907 tend to have greater 
maximum glucose rise values. Carriers of >1 

different causal SNPs for LP tend to have 
greater glucose rises than carriers of just one 

or none
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Afro-Asiatic, SemiticAfro-Asiatic, Cushitic

Afro-Asiatic, Omotic

Afro-Asiatic, Cushitic

Nilo-Saharan, Eastern Sudanic

Niger-Congo, Bantoid

Nilo-Saharan, Eastern Sudanic
Khoesan, Hadza

Afro-Asiatic, Cushitic
Khoesan, Sandawe

Nilo-Saharan, Eastern Sudanic

Nilo-Saharan, Chabu

Ethiopia
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Variant(s) 1 Variant(s) 2 P-Value
13915 None 5.73E-15
None 14010 8.82E-14
None 13907 4.40E-09
13915 14010 4.30E-06

13907; 13915 None 2.76E-04
13915; 14010 None 4.74E-04
13907; 13915 14010 1.81E-03

14010 13907 2.06E-03
13907; 13915 13910 3.04E-03

13915 13910 3.82E-03
None 13910 4.57E-03
13910 13907 8.69E-03

13915; 14010 14010 1.17E-02
13915; 14010 13910 1.35E-02
13907; 13915 13907 4.04E-02

Allele frequencies of 
known causal SNPs for LP 

vary by population and 
language.

Afro-Asiatic groups tend to 
have higher frequencies of 

G-13907 and G-13915 
SNPs than Nilo-Saharan 

groups.

Figure 6. Pie-charts for distribution of SNPs in East Africa mapped by population grouping.

Conclusions and Future Directions

Figure 5. Boxplots for maximum serum glucose rise 
(mmol/L) in response to lactose consumption by variant(s) 
causal for LP (n=851). Kruskal-Wallis: p < 2.2e-16. The 
dotted line indicates 1.1 mmol/L, above which are the LP 
and LIP phenotypes. HT indicates the percent of people 
who are heterozygous, and HM indicates the percent of 
people who are homozygous.
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Methods

Cow’s milk contains lactose, a sugar that is broken down into glucose and galactose by the 
enzyme lactase in the small intestine1.

Lactase persistence (LP), or high lactase levels after weaning, is an inherited trait caused by 
substitution mutations called single nucleotide polymorphisms (SNPs) that increase the 
expression of the lactase-coding gene, LCT. In Africa, four causal SNPs for LP have been 
identified that account for 45% of LP phenotypic variation, suggesting that additional SNPs 
exist1.

Pastoralist (cattle herding) groups and their descendants are expected to have greater LP 
prevalence. The first expansion of pastoralism in Africa is correlated with Afro-Asiatic 
language speakers, the second expansion with Nilo-Saharan language speakers. Non-
pastoralist farmers (Niger-Congo speakers) and foragers (Khoesan speakers e.g. the Hadza) 
are expected to have less LP prevalence2,3,4,5.

We aimed to assess LP phenotypic variation among diverse African populations and 
identify novel causal SNPs for LP.

Figure 1. Map of causal SNPs for LP in Africa on MCM6 on Chr 2 (Ranciaro et al. 2014).


