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Sample collection and DNA extraction 

 The Flores samples considered in this study were collected from the village of 

Rampasasa in the Manggarai District (Flores Island, Nusa Tenggara Timor Province; 

geographic coordinates 120.5, -8.7). Approval for this study was obtained from the Human 

Subjects Review Committee at UCSC to Principal Investigator Richard Edward Green 

(UCSC Institutional Review Board 2196), following local approvals from the elders’ 

committee in Rampasasa, from Dr. Herawati Sudoyo, Deputy Director of Eijkman Institute 

for Molecular Biology of Jakarta and from the Manggarai District Authority in Ruteng (Flores). 

A courtesy visit was made to the village in Fall 2013, during which we gave full 

explanation of the project aims and sample collection procedure. Upon approval of the 

elders’ committee of Rampasasa and on the community level, samples were collected from 

32 healthy adult individuals in collaboration with the Eijkman Institute in Spring 2014. 

Individuals were sampled randomly among volunteers in the village of Rampasasa. No 

specific sampling criteria were applied. Informed consent, written in their own language and 

in English, was obtained from all participants.  

Saliva samples were collected using the Oragene DISCOVER (OGR-500) DNA 

sample collection kits (Genotek, Ottawa, Ontario, Canada). Anthropometric measurements 

(stature), sex, age, self-reported ancestry information, clan, and language were also 

collected in the field. DNA was extracted using Qiagen High Molecular Weight Blood and 

Tissue kit for DNA extraction. See Table S1 for information about samples collected. 

 

Omni 2.5 array genotyping  

Data generation and QC 

We performed SNP genotyping for all 32 Flores individuals on the Illumina 

HumanOmni2.5-8 v1.1 BeadChip array. Genotypes were called using the Illumina Genome 

Studio v2011.1, genotyping Module Version 1.9.4 for a total number of 2,391,739 SNPs. 
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After discarding 53,260 X-chromosome, 2,246 Y-chromosome and 189 mitochondrial SNPs, 

2,336,044 autosomal SNPs were left for analysis (we refer to that as the “OMNI” dataset). 

PLINK v1.9 (www.cog-genomics.org/plink/1.9/) (26) was used to assess genotyping 

quality according to the protocol published in (27). Samples were checked for outlying 

heterozygosity (more than 3 standard deviations from the mean) and elevated rates of 

missing data (genotyping failure rate >3%). The observed heterozygosity rate per individual 

was calculated and plotted versus the proportion of missing SNPs per individual (Figure S1). 

Thresholds (dashed lines) were set to ≥ 0.03 for the genotype failure rate and ± 3 standard 

deviations from the mean for the heterozygosity rate. No sample failed these QCs. Samples 

were also checked for discordant sex information (mismatches between documented sex 

and that suggested in the genotyping data) to highlight potential plating errors. No individual 

with discordant sex was identified. 

 
Identification of related individuals 

We used the software KING version 1.4 (28) to identify unknown relatedness 

amongst the Flores individuals. We checked family relationships by estimating the kinship 

coefficient of 2,336,044 autosomal SNPs, using KING robust algorithm, which allows for the 

existence of population structure (parameter --kinship). The analysis was performed on the 

unpruned dataset, following KING documentation. Pairwise relationships were checked 

between each pair of individuals. Pairs of individuals with estimated kinship coefficients 

between 0.177 - 0.354, 0.0884 - 0.177 and 0.0442 - 0.0884 were considered first-degree, 

second-degree, and third-degree relatives, respectively (28). We identified 34 pairs of 

related individuals up to third-degree, which include 7 pairs of parent-offspring (PO), 2 pairs 

of full-sibling (FS), 6 pairs of second degree, and 19 pairs of third-degree relationships 

(Figure S2 panel A). To better visualize the results of the relatedness inference obtained 

using KING, we represented the NxN matrix of pairwise relationships between the 32 
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individuals in a network, using the R package igraph (http://igraph.org) (29).  Figure S2 panel 

B shows a reconstruction of the family relationships among the Flores individuals. Based on 

these findings, we discarded 11 related individuals from downstream analysis. 

 
 
Deconvoluting population affinities in Asia 

To focus on population affinities within Asia, we integrated our Flores genotypes with 

SNP data released by the HUGO Pan-Asian SNP Consortium (30), genotyped for Affymetrix 

Genechip Human Mapping 50K array and available at http://www4a.biotec.or.th/PASNP. 

Among other populations, the dataset includes ~300 individuals sampled from 15 

populations in the Indonesian Archipelago. Of those samples, 17 were collected from the 

same Rampasasa village (population code “IDRA”), in the context of a previous genetic 

survey. We used KING to check for the presence of duplicate individuals between our Flores 

sample and the Pan-Asian dataset. Our analysis confirmed that 6 IDRA individuals 

overlapped with individuals in our study. After removing duplicates, and close relatives within 

the Pan-Asian dataset, as reported in (31), we merged the dataset with our Flores genotypes. 

PLINK was used for data management and quality control. Genotyping success rate was 

set to 95% and MAF to 0.01. The full merged dataset includes 17,035 SNPs genotyped in 

1,685 individuals from 74 populations (Table S2). After LD-pruning (--indep-pairwise 50 5 

0.4), 15,187 SNPs were left for analysis (“PANASIA” dataset”). To obtain the first, synthetic 

view of the main patterns of population affinities in Asia, we performed a Principal 

Component Analysis (PCA) on the PANASIA, using the R package SNPRelate (32) (Figure 

S3A).  To further refine our analysis, we restricted our dataset to include 1,503 individuals 

from 64 East and Southeast Asian populations (Figure S3B). 

 

Whole-genome sequencing and filtering 
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We generated high-coverage whole-genome sequences from approximately 1μg of 

genomic DNA for 10 Flores samples. We excluded related individuals but sequenced a trio 

to facilitate haplotype inference (see Table S1; individuals selected for sequencing are 

marked with an asterisk). Only unrelated individuals were used in downstream analyses. All 

sequencing work was carried out at the New York Genome Center (NYGC). Sequencing 

libraries were prepared using TruSeqDNA Nano 350bp kits and 150 bp paired-end reads 

were obtained on a HiSeq X Ten sequencing platform. Sequenced reads were aligned to 

the human reference sequence GRCh37 (available from GATK bundle 

ftp://ftp.broadinstitute.org/bundle/) using the BWA-MEM algorithm (33). Duplicates reads 

were removed using Picard (http://broadinstitute.github.io/picard/). Local realignment 

around indels and base quality score recalibration were performed using GATK (34) to 

generate the final bam files. Coverage depth was calculated using bedtools genomecov (35).  

Each of the genomes was sequenced to a median autosomal depth of 37.8x (range 33 – 

49x). QC-passed mapped reads per individual ranged from 654,925,220 to 1,000,842,729 

(Table S3).  

Variants were called following the GATK3.2-2 pipeline (see GATK “Best Practices” 

documentation and (34, 36) for more details). Calls were obtained on each sample using 

GATK HaplotypeCaller (default filters were used: Minimum mapping quality = 20, Minimum 

depth of coverage = 10, Maximum depth = 500, Minimum base quality = 10) and per-sample 

gVCFs were generated. Subsequently, joint genotyping was performed using GATK 

GenotypeGVCFs. Variant calls were annotated using SnpEff 3.4b (37) and vcftools (38). 

rsIDs were retrieved from dbSNP Build 141 available at  

ftp://ftp.ncbi.nlm.nih.gov/snp/organisms/human_9606_b141_GRCh37p13/VCF/All.vcf.gz 

All downstream analyses were restricted to SNPs, and unless stated, were carried out using 

the following filters. First, we identified reliably callable loci from aligned reads with 

GATKCallableLoci (34) considering the following thresholds: 
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-Minimum base quality of 20 

-Minumum mapping quality of 30 

-Minimum depth of 10 

-Maximum depth equal to the 99.5th percentile of autosomal depth, calculated for each 

sample. 

To ensure overlap among sites for all the individuals, we only considered sites that 

passed filters in all the individuals. Then, the following sites were masked: 

-sites within 5 bp of a short insertion or deletion;  

-sites where every individual was heterozygous, following the same approach as in (39); 

-sites within segmental duplications (40) downloaded from:  

http://hgdownload.cse.ucsc.edu/goldenPath/hg19/database/genomicSuperDups.txt.gz- 

-sites where at least 18 of 35 overlapping 35-mers from the human reference sequence can 

be mapped elsewhere with zero or one mismatch as in (41) 

-sites within a CpG dinucleotide context, as in (42) 

-sites included in the 1000 Genomes accessibility mask, downloaded from 

ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/release/20130502/supporting/accessible_genome

_masks/20141020.pilot_mask.whole_genome.bed. This mask was applied in the analyses 

perfomed in the context of the 1000 Genomes dataset (43). 

-sites included in the Altai and Denisovan minimal filter mask (42), downloaded from: 

https://bioinf.eva.mpg.de/altai_minimal_filters/ 

We identified 9,871,310 raw variants which include 8,206,481 SNVs and 1,664,829 

INDELs. After applying our callable filters and masking complex regions, 5,335,281 

autosomal SNVs were left for the analysis. To assess the quality of our variant calls, we 

measured the transition/transversion ratio (Ts/Tv) using vcftools --TsTvsummary (38). After 

excluding non-biallelic sites, we found that the Ts/Tv in the entire call set is 2.06, 2.1 for 

coding and 1.97 for non-coding regions.  
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To further validate data quality, genotypes obtained from the sequencing data were 

then compared with those from the HumanOmni2.5-8 v1.1 BeadChip genotyping array, 

using GATKGenotypeConcordance (34). After removing A/T and C/G alleles to prevent 

flipping-strand problems, INDELs and multiallelic sites, a total of 1,069,991 variants were 

compared. The correlation between genotypes obtained from the sequencing data and 

those from the genotyping array was never below 99.8% for any individual. 

 

Haplotype inference 

Genotypes were computationally phased using the algorithm implemented in Beagle 

version 4.0 (44), using a panel of 2,504 computationally phased genomes from the 1000 

Genomes Project, as reference. Phasing was performed per chromosome for all the 

autosomes in two steps: (1) we first phased sites in the Flores individuals that were also 

present in the 1000 Genomes dataset, using the 1000 Genomes sites as the reference 

panel; (2) sites which were present in the Flores sample but absent in the 1000 Genomes 

dataset, were then phased using the phased Flores sites as reference panel. Finally, we 

pooled together these two sets of phased sites. A trio was included in this process as there 

is a significant number of haplotypes shared among father-mother-child, and this information 

facilitates phasing of unrelated individuals from the same population. We then merged the 

fully phased Flores VCFs with the 1000 Genomes phased VCFs. Any sites that were a) 

unmasked in either the Flores or 1000 Genomes datasets, and b) present in one dataset 

but absent in the other, were assumed to be homozygous reference. 

 

Integrating WGS with SNP array datasets  

We obtained population datasets genotyped on the Affymetrix Human Origins SNP 

Array (45-47) and sequencing data from (48). We next merged the Flores sequencing data 

with the genotyping datasets following the approach as in (48). We started by extracting 
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positions from our multi-VCF that overlap with loci genotyped in the Affymetrix Human Origin 

SNP Array. Positions not called in the Flores multi-VCF were set as homozygous for the 

reference allele. Only variant and homozygous sites that passed our callable loci filters were 

used in the Flores samples (see Whole-genome sequencing and filtering).  The resulting 

“Flores callable multi-VCF”, filtered for high confidence positions genotyped in the Human 

Origins Dataset, was converted to PLINK formats using vcftools (38). The Flores genotypes 

were then merged with data from the published datasets (see below). We applied the same 

approach to merge sequencing data from (48). We used PLINK version 1.9 for data 

management (26). After removing related individuals up to second degree as identified using 

KING (28) and individuals with a missing genotype rate >3%, our final dataset encompassed 

2,507 present day humans from 225 worldwide populations, as well as Neanderthal, 

Denisovan, and chimpanzee data released in the Human Origin array dataset published in 

(45). After discarding sex-linked, mitochondrial, and multiallelic sites SNPs with ambiguous 

strand identification and with more than 10% missing call rate, 541,402 autosomal SNPs 

remained for analysis. This merged and filtered dataset (which we refer to as “WORLD 

DATASET”) was used for the ADMIXTURE analysis (Figure 1C and S4), the archaic 

principal component analysis (PCA) in Figure 2A and for computing formal tests of 

admixture. A subset of 769 individuals from 85 populations sampled in East Asia, ISEA and 

Oceania (see Figure 1A) was further processed to include only individuals with a missing 

genotype rate less than 3% and SNPs with a missing call rate less than 2% (“SEA 

DATASET”). We used the SEA DATASET for analysis shown in Figures 1B, S12 and the 

inbreeding analysis. Population included in the SEA DATASET are listed in Table S4. 

Inference of population structure and admixture 

To explore Flores genome diversity in the context of genetic variation in East Asia, 

ISEA and Oceania, we performed a PCA using the SEA DATASET (see above). To avoid 

the effect of variants in high linkage disequilibrium, we pruned the dataset using PLINK 
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employing a window of 200 SNPs advanced by 25 SNPs and a r2 threshold of 0.4 (--indep-

pairwise 200 25 0.4), matching parameters previously used (45).  A PCA was carried out 

using the R package SNPRelate (32) on the pruned SEA DATASET on a total of 168,466 

SNPs (Figure 1B).  

 We used ADMIXTURE (49) to infer ancestral clusters in our Flores samples and 225 

worldwide populations included in the WORLD DATASET. We pruned our dataset using 

PLINK following the same approach as above to mitigate the effects of linkage disequilibrium. 

After pruning, 250,502 SNPs were left for analysis. We ran ADMIXTURE in 10 replicates 

with different starting points, exploring number of clusters (K) ranging from 2 to 6. The 

multiple runs were then aligned using the "greedy“ algorithm of CLUMPP (50) and visualized 

with the software Distruct (51). Figure S4 shows ADMIXTURE results for K from 2 to 6. Our 

Flores samples are shown in the inset. In Figure 1C of main text we show results for K=6 in 

a subset of 96 populations selected from the WORLD DATASET.  

 To quantify the proportion of New Guinean-related ancestry in the Flores population, 

we used the F4-ratio statistics, a formal test of admixture which allows us to infer ancestry 

proportions in an admixed population, by studying patterns of allele frequency correlations 

across populations (52). We used ADMIXTOOLS (52) to compute the F4-ratio statistics in 

the form shown below, as in (7). X is one of the populations included in the SEA DATASET, 

excluding New Guinean, Australian and Han (East Asia) populations, as they were used to 

compute the admixture proportions. 

 

α"#$	&'("#)" = 	1 −	
𝑓4(𝑌𝑜𝑟𝑢𝑏𝑎, 𝐴𝑢𝑠𝑡𝑟𝑎𝑙𝑖𝑎; 	𝑋, 𝑁𝑒𝑤	𝐺𝑢𝑖𝑛𝑒𝑎)

𝑓4(𝑌𝑜𝑟𝑢𝑏𝑎, 𝐴𝑢𝑠𝑡𝑟𝑎𝑙𝑖𝑎; 		𝐸𝑎𝑠𝑡	𝐴𝑠𝑖𝑎,𝑁𝑒𝑤	𝐺𝑢𝑖𝑛𝑒𝑎)		 

 

Values of α"#$	&'("#)"  (z-score>2) are shown for populations in ISEA and Oceania in 

Figure S5, along with bars representing 2 standard errors of the estimate and on the x-axis 
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in Figure S12. Our ADMIXTURE and F4-ratio statistics results are consistent with previous 

studies based on genome-wide SNP array data (8, 53).  

We note that although our data represent the first high-coverage genomes from 

Flores Island, the sampling was performed in a single village and likely does not reflect the 

diversity of the whole island. Future sampling of the genetic diversity of other villages from 

the Flores Island would allow comparative studies to be performed. 

 

MSMC analysis 

We used an updated version of the multiple sequential Markovian coalescent (MSMC) 

(54, 55), obtained from https://github.com/stschiff/msmc2, to reconstruct the demographic 

history of the pygmy population or Flores. We performed this analysis on 9 unrelated Flores 

pygmies, along with 16 previously published high coverage genomes (42, 56) downloaded 

from http://cdna.eva.mpg.de/denisova/. The dataset considered for this analysis include:  

- five genomes from African populations (San, Mbuti, Yoruba, Dinka and Mandenka) 

- two genomes from European populations (French and Sardinian)  

- one genome from a Native American population (Karitiana)  

- four genomes from East Asian populations (two Han and two Dai individuals)  

- four genomes from populations in Near Oceania (two Papuan and two Australian 

individuals) 

We identified reliably callable loci from aligned reads for each sample, as described in 

Whole-genome sequencing and filtering. We then merged genotype calls for the 16 

published genomes and our Flores samples, and considered only sites that passed filters in 

all the individuals. We masked sites within segmental duplications (40) and using a 

mappability mask (41), as also described in Whole-genome sequencing and filtering. We 

phased all genomes using Beagle (44), as described in Haplotype inference. Sites with 

ambiguous phasing status in any individual were filtered out from further analysis. 
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All analyses were performed using default settings, except for the population 

separation analysis based on four samples where we used --timeSegmentPatter=20*1 to 

reduce memory and computing time. Results were scaled assuming a mutation rate of 

1.25x10-8 per base pair per generation (57) and a generation time of 30 years (54).  

We inferred population size changes and population separations over time, by 

randomly selecting one individual from each population (Figure S6 panels A-B). To increase 

the resolution for populations in East Asia and Oceania, we repeated the analyses using 

four haplotypes (i.e., two unrelated individuals randomly sampled from Flores, and two 

individuals from Han, Dai, Papuan, and Australian populations). Four-haplotypes analysis 

are shown in Figure S6 panels C-D. A deep bottleneck is observed in all non-African 

populations, as well as in the Flores pygmies, around 60kya, consistent with the time of 

modern human dispersal into Eurasia, as previously reported (54, 55, 58).  

We obtained estimates of relative cross coalescence rates (RCCR), which are 

indicative of the genetic separation between two populations. As expected, the older split is 

observed between Flores/African, followed by the split between Flores/Eurasian ancestral 

populations (Figure S6 panel B). Within Eurasian populations, the RCCR curves for pairs of 

Flores/East Asian versus Flores/European appear separated, consistent with a more recent 

population history shared with Asian populations. Patterns of divergence of the Flores 

pygmies from ancestors of East Asian and Oceanic individuals, is more complex, with Flores 

and Australo-Papuan ancestral populations being closest until about 20kya, and East Asian 

ancestral showing a lower increase in RCCR going back in time (Figure S6 panel B). 

However, for more recent times, Flores appears closest to the Dai ancestral population 

(Figure S6 panel B-D), suggesting recent gene flow from populations of East Asian ancestry.  

While we cannot exclude the effect of technical artifacts caused by insufficient 

phasing quality (55, 58) the MSMC results combined with the ADMIXTURE inferences, are 

consistent with a model in which the Flores pygmies trace most of their ancestry back to a 
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population close to the ancestors of present day Australo-Papuan populations, and to a 

more recent admixture event with populations of East Asian ancestry.   

 

Inbreeding analysis 

We detected runs of homozygosity across the genome of individuals in the SEA 

DATASET using PLINK v1.9, following recommendations in (59). To minimize calls of 

spurious ROHs, we removed variants with MAF<0.05 and in LD within a 50 SNP window (-

-indep 50 5 2), leaving 88,906 SNPs for analysis. Here, we focused on assessing long ROH 

that likely resulted from recent relatedness in the past ~20 generations. We used a 50 

minimum SNP-threshold, allowed for no heterozygote calls, and set other parameters as in 

(59). We identified a total of 9,889 ROHs; the length of ROH ranges from ~1 Mb to 61.3 Mb, 

with the longest ROH segment found in an individual from the Mengen in New Britain 

(Oceania) (Figure S7). Within the Flores pygmies we identified a total of 93 ROH segments, 

ranging from ~1 Mb to 38.7 Mb; the longest ROH was found in individual RPS013, which 

also harbors the highest cumulative length of ROHs (106.7 Mb) and highest number of 

segments (15 ROHs). The lowest cumulative ROH length (14.6 Mb) was found in individual 

RPS015. Both the total number of segments and cumulative ROH length in the Flores 

samples fall within the range of values seen in other ISEA populations. The median 

cumulative ROH length in Flores (43.9 Mb) is comparable to median values observed in 

populations from Borneo, like the Murut (42.6 Mb), Dusun (44.4 Mb) and a sample named 

“Borneo” (40.6 Mb) (Figure S8). 

 
 
Y-chromosome and mitochondrial variation 

Y-chromosome 

Y-chromosome analysis was performed using the variant calls for 5 unrelated males, 

generated by the NYGC (see Whole-genome sequencing and filtering). For each male 
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individual, we extracted the variant calls using vcftools (38). To avoid variants that occur in 

repetitive regions of the chromosome, we only considered variants within the “callable” 

regions reported by (60), while variants were filtered according to stringent criteria (60). 

Haplogroup assignation was performed with in-house scripts searching for all mutations 

listed in the ISOGG page (release April 21, 2016, revision 7 June 2016). Due to the lack of 

an established nomenclature system for the Y-chromosome, we referred to different sources. 

Specifically, haplogroups were defined by 1) their diagnostic SNPs, as suggested by (61), 

2) by the ISOGG nomenclature and 3) by a combined nomenclature approach employed in 

a recent publication (62).  

Four individuals were assigned to haplogroup C1b, (sublineage C1b1a2b1, according 

to ISOGG, corresponding to diagnostic mutation B465 in a branch referred to as C7b1 

reported in (62)). Haplogroups within C appear to be the most frequent also in previously 

published data from Flores (63). The fifth Flores individual belongs to haplogroup O3, 

according to the YCC nomenclature (sub-lineage O2a2b2a2 according to ISOGG diagnostic 

mutation F706 in a branch referred to as O3i'j, or O-N6 (62). The upstream mutation M122 

has been also previously found in a sample from Flores (63).  

 

 

mtDNA 

In our initial screen of this panel, we generated low-coverage sequencing data for 20 of the 

32 Flores individuals. We generated multiplexed shotgun genomic libraries and sequenced 

them using an Illumina MiSeq sequencer at the University of California Santa Cruz. Of those 

20 samples, 12 were pooled and sequenced on a 2x75 paired-end run and 8 of them were 

pooled and sequenced on a 2x300 paired-end run. Overlapping reads were merged and 

adapter sequences were trimmed from the reads using SeqPrep 

(https://github.com/jstjohn/SeqPrep). Reads were mapped to the reference human genome 
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(hg19) using bwa v0.6.1-r104 (33). Samtools v0.1.18 (64) was used to sort the reads and 

remove duplicates. We assembled the mitochondrial genomes for each individual using a 

reference guided approach. We used the Mapping Iterative Assembler (mia, available at 

https://github.com/udo-stenzel/mapping-iterative-assembler) (65) to generate assemblies 

by aligning reads from each individual to the mitochondrial reference sequence obtained 

from hg19 (chrM). From the low-coverage data, we generated assemblies with mean 

reference coverage between 5.5-27.7x. We examined the bases covering each position in 

the final iteration and found that the bases at 99% of sequence positions were in 75% 

agreement or higher. 

We used the same strategy to assemble mtDNA sequences from individuals 

sequenced to high coverage by NYGC. From these data, we generated assemblies with 

mean coverage between 62.8-95.8x. We examined the bases covering each position in the 

final iteration, and found that the bases at 99.7% of sequence positions were in 85% 

agreement or higher. 

Consensus sequences were generated for both the high coverage and the low 

coverage genomes, for a total of 20 individuals sampled. The consensus sequences were 

merged for the same individuals checking for consistency in the variants found. Four 

individuals were excluded from the analysis because they were maternally related to the 

second generation with other individuals. Haplogroup assignment was performed with 

Haplogrep (66) using the nomenclature reported in phylotree.org (67).  

The maternal haplogroup composition of the Flores pygmies sample, reported in 

Table S5, with a predominance of haplogroup F1a, is compatible with other data from the 

island (63), but different from the rest of Indonesia (68). 

A comparative dataset was then assembled with our consensus sequences together 

with other mtDNA genomes retrieved from the literature for a total of 1,840 individuals (Table 

S5; 69-77). Only individual sequences with less than 7 missing sites were considered. A 
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multiple alignment procedure was performed using MAFFT v7 

(http://mafft.cbrc.jp/alignment/software/); the alignment output was then manually checked 

with Bioedit (www.mbio.ncsu.edu/BioEdit/bioedit.html). From this alignment, 47 populations 

with a sample size of at least 15 individuals and sampled with non-biased criteria (i.e. not 

selecting only particular haplogroups of interest) were used for population-based 

comparisons (at haplogroup and sequence level) (see Table S5 for further details about the 

dataset used for comparisons). 

We visualized FST distances between populations, included in the comparative 

dataset, with a Neighbor joining tree (Figure S9 panel A), and displayed the distribution of 

characteristic haplogroups by means of a Correspondence Analysis (CA) (Figure S9 panel 

B).  

We then computed values of diversity for the full mtDNA genomes dataset, using in 

house R scripts (Table S5). The presence of very diverse branches influences the nucleotide 

diversity of the sample, which is the highest amongst the populations from Asia and Oceania 

considered in the comparative full mtDNA genomes dataset. Similarly, haplotype diversity 

is also high, with 15 distinct haplotypes over the 16 samples.  

The phylogeny of the Flores mitogenomes is visualized with a tree generated using 

BEAST package v1.8.1 (78) (Figure S10 panel A). Runs were performed with two partitions 

(coding vs. non-coding region), and mutation rates were set to 1.708 × 10−8 substitutions 

per nucleotide per year for the coding region and 9.883 × 10−8 substitutions per nucleotide 

per year for the non-coding region, as in (79). The best substitution model was determined 

using jModelTest v2.1.7 (80) and resulted in HKY with invariant sites for the non-coding 

region, and TN93 for the coding region. To determine the best clock model and the best tree 

model, different runs were performed with BEAST and evaluated with a Bayes Factor 

analysis (81). We tested for constant and skyline tree models, and strict and relaxed clock 

models. Skyline tree model and Uncorrelated Relaxed clock were the most appropriate to 
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describe the data (decisive support according to the Bayes Factor analysis (82)). Runs were 

performed with 20 million chains and all the Effective Sample Size (ESS) values retrieved 

were above 200. The maximum clade credibility was determined using TreeAnnotator and 

visualized with FigTree (http://tree.bio.ed.ac.uk/software/figtree/). A Bayesian Skyline Plot 

(BSP) generated from this phylogeny shows that the Flores sample is characterized by a 

relatively high population size through time (Figure S10 panel B).  

The whole comparative dataset of complete mitochondrial sequences available from 

literature (regardless of sample size or sampling criteria) was considered to trace back 

connections between single lineages over 72 geographic data points. The limited data from 

Indonesia might underestimate the amount of population connections for the region. Figure 

S11 panel A shows connections between individual samples who possess the same 

haplotype, and therefore share a relatively recent common maternal ancestor. The sample 

from Flores does not directly share individual sequences with the other data points on the 

map. Figure S11 panel B displays the connections between haplotypes with FST distance 

below 0.0001. Considering almost identical haplotypes extends the time scale of our 

comparison. In this figure the Flores sample appears to be connected with populations from 

Sumatra, Taiwan and the Philippines. 

In conclusion, the maternal ancestry of the Flores pygmies is characterized by 

haplogroups common across Southeast Asia and Indonesia (83), with a high frequency of 

F1a, similarly to a previously reported population from Flores (63). The population sample 

appears neither drifted nor isolated. The genetic profile has a primary affinity to continental 

Asia, but displays more recent connections in terms of haplotype sharing with Taiwan and 

the Philippines, followed by Near and Remote Oceania. 

 

Inference of archaic hominin ancestry 



	 17	

To explore the relationship between modern humans and archaic hominin species, 

we performed a PCA on the Altai Neanderthal, Denisovan, and chimpanzee genomes, 

included in the Human Origin dataset (45) and projected present-day humans onto the plane 

described by the top two principal components. This approach, described in detail in (84), 

allows heterogeneities in similarity between modern humans and archaic humans genomes 

to be captured (85, 86). The PCA was computed using the R package SNPRelate (32) on a 

total of 769 individuals from 85 populations from East Asia, ISEA and Oceania, along with 

320 individuals from 28 African populations included in the WORLD DATASET. To facilitate 

better visualization, we enlarged the central portion of the PCA and plotted the mean values 

for the top two principal components (PCs) (Figure 2A of main text).  

To confirm our inference of genetic similarities between modern humans and archaic 

hominins, we applied a formal test of admixture. We converted PLINK formats to eigenstrat 

formats using the "CONVERTF" utility of ADMIXTOOLS v.3 (52) and proceed by estimating 

the proportion of Denisovan ancestry using the F4-ratio statistic in the following form, where 

X is a target population in East Asia, ISEA or Oceania: 

 

𝛂𝑫 =
𝑓4	(𝑌𝑜𝑟𝑢𝑏𝑎, 𝐴𝑙𝑡𝑎𝑖	𝑁𝑒𝑎𝑛𝑑𝑒𝑟𝑡𝑎𝑙; 𝐻𝑎𝑛	𝐶ℎ𝑖𝑛𝑒𝑠𝑒, 𝑋)

𝑓4(𝑌𝑜𝑟𝑢𝑏𝑎, 𝐴𝑙𝑡𝑎𝑖	𝑁𝑒𝑎𝑛𝑑𝑒𝑟𝑡𝑎𝑙; 𝐻𝑎𝑛	𝐶ℎ𝑖𝑛𝑒𝑠𝑒,𝐷𝑒𝑛𝑖𝑠𝑜𝑣𝑎) 

 

The F4-ratio statistic was computed using the “qpF4ratio” software of ADMIXTOOLS, which 

estimates a standard error using a weighted block jackknife for each estimated quantity 

(block size set to 5 cM). Values of 𝛂𝑫 are shown on the y-axis of Figure S12. 

 

Identifying archaic hominin sequence 

To identify archaic sequences in the genomes of the Flores pygmies, we used the 

statistical framework previously described in (48). Namely, we used a three-stage approach 
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to (1) identify candidate introgressed sequences using the S* statistics (87, 88,), (2) 

calculate a p-value to quantify whether a putative introgressed haplotype matched 

Denisovan or Neanderthal sequence (42, 56) more than expected by chance, and finally (3) 

refine and probabilistically classify the set of haplotypes. Notably, the first stage, (highlighted 

in light red in Figure S13), does not rely on the use of ancient DNA sequences from the 

archaic species. Here, we extended the framework to detect putative introgressed 

sequences that might be inherited through admixture with extinct hominin species, such as 

H. erectus and H. floresiensis, whose prior presence is well documented in Island Southeast 

Asia but for which there is no genome available. Thus, we categorized the set of haplotypes 

as Neanderthal, Denisovan, ambiguous and “unknown” sequences, with the last category 

to include haplotypes not introgressed from Neanderthal or Denisovan, but harboring S* 

significant haplotypes. A schematic overview of the S* framework used in this study is shown 

in Figure S13.  

To identify Neanderthal and Denisovan introgressed sequences, we used a threshold 

for archaic match p-values to control the FDR ≤5% (i.e., ≤5% of these calls are expected to 

be non-Neanderthal and non-Denisovan, potentially from other archaic sources and 

potentially non-introgressed). We proceed by categorizing those haplotypes as 

Neanderthal, Denisovan, or ambiguous (i.e. haplotypes for which Neanderthal or Denisovan 

status cannot be confidently distinguished), following the same procedure as in (48). The 

archaic match p-value threshold was selected separately for each population. Similarly, we 

identified putative unknown haplotypes using a threshold such that FDR ≤ 5% (i.e., ≤ 5% of 

these calls are expected to derived from Neanderthal or Denisovan). To be conservative, 

unknown haplotypes were further refined by removing any site overlapping with previously 

defined Neanderthal, Denisovan, or ambiguous call sets (Figure S14).  

 

Estimating ages of S* haplotypes 
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Analysis of pairwise divergence 

On average, introgressed haplotypes are expected to have an older time to the most 

recent common ancestor (TMRCA) compared to non-introgressed genomic regions and to 

exhibit high levels of divergence. In the specific case of admixture with hominin species, 

such as H. erectus and H. floresiensis, which diverged at least 1 My from the common 

ancestor of Neanderthal, Denisovan and modern humans, we expect to find putative 

“floresiensis/erectus” haplotypes that are more divergent compared to modern humans, 

Neanderthal and Denisovan haplotypes.  

To investigate the presence of truly archaic introgressed haplotypes in our call set, 

we estimated the TMRCA between the S* putative introgressed haplotypes and non-

introgressed haplotypes. Namely, we computed pairwise divergence between haplotypes 

identified using the S* framework (i.e. Neanderthal, Denisovan, ambiguous and unknown 

categories) and each of the remaining non-introgressed haplotypes. To avoid comparisons 

between two introgressed haplotypes, haplotypes carrying S* haplotypes for the same 

region were excluded in each comparison. For each haplotype category (Neanderthal, 

Denisovan, ambiguous and unknown) we estimated pairwise divergence using a 

triangulation approach, which measures the putative introgressed haplotype’s “missing” 

shared substitutions with a non-introgressed haplotype. Importantly, this method of 

estimating divergence does not rely on the detection of rare alleles on the putative archaic 

haplotype, which may fail to pass all genotyping filters or may be the result of sequencing 

error. The resulting divergence estimates were then normalized using the distance from the 

chimpanzee reference sequence (panTro4) to account for local variation in mutation rate. 

The hg19/PanTro4 pairwise alignment was downloaded from UCSC 

(http://hgdownload.cse.ucsc.edu/goldenPath/hg19/vsPanTro4/).  

 After excluding regions with fewer than 50 informative sites, the deepest divergence 

found between the S* segment and the remaining haplotypes in the Flores panel was taken 
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as the TMRCA for the region. This comparison was repeated for the S* haplotypes 

previously identified in 27 Melanesians, 10 East Asians, and 10 Europeans. 

Furthermore, to assess how the TMRCA distributions for S* haplotypes differ from 

those for non-S* haplotypes, we randomly shuffled the S* regions to new genomic regions 

and estimated the TMRCAs using the same procedure as described above. To avoid placing 

regions in unassembled or repetitive genomic regions, we shuffled our S* segments using 

bedtools shuffle (35) to regions on the same chromosome that passed our filtering 

parameters. 

Figure S15 shows the distributions of the TMRCA (maximum estimated pairwise 

divergence) computed for each S* haplotype by classification (Neanderthal, Denisovan, 

ambiguous, and unknown) and by population. We find that the average estimated TMRCA 

for the S* haplotypes classified as “unknown” origin was lower compared to TMRCAs for 

haplotypes classified as Neanderthal, Denisovan, or ambiguous, but higher than average 

TMRCAs for random genomic regions (in grey). This same TMRCA pattern (i.e. random < 

unknown < Neanderthal / Denisovan / ambiguous) is observed in all four populations under 

study. The intermediate position of the distribution of TMRCAs for unknown haplotypes 

suggest that the unknown category might be enriched for Neanderthal or Denisovan 

haplotypes (e.g. sequences absent from the current Neanderthal and Denisovan reference 

genomes, and/or sequences that did not pass our match p-value thresholds), as well as a 

number of false positive.  

Among the S* categories, it is worth noting that the ambiguous haplotypes show 

TMRCA estimates similar to those for Neanderthal and Denisovan haplotypes, consistent 

with the inclusion in this ambiguous category of introgressed haplotypes for which the 

Neanderthal or Denisovan status cannot be confidently distinguished. Further, we noted a 

striking increase in TMRCAs for Denisovan S* haplotypes in the East Asian sample, relative 

to Neanderthal and Denisovan haplotypes found in other populations. This observation is 
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consistent with the hypothesis of containing sequences inherited through admixture with a 

distinct Denisovan group into East Asians. While confirming the common origin of the 

Denisovan ancestry in both Melanesian and Flores populations, our analysis also supports 

the recent finding of a distinct Denisovan admixture event in the ancestors of East Asians 

(89).  

 

ARGweaver analysis  

To further explore whether the unknown S* sequences (i.e. not matching Neanderthal 

or Denisovan reference genomes) contain a signature of admixture with a divergent hominin 

lineage, we calculated TMRCA using ARGweaver (90) as described in (91). The rationale 

of this analysis is that if the ancestors of the Flores pygmies admixed with an archaic hominin 

group that diverged with modern humans prior to Neanderthals (e.g. H. erectus or H. 

floresiensis), then we would expect some haplotypes in the Flores pygmies to coalesce 

above haplotypes from other modern humans, and above haplotypes from Neanderthal and 

Denisovan (Figure S16 panel A). Moreover, we would expect these haplotypes to be 

enriched in the “unknown” portion of the S* call set, as they would match neither Neanderthal 

or Denisovan. We have previously observed that the S* call set has ~50% FDR for calling 

introgressed sequence from archaic groups such as Neanderthals (48). Furthermore, we 

previously demonstrated, through simulations, that the power of S* increases with 

divergence time of the “archaic” hominin population (see Figure 3C in (39)), suggesting that 

in the case of introgression with a more divergent hominin lineage, the unknown portion 

would be further enriched for introgressed sequence. If a substantial number of such 

haplotypes exist, we would expect the unknown portion in Flores pygmies to contain a 

significant number of haplotypes with older TMRCAs. We then test if the distribution of 

TMRCAs for the older haplotypes is significantly different between the unknown portion and 

the Neanderthal portion of the S* call set.  
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We first calculated the TMRCA of six African genomes (two Yorubans, two San, and 

two Mbuti; HGDP00927, SS6004475, SS6004471, HGDP0456, HGDP01029, SS6004473 

from (42, 56)), the Altai Neanderthal and Denisovan genomes (42, 56) and our nine 

unrelated Flores genomes. ARGweaver was run over the above 17 genomes plus 

chimpanzee (panTro4) in 50kb windows. We computed 5,000 MCMC iterations, with 

sampling every 20 iterations, starting at iteration 2,000.  We then calculated the average 

TMRCA of each 50kb window from the previous S* analysis. This TMRCA was calculated 

for all 17 genomes (“TMRCA(all)”) and separately for the six modern humans plus two 

archaic genomes (“TMRCA (all-Flores)”), i.e., excluding the Flores genomes. 

In general, there is a strong correspondence between TMRCA(all) and TMRCA(all-

Flores), across all 50kb windows (Figure S16 panel B; Pearson’s correlation = 0.998). We 

examined the differences between these TMRCAs and identified regions where the addition 

of Flores increases the TMRCA of a region above the coalescence of other modern humans, 

Neanderthal, and Denisovan (Figure S16 panel C). We can formally test the differences 

between these distributions, using a kernel density-based test for differences between 

multidimensional distributions (92). The null hypothesis that these TMRCAs are drawn from 

the same distribution cannot be rejected (p=0.53), suggesting that the set of unknown S* 

sequences is not significantly enriched for regions with a different TMRCA distribution in the 

Flores pygmies genomes. It is possible that even if introgression occurred, the number of 

surviving introgressed haplotypes may be quite small. This is especially plausible, given the 

fact that there is some evidence for reproductive barriers between Neanderthals and modern 

humans (88, 93) potentially leading to the rapid removal of introgressed haplotypes shortly 

after introgression (94, 95). This analysis cannot exclude a similar scenario involving low 

levels of introgression from H. floresiensis or other deeply diverged hominin species. 

 

Analysis of copy number variation  
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We analyzed 45 genomes (10 Indonesian individuals from Flores and 35 

Melanesians from (48)) for copy-number variation (CNV) using whole genome shotgun 

sequence read depth detection (WSSD) as previously described in (96). Initial QC analysis 

showed that all Indonesians and most (27/35) Melanesian genomes had >90% of copy 

number 2 regions correctly called (Figure S17), whereas the remaining (n=8) Melanesian 

genomes had >85% of CP2 regions correctly called.  

We initially focused on a previously described segmental duplication block that 

introgressed from Denisovan into the ancestors of present-day Papuans ~40 kya (Figure 

2C, chromosome 16p12.2; 15). Sudmant et al. (15) described a set of four duplicated loci in 

this region (A, B, C, D) that are polymorphic among human populations and missing from 

the GRCh37 and GRCh38 human references. WSSD and paired end read analysis predict 

that the majority of humans have a duplication block that includes duplications A and C as 

adjacent segments, but Denisovan and the majority of Papuans have an expanded 

duplication block that includes A, B, C and D as adjacent segmental duplications. This 

complex duplication structure is absent from all other previously described human 

populations.  

Here we assessed the chromosome 16p12.2 segmental duplication block using WSSD in a 

panel of 86 genomes. The panel includes: 

- 9 Flores unrelated individuals; 

- 49 Oceanic individuals (27 Melanesians from (48), and 22 Papuans from the Simons 

Genome Diversity Project (SGDP; 15)); 

- 4 Africans from SGDP; 

-  4 Americans from SGDP; 

- 15 Eurasians from SGDP; 

- 3 ancient humans (45, 97); 

- the Neanderthal and Denisovan genomes (42, 56). 
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As shown in Figure S18 panel A, structure A/C in the chromosome 16p12.2 duplication, is 

found in all individuals, while B/D is only observed in the Denisovan, Oceanic and Flores 

genomes. Using segmental duplication D (Figures 2C and S18 panel B, hg19: 

chr16:22710749-22782167)(15) as a proxy, we estimate that the Denisovan duplication is 

present at an allele frequency (AF) of 50% in the Flores population and at higher frequency 

in populations in Oceania (79.6% AF in the 27 unrelated Melanesians from (48) and 82.6% 

AF (n=43), when combined with Papuan individuals from the SGDP). Thus, the Flores 

population represents, to date, the second modern human group known to carry this large 

(>220 kbp) segmental duplication block at high frequency. 

In an effort to identify additional CNVs specific to the Flores population, we performed 

digital comparative genomic hybridization (dCGH) comparing the 45 Flores and Melanesian 

genomes against 17 high quality genomes from SGDP (individuals listed in Table S7 in (15)). 

Because CNV calling is subject to high FDR, we examined inheritance of biallelic CNV calls 

in the Flores trio (RPS031, RPS018, and RPS020) as a function of size. We found a 

Mendelian error rate of 4.8% for deletion and 21.3% for duplication calls, which fell to 3.2% 

and 10.2%, respectively, for calls greater than 10 kbp. Overall, we considered three classes 

of CNVs genome-wide: biallelic deletions, biallelic duplications, and multiallelic CNVs (Table 

S6). To identify population-specific CNVs, we searched for variants present in multiple 

unrelated Indonesians that didn't overlap any SGDP calls from (15), excluding samples that 

showed evidence of relatedness (RPS020, UV573, UV952, UV927, UV979, UV1266, 

UV946, UV956, and UV1042), for a total of 9 Indonesians and 27 Papuan samples. A small 

number of deletions (n=13) and duplications (n=24) were identified that were large (>10 kbp) 

and present in more than one Flores individual (Table S7). 

Considering related samples, we identified an inherited deletion of ~300 kbp present 

in two Indonesians that intersected MALRD1 (Figure S19), and putative deletions involving 

the ILKAP (Figure S20), MYO5C (Figure S21), and XIRP2 (Figure S22) genes. With respect 
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to duplications, we predict a ~150 kbp duplication affecting the RBM44, RAMP1, and part 

of LRRFIP1 (Figure S23), and another duplication that intersected GOLGA3 and CHFR 

(Figure S24). Only the XIRP2 and ILKAP CNVs were present in multiple unrelated 

Indonesians, suggesting that most CNVs are rare rather than population-specific.  

 
 
Scan for recent positive selection  

Whole-genome data from the Flores individuals of Rampasasa village (RPS) 

provides an opportunity to investigate genomic evidence of recent adaptation in this Flores 

pygmy population. To this end, we applied the population branch statistic (PBS) (23, 98, 99) 

to scan for alleles that are highly differentiated in RPS compared to related populations. 

PBS quantifies the amount of allele frequency change that occurred in the target lineage 

since its divergence with the reference populations under comparison, and extreme 

frequency changes may reflect the action of natural selection. To achieve resolution over 

recent time scales, we used genomes from 27 unrelated Melanesian individuals (PNG) (48) 

as comparison samples and genomes from 103 Han Chinese (CHB) individuals (43) as 

more distantly related outgroup samples. 

As selection scans are sensitive to spurious genotype calls, we applied stringent 

masks to restrict the data to confidently called sites. These sites comprised the intersection 

of the 1000 Genomes accessibility mask (see 

ftp://ftp.1000genomes.ebi.ac.uk/vol1/ftp/phase1/analysis_results/supporting/accessible_ge

nome_masks/README_20120824_accessibility_mask_bed_files) and sites that passed 

our filters for the Flores data (see Whole-genome sequencing and filtering). We further 

removed sites for which all genotyped Flores individuals were called heterozygotes, as 

these are likely to represent mapping errors to repetitive regions. We also removed sites 

with evidence of strand bias, sites within 5 bp of indels, sites in annotated segmental 

duplications, as well as sites in regions of low mappability. We note that while only SNPs 
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were used in the PBS scan, selection targeting indels or structural variants would also be 

detected if these variants segregate in linkage disequilibrium with tag SNPs in the region. 

We then calculated the population branch statistic (PBS), which is based on levels of 

differentiation in allele frequencies across populations, as quantified by the fixation index 

(FST) (100). FST is proportional to the evolutionary branch length (T) between each pair of 

populations: 

𝑇 =	− log(1 − 𝐹RS) 

 

For each SNP that segregates in all three populations, PBS for the Flores branch is 

calculated as: 

𝑃𝐵𝑆 = 	
𝑇WXR×X"&	 + 	𝑇[\]×WXR	 −	𝑇X"&×[\]	

2  

 

Per-SNP PBS was then averaged in 20 SNP sliding windows with 5 SNP steps. 

We identified two genomic regions with extreme signatures of positive selection 

based on PBS (Table S8; Figure S25). One of these regions, falling on chromosome 6, 

encompasses the human leukocyte antigen (HLA) gene complex. Genes in the HLA play a 

key role in the adaptive immune system and are known to be subject to strong diversifying 

selection across human populations (101, 102). The strongest PBS signal, however, 

extends over an ~74 Kb region of chromosome 11 that includes FADS1 and FADS2—genes 

previously implicated as targets of selection in distinct human populations (Figure 3A; 103). 

These genes encode fatty acid desaturase (FADS) enzymes that regulate metabolism of 

long-chain polyunsaturated fatty acids (LC-PUFA), key precursor molecules with diverse 

biological roles (104).  

Across worldwide populations, the FADS region contains two major LD blocks—the 

first encompassing all of FADS1 and the first half of FADS2 and the second containing the 
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latter half of FADS2 (105). While polymorphic across most of Eurasia, a derived haplotype 

in the first LD block is thought to have swept to near fixation in Africa approximately 85 kya 

(21). This event was hypothesized to have allowed a transition to a more plant-based diet, 

as the derived haplotype is associated with enhanced conversion of MC-PUFA to LC-PUFA 

through increased activity of FADS1. However, even early-diverging African populations, 

such as San and Mbuti, appear fixed for derived FADS haplotypes (58), raised the intriguing 

possibility that the sweep may have been complete at the time of the Out-of-Africa migration 

and that the ancestral haplotype was reintroduced to non-African populations via 

introgression from an archaic lineage. Refuting this hypothesis, Buckley et al. (19) 

demonstrated that Neanderthal haplotypes cluster most closely with but are highly divergent 

from the derived haplotypes observed in modern humans, while Denisovan haplotypes 

cluster most closely with but are highly divergent from ancestral haplotypes observed in 

modern humans. These data are inconsistent with a simple model of adaptive introgression 

from a lineage closely related to either archaic species. Instead, the unique topology of 

divergent trans-specific haplotype clusters suggests potential long-term balancing selection 

operating at this locus (19). Under such a model, functionally distinct haplotypes may be 

maintained by persistent environmental heterogeneity, which in this case may consist of 

temporal and geographic variability in diet. 

Consistent with a model of recurrent local adaptation on ancient standing variation, 

derived haplotypes also attain high frequencies in certain South Asian populations, 

potentially due to selection in response to a vegetarian diet (22). Meanwhile, Fumagalli et 

al. (23) demonstrated that ancestral haplotypes are nearly fixed in Greenlandic Inuits, 

potentially in response to a marine diet rich in omega-3 fatty acids.  

Our data add a new chapter to this complex narrative, revealing that the Flores 

sample is nearly fixed for ancestral haplotypes in LD block 1 (tagged by SNP rs174547) in 

a pattern consistent with a recent selective sweep (Figure 3B; 106). This result was 



	 28	

confirmed in the larger Omni 2.5-genotyped sample (n = 21 unrelated individuals). The 

Greenlandic Inuit study (23) was based on microarray data and therefore precludes 

comprehensive comparison to the Flores genome sequences. Nevertheless, all four 

haplotypes from the genomes of two Greenlandic Inuit individuals published by Raghavan 

et al. (107) match the high-frequency Flores haplotypes described in our study, particularly 

in LD block 1 (Figure S26). In contrast to the Flores data, however, the Greenlandic Inuit 

PBS scan of Fumagalli et al. (23) achieved a maximum in LD block 2, downstream of the 

Flores PBS signal (Figure S26), providing further evidence that these selection events were 

likely independent. 

Fumagalli et al. (23) and Amorim et al. (108) reported that the ancestral FADS 

haplotypes at high frequency in Greenlandic Inuits also segregate at high frequencies in 

most other Native American populations. This led the authors to hypothesize that the 

selective sweep may have occurred in Beringia, prior to migration into the Americas and the 

subsequent differentiation of Native American populations. Analogous to this observation, 

we found that ancestral haplotypes matching those observed in the Flores sample also 

segregate at relatively high frequencies in other Southeast Asian populations, including the 

Chinese Dai in Xishuangbanna, China (CDX) and Kinh in Ho Chi Minh City, Vietnam (KHV) 

(Figure 3B; 43). Additional Southeast Asian populations genotyped using the Human Origins 

SNP chip (45-47; see Integrating WGS with SNP array datasets) also carry high frequencies 

of ancestral alleles at SNPs tagging the ancestral haplotypes (Figure 3B, inset; n >= 8). This 

is reflected in the observation that the FADS region also contains the highest scoring window 

in a genome-wide PBS scan in which the Flores population is swapped with the KHV 

population and compared to Papuan (PNG) and Han Chinese (CHB) reference populations 

(chr11:61548559-61598288, mean PBS = 0.392). Yet the highest scoring window in the 

region remains in the top 5 x 10-4 quantile of genome-wide PBS values in a PBS scan 

comparing RPS to KHV and CHB (chr11:61548559-61598288, mean PBS = 0.977). Taken 
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together, these observations are consistent with positive selection in an ancestral Southeast 

Asian population, with drift and additional selection potentially occurring in Flores and other 

Southeast Asian populations subsequent to divergence. 

The high level of divergence between the two haplogroups presents a challenge for 

identifying the causal variants under selection. SNPs distinguishing the haplogroups, such 

as rs174547, are strongly associated with circulating levels of fatty acids based on previous 

GWAS studies (Table S9; 109 -112), as well as various blood phenotypes based on 

PheWAS data from the UK Biobank (Table S10; 113). 

As previously described (19) data from the GTEx Consortium (20) suggest regulatory 

differences among the haplotypes, which are defined by variants that are strong eQTLs of 

both FADS1 and FADS2. These associations predict that the Flores individuals have 

decreased expression of FADS1, reducing their capacity to synthesize LC-PUFA from plant-

based precursors. Kothapalli et al. (22) recently identified the potential causal variant at this 

locus, demonstrating a regulatory effect of a 22-bp insertion (rs66698963), which they 

hypothesized to have been the target of positive selection in South Asian populations. 

Specifically, this region contains binding sites for a sterol regulatory element binding protein 

(SREBP) and acts as a master switch controlling the expression of FADS1 and FADS2. To 

determine indel genotypes at rs66698963, the Flores samples were amplified using FADS2 

primers and PCR conditions as described in (114). PCR products were run on 2% agarose 

gels at 100V for 3 hours and compared to a 100 bp DNA Ladder (NEB). Gels were ethidium-

bromide stained and visualized under UV light. Samples producing a single 607 bp band 

were scored as homozygous for the 22 bp deletion, and those with multiple bands were 

scored as heterozygous. We found that 28 of 31 successfully genotyped individuals were 

homozygous for the deletion allele. This finding is consistent with a model in which the 

deletion allele of rs66698963 may have been targeted by selection in ancestors of the Flores 

population. 
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In conclusion, we find evidence of population-specific selection spanning the FADS1 

and FADS2 region—adding to emerging evidence that this region was a recurrent target of 

selection in diverse human populations, possibly in response to changing diet. 

 

Inference of polygenic selection for reduced stature 

Quality control of genotype data 

We used data from the Flores Omni 2.5 genotypes, generated in this study (see Omni 

2.5 array genotyping), and from the Human Genome Diversity Panel (HGDP). Alleles were 

aligned to the forward strand using the Genotype Harmonizer software (115) and the 1000 

Genomes phased version 5 genotypes as reference set. We downloaded the 1000 

Genomes Omni 2.5 genotypes (which are aligned on the forward strand, and available at 

http://ftp.1000genomes.ebi.ac.uk/ALL.chip.omni_broad_sanger_combined.20140818.snps

.genotypes.vcf.gz) and selected individuals from CHS (Southern Han Chinese), CDX (Dai 

in Xishuangbanna) and KHV (Kinh in Viet Nam) populations. The three sets of genotypes 

were then independently checked for strand alignment, alleles, position, reference 

assignments and frequency differences from the 1000 Genomes sequence data using the 

Genotype Harmonizer. 

We removed any loci with minor allele frequency (MAF) differences greater than 0.2 

among populations and greater than 0.2 as compared to the reference. We also removed 

palindromic SNPs with frequency differences to the reference greater than 0.4, identified 

any further strand flips, and removed loci of MAF less than 1%.  

To maximize the number of overlapping SNPs between the HGDP data and the other 

Omni genotyped data, we then imputed the HGDP genotypes to 1000 Genomes reference 

panel and repeated the quality control of the imputed data, using the 1000 Genomes 

sequence data as the reference (details about the imputation pipeline can be found at 

https://github.com/CNSGenomics/impute-pipe) (116, 117). We then combined the genotype 



	 31	

data together, selecting overlapping SNP loci with less than 5% missing data and individuals 

from the HGDP data from the Melanesian (Bougainville Island), Papua New Guinean and 

Cambodian populations. This left 448,068 SNPs and 453 individuals from the 1000 

Genomes CHS (n=153), CDX (n =100) and KHV (n =121) populations, the Human Genetic 

Diversity Panel Melanesian (n =19), Papua New Guinea (n =17), and Cambodian (n =11) 

populations, and the Flores (n =32) population. Our approach examines the combined effect 

of polygenic selection at multiple segregating common loci. Thus, while this extensive quality 

control will likely remove loci that show a very high level of true differentiation among 

populations, we prefer a conservative approach where we ensure that a limited number 

(<5,000) of extremely differentiated SNPs do not influence the results we present here.  

 

Height-associated loci 

We extracted 456,426 participants of European ancestry from the UK Biobank (113). 

Ancestry was inferred using a two-stage approach. The first stage consisted in projecting 

each study participant onto the first two genotypic principal components (PC) calculated 

from HapMap 3 SNPs genotyped in 2,504 participants of the 1,000 Genomes Project 

(ftp://ftp.ncbi.nlm.nih.gov/hapmap/). We then used five super-populations (European, 

African, East Asian, South Asian and Admixed) as reference, and assigned each participant 

to the closest population. Distance was defined as the posterior probability under a bivariate 

Gaussian distribution of each participant to belong to one of the five super-populations. This 

method generalizes the k-means method and considers the shape the reference cluster to 

improve the clustering. Vectors of means and 2×2 variance-covariance matrices were 

calculated for each super-population and we used a uniform prior. We used SNPs with an 

imputation quality score above 0.3 and hard-called the genotypes with a posterior probability 

larger than 0.9. We then kept for analysis SNPs in the Haplotype Reference Consortium 

(HRS) (118) with call rate >0.95, a minor allele frequency >0.0001, and Hardy-Weinberg 
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test p-value larger than 10-6; this left 16,653,239 SNPs for analysis. We ran a genome-wide 

association study of height in the 456,426 individuals using mixed linear model association 

(MLMA) testing implemented in BOLT 2.2  software (119) assuming an infinitesimal model. 

We used ~700,000 HapMap 3 SNPs (LD pruned for SNPs with r2 > 0.9) as model SNPs in 

our analysis. Height was adjusted for age, genotypic batches and 10 PCs calculated using 

~78,000 genotyped SNPs pre-selected by the UK Biobank quality control team for principal 

component analysis (details about UK Biobank data quality control can be found at 

www.ukbiobank.ac.uk/wp-

content/uploads/2014/04/UKBiobank_genotyping_QC_documentation-web.pdf) . 

PCs were calculated using flashPCA (120). This analysis controls for population 

stratification and yields SNP effects that are unbiased of population stratification (119, 121). 

We then used the PLINK clumping approach to select a genome wide set of SNPs in 

approximate linkage equilibrium (LE: LD R2 < 0.05 within a 2 Mb window). 

 

Analysis of population genetic differentiation 

Selection on loci associated with height has been reported before in European populations 

(24, 122) including selection for reduced height on the island population of Sardinia 

(123). We followed the approach in (24) to estimate population genetic differentiation of 

height in the 453 individuals from the 7 populations in Southeast Asia and Oceania. Briefly, 

we created a genetic predictor of height from the SNP loci identified in the MLMA analysis, 

we estimate the population mean value of the predictor and the population genetic variation 

in a Bayesian linear model and compared our estimates to the values from a null quantitative 

genetic model of multivariate population differentiation. The null model was constructed, as 

in (24). Briefly, the SNP effects were randomized across all SNPs 1,000 times, and 1,000 

genetic predictors were created in the Flores island and neighbouring population samples. 

By keeping the effect sizes consistent but attributing these effects across SNPs at random, 
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the genetic predictors generated reflect the action of genetic drift. Second, each set of 

genetic predictors was standardized to a z-score and used as a response variable in the 

Bayesian mixed-effects model outlined in equation (2.2) of (24). This provided 1,000 

estimates of the population genetic variance and population means under drift; these values 

are displayed in the figures as the estimates from the neutral model. Third, the across-

population sample covariance matrix of these 1,000 estimates was calculated, which 

provided an estimate of the expected population-level covariance in phenotype under drift. 

We then used a Mahalanobis distance statistic to provide a measure of the relative deviation 

of our predicted population-level means from their multivariate theoretical expectations 

under drift (see Supplementary Note in (24)). This calculation provided the test statistic used 

to compare our predicted estimates to the expected values under drift. As both the drift 

profile and trait profile scores were transformed to a z-score, this comparison was on the 

same standard deviation scale. This tests whether the difference in predicted genetic value 

of Flores compared to all of the other neighbouring population was larger than expected 

given the maximum amount of variation in a genetic predictor that could be created across 

populations under our neutral model. 

We then compared our estimated population genetic differentiation to the null using a 

multivariate chi-squared test. Figure 4A shows a lower predicted genetic value for the Flores 

population as compared to their neighbouring populations. It also shows that this difference 

is significantly larger than expected under neutrality (a significant departure from a neutral 

model). A lower predicted value for Flores occurs because, on average, the common loci 

comprising the genetic predictor are differentiated in a direction that is consistent with the 

direction of their effects on height, which in turn creates differences among populations in a 

genetic predictor. So in this example, the predictor is lower because height increasing loci 

occur less frequently than in surrounding populations, and less frequently than expected 

under drift.  
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We then calculated allele frequency differences between the Flores population and 

the 1000 Genomes populations using the software GCTA 

(http://cnsgenomics.com/software/gcta/) (124) and tested for a relationship between effect 

size and allele frequency difference at 4,000 loci of smallest p-value from the MLMA analysis. 

Figure 4B is in essence a comparison of FST between Flores and neighbouring populations 

at trait-associated loci (y-axis) and the effect size at those loci from a European reference 

population (x-axis). It shows an association between FST and both the strength and direction 

of an allele’s effect on height: the larger the effect size of the increasing allele, the more 

differentiated its frequency is from neighbouring populations, in a directional manner (lower 

frequency). 

Finally, we used a linear model to test for an association between the genetic 

predictor of height and the phenotype recorded in the Flores data (Figure 4C). The linear 

model assumes that each data point is independent, which is not the case in the Flores data 

because of the presence of close relatives who share genetic and environmental effects. 

 As we simply wished to determine whether the predictor was associated with Flores 

phenotypic value, we provide an approximate standard error for the proportion of phenotypic 

variance explained by the regression that we obtain from simulation. For the simulation, we 

created a set of data with 32 individuals that contained 10 pairs of close relatives. For 

simplicity, we assumed the 10 pairs were first-degree relatives, whose phenotypic 

covariance at a genetic predictor = 0.5𝑣𝑎𝑟(𝑔c) + 	𝑣𝑎𝑟(𝑐) with 𝑣𝑎𝑟(𝑔c) the genetic variance 

and 𝑣𝑎𝑟(𝑐)  the common or shared environment effects within families. Assuming the 

covariance of first-degree relatives is 0.5 at a genetic predictor obtained from a phenotype 

of variance 1, then 𝑣𝑎𝑟(𝑐) = 0.5 − 0.5𝑣𝑎𝑟(𝑔c), and assuming 𝑣𝑎𝑟(𝑔c) = 0.085, which is the 

phenotypic variance explained, then 𝑣𝑎𝑟(𝑐) = 0.458 . We assumed the phenotypic 

covariance among unrelated individuals was zero and simulated a phenotype, 𝒚 = 𝒈h + 𝒓 +

𝒆, where 𝒚, 𝒈h, 𝒓 and 𝒆 (the individual-level environmental values), are normally distributed 
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random variables with variances 1, 0.085, 0.458, and 0.457 respectively. We calculated the 

standard error of the proportion of phenotypic variance explained by 𝒈h in a linear model 

across 1,000 simulated datasets. 
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Figure S1. Genotype failure rate vs. heterozygosity across all 32 individuals in the 
OMNI Dataset. Shading indicates sample density and dashed lines denote QC thresholds. 
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Figure S2. Relatedness analysis. (A) Kinship coefficient estimated using KING is plotted 
against the proportion of zero IBS-sharing. Dashed red lines correspond to the thresholds 
for first, second and third degree relationships, respectively, based on KING documentation. 
(B) Network of family relationships as inferred in our analysis. Vertices represent individuals. 
Edge colors and thickness represent relationships inferred using KING, as specified in the 
legend. 
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Figure S3. Flores in the context of Asian genetic diversity. Principal Component 
Analysis performed on (A) 74 populations from South Asia, East Asia, ISEA and Oceania 
and (B) on a subset of 64 populations from East Asian, ISEA and Oceania, included in the 
PANASIA Dataset. Indonesian populations (in reds) as shown inside the polygon. The 
Flores individuals under study are shown in black.  
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Figure S4.  ADMIXTURE analysis of 2,507 individuals from 225 wolrdwide populations. 
We refer to this panel as the “WORLD DATASET”, and show results for K from 2 to 6. Flores 
samples are shown in the inset. 
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Figure S5. Proportion of New Guinean ancestry in populations in ISEA and Oceania, 
estimated using the F4-ratio statistics. Populations are ordered based on increasing 
longitude. Only values with z-score > 2 were reported. Bars represent 2 standard errors. 
The Flores pygmy population is highlighted in red. 
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Figure S6. MSMC analysis of effective population sizes. Estimates of effective 
population sizes and relative cross coalescence rate as a function of time in thousands of 
years ago (ka) between Flores pygmies and previously published diploid high coverage 
genomes, estimated using MSMC, from two-haplotypes (A and B), and from four-haplotypes 
(C and D).  
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Figure S7. Distribution of runs of homozygosity. Individual patterns of runs of 
homozygosity in the Flores pygmies and populations included in the SEA DATASET.  Colors 
code corresponds to colors in the map in Fig. 1A in main text, specifically orange 
shades=East Asia, blue shades=Island Southeast Asia, purple shades=Near Oceania, pink 
shades=Remote Oceania. 
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Figure S8. Patterns of long ROH across populations in Island Southeast Asia, East 
Asia and Oceania. Data are shown as boxplots representing the distribution of cumulative 
length of ROH over all individuals. The Flores population is highlighted in red.   
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Figure S9. mtDNA variation. (A) Neighbor-joining tree from genetic distances estimated 
from mitochondrial whole genome sequences, computed in R with package ape 
(https://cran.r-project.org/web/packages/ape/index.html). (B) Haplogroup variation in 48 
populations from Asia, Southeast Asia and Oceania, visualized by a CA plot. The plot is 
generated in R with the package factoextra (https://cran.r-
project.org/web/packages/factoextra/index.html). The sample from Australia is excluded for 
its outlier haplogroup composition.  
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Figure S10. BEAST phylogenetic analysis. (A) Tree of the 16 mtDNA sequences from 
Flores. Haplogroups and sublineages are indicated on branches; (B) Bayesian Skyline Plot 
(BSP) for the same 16 sequences. 
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Figure S11. Haplotype sharing between sampled locations. Maps depicting patterns of 
mtDNA haplotype sharing at a continental scale. Thin yellow lines indicate the lowest levels 
of exchange (from just a single pair of individuals sharing an identical or similar haplotype); 
thick orange lines indicate highest sharing. (A) Sharing of identical haplotypes; (B) Sharing 
of similar haplotypes whose FST distance is less than 0.0001. Maps were generated in R 
with packages maps (https://cran.r-project.org/web/packages/maps/index.html) and 
geosphere (https://cran.r-project.org/web/packages/geosphere/index.html). 
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Figure S12. Denisovan ancestry, found in populations east of Wallace’s line, is correlated 
with estimated New Guinean ancestry. 
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 \ 
 
Figure S13. A schematic overview of the three-stages S* statistical framework. 
Adapted from Figure S3 in (88). 
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Figure S14.  Amount of significant S* sequence in each population. (A) Amount of total 
archaic introgressed sequence and (B) Amount of unknown S* significant sequence 
identified in each population. (C) Amount of archaic introgressed sequence, classified as 
Neanderthal, Denisovan and ambiguous, identified in each population. The Flores sample 
is highlighted in red. 
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Figure S15. Distribution of the maximum pairwise divergence (TMRCA) estimated 
between S* significant haplotypes (Neanderthal, Denisovan, ambiguous and 
unknown) and non-S* haplotypes (random). Pairwise sequence divergence was 
estimated by triangulation. Vertical lines mark the first, second, and third quartiles. 
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Figure S16. Estimates of TMRCA for significant S* haplotypes. (A) Schematic of the 
two models being compared. If the Flores genomes contain ancestry from archaic hominin 
group that diverged prior to Neanderthals (e.g. H. floresiensis or H. erectus), then we would 
expect some haplotypes in the Flores pygmies to coalesce above haplotypes from other 
modern humans (“African”), and above haplotypes from Neanderthal and Denisovan 
(“Archaic human”). (B) TMRCA estimates obtained excluding the Flores genomes 
“TMRCA(all-Flores)”, versus TMRCA estimates obtained from all 17 genomes; (C) 
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Identifying regions where the addition of Flores increases the TMRCA of a region above the 
coalescence of other modern humans. Comparisons of TMRCAs for Neanderthal and 
unknown haplotypes estimated on all 17 individuals (Flores genomes included). 
 
 
 

 

 

 
 
Figure S17. Proportion of copy number 2 regions called correctly per Flores genome. 
Thresholds above >90% are typically used for discovery while thresholds above >80% are 
useful for genotyping purposes (15). 
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Figure S18. Heatmap representation of the chromosome 16p12.2 segmental 
duplication block (~1Mbp) in a panel of worldwide populations.  (A) UCSC genome 
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browsershot (125) of WSSD in a panel of 86 genomes, which includes 9 Flores unrelated 
individuals, 49 Oceanic (27 genomes from (48), and 22 from the SGDP panel), 4 African, 4 
American, 15 Eurasian, 3 ancient humans (45, 97), the Denisovan and Neanderthal 
genomes (42, 56). Each row represents the estimated copy number in 1kbp window for 
single individual. Arrows correspond to the positions and orientation of the duplications. The 
chromosome 16p12.2  duplication, described in (15) includes duplicated loci A, B, C and D.  
Structure A/C is found in all individuals, while B/D is only observed in the Denisovan, 
Oceanic and Flores genomes. See heatmap color key for copy number. (B) Analogous of 
panel A but “zoomed” in order to show the Denisovan D duplication (>220 kbp) in further 
detail. Copy number greater than two (4 and 3 for light and dark blue, respectively) in region 
D (far right dCGH call) indicates presence of the duplication. See color key for number of 
copies. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S19. UCSC browser shot showing a maternally inherited ~340 kbp deletion (grey 
bar) of MALRD1 absent from all SGDP and Melanesian genomes. 
 



	 55	

 
 
 
Figure S20. UCSC browsershot of a ~9 kbp deletion present in 9 Flores individuals and 2 
Melanesians that intersects ILKAP and a HERV element. 
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Figure S21. Maternally inherited ~53 kbp deletion overlapping MYO5C and LOC100129973. 
 

 
Figure S22. ~11 kbp deletion that intersects XIRP2 present in 3 Flores genomes including 
two unrelated samples (inherited by RPS020 from RPS031, also found in RPS001).  
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Figure S23. Inherited ~185 Kbp duplication (blue horizontal bar) of RBM44, RAMP1, and 
portion of LRRFIP1 in two Flores genomes. 
 

 
Figure S24. Paternally inherited ~85 Kbp duplication of parts of GOLGA3 and CHFR. 
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Figure S25. Manhattan plot of PBS values in sliding windows across the genome. The 
two grey lines indicate the top 0.01 and 0.001 PBS percentiles, respectively. 
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Figure S26. Per-SNP PBS results and haplotype visualization in the FADS region of 
chromosome 11, stratified by population. All SNPs meeting filtering criteria in all 
intersected modern human datasets were included, allowing for filtered data in the archaic 
genomes. (A) PBS scan results from Greenlandic Inuits (GI vs. CHB and CEU) (23) are 
plotted in the upper panel, while PBS scan results from Flores (RPS vs. PNG and CHB) are 
plotted in the lower panel. Strong frequency differentiation is observed over the entire region 
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in the Greenlandic Inuit scan, but the greatest signal is concentrated in the downstream 
region encompassing the latter half of FADS2 and part of FADS3 (chr11:61627960-
61641717). The Flores population is polymorphic in this region, with unremarkable PBS 
scores, but similarly exhibits strong frequency differentiation in the upstream region 
encompassing FADS1 and the first half of FADS2. (B) Visual haplotypes stratified by 
population. Columns distinguish SNPs (same as upper panel), while rows distinguish 
individual sample haplotypes. Dark blue indicates derived alleles, polarized with respect to 
the chimpanzee genome, while light blue indicates ancestral alleles. Sample sizes vary 
substantially across population, and individual haplotypes are therefore denoted with y-axis 
tick marks. AFR, EUR, and SAS refer to African, European, and South Asian super-
populations from the 1000 Genomes Project, respectively, from each of which 50 haplotypes 
were randomly sampled. CHB and KHV refer to the Han Chinese in Beijing, China and Kinh 
in Ho Chi Minh City, Vietnam populations from the 1000 Genomes project, respectively, 
from each of which 50 haplotypes were also randomly sampled. PNG refers to the 
Melanesian samples from (48). RPS refers to the Flores sample, while GI* refers to 
Greenlandic Inuit samples from (107) ARCHAIC refers to Neanderthal and Denisovan 
genomes, with Altai (42) and Vindija Neanderthal (126) sequences plotted above the 
Denisovan (56) sequences. While the archaic data are not phased, the genomes were 
homozygous at all SNPs depicted here. 
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Supplementary Tables  
 
Table S1. Samples collected in this study. Asterisks (*) denote samples that were later 
selected for whole genome sequencing.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample	ID sex Stature	(cm)

RPS001* M 135
RPS002 M 175
RPS003 M 152
RPS004* M 145
RPS005 F 138
RPS006 M 155
RPS007 M 150
RPS008 M 155
RPS009* F 132
RPS010 M 153
RPS011 M 148
RPS012 M 155
RPS013* F 138
RPS014 M 150
RPS015* F 132
RPS016 M 153
RPS017 M 142
RPS018* M 136
RPS019 M 153
RPS020* M 143
RPS021 F 137
RPS022 M 147
RPS023 F 146
RPS024 F 145
RPS025 F 140
RPS026 F 140
RPS027* M 130
RPS028* M 139
RPS029 M 143
RPS030 F 152
RPS031* F 133
RPS032 F 150
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Table S2. Populations included in the PANASIA Dataset. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

PANASIA HUGO CONSORTIUM DATASET

Pop Code Source Language Language family n

AXAM Taiwan_Affymetrix Ami Austronesian 10
AXAT Taiwan_Affymetrix Atayal Austronesian 10
AXME Melanesian_Affymetrix Naasioi Indo-Pacific (East Papuan) 4
CHB China_HapMap Chinese Sino-Tibetan 45
CNCC China Zhuang, Northern Tai-Kedai 24
CNGA China Cantonese Sino-Tibetan 30
CNHM China Hmong Miao-Yao 19
CNJI China Jiamao Tai-Kedai 31
CNJN China Jinuo Sino-Tibetan (Loloish) 26
CNSH China Mandarin Sino-Tibetan 21
CNUG China Uyghur Altaic 26
CNWA China Wa Austro-Asiatic 48
IDAL Indonesia Alorese Austronesian 19
IDDY Indonesia Dayak Austronesian 12
IDJA Indonesia Javanese Austronesian 34
IDJV Indonesia Javanese Austronesian 19
IDKR Indonesia Karo Batak Karo Austronesian 17
IDLA Indonesia Lamaholot Austronesian 20
IDLE Indonesia Lembata Austronesian 19
IDML Indonesia Malay Austronesian 11
IDMT Indonesia Mentawai Austronesian 15
IDRA Indonesia Manggarai Austronesian 9
IDSB Indonesia Kambera Austronesian 20
IDSO Indonesia Manggarai Austronesian 18
IDSU Indonesia Sunda Austronesian 25
IDTB Indonesia Toba Batak Toba Austranesian 20
IDTR Indonesia Toraja Austronesian 20
INDR India Telugu, Kannada Dravidian 23
INEL India Bengali Indo-European 10
INIL India Hindi Indo-European 12
INNI India Pahari Indo-European 20
INNL India Hindi Indo-European 13
INSP India Hindi Indo-European 20
INTB India Spiti Sino-Tibetan 23
INWI India Bhili Indo-European 23
INWL India Marathi Indo-European 12
JPML Japan Japanese Altaic 71
JPRK Japan Okinawan Altaic 43
JPT Japan_HapMap Japanese Altaic 44
KRKR Korea Korean Altaic 90
MYBD Malaysia Jagoi Austronesian 41
MYJH Malaysia Jehai Austro-Asiatic 34
MYKN Malaysia Malay Austronesian 15
MYKS Malaysia Kensiu Austro-Asiatic 22
MYMN Malaysia Malay Austronesian 16
MYTM Malaysia Temuan Austronesian 30
PIAE Philippines Ayta Austronesian 8
PIAG Philippines Agta Austronesian 8
PIAT Philippines Ati Austronesian 22
PIIR Philippines Iraya Austronesian 9
PIMA Philippines Manobo Austronesian 17
PIMW Philippines Mamanwa Austronesian 17
PIUB Philippines Ilocano Austronesian 20
PIUI Philippines Visaya, Chabakano  Austranesian 20
PIUN Philippines Tagalog Austronesian 19
SGCH Singapore Mandarin Sino-Tibetan 30
SGID Singapore Tamil Dravidian 30
SGML Singapore Malay Austronesian 30
THHM Thailand Hmong Hmong-Mien 19
THKA Thailand Karen Sino-Tibetan 20
THLW Thailand Lawa Austro-Asiatic 16
THMA Thailand Mlabri Austro-Asiatic 10
THMO Thailand Mon Austro-Asiatic 18
THPL Thailand Paluang Austro-Asiatic 17
THPP Thailand Blang Austro-Asiatic 17
THTK Thailand Tai Khuen Tai-Kadai 17
THTL Thailand Lue Tai-Kadai 18
THTN Thailand Mal Austro-Asiatic 13
THTU Thailand Tai Yuan Tai-Kadai 20
THTY Thailand Tai Yong Tai-Kadai 18
THYA Thailand Iu Mien Hmong-Mien 17
TWHA Taiwan Hakka Sino-Tibetan 48
TWHB Taiwan Minnan Sino-Tibetan 32



	 63	

Table S3. Sequencing coverage depth statistics for 10 Flores samples. Individual “RPS020” 
was removed in analyses of unrelated individuals. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample	ID Mean	depth	
(genome)

Median	depth	
(Autosomes)

99.5th	
Percentile

Mapped	reads

RPS001 31.1 33 62 654,925,220
RPS004 32.4 34 69 681,860,460
RPS009 33.3 34 70 702,133,586
RPS013 37.4 38 75 786,877,329
RPS015 36.6 38 71 770,583,648
RPS018 37.8 40 75 795,182,382
RPS020 42.2 44 82 889,949,803
RPS027 32.2 34 67 678,706,518
RPS028 32.5 34 66 684,725,484
RPS031 47.5 49 92 1,000,842,729
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Table S4. Populations included in the SEA Dataset and proportion of Denisovan 
ancestry. See accompanying excel spreadsheet 
 
 
Table S5. Summary of mtDNA haplogroup diversity. See accompanying excel 
spreadsheet. 
 
 
Table S6: Full Melanesian and Flores CNVs table. CNVs predicted using dCGH 
comparing 35 Melanesian and 10 Flores genomes (including related individuals) against 17 
genomes from the SGDP panel. Values of -1 indicate no call. See accompanying excel 
spreadsheet. 
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Table S7: Melanesian and Flores CNV summary. Deletions and duplications predicted 
using dCGH comparing 36 genomes (Melanesian+Flores) against 17 SGDP genomes. 
CNVs are filtered by size (>10 kb), frequency (i.e. if observed in 2 or more unrelated Flores 
individuals or 6 or more unrelated Melanesians) and whether they were previously observed 
in the SGDP (SGDP Negative).  
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Table S8. Genomic windows in the upper tail of mean PBS scores. Only the top-scoring 
window for every unique PBS peak is reported for all peaks in top 0.01 percentile of genome-
wide PBS scores. 
 

 
 
 
 
 
 
Table S9. NHGRI-EBI GWAS catalog hits for high-PBS haplotype-tagging SNP rs174547. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Chr Start Position End Position Mean PBS Empirical P-value
11 61549025 61601872 1,421 2 x 10-6

6 30788195 30794004 1,148 6 x 10-6

6 32581193 32581782 1,067 1 x 10-5

6 71037769 71053500 0,931 2 x 10-5

8 130492991 130522508 0,928 2 x 10-5

7 24248620 24259852 0,880 3 x 10-5

15 101499930 101507525 0,852 4 x 10-5

11 126883297 126891327 0,845 4 x 10-5

4 188402828 188439963 0,830 5 x 10-5

1 150388385 150457876 0,817 7 x 10-5

2 45961676 45971253 0,810 7 x 10-5

12 92930471 92950033 0,809 7 x 10-5

12 60639416 60681383 0,802 8 x 10-5

4 54635203 54646237 0,800 8 x 10-5

Phenotype PMID First Author Year Journal P-value
plasma omega-6 polyunsaturated fatty acid levels (arachidonic acid) 24823311 Guan W 2014 Circ Cardiovasc Genet 3 x 10-971

linoleic acid: polyunsaturated fatty acids ratio (LA/PUFA) 22286219 Kettunen J 2012 Nat Genet 8 x 10-262

phosphatidylcholine (PC) diacyl (aa) C36:3 / PC aa C36:4 20037589 Illig T 2009 Nat Genet 7 x 10-179

lysophosphatidylcholine acyl C20:4 26068415 Draisma HH 2015 Nat Commun 2 x 10-175

phosphatidylcholine diacyl C38:4 26068415 Draisma HH 2015 Nat Commun 9 x 10-172

Table Sx1. NHGRI-EBI GWAS catalog hits for high-PBS haplotype-tagging SNP rs174547. 
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Table S10. UK Biobank Gene ATLAS PheWAS hits for high-PBS haplotype-tagging SNP 
rs174547. Only hits with p-values less than Bonferroni-adjusted threshold of 6.4 x 10-5 are 
reported. Signs of beta values indicate the effects of the ancestral ‘C’ allele. 

 
 
 
 

Trait Beta P-value
Red blood cell (erythrocyte) count 0,0104 < 5 x 10-324

Red blood cell (erythrocyte) distribution width -0,0386 < 5 x 10-324

Platelet count 1,9752 < 5 x 10-324

Mean platelet (thrombocyte) volume -0,0378 < 5 x 10-324

Haemoglobin concentration 0,0264 1.79 x 10-37

Haematocrit percentage 0,0605 2.32 x 10-23

Eosinophill count -0,0028 1.46 x 10-22

Mean sphered cell volume -0,1016 1.55 x 10-22

Platelet crit 0,0008 1.02 x 10-18

Mean corpuscular volume -0,0754 2.66 x 10-18

Mean reticulocyte volume -0,1326 4.07 x 10-17

Monocyte percentage 0,0458 1.11 x 10-15

Standing height -0,0924 4.12 x 10-15

Eosinophill percentage -0,0305 7.87 x 10-15

Neutrophill count -0,0221 1.64 x 10-13

asthma -0,0052 4.94 x 10-13

White blood cell (leukocyte) count -0,0285 1.03 x 10-10

Mean corpuscular haemoglobin concentration 0,0145 3.42 x 10-10

Reticulocyte count 0,0005 1.40 x 10-9

Platelet distribution width 0,0064 1.47 x 10-9

High light scatter reticulocyte count 0,0001 1.97 x 10-9

thyroid problem (not cancer) -0,0031 3.21 x 10-9

K80 Cholelithiasis 0,0025 6.24 x 10-9

hypothyroidism/myxoedema -0,0028 7.33 x 10-9

K80-K87 Disorders of gallbladder, biliary tract and pancreas 0,0027 1.18 x 10-8

Sleep duration 0,0137 1.96 x 10-8

high cholesterol -0,0040 3.20 x 10-8

J45 Asthma -0,0030 1.08 x 10-7

Number of self-reported non-cancer illnesses -0,0214 1.13 x 10-7

Salt added to food 0,0095 5.27 x 10-7

Sitting height -0,0361 5.76 x 10-7

Number of treatments/medications taken -0,0280 9.39 x 10-7

E03 Other hypothyroidism -0,0020 1.70 x 10-6

J40-J47 Chronic lower respiratory diseases -0,0030 1.75 x 10-6

Neutrophill percentage -0,0858 1.81 x 10-6

Lymphocyte percentage 0,0713 4.09 x 10-6

venous thromboembolic disease -0,0016 7.83 x 10-6

J33 Nasal polyp -0,0009 1.69 x 10-5

Reticulocyte percentage 0,0084 1.85 x 10-5

deep venous thrombosis (dvt) -0,0013 3.90 x 10-5

Skin colour -0,0050 4.33 x 10-5

E00-E07 Disorders of thyroid gland -0,0018 5.70 x 10-5

Table Sx2. UK Biobank Gene ATLAS PheWAS hits for high-PBS haplotype-tagging SNP rs174547. Only hits with p-values less than Bonferroni-adjusted threshold of 6.4 x 10-5 are reported. Signs of beta values indicate the effects of the ancestral ‘C’ allele.
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