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“The biggest trend in the world 

today is … the merger of  

globalization and the information 

technology revolution.”  
 

New York Times Feb 25, 2014 



1. ExpaŶd the ǁorld’s footpriŶt at Georgia Tech 

2. ExteŶd aŶd leǀerage Georgia Tech’s iŵpact arouŶd the ǁorld 

3. Embrace and support globally trained students 
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Georgia Tech & BIOS Project: Human Clinical and Population Genomics 

 

• Genomic applications to health & medicine hold great promise 

 

• Most clinical genomic studies are based on US & European populations 

 

• Need regional (country)-specific surveys of Latin American populations 

 

• Need to develop local capacity in genome sequence analysis & bioinformatics 

 

• Research, development & training in human genomics & bioinformatics 



People of Colombia 
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• The Colombian population is highly admixed 

 

• Ancestry from Africa, the Americas and Europe 

Colombian demography & admixture 
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o Characterize ancestry & admixture patterns of Colombian genomes 
 

• Continental & sub-continental levels 

 

• Genome-wide & locus-specific patterns 

 

• Overall & sex-specific admixture 

 
 

o Relate admixture patterns to health & natural selection 
 

• Admixture enrichment analysis 

 

• Interrogation of anomalously admixed genomic regions 
 

 

 

Outline & Approach 



Human evolution: diversification & isolation (99%) 
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Human Evolution out of Africa  

~60,000 years 



Human evolution: diversification & isolation (99%) 

~60,000 years 13 

Human Evolution out of Africa  



500 years 

Human evolution: convergence & admixture (<1%) 

Human Evolution out of Africa  

14 ~60,000 years 
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Genome sequences sampled for this study 
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Human Population Genomics = Big Data 

Data # of Genomes # of Bases 

Ancestral Genomes 472 x 3.0 x 108 = 1.4 x 1011  

Admixed Genomes 212 x 3.0 x 108 = 6.4 x 1010  

Mitochondrial DNA 2570 x 1.6 x 104 = 4.1 x 107  

Y DNA 1530 x 5.0 x 107 = 7.7 x 1010  

Total 4787 2.8 x 1011*  

*roughly equal to the number of stars in our Galaxy 



Genome ancestry & admixture analysis 
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Compare patterns of SNP variation of admixed Colombians with  

ancestral African, Amerindian and European populations 

rs2814778 
CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTACCTTGGA 

CTCTTACCTTGGA 

CTCTTACCTTGGA 

• rs2814778 SNP segregates African from 

Amerindian/European populations 
 

• C allele fixed in African virtually absent in 

Amerindian/European (< 1%) 
 

• presence of C allele indicates African 

ancestry at the locus 
 

• process repeated over millions of SNPs 

 



CONTINENTAL ANCESTRY & 

ADMIXTURE ANALYSIS 
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Colombian genome-wide ancestry & admixture 
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Colombian SNP variants were compared to 930,854 genotyped variants  

from 87 African, 47 Amerindian & 85 European genomes 
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Colombian genome-wide ancestry & admixture 



SUB-CONTINENTAL ANCESTRY & 

ADMIXTURE ANALYSIS 
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Sub-continental origins of an  

Afro-Colombian genome 
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Sub-continental origins of an  
Afro-Colombian genome 



SEX-SPECIFIC ANCESTRY & 

ADMIXTURE ANALYSIS 
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Afro-Colombian sex-specific admixture 
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Colombia has the most pronounced sex-specific admixture  

Patterns in Latin America 



LOCUS-SPECIFIC ANCESTRY & 

ADMIXTURE ANALYSIS 
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Genome ancestry & admixture analysis 
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Compare patterns of SNP variation of admixed Colombians with  

ancestral African, Amerindian and European populations 

rs2814778 
CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTATCTTGGA 

CTCTTACCTTGGA 

CTCTTACCTTGGA 

CTCTTACCTTGGA 

• rs2814778 SNP segregates African from 

Amerindian/European populations 
 

• C allele fixed in African virtually absent in 

Amerindian/European (< 1%) 
 

• presence of C allele indicates African 

ancestry at the locus 
 

• process repeated over millions of SNPs 
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Locus-specific admixture analysis 

(chromosome painting) 



Individual #: 43 

 

 

Admixture Percentages 

African 3% 

Amerindian 34% 

European 63% 

Colombian Genomic Ancestry 



Individual #: 11 

 

 

Admixture Percentages 

African 10% 

Amerindian 46% 

European 44% 

Colombian Genomic Ancestry 



Individual #: 60 

 

 

Admixture Percentages 

African 34% 

Amerindian 32% 

European 34% 

Colombian Genomic Ancestry 



Individual #: 36 

 

 

Admixture Percentages 

African 13% 

Amerindian 39% 

European 48% 

Colombian Genomic Ancestry 



Individual #: 42 

 

 

Admixture Percentages 

African 25% 

Amerindian 36% 

European 39% 

Colombian Genomic Ancestry 



ADMIXTURE & SELECTION IN 

COLOMBIAN GENOMES 
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500 years 

Human evolution: convergence & admixture (<1%) 

Human Evolution out of Africa  

36 ~60,000 years 

What does it mean when genomes separated for >60,000 are suddenly 

brought back together? 

 

Is the process of admixture somehow related to health & selection? 

 

Working hypothesis: 

 

Specific alleles (SNPs) evolved separately in different human populations 

based on their regional-specific utility (i.e. relationship to health & 

fitness) 

 

These pre-evolved ancestral population specific-alleles can be selected 

in the admixed population based on their utility in the new environment 
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Population admixture enrichment approach 
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Population admixture enrichment approach 
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Population admixture enrichment results 

Average Percent Contribution 

African = 8.3%; Amerindian = 39.8%; European = 51.9% 
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Population admixture enrichment peaks 

HLA 

VPS45 

CD226 

USP32 

SF3B4 NANOS3 

AREL1 
NGLY1 

NFκB 

OR9A2 

Ρ ܤܪܥ = �ଵ ��� ��ܫ = �ଶ��� ܥ�� = �ଷ =  ͳʹͲ!�ଵ! × �ଶ! × �ଷ! �஼ு஻�ଵ × �஼���ଶ × ���ூ�ଷ  

where, �ଵ, �ଶ, �ଷ are the observed chromosomes of CHB, YRI and CEU ancestries respectively at a given LD, and  �஼ு஻, ���ூ, �஼�� are the expected probabilities that the given loci will belong to CHB, YRI or CEU ancestry respectively 
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Functional categories for ancestry-specific 

enriched genes 

• abundant immune system related functions & pathways 
 

• abundant cell surface/receptor functions along with downstream signaling pathways 
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Functional categories for ancestry-specific 

enriched genes 

• abundant immune system related functions & pathways 
 

• abundant cell surface/receptor functions along with downstream signaling pathways 
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Functional categories for ancestry-specific 

enriched genes 

• abundant immune system related functions & pathways 
 

• abundant cell surface/receptor functions along with downstream signaling pathways 
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African enrichment at the HLA locus 
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• Major histocompatibility complex (MHC) encodes 

receptors that present antigens to immune (T) cells 

 

• Associated with over 100 different diseases from 

diabetes, arthritis to various autoimmune diseases. 

 

• More diversity in HLA genes has been observed in 

African population owing to more pathogen richness 

 

• This increased diversity provides an increased fitness 

advantage against pathogens 

 

• The ability to mix and match diverse African HLA alleles 

could similarly provide a selective advantage in the 

pathogen rich environment of new world tropical 

regions 

Admixture & HLA gene diversity 

Prugnolle, F., et al. 2005. Pathogen-driven selection and worldwide HLA class I diversity. Curr Biol. 15: 1022-1027. 
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Global Diversity in HLA Loci 

Sanchez-Mazas, A., Lemaître, J. F., & Currat, M. (2012). Distinct evolutionary strategies of human leucocyte antigen loci in pathogen-rich 

environments. Philosophical Transactions of the Royal Society B: Biological Sciences, 367:830-839. 
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Admixture & HLA gene diversity 

  HLA Genes Non-HLA Genes   

European/African 11 2,393 2,404 

Non-European/African 14 21,307 21,321 

  25 23,700 23,725 

P-value = 1.138E-05 
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Admixture & HLA gene diversity 
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Amerindian depletion at the EDAR locus 
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Natural selection at the EDAR locus 

Kamberov, Y.G., et al. Modeling recent human evolution in mice by expression of a selected EDAR variant. 2013. Cell. 152: 691-702. 

• EDAR is a cell surface receptor influencing the development of a 

number hair follicles and cutaneous glands. 

 

• Genetic evidence supporting recent positive selection at this loci 

has been demonstrated in Asian and Native American 

populations 

 

• The selected allele leads to increased glandular secretions, 

increases lubrication and reduces evaporation from exposed 

facial structures and upper airways, a helpful trait for survival in 

notably cold and dry environment 

 

• Such an adaptation to cold and dry environments would be 

disadvantageous in the hotter more humid tropical environment 

of Colombia 

C 
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Natural selection at the EDAR locus 
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Additional ancestry-enriched genes of interest 
Gene Associated trait 

ADCY3 GPCR signaling 

AIM2 Innate immune system 

AREL1 Negative regulation of Apoptosis 

ARFGEF1 Intracellular vesicular trafficking 

ATM Meiosis 

CASP8 Innate immunity 

CD226 Adaptive immune system, cell adhesion 

HLA Immune response 

IFNA10 Regulation of autophagy 

KEL Knockdown confers resistance to HIV-1 

LCT Confers lactase persistence 

MANBA Decreases Colorectal cancer risk. Also associated with Mannosidosis 

MAPK10 Immune system 

NANOS3 Germ cell development 

NFκB Reduces breast cancer risk 

NGLY1 Metabolism 

OR10K1 Olfactory transduction 

OR9A2 Olfactory receptor 

RAC1 Natural killer cell mediated cytotoxicity 

RANBP2 SLC mediated transmembrane transport 

SF3B4 Nagar syndrome 

SLC24A5 Decreases melanin pigmentation in skin 

SLC44A2 Metabolism 

TYROBP Immune System 

ULBP1 Cytosolic DNA sensing pathway 

USP32 Overexpressed in breast cancer 

VPS45 congenital neutropenia and primary myelofibrosis of infancy. 

African Amerindian European 
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Conclusions 

o Colombians have highly admixed genomes – African, 

Amerindian & European ancestry 
 

o Ancestry can be assigned at continental and sub-continental 

levels 
 

o Admixture patterns are highly sex-specific (Amerindian female & 

European male) 
 

o There is substantial enrichment of ancestry-specific loci 

genome-wide 
 

o Alleles pre-selected in ancestral regions may have been retained 

for their utility in the new world (immune function, HLA) 
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East Asian SNPs can be used as a surrogate 

for Indigenous genome admixture 
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• Use of complete Asian genome sequences allows for the inclusion of    

     37,939,312 SNP variants (>40x more) 
 

• With this level of resolution genomic ancestry can be ascertained for individual   

     chromosomes, sub-regions and down to the individual nucleotide level  
5/21/2014 



Afro-Colombian chromosomal ancestry 

admixture 

56 6/5/2013 



Afro-Colombian genetic heterozygosity 

57 5/21/2014 


