SUPPLEMENTARY DISCUSSION
RHH visualization compared to SABER and extended to the Illumina 550K
array

Although RHH and SABER produced nearly identical patterns of genome
mosaicism (Figs.1b, 2b, 2d and Supplementary Figs. S27-S29), there were minor
differences that may impact visualization of true admixture that spans very short
chromosomal lengths (<3 Mb). Specifically, the RHH-IIIm550K visualizations have
somewhat sparser rare-het density than their RHH-Affy500K counterparts suggesting
that Affy5S00K may be more effective in visualizing genuine but very short non-
Caucasian segments (e.g. see Fig. 1b whose tiny rare-het segment at bottom of
chromosome 20 is absent from Supplementary Fig. S27 for RHH-IIIm550K). SABER
output also contains multiple, very short regions of putative non-Caucasian DNA
whose validity is mostly uncertain, though a few of these peaks appear to be false-
positives because they recur in areas of sparse genotyping (e.g. on chromosome 8 at
~45 Mb in Supplementary Figs. S27 and S29) or occur with one genotyping array but
not the other (e.g. in Supplementary Fig. S27, the Affy500K peak on chromosome 1
at ~104 Mb is absent in the Illm550K SABER output). However, other small SABER
peaks are likely true-positives since they occur in output from both arrays and also
correspond to small RHH rare-het segments (e.g. compare Fig. 1b tiny rare-het
segment near bottom of chromosome 20 with corresponding SABER peaks in
Supplementary Fig. S27). Although most genuine admixture appears to reside in
continuous chromosomal segments spanning at least 5 Mb, genuine admixture in
much shorter segments (<3 Mb long) is likely to evoke future work to more

conclusively visualize and characterize the properties of such segments.



RHH performs effectively for ‘“small” datasets of 50-200 subjects

Although Cpe=0.5% is near-optimal for RHH mosaic visualization and ethnic
outlier detection, Supplementary Figures S30-S33 also indicate that Cy; values of 1%
and higher still enable statistical detection of admixture. This is important for datasets
with fewer than 200 subjects in which it would be impossible to achieve a rare-het
frequency below Cpe=0.5%=1/200. Therefore to explore RHH performance in
smaller datasets, we combined the 25 “set B” outliers shown in Table 1 with 25, 50,
or 100 other 58BC subjects randomly selected from set B. For these datasets with
125, 75, or 50 subjects, RHH detected statistically excess rare-het counts for ~95%,
~70%, or ~35% of the 25 outliers, respectively, at both the lowest possible Cp value
and Cpe=5% with either Affy5S00K or [llm550K genotypes. Furthermore, admixed
chromosome mosaicism remained clearly visualizable for all mosaic subjects at the
lowest possible Cye values as well as being recognizable at Cy=5% for all three
datasets and both genotyping arrays (see Supplementary Figs. S36-S39). Though not
comprehensive, these results indicate that RHH can produce valuable results from

smaller-sized datasets.

Mathematical Model Results for Unthinned Rare-Het Counts

In applying the mathematical model to unthinned rare-het counts, we found
that 1Mb “thinning” of rare-hets does not substantially reduce RHH ability to detect
ethnic outliers. Graphs analogous to “thinned” results but evaluating unthinned rare-
het counts are given in Supplementary Figures S40-S43 and imply that 1Mb thinning
elevates the lowest detectable admixture by only ~1% of the genome for most
parameter combinations. For example, minimum detectable Asian admixture is

~4.3% of the genome for 1Mb-thinned counts at C;,,=0.5% and Y=0.1%



(Supplementary Figs. S31, S33), but if unthinned counts are evaluated as if they are
independent (Supplementary Figs. S41, S43) detectable Asian admixture would be
~3.3% of the genome.
RHH applied to a single ““test” subject added to a large panel of unadmixed
individuals

Another inference from the mathematical model relates to evaluating a single
“test” subject by running RHH analysis with the test subject added to a large panel of
reference subjects who lack admixture. The Y value for this dataset would be very
low (<<0.1%) since only the test subject contributes admixture and the p-value for
excess rare counts could be set higher (at 0.001 or 0.05) than the Bonferroni-corrected
p-value (0.001/1500) in Supplementary Figures S30-S33 since only the test subject is
being evaluated. For datasets with this substantial decrease in Y and increase in p-
value, calculations like those for Supplementary Figures S30-S33 indicate that a
statistical excess of rare-het counts would be generated by African admixture
covering only ~0.25% of the genome. Since RHH only evaluates DNA between the
two most widely separated SNPs genotyped on each autosome, the total genome
length evaluated by RHH is ~2780 Mb implying that ~0.25% of the genome would be
~7Mb, a length of rare-het segment easily visualized by RHH (Figs. 1-2). Thus a
statistical excess of rare-hets could be used to flag subjects possibly carrying a small
but easily visualized segment of admixed DNA. Alternatively, such subjects could be
initially detected simply by compiling locations of their rare hets to flag subjects with

possible rare-het clustering and to direct subsequent inspection of RHH visual output.



Effect of Modest Admixture on Association P-values

Our comparisons with conventional PC-MDS and PLINK Z-score analyses
found that RHH can detect many additional outliers with modest amounts of
admixture (see Table 1). For example, more than 1% of the 1500 controls in the
58BC dataset are outliers with modest African admixture (mean genome coverage:
2.5%, range: 0.5% to 7.1%) which are undetected by PC-MDS or PLINK Z-score but
are readily identified by RHH. This raises the important question of whether GWA p-
values could be substantially inflated by not excluding outliers carrying modest
admixture (i.e. covering under 10% of an outlier’s genome) who are detected by RHH
but not by less sensitive analyses such as PC-MDS or PLINK Z-score.

This question is too complex to comprehensively address here, but we have
investigated the increase in false-positive p-values below 107 for several models of
modest case-control admixture to provide the broad outlines of an answer
(Supplementary Table S10). Association results (p-value<0.001) for common SNPs
(MAF>0.05) appear largely unaffected by multiple outliers with modest admixture
since insufficient outliers are admixed at the same genomic position to markedly
perturb a common SNP away from its true MAF. But modestly admixed outliers can
increase the dataset frequency of a rare minor allele (0.00025<MAF<0.01) by 10% to
200% if the minor allele is relatively common (MAF>0.1) in the outlier population;
and this can, in turn, markedly inflate GW A p-values when the modest admixture
differs in cases and controls.

For example, in Supplementary Table S10, the three model datasets assume
5% of the genome is covered by African admixture in 1000 case outliers versus only
1% being covered in 1000 control outliers. Consequently, SNPs which are rare in

Caucasians (0.00025<MAF<0.05) but more common in Africans (0.2<MAF) are



shown to add 16% to 79% more false-positive associations (p-value<0.001) to the
~500 GWA false-positives expected by chance among the ~500,000 SNPs of the
AffyS00K or Illm550K array. Many more such false-positive associations would be
likely if future GWA studies target large numbers of rare SNPs now being discovered
by large-scale sequencing (Supplementary Table S10). Although the relatively high
percentages of modestly admixed outliers in these model datasets (5% to 20%) might
be argued to rarely occur, GWA studies are expanding along the following three
dimensions that may make significant amounts of modest admixture both more likely
to be discovered and more likely to occur in future datasets: (1) expanding focus on
genome-wide testing of rare variants (MAF<<0.05) for disease association, (2)
expanding of sample sizes to detect weaker disease loci, either by increasing
genotyping or by cobbling together smaller and sometimes disparate datasets to
perform meta-analyses, and (3) expansion to ethnic groups worldwide, some of which
may contain more widespread admixture and less ethnic homogeneity than the
European-descent datasets primarily used in the first wave of GWA studies. Given
the potential of modest admixture to inflate disease association statistics as illustrated
in Supplementary Table S10, more work is needed both to explore additional models
of modest admixture and to determine the magnitudes of modest admixture in real

datasets.



SUPPLEMENTARY METHODS
Genotyping and Sample QC

Genotyping of 500,000 SNP markers densely covering the genome was
conducted for the WTCCC samples with the Affymetrix GeneChip 500K array
(Affy500K) as previously described (12). We used genotype calls available through
the WTCCC and its website which were provided by Affymetrix and are based on
their application of the BRLMM calling algorithm. This algorithm provides a
confidence score between 0 and 0.5 for each called genotype such that the genotype
call is considered less certain as the confidence score increases and genotypes with
confidences above 0.5 were dropped (i.e. not called) by the Affymetrix BRLMM
protocol applied to WTCCC samples (see

http://www.affymetrix.com/support/technical/whitepapers/brlmm_whitepaper.pdf).

Following the same criteria applied in the WTCCC study (12), we omitted a small
number of DNA samples with genome-wide genotype call rates below 97% since low
call rate indicates poor DNA quality and increased likelihood of genotyping error. To
model RHH performance and demonstrate visualization of admixed chromosome
mosaicism with the Illumina HumanHap550 array (Illm550K), we also used
IIm550K genotypes assayed by the Sanger Institute on ~1500 subjects of the S8BC

cohort (sample set B).

Tabulation of rare-het and rare-hom counts

Our method identifies ethnic outliers as subjects with a high total number of
rare heterozygote and/or rare homozygote genotypes compared to other subjects in the
same dataset. Rare-het counts included all heterozygous genotypes for any SNP that:

(a) had zero counts for the rarer homozygote and (b) a heterozygote genotype



frequency in the data set of 0.005 or below. The cutpoint or “Cy” of 0.5% specifying
the highest allowable frequency of rare-hets was settled upon through empirical
observation and is supported by: (a) Supplementary Figures S34-S35 which show
clear visualization of mosaicism in admixed chromosomes for Cpe=0.5% compared to
other Cy, values and (b) Supplementary Figures S30-S33 and the “Mathematical
Model of RHH Performance” section in DISCUSSION showing that Cpe=0.5%
provides near-optimal statistical detection of admixture across a wide range of
parameters influencing RHH performance. Although our experience and evidence
presented here shows Cpe=0.5% to be a highly effective cutpoint frequency for
defining rare hets, RHH software is flexible in allowing the user to specify the Cp
value used for RHH analysis and mosaic visualizations.

In initially conceiving and applying the method, the rarer homozygote
genotypes of a SNP were included among the “rare hom” counts only if no subjects in
the dataset were heterozygous at that SNP (i.e., the SNP had zero heterozygote counts
and non-zero but typically very few counts for the rarer homozygote). However, for
analyses described here, we relaxed the initial criterion so that rare-hom counts were
included for any SNP if: (a) the genotype frequency of its rarer homozygote exceeded
the genotype frequency of its heterozygote, and (b) the heterozygote genotype
frequency in the dataset was 0.002 or lower. The initial criterion of allowing no
heterozygotes at rare-hom SNPs was relaxed to the very low heterozygote frequency
of 0.002 so that SNPs with a rare homozygote in an ethnic outlier were not excluded
due to a second ethnic outlier in the dataset being heterozygous at the same SNP. We
have found that the initial and relaxed criteria both identify the same subset of ethnic
outliers exhibiting a statistically significant excess of rare-hom counts, but that the

relaxed criterion increases the total number of rare-hom counts observed in these



outliers ~1.5 to 3 fold. RHH software is flexible in allowing the user to change the
allowable heterozygote frequency for rare-hom SNPs.

If two SNPs are in linkage disequilibrium (LD), rare-hom counts (or het
counts) contributed to a subject by the two SNPs may not be independent of each
other. Therefore, to better assess the statistical significance of observed clustering of
rare-homs or rare-hets within individual samples, we totalled rare-hom and rare-het
counts at two levels of inter-SNP distance to account for possible interdependence due
to LD. For level-1, counts were totalled without requiring that the contributing SNPs
be a minimum distance apart (“All SNPs” in Tables 1 and 3). For level-2, a rare
count was added to the total counts for a subject (i.e. hom or het counts) only if other
SNPs contributing a count to that subject were at least 1 Mb away (“1 Mb apart” in
Tables 1 and 3). This 1 Mb spacing was chosen since the half-length of LD as
measured by D’ is 50 kb or less in human populations and hence pairwise LD should
be zero or negligible between SNPs at least 1 Mb apart (5, 18) implying that the
"thinned” counts from such SNPs can be considered independent. As explained in the
SUPPLEMENTARY DISCUSSION, our Mathematical Model results imply that 1
Mb thinning of rare-het counts does not substantially reduce RHH ability to detect
ethnic outliers; however, RHH software allows the user to specify a different thinning
distance for comparison with results from unthinned counts as illustrated in Tables 1

and 3.

Ethnic SNPs and “non-Caucasian” alleles in Chromosomal Maps and Tables
We used two panels of “ethnic” SNPs defined as SNPs which are
monomorphic in HapMap Caucasian (CEU) subjects but have minor allele frequency

(MAF) of at least 0.4 in HapMap Yoruban (YRI) subjects (“YRI SNPs”) or in



HapMap Chinese (CHB) subjects (“CHB SNPs”) (5,6). These “YRI” or “CHB
SNPs” would rarely be heterozygous in a non-admixed Caucasian, but we chose their
near-maximal MAF (=0.4) in YRI and/or CHB since the SNPs would be among those
most likely to be heterozygous or homozygous for the “non-Caucasian” allele in DNA
of non-Caucasian ancestry. There were a total of 2,397 YRI SNPs and 343 CHB
SNPs genotyped on the AffyS00K chip; and these SNPs are denoted by tiny purple
and green triangles, respectively, in the chromosomal maps of individual subjects if
the SNP is heterozygous or homozygous for the allele not observed in HapMap CEU
subjects (hence implying the presence of a “non-Caucasian” allele). To calculate p-
values based on het counts from SNPs unlikely to be in LD (see above), we also
identified a subset of each panel (838 YRI SNPs, 139 CHB SNPs) that contained only
SNPs at least 1 Mb away from the nearest neighbor in the subset. Counts of
heterozygotes in these two pre-selected subsets of YRI and CHB SNPs are shown

under “ ‘Ethnic’ Het Counts” in Table 1.

Statistical significance of observed counts in individual subjects

In RESULTS, DISCUSSION, and in describing Tables 1 and 3, we refer to
permutation-derived thresholds and p-values for different types of genotype count
observed in individual subjects. These 6 different count types are each shown in
Table 1: rare-het counts or rare-hom counts from “All SNPs” or from SNPs “1 Mb
apart” (defining 4 count types) and counts of heterozygotes at YRI SNPs or CHB
SNPs at least 1 Mb apart (defining the final 2 count types). In this section of
SUPPLEMENTARY METHODS, we therefore generically refer to “counts” (of
thinned or unthinned rare hets, thinned or unthinned rare homs, or hets at YRI or CHB

SNPs 1 Mb apart) since the permutation procedure and software for calculating p-



value thresholds were the same for each type of count. The goal of these
permutations was to calculate an integer count threshold whose probability (p-value)
of being reached or exceeded by one or more subjects of a dataset was less than 0.001
or, alternatively, less than 0.05 under the null hypothesis. We assumed for our null
hypothesis that all N subjects in a WTCCC dataset derived from a homogeneous
population in which each subject had an equal (1/N) probability of inheriting an
observed count. In Tables 1 and 3, observed counts that equalled or exceeded the
count threshold for p<0.001 are in bold and underlined whereas observed counts that
reached the threshold for p<0.05 but not for p<0.001 are underlined but not in bold.
Reaching these thresholds is taken as evidence that the subject differs from the
majority of other subjects who do not exhibit excess counts.

To calculate the specific thresholds to apply to a particular WTCCC dataset
and type of count, we first determined the total number of counts (T) observed in all
N subjects in the dataset as well as the number of SNPs that contributed each number
of integer counts (1, 2, 3, etc.) to the total T. We then ran 1000 permutations in
which each permutation randomly distributed the T counts among the N subjects as
follows: For each SNP contributing n=1, 2, 3, etc. counts, n of the N subjects were
randomly selected and one count was added to the number of counts already obtained
by the selected subject(s) from SNPs processed earlier in the permutation. After the T
counts from all SNPs had been randomly distributed to the N subjects, we determined
the distribution for the permutation defined by the number of subjects observed to
have received each possible number of integer counts (0 to T). Each observed
combination of ¢ counts in s subjects was tallied across all 1000 permutations to
determine the number of instances per 1000 trials that exactly ¢ counts were observed

in one or more subjects.



This distribution of instances for ¢ counts observed in one or more subjects
typically had the highest number of instances near T/N, the mean counts expected in
an individual subject, while zero instances per 1000 were typically observed at integer
count thresholds above and below T/N (i.e. all subjects in all permutations exhibited
counts between these thresholds). Based on this distribution, the threshold for
p<0.001 was set at the lowest integer count above T/N that was never observed in any
subject in any of the 1000 permutations. The threshold for p<0.05 was the lowest
integer count observed in one or more subjects for fewer than 50 of the 1000
permutations. In this way, we were able to designate p<0.001 and p<0.05 thresholds

that were specific for each type of count and each WTCCC dataset.

Simulation of HapMap-Derived Ethnically Admixed Subjects in Table 3

Phased haplotypes for release 21 of the HapMap data set were obtained from
the HapMap website (www.hapmap.org), along with estimates of genetic distances
between markers. Five separate lineages of five generations were generated by
initially crossing one CEU individual with either a CHB or YRI individual, then
sequentially backcrossing this simulated offspring with further CEU individuals. One
individual representing each generation was selected from independent lineages to be
included in the RHH and PLINK analyses shown in Table 3. A second set of
individuals was created by intercrossing the “F1” offspring of two separate
CEUXCHB outcrosses or two CEUXYRI outcrosses.

Offspring were simulated by selecting one chromosome to be inherited at
random from each parent. Recombinant chromosomes were simulated in each parent
and for each generated offspring as follows: For each pair of adjacent markers on each

chromosome, a random number between 0 and 100 was generated; if this number was



less than the genetic distance in centimorgans between the two markers, the two

parental haplotypes 3’ of the 5’ marker in the pair were switched.

Mathematical Model of RHH performance
RHH performance for the Affymetrix500K and lllumina550K SNP arrays

Given specific values of Y, p and q, equation (1) in the main text can
determine if a SNP’s Fy; value falls at or below the rare-het frequency cutpoint (Cpet)
which qualifies the SNP to contribute rare-het counts to individual subjects and the
entire dataset. By thus identifying rare-het SNPs among the larger pool on a
commercial SNP array, RHH performance can be modeled under various
combinations of Y, Cy., outlier ethnicity and Affymetrix or Illumina array since each
of these parameters determines the SNP subset which qualifies as rare-het SNPs. To
generate our modeling results, we took SNPs on chromosome 20 to be representative
of the whole genome and used all chromosome 20 SNPs on the Affy500K array
(12400 SNPs) and IlIm550K array (14107 SNPs) that were also found in HapMap
(which contained ~98% of the chromosome 20 SNPs on either array). To accurately
model Fy values for rare-het SNPs which, by definition, must have very low
Caucasian MAFs (<Cy=0.1% to 5%), we estimated p (Caucasian MAF) from ~1400
Caucasians of the 58BC cohort which had no admixture on chromosome 20 and
which had been genotyped on both the Affy500K and lllm550K arrays. Each SNP’s
corresponding value for q (allele frequency in Africans or Asians) was estimated from
~60 HapMap Africans (YRI) or ~90 HapMap Asians (CHB+JPT).

As a preliminary step in modeling RHH performance under the different
parameter combinations in Supplementary Figures S30-S33, we created Perl software

that calculated the expected (mean) number of counts per dataset subject from rare-het
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SNPs on chromosome 20. This expected number ( E,,, ) was calculated by summing

each Fpe value from equation (1) for all chromosome 20 SNPs that qualified as being
rare-het SNPs for the particular parameter combination being evaluated. The same
software also processed only rare-het SNPs to calculate expected rare-het counts in a
subject whose chromosome 20 was covered by (a) 100% non-Caucasian admixture or
(b) 0% admixture. The expected counts for (a) and (b) were calculated from the
component parts of equation (1), i.e., by summing each rare-het SNP’s value for p(1-

q)+q(1-p) to obtain (a) and by summing each SNP’s value for 2p(1-p) to obtain (b).

20

het *

To estimate whole genome counts corresponding to (a), (b) and E,, our software

multiplied the (a), (b) and E"

4 Values by 44.6=100/2.25 since the length of
chromosome 20 is ~2.25% of the genotyped autosomes (as determined by base pair

distance between the two genotyped SNPs at the ends of each autosome). We denote

20
het

the whole genome estimates corresponding to (a), (b) and E, . as Ejqo, Eo and Epy,

respectively. “E,u” is used for the whole genome value because E ,122 equals the

expected number of chromosome 20 counts in a randomly selected subject under the
null hypothesis (see below). A related way of understanding E, is that equation (1)
implies that E,,;; would be the number of rare-het counts expected in a subject whose
percent of genome admixture equals the mean subject admixture in the dataset (i.e.
Yx100).

Supplementary Figures S30-S33 and Tables S2-S5 model “1Mb apart” RHH
results like those shown in Tables 1 and 3 in which rare-het counts are “thinned” for
each subject so that the SNPs contributing rare-het counts to that subject are at least
1Mb apart. To estimate thinned rare-het counts corresponding to E g, Eg and Epyy,

we calculated the percent of rare-het counts that survived 1Mb thinning in individual



simulated and real subjects for runs of RHH software across the range of rare-het
frequency cutpoints (Che=0.1% to 5%) shown in Supplementary Figures S30 to S33.
To estimate thinning of Eg, our index subjects were the simulated outliers in Table 3
having 100% genome coverage by admixture from one African parent (YRIXCEU) or
one Asian parent (CHBXCEU) and other simulated and real subjects in Tables 1 and 3
with high het counts and admixed ethnicity similar to the YRIXCEU or CHBxCEU
subject. To estimate thinning of Ey, we also used the RHH runs to calculate percent
het survival in index subjects with no evidence of non-Caucasian admixture. We
found the survival percent for each RHH run to be similar among index subjects of
the same type enabling us to estimate thinned counts by multiplying E ;¢ and E; for

each parameter combination by corresponding het survival percent for Eoy or Eg. The
thinned E;q and Ey values (denoted E,,, and E,) were then used to calculate the

thinned E,; value for the same model combination and its corresponding Y value

*

with the equation E, , = (1-Y)E, +Y(E,,,) in accordance with the relationship

null
implied by equation (1).

In the SUPPLEMENTARY METHODS section entitled “Statistical
significance of observed counts in individual subjects”, we explained that our null
hypothesis assumes a homogenous dataset consisting of N subjects with equal (1/N)
probability of inheriting rare-het counts. This section also describes a permutation
procedure in RHH software that determines an integer count threshold with 0.001
probability of “being reached or exceeded by one or more subjects” in a null-
hypothesis dataset. These permutation thresholds are very precise and 0.001 is the tail
probability that the entire dataset would exhibit one or more outliers by chance; but as
we now explain, the same 0.001 thresholds can be accurately estimated analytically

and RHH performance thereby modeled by calculating the probability that a single



random subject has total rare-het counts whose null-hypothesis probability is
0.001/1500 or lower. To see this, note that each rare-het SNP contributes i counts to
the dataset (where i=1, 2, etc. such that i/1500<C}) and thus each rare-het SNP can
be considered to be a binomial trial with null hypothesis probability /1500 of
contributing a rare-het count to a random subject. When rare-het SNPs are thinned so
that SNPs contributing counts to the same subject are at least 1Mb apart and hence
unlikely to be in LD (see above), then each SNP’s rare-het contribution can be
considered independent implying that the binomial trials are independent. The
probability of “success” is not equal for each binomial trial since /1500 varies, but
/1500 is always very low (<Che) and it is well known that a series of unequal but low
binomial probabilities are very accurately estimated by a “generalized binomial
distribution” (GBD) with a single binomial probability of “success” equal to the mean
of the probabilities of each trial (see main text reference 29). Therefore the GBD can
used to determine any threshold Ty and corresponding tail probability Py that a
random null-hypothesis subject would exhibit rare-het counts that equal or exceed Ty.
Furthermore, the Ty and Py values for a single random subject that correspond to a p-
value of 0.001 that the entire dataset would exhibit at least one subject with rare-hets
at or above Ty can be found by solving the equation 1-(1-P,)"*"=0.001 which yields
Px:6.67><10’7 (which is virtually identical to the Bonferroni corrected p-value
0.001/1500).

Therefore using the GBD corresponding to each parameter combination (Y,
Chet, ethnicity, SNP array), we determined each combination’s threshold (Ty)
specifying the number of rare-het counts a subject must exhibit to generate a p-value
of 0.001/1500. We then calculated the minimum fraction (F;,) of genome coverage

by admixture that would generate exactly T rare-het counts in an outlier by solving



the equation 7, = (1-F,

min

)E, +F,, E,, (Where E, and E,,, are expected thinned
rare-het counts for a genome with 0% and 100% coverage by admixture as discussed
above). The Fy;, values were converted to percentages and displayed in
Supplementary Figures S30-S33 which therefore show the smallest percentage of
genome admixture detectable in an outlier at a significance level of p<0.001/1500.
For comparison, analogous results evaluated in the same manner but based on the
unthinned rare-het counts are shown in Supplementary Figures S40-S43 and Tables
S6-S9.

A final detail concerning the creation of Supplementary Figures S30-S33 and
Tables S2-S5 is that Ty for each GBD was calculated using Poisson approximation of
binomial tail probabilities since, for each GBD, the generalized binomial probability
(Pgg) is very low (<Che) and total number (Ngp) of trials (i.e. rare-het SNPs) is very

large ( >1000). The GBD is therefore very accurately estimated by the Poisson

distribution with Poisson intensity A=(Ngg)(Pgp) where A is the mean of the GBD (see

main text reference 29). A equals E, , (expected rare-het counts in a random subject

under the null hypothesis) and A for each GDB can be calculated from the equation

*

A=E,, =(1-Y)E, +Y(E,,) where Y, E, and E,,, are specific values for the

null
parameter combination being evaluated. The corresponding T value was calculated
by summing the Poisson probabilities of observing exactly s binomial “successes”
(s=0, 1, etc.) using the R software function “dpois(s, A, log=FALSE)” (http://cran.r-
project.org/). Ty equals (s+1) where s is the first integer value for which

[1- > dpois(s, 4)] < 0.001/1500.
S



Model datasets and calculation of values in Supplementary Table S10

Table S10 shows the increase in false-positive disease associations (p-
value<0.001) caused by modest ethnic admixture in three model datasets with an
equal number (N) of disease cases and controls (N=5000, 10000 or 20000). All
subjects are unadmixed except for 1000 case outliers with admixed DNA covering 5%
of the subject’s genome and 1000 control outliers with admixed DNA covering 1% of
their genomes, implying that modest ethnic outliers represent 20%, 10% or 5% of
subjects in the three model datasets. (Details about admixture “covering” a subject’s
genome are the same as defined in ‘“Mathematical Model of RHH performance” in
the main text). To create Table S10, the probability of p-values<0.001 was calculated
for a “neutral” (i.e. non-disease causing) SNP (denoted “S”’) with minor allele
frequency (MAF) in the non-outlier population equaling one of the 7 values shown in
Table S10 (MAF=0.00025, 0.0005, 0.001, 0.005, 0.01, 0.03, or 0.05) and
corresponding frequency of the same allele equaling 0.2 in the outlier population from
which admixed DNA was derived.

To calculate the probability of p-values<0.001, we first determined “Prob(C)”,
the probability that, in a sample of N cases or N controls, the genomic position of
neutral SNP S is covered by outlier DNA on exactly C chromosomes (and hence not
covered on 2N-C chromosomes). Since the number of admixed cases or controls is
1000 and since outlier DNA is assumed to be carried on at most one of the admixed
subject’s two homologous chromosomes, Prob(C) is given by the following binomial

distribution:

1000!

Prob(©) :{C!(looo- 0!

j X (1-X)'"€  equation (2)



where X is the fraction of the genome covered by admixture (recall that X=0.05 in
admixed cases and X=0.01 in admixed controls).

As in equation (1) of the main text, let “p” be the MAF of S in the non-outlier
population and “q” be the frequency of the same allele in the outlier population.
Furthermore, for N cases or N controls, let “L” be total counts of the minor allele that
derive from the C chromosomes covered by outlier DNA and let “M” be total counts
of the minor allele from the (2N-C) chromosomes not covered by outlier DNA at S.

For each possible value of C (0<C<1000), the conditional probabilities of L and M are

given by the binomial distributions:

_ C! L C-L .
Prob(LIC) = (W-L)‘J q (1-q9) equation (3)
_(__@eN-o) Moy e .
Prob(MIC) = (M! 2N -C- M)!J p (1-p) equation (4)

Based on equations (2), (3), and (4), we determined a probability distribution
for the number of minor allele counts (L+M) observed in N cases and a second
probability distribution for (L+M) in the corresponding N controls under each
combination of model dataset values of N and p as shown in Table S10 (with q fixed
at 0.2 as stated). From each pair of distributions for the probability of minor allele
counts (i.e. L+M) in cases and in controls, we then summed the joint probabilities for
(L+M) combinations in cases and controls that were sufficiently different in
magnitude to give a p-value of 0.001 or lower to obtain the increased rate of false-
positive associations (shown in column 2 of Table S10). For the extremely low
MAFs (p=0.00025 to 0.001), Fisher’s exact test was used to determine L+M
combinations in cases and controls giving p-values of 0.001 or lower. For higher

MAFs (p=0.005) at which there was negligible probability of minor allele counts



below 20 in either cases or controls, the chi-square test for association and
corresponding normal approximations were used to determine the increased rate of
false-positive p-values<0.001. The Fisher’s exact test and chi-square approaches gave
similar results when compared for the three model datasets at p=0.005, thereby
confirming the accuracy of the calculations.

The final three columns in Table S10 show a lower bound for the actual
number of additional SNPs giving false-positive associations (p-value<0.001) if a
GWA scan was performed and the non-outlier population was European Caucasian
and outlier DNA was African. The number of additional false-positive SNPs are
shown for GWA scans with the Affymetrix 500K or [llumina 550K array, or if all
HapMap SNPs were genotyped. As explained in footnote d of Table S10, genotyping
all HapMap SNPs was used to roughly estimate the much larger number of rare false-
positive SNPs likely in future GW A scans aimed at testing many more rare SNPs
(now being discovered by large-scale sequencing projects such as ‘1000 Genomes’).

To estimate the number of additional false-positive SNPs, we took SNPs on
chromosome 20 to be representative of the genome and estimated whole-genome SNP
numbers by multiplying the chromosome 20 results by 44.6=100/2.25 since the length
of chromosome 20 is ~2.25% of the genotyped autosomes (for more details see
Mathematical Model of RHH performance in SUPPLEMENTARY METHODS
above). As explained under “Mathematical Model ..”, the Caucasian (i.e. non-
outlier) MAFs of chromosome 20 SNPs on the Affymetrix 500K and Illumina 550K
arrays were determined from ~1400 58 BC Caucasian controls who had been
genotyped on both arrays, and the African (outlier) MAFs for the same SNPs were
determined from HapMap Yorubans (YRI). Chromosome 20 SNPs whose Caucasian

MAF fell into each frequency “bin” in Table S10 were counted if their MAF in



HapMap YRI was 0.2 or higher. For example, SNPs with YRI MAF>0.2 were
counted as belonging to the 0.005 MAF bin shown in Table S10 if their Caucasian
(58BC) MAF was 0.005 or lower, but greater than 0.001 (upper limit for the next
MATF bin in Table S10). Note here that SNPs were counted if YRI MAF was above
0.2 because such SNPs would yield an even higher rate of false-positive p-values than
“neutral” SNP S (used to calculate the false-positive rate in Table S10 assuming
g=0.2). Similarly, SNPs whose 58BC MAF was below 0.005 were counted in the
0.005 bin since they also would yield a higher false-positive rate than calculated for
SNP S (which assumed a non-outlier MAF of p=0.005).

Thus each MAF bin’s increase in false-positive rate (in column 2 of Table
S10) is a lower bound for the SNPs being counted in the bin. As explained in
footnote b of Table S10, a “1-fold” increase shown in column 2 means that, for every
1000 SNPs counted in the bin, there would be at least 1 additional SNP giving a p-
value<0.001 (implying an overall false positive rate of 2 SNPs per 1000 rather than
correct type 1 error of approximately 1 SNP per 1000). Therefore, to determine a
corresponding lower bound giving the number of additional GWA SNPs with p-
values<0.001 on the AffyS00K or Illm550K chip for each MAF bin in Table S10, the
number of Affy500K or Illm550K SNPs estimated to be in the bin was divided by
1000 and then multiplied by the “-fold” increase shown in column 2.

To estimate the number of HapMap SNPs falling into each bin, we examined
2122 “rare” HapMap SNPs on chromosome 20 with MAF<0.01 in HapMap CEU
parents but MAF>0.2 in HapMap YRI parents. Approximately 18% (386) of the
2122 rare SNPs had been genotyped on the Affy5S00K and/or Illum550K chips in the
~1400 58BC Caucasian controls. Of these 386 SNPs, approximately 73% (282) were

polymorphic in the ~1400 Caucasian 58BC sample, enabling us to assign these SNPs



to a specific MAF bin. To estimate the number of all HapMap SNPs in each MAF
bin of Table S10, we assumed that the same rare MAF spectrum (i.e. bin percentages)
in 58BC Caucasians also applied to the ~82% (1732) of rare HapMap SNPs on
chromosome 20 (MAF<0.01 in CEU, MAF>0.2 in YRI) which were not genotyped
on the Affy500K or IIlm550K chips. In accordance with the rationale explained
above, the chromosome 20 SNP numbers were multiplied by 44.6 to obtain the

whole-genome estimates given in Table S10.
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Supplementary Figure 1. Genomic distribution of rare hets in subject
A19-0-30-7 (same subject as in Tables 1 and 2 of the main text). Rare
hets {red dashes beside chromosomes) are from Attymetrix-called
genotypes from the AffyS00K chip and should be compared to gray
shading inside chromosomas which denotes all possible genomic locations
of rare hets {see main text for details). The figure shows obvious
mosaicism in which dense rare hels are confined 1o a few discrete
chromosomal segments. The figure also shows "ethric" SNPs which are
monemorphic in HapMap CEU subjects but have minor allele frequencies
of 0.4 1o 0.bin YRI subjects ["YRI SNPs"] or in CHB subjects ["CHB
SNPs"]. These ethnic SNPs are denoted by tiny gray triangles except
where the subject carries the "non-Caucasian® allele at a YRI SNP
{enlarged purple triangle) or CHE SNP (enlarged green triangle). See
legend of Figure 1 in the main text for further explanation of figqure
annotations.
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Supplementary Figure 2. Genomic distribution of rare hels in subject

el 4 4l 4 4l 4 A14-10-25-8 (same subject as in Tables 1 and 2 of the main text). Rare
180 hets {red dashes beside chromosomes]) are from Affymetrix-called
i | Sl ¢ I | | genotypes from the AffyE00K chip and should be compared to gray
130 |F - shading inside chromosomes which denotes all possible genomic
ik =ul- Pl locations of rare hets [see main text for details). The figure shows
200 |[E, 1| 4L obvious mosaicism in which dense rare hets are confined to a few

;q discrete chromosomal segments. The figure also shows "ethnic” SNPs
210 =9 1= which are monomorphic in HapMap CEU subjects but have minor allele

= = frequencies of 0.4 1o 0.5 in YRl subjects ["YRI SNPs"] or in CHE
220 ;: =4 subjects ["CHB SNPs"]. These athnic SNPs are denoted by tiny gray
. = tnangles except where the subject carries the “non-Caucasian® allele at

=l a YRl SNP (enlarged purple triangle) or CHB SNP (enlarged green
v _F“' triangle). See legend of Figure 1 in the main text for turther explanation
S of figure annotations.
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TR WL Y L TEYT Supplementary Figure 3. Genomic distribution of rare hets in
weo W]} =t subject B14-7-22-b (same subject as in Tables 1. 2 and 3 of the
= main text). Rare hets (red dashes beside chromosomes] are from
b e R I | I Affymetrix-called genotypes from the Affy500K chip and should be
compared to gray shading inside chromosomes which denotes all
18¢ | 4 . - 4 possible genomic locations of rare hets (see main text for details).
. The figure shows obvious mosaicism in which dense rare hets are
g confined 1o a few discrete chromosomal segments. The figure also
200 shows "ethnic" SNPs which are monomorphic in HapMap CEU
WA § T subjects but have minor allele frequencies of 0.4 t0o 0.5 in YRI
219 | i subjects [*YRI SNPs"] or in CHE subjects [*CHB SNPs"]. These
ethnic SNPs are denoted by tiny gray triangles excepl where the
220 (| subject carries the "non-Caucasian” allele at a YRI SNP {enlarged
purple triangle) or CHB SNP {enlarged green triangle). See legend
230 {1 of Figure 1 in the main text for further explanation of figure
a0 |2 annotations.
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170 % = | = Supplementary Figure 4. Genomic distribution of rare hets in subject
7 E" | =:' =0 B1-3-1-1 {same subject as in Tables 1. 2, and 3 of the main text). Rare

180 | = hets (red dashes beside chromosomes) are Affymetrix-called genotypes

i from the Affyb00K chip and should be compared to gray shading inside
190 i J=1 & chromosomes which denotes all possible genomic locations of rare hets.
= |- The figure shows obvyious mosaicism in which dense rare hets are
200 |I— fi=qH packed into discrete chromosomal segments surrounded by long

&

chromosomal segments that lack rare hets. The figure also shows
“ethnic" SNPs monomorphic in HapMap CEU subjects but with minor
allele frequencies of 0.4 to 0.5 in YRI subjects ["YR| SNPs"] orin CHB
subjects ["CHB SNPs"]). These ethnic SNPs are denoted by tiny gray
triangles except where the subject carries the "non-Caucasian” allele at
a YRI SNP {enlarged purple triangle) or CHB SNP {enlarged green
triangle).
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Supplementary Figure 5 Genomic dsiibution of rare bwis in subject
L | dl B2-4-4-2 [same subjert as m Tables 1 and 2 of the maim toxt]. Rare hots
(read ddmshens hesida chromosamas) ara Affymatme-naliad ganatpes from
L H the ARG chip and should e comparad o qray shading nslds
100 chiomos s which Senales ol possibhe genemic lecations of rare hets
b - {506 main text Tar detas). The figure Shows oiv0US (OSAICIEN N whech
200 dense rare hets wre packed info dizorote chromosomal segments
M srrnundiad by long chromosomal segments that ek rare hets. Tha
219 e alen shoss “athnec” SHPS monomorphes n HapMap CEL subjects
it wilth mirod allale traguandsia of 0.4 ta 0.6 in VR sibgacts YRI
22 | SMPs"]or in CHE subjects ["CHE SNPs®]. These efhnic SNPs are
denolbed by ey gray mangles excepd where the subject camies ihe
20 4 “neon-Caucasian® alkle at a YRI SKF {eniarged purple tiangle] or CHE
el SMP [enlargad graen friangka). Sae kgend of g 1 in the main baxt
= i Tar furiheir explaniation of figure anatations.
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160 subyect Ba-f-5-4 (gams subject ag in Tables 1 and 5 of Tha main
L feut). Fare hefs (red dashes Deside chaomasoimes) ae
o Aftymetrin-called genotypes from the ARYEOHH chip and sheuld be
0 compared ta gray shading nside chromosomas whach denotas all
e possihile gennmec kicabons of rare hats (5ea mamn test for detalls).
180 Th figuire hos's oEVEOLD IMOGaICHEM i which donoo rand hate are
1 I packad into diecrete choomosemal seqments sumoanided by kng
200 | H chromasomal segments that ledk rare bets. The figune also shows
| = Fathrie® SHP: monomanphic in HapMap CEU subjocts but with minor
2 allale freguencies of (4 o 0.6 n YR subgacts "R SNPS" orin
CHE subjacts [CGHE SNFS®]. Theos ethnic SNPs aia denotad by Tiny
e | el | 6 gray friangles scapt whers Te subgect canmes the “non-Caucassan
— alale @l a TR SHP (enlaged purple Trisnge) of CHE SHP (enlarged
] groen frisnge). Sor begend of Fegues 1 imcthe main toxt for further
za0 T explanation of figure annotations
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Supplamantary Fgure 7 Benomac distrbution of @A hets nosubjact
BB-0-16-4 (same suject &5 inTakas 1 and 3 of e main text). Rare
hite {ped daahvins beaida chromosamas) an Aty rice- il d Ganotypas
from The ATYENOK chip and shouldd be compared fo gray shadng inssde
chrsmusomes whach denotes all prasible genomss lncaBons of rare heis
{se masn toxt for details). The figure shows obviows mosascesm inowhich
dense rae hels ane confned fo 8 few discrate cheamosomal segmants,
Theé figure also shows “elhnic™ SHPs which ane monemorphes o HapMeg
CEL subjects but have minar a8ale fraguencies of §.4 10 0.5 inWRI
Subgects TR SNPST] o i CHE subjects [FCHE SHPsS®). Thess aiin
SHIPs are denoted by tiny gy tmangles exoept whens the subgect cames
tha "mon-Caucsman’ abale ata YR SHE (enlarged purple tnangk) or
CHE SHF [entarged gregn iriangke). Ses bgend of Fguee 1 in the maln
Toad for Turthor explanation of fgure annotations
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Supplementary Fguee & Genomic distibnsion of rare hets m sabgct
157154 {same subgect as in Tabkes 1 and F of The man ted]. R
beete (red daiias becide chramagomac) s from Affymetiz-callad
Gentpes Trom the AMYSI0KE chip and should be compared 1o oray
shading insue chromasomaes whach denctes all possbile genomes
Incations of rare hats (ses man text for detals). The fiqure shows
GRS MOSAlCism B which densa rafe hels are confingd to 4 Tes
decrate chaomosemal seqmants. The Tigure aiso shows “elhmic™ SHPY
which are monpmoaphic i HapMap CEL sulbjects Dot have minor aBale
froquencss of 0.4 o 0.5 in YR subjects [*7RI SHPs®) or in CHE
subyocks [FCHE SHPsY. Thoasa othrec SHPs are donaoftod by Sy gray
an]las axcapt whare e suact cameas tha non-Caucs=an™ akale at
& WRISHP {erdarged purpss inange) o CHE SHP (enlanged green
Iriangle). Sed legend of Figuare 1 n the maen Tesd for furthes explanation
of Tiguee annolatkons.
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Supplementary Figqure 9. Genomic distribution of rare hets in subject
B18-6-24-4 (same subject as in Tables 1 and 3 of the main text). Rare
hets (red dashes beside chromoesomes) are from Affymetriz-called
genotypes from the AfyB00K chip and should be compared to gray
shading inside chromosomes which denotes all possible genomic
locations of rare hets (see main text for details). The fiqure shows
obvious mosaicism in which dense rare hets are confined to a few
discrete chromosomal segments. The figure also shows "ethnic™ SNFs
which are monomaorphic in HapMap CEU subjects but have minor allele
frequencies of 0.4 to 0.5 in YRI subjects [*YRI SNPs*) or in CHE
subjects |"CHEB SNPs"™]. These ethnic SNPs are denoted by tiny gray
triangles except where the subject carmies the "non-Caucasian” allele
at a ¥RI SNP (enlarged purple triangle) or CHE SNP (enlargad green
triangle). See legend of Figure 10 the main text for further
explanation of figure annotations.
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Supplemantary Figure 10, Ganamic disfribution of m@rae hets noan
unidimsed VR HagMap subject based on Hapsan qenotypes Trom

401 430 SHPs qenclyped by HapMap and also found on the AMyE00K
chip. Hare hets obsarvad in this subpact are denotad by red dashes
adacant to aach chromoesome ani stauld be compared fo gray shading
s e Chimosomes. shich dailes &l possiie ganmic [ecations of rae
ks [idatorminad amgincally by pooling rosa-hat positions obearsad in @l
subjects from sel B and from fhe Hapag-damed subjects of Tahle 3 in
e i Besd]. Gomganson of gray shadng and e red deshes in his
subject mdicates that derse rare hots covor ol rogeons of the gonome n
whach ram hats ana ohsarvad.
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Supplementary Figure 11 Genama: distibubon of ire hets inoan
ethnically admiced indivedsal {efisprrg from e simulaied mating of
{rRl x CEU) x [vFlx CEU)). Rore-hets aro from HopMap
genatypes 5t 401 430 HapMap SHPs that are also found an fha
ALK chip. Rare hels ehsaread in this sulject aie dencted by
rod daghes adjgcont to oech dhommobome and G hould B companid
To gray shading ingiss ciromosomes wheeh denotes all possile
genamc kcatons of rare hebs {dgebermmned smpincally by poaling
rara-hiat posrtions observed m all subjects from set B and from the
HapMap-darivad suljects of Tabsa 3 in the main taxt). Companson
of gray shading and he red dashes in this subgact shivws
chremesnmal mosaicism: dense rare hets dusteds in chromosomal
Segments coverng most of e pendme Duf hege are also
chromosomal sogmants i which rars hets are absont
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Supplamantare Faure 12 Genomic distobofion of e hets man
- athnically admooed midsidual [oftspaing from the semidated maling of
YRI ® CEV). Rare-hets are from HapMap genofypes at 400430
HapMap SNPs that are atso fownd on the ATySHE chip. Rare hats
observed in this subpect are denobed by red dashes sdjacent to coch
chromnsoma and showld ba comparad fo gray shadng insde
chromisomas which dewtas all poscihle ganame: calions of rare lets
(datarmenad omiricaly by pooling rare-hat postiens aboend in o
saibpects from saf B and fron the HapMap-derived subgects of Table 3
in tes main fexd). Comparison of gray shadmg and the red dashes m
this subject ndicates that dense rare kats cover all ragions of the
QEnomE In shich ran hats ana obsanrsad.
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Supplamantary Figurs 14, Genomic distrbution of rae hets o an
unadmized CHE HapMeap subject based an HapMap gendatypas irom
AD1_ASD SHPa genelypad by HapMap and also fourd on Tha
AIYSOE chip. Rare hate ohserdd n his sulyact @re dencted by
red das hes adjpcent to ssch chromoeseme and should be compared
to gray shoding msida ohr which denoios all pessibl
genamic kcatans of @ hets (Getarmined ampincally By pooling
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HapMag-derived subjects of Tabks 3 in he main text) Rane hets n
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Supplementary Figus 15 Ganomic datribaiion of rare hata in an
efhnically admized indisdual (offsprong from the simailated mateog
of (TRl £ CEU = CEU » CEV).  Rage hets are fiom HapMag
gonatypos at 401,490 HapMap SHPs that are also found on the
AttyhODE chup. Hare hats obsarvad in this subgact ane denotad by
rad dashes sljatant e aach chaomosome shd shikd e
codmpared o gray ahading inssdo chrama soman which dencstas all
possible qenamic leatons of mre hets [determined Iy
pouking rare-hel positions obsereed i all subjects rom sel B aml
from the HapMap-derved subjocts of Table 2 intho main toed).
Companison of gray shading ard the rad dashes in this subgect
ShWrws a abiols cheomosomal mossscesm inehich smost all rae
teietn densely chister i discrete seqmaents surmoiendad by lng
chanmarsmal tracks in which rare hefs are almost complately
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200 which danntes all possibés genomic locations of rare hets {determinad

T N empancaly by poobng rare-het positons ebsarsad m all subpacts from set B

2140 | and from Tha HapHag-garmed subjects of Table 3o the man tast)
Cormgrarsson of gray shadng and e red dashes in this subject shines: &0

2 | olwitus elfifensomal mossaicism i which almost ol rare hets gensely
clustar in dmorote segments surrsurdod by long chromosomal fracts m

a0 | which rare bats are almost complatety absent
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Supgplementary Figure 20, Geonomec destributon of rare hots iman
athmicaly admivad indvedual (ofspeng from the simalated matng of (7HI
S CEU) s CEU S CEU e CEU S CEU). Rare hats aa inem HapMap
ganatypes ot 401 430 HapMap SKPg that are algo Teurdd on tha AMyEDOK
chip. Rare hels observed in Tis cubject are danoled by red dashes
adjecent to ssch chromosome and shoukd be compared fo gray shading
mside chromosmmes which denates all possibée genomic locations of rare
Teats [iainrman el amguincally by poolindg rane-tal posdions absaned in a8
Subjects Tram sel B and froen The HapMag-derisaed subjects of Tatle 3 in
Hhie maain teed). Excopt for the dense rase hels coveding all of chaomasoame
20, e oiher discrels raoe-nel segments n this subgact ane Tow nnenisen
and very short compared to sogments observed in simulated samgles with
Terwar generatnns since the TR admidure
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Supplementary Figure 21, Genomic deimibution of rare els in an e lhnicay
dmired individual of CHE airy | offspring from the ssmuated mating of

T {CHR x CEU] x CEU x CEW). Rad dashes danode rare-hets fram HapMap

Qenatypis @t 400430 HapMap SNPs that are alse found on the ATRSODE
chip. Bhse dashes denete rane-het gerotypes from an addfion s 40 400
HapMag SNPs which ane not an e ATGORE chip Dbut enfance
visisalization of rane-hel mosasasn in CHB-sdmied subpecls Decaise e
additional SHPs are monsmmphc m CEL subjects Bul have MAF=0.1 in
CHE subjocts. Rare hots frod or blea dashas) in this subgoect should ba
campianad 0 gray shamng mside chromosemaes which danotes 38 possiba
qenamic kocationg of rare hets (see main text for detaiteh. Rare hets from
ihe AfEMIE ehip (rad dashes) are too sparse o reveal masaicsm but rare
nets fronm the adodtional 40,4040 SH P (Dlue dashes) generale & visualy
abwious mossscmm in which rare hets densely duster within dsoste
chromosomal sogments surrounded by regions that Bck mann hets.
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~ Supplementary Figure 25. Genomic distribution of rare hets

h . ¢ 4l HapMap CEU parent NA12872. Rare hets in this subject are
z00 |7 | | HapMap CEU parent NA11993. Rare hets in this subject are 200 denoted by red dashes adjacent to each chromosome and

B denoted by red dashes adjacent to each chromosome and ] show a single large rare-het segment spanning chromosome 3
A show a single large rare-het segment spanning chromosome 6 20| from 172300870 Mb to 191048899 Mb.

220 | from 65443059 Mb to 94743101 Mb. 290

b | | ] Supplementary Figure 24. Genomic distribution of rare hets 190
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Supplementary Figure 26. HapMap samples plotted for the first two principle components of
multidimensional scaling (MDS) of pairwiise identity-by-state (IBS) genotype distances between

samples. In the left panel, genotypes were evaluated only from the region of a single rare-het segment in
subject NA11993 (chrm. 6 from 65443059 to 94743101 Mb). In the right panel, genotypes were evaluated
only from a single rare-het segment in subject NA12872 (chrm 3 from 172300870 to 191048899 Mb). In
both panels, each HapMap ethnic group is tightly clustered with all others of the same ethnicity except for
the HapMap CEU parent that carries the rare-het segment (NA11993, NA12872) who is located halfway
between the Caucasians (CEU) and the Yorubans (YRI). This implies that each rare-het segment is likely to

contain admixed non-Caucasian DNA of African origin.
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Supplementary Figure S27. Chromosome mosaicism in subject B5-4-12-2 (see

Figure 1b and Table 1) as visualized by RHH using the Ilim550K array or by SABER ...

using the Affy500K or Ilim550K arrays. Inthe RHH visualization, rare hets are
denoted by red dashes next to a chromosome such that clusters of rare hets mark
chromosomal segments of non-Caucasian DNA. In the corresponding visualizations

produced by SABER software, green shading marks inferred genomic location(s) of

African DNA and red marks inferred Caucasian DNA such that a roughly equal

left-right split between red and green implies a genomic region in which DNA on one .«
homologous chromosome is Caucasian while DNA on the other chromosome is

African. Inthe SABER visualizations, centromeric regions without SNP genotyping ™

are denoted by a “gap” in the lefthand boundary of the chromosome whereas the

same regions in the RHH visualizations are denoted by extended absence of gray

shading inside chromosomes. Comparison of this figure with Figure 1b shows that .

the overall pattern of masaicism for subject B5-4-12-2 is almost identical for RHH

and Saber using either the Affy500K or IlIm550K chip. However, as described inthe -

Discussion, there are minor differences in the results that may impact visualization
of very short (<3Mb long) segments of admixture.
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Supplementary Figure S28. Chromosome mosaicism in subject B7-7-18-5 (see
Figure 2b and Table 1) as visualized by RHH using the IIm550K array or by SABER
using the Affy500K or Ilim550K arrays. Inthe RHH visualization, rare hets are
denoted by red dashes next to a chromosome such that clusters of rare hets mark
chromosomal segments of non-Caucasian DNA. Inthe corresponding visualizations
produced by SABER software, green shading marks inferred genomic location(s) of
African DNA and red marks inferred Caucasian DNA such that a roughly equal
left-right split between red and green implies a genomic region in which DNA on one
homologous chromosome is Caucasian while DNA on the other chromosome is
African. In the SABER visualizations, centromeric regions without SNP genotyping
are denoted by a “gap” in the lefthand boundary of the chromosome whereas the
same regions in the RHH visualizations are denoted by extended absence of gray
shading inside chromosomes. Comparison of this figure with Figure 2b shows that
the overall pattern of mosaicism for subject B7-7-18-5 is almost identical for RHH
and Saber using either the Affy500K or IlIm550K chip. However, as described in the
Discussion, there are minor differences in the results that may impact visualization
of very short (<3Mb long) segments of admixture.
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Supplementary Figure S29. Chromosome mosaicism in subject B2-5-2-3 (see
Figure 2d and Table 1) as visualized by RHH using the lllm550K array or by SABER
using the Affy500K or Ilim550K arrays. Inthe RHH visualization, rare hets are
denoted by red dashes next to a chromosome such that clusters of rare hets mark
chromosomal segments of non-Caucasian DNA. In the corresponding visualizations
produced by SABER software, green shading marks inferred genomic location(s) of
African DNA and red marks inferred Caucasian DNA such that a roughly equal
left-right split between red and green implies a genomic region in which DNA on one
homologous chromosome is Caucasian while DNA on the other chromosome is
African. In the SABER visualizations, centromeric regions without SNP genotyping
are denoted by a “gap” in the lefthand boundary of the chromosome whereas the
same regions in the RHH visualizations are denoted by extended absence of gray
shading inside chromosomes. Comparison of this figure with Figure 2d shows that
the overall pattern of mosaicism for subject B2-5-2-3 is almost identical for RHH

and Saber using either the Affy500K or IlIm550K chip. However, as described in the
Discussion, there are minor differences in the results that may impact visualization
of very short (<3Mb long) segments of admixture.
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RHH detection of individual outlier with African admixture
(AffyS00K chip, thinned 1Mb counts, p<0.001/1500)
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Supplementary Figure S30. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C, ., the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Africa
{(HapMap Yoruban=YRI) and rare-het counts are from 1Mb-thinned SNPs of the Affy500K array.
A hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset

subjects who are admixed at any genomic position {(see Methods).



RHH detection of individual outlier with Asian admixture
(Affy500K chip, thinned 1Mb counts, p<0.001/1500)
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Supplementary Figure S31. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C, ., the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Asia
(HapMap CHB+JPT) and rare-het counts are from 1Mb-thinned SNPs of the Affy500K array. A
hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position (see Methods).



RHH detection of individual outlier with African admixture
(IIim550K chip, thinned 1Mb counts, p<0.001/1500)
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Supplementary Figure S32. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C ., the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Africa
(HapMap Yoruban=YRI) and rare-het counts are from 1Mb-thinned SNPs of the llm550K array.
A hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx=100, the mean percentage of dataset
subjects who are admixed at any genomic position (see Methods).



RHH detection of individual outlier with Asian admixture
(IIImSS0K chip, thinned 1Mb counts, p<0.001/1500)
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Supplementary Figure S33. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001A500 for different values of C, ., the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Asia
{(HapMap CHB+JPT) and rare-het counts are from 1Mb-thinned SNPs of the lllm550K array. A
hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position (see Methods).
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Supplementary Figure S34. Subject B5-4-12-2 (see Fig.1b and Table 1) is used toillustrate visualization of mosaicism at different rare-het frequency cutpoints
(Cp\ep) forthe Affy500K array. For C,,=0.1% (panel A), mosaicism is evident but rare hets marking non-Caucasian DNA are somewhat sparse; for C,.,=0.5%
(panel B), mosaicism is clearer with much denser rare-het coverage of non-Caucasian DNA segments; for C;,=3% (panel C) and C, ;=5% (panel D), there is a
large increase in sporadic rare-hets falling outside the long segments of non-Caucasian DNA but rare-het density inside the segments is not dramatically
increased and thus the mosaicism is visually less well-defined. Visualizations for C,, values from 0.3% to 1% inclusive look similar to panel B (C,o;=0.5%) but
outside this range of C, values, the visual clarity of mosaicism decreases as illustrated here. This supports our observationally derived use of C, ,=0.5% as a
generally applicable rare-het frequency cutpoint; however RHH software allows user selection of any other Cy,., value desired.
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Supplementary Figure S35. Subject B5-4-12-2 (see Fig.1b and Table 1) is used to illustrate visualization of mosaicism at different rare-het frequency cutpoints
(Crep) forthe Nlm550K array. For C,,,;=0.1% (panel A), mosaicism is evident but rare hets marking non-Caucasian DNA are too sparse; for C,,=0.5% (panel
B), mosaicism is clearer with much denser rare-het coverage of non-Caucasian DNA segments; for C, ,=3% (panel C) and C, .,=5% (panel D), there is a large
increase in sporadic rare-hets falling outside the long segments of hon-Caucasian DNA but rare-het density inside the segments is not dramatically increased
and thus the mosaicism is visually less well-defined. Visualizations for C, ., values from 0.3% to 1% inclusive look similar to panel B (C, ,;=0.5%) but outside
this range of C,,.; values, the visual clarity of mosaicism decreases as illustrated here. This supports our observationally derived use of C,,,=0.5% as a
generally applicable rare-het frequency cutpoint; however RHH software allows user selection of any other C, .; value desired.
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Supplementary Figure S36. Subject B7-7-18-5 (see Fig.2b and Table 1) is used to illustrate visualization of mosaicism in a dataset with 125 or 50
subjects using the Affy500K array and either the lowest possible C, . value or C, ,,=5%. For the lowest integer C, ., values possible with 125 or 50
subjects (panels A and C), mosaicism is clearly visualizable despite the presence of sporadic rare-hets outside regions of admixture marked by
dense rare-het segments. When C,,.,=5% (panels B and D), mosaicism and individual regions of admixture are still clearly identifiable using both the
125 or 50-subject dataset but the mosaicism is less visually distinct due to the increase of sporadic rare hets outside regions of admixture.
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Supplementary Figure S37. Subject B7-7-18-5 (see Fig.2b and Table 1) is used to illustrate visualization of mosaicism in a dataset with 125 or 50
subjects using the lllm550K array and either the lowest possible C,.; value or C, ,=5%. For the lowest integer C,.; values possible with 125 or 50
subjects (panels A and C), mosaicism is clearly visualizable despite occassional sporadic rare-hets outside regions of admixture marked by dense
rare-het segments. When C,, ,=5% (panels B and D), mosaicism and individual regions of admixture are still clearly identifiable using both the 125 or
50-subject dataset but the mosaicism is less visually distinct due to the increase of sporadic rare hets outside regions of admixture.
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Supplementary Figure S38. Subject B2-5-2-3 (see Fig. 2d and Table 1) is used to illustrate visualization of mosaicism in a dataset with 125 or 50
subjects using the Affy500K array and either the lowest possible C, . value or C;,;=5%. For the lowest integer C, ., values possible with 125 or 50
subjects (panels A and C), mosaicism is clearly visualizable despite the presence of sporadic rare-hets outside regions of admixture marked by
dense rare-het segments. When C, ,,=5% (panels B and D), mosaicism and individual regions of admixture are still clearly identifiable using both the
125 or 50-subject dataset but the mosaicism is less visually distinct due to the increase of sporadic rare hets outside regions of admixture.
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Supplementary Figure S39. Subject B2-5-2-3 (see Fig. 2d and Table 1) is used to illustrate visualization of mosaicism in a dataset with 125 or 50
subjects using the llIm550K array and either the lowest possible C, . value or C,,,=5%. For the lowest integer C,., values possible with 125 or 50
subjects (panels A and C), mosaicism is clearly visualizable despite the presence of sporadic rare-hets outside regions of admixture marked by
dense rare-het segments. When C,,,=5% (panels B and D), mosaicism and individual regions of admixture are still clearly identifiable using both
the 125 or 50-subject dataset but the mosaicism is less visually distinct due to the increase of sporadic rare hets outside regions of admixture.



RHH detection of individual outlier with African admixture
(AffyS00K chip, unthinned counts, p<0.001/1500)
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Supplementary Figure S40. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C, ;, the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Africa
{(HapMap Yoruban=YRI) and rare-het counts are from unthinned SNPs of the Affy500K array. A
hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position (see Methods).



RHH detection of individual outlier with Asian admixture
(AffyS00K chip, unthinned counts, p<0.001/1500)
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Supplementary Figure S41. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C, ;, the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Asia
(HapMap CHB+JPT) and rare-het counts are from unthinned SNPs of the Affy500K array. A
hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position {(see Methods).



RHH detection of individual outlier with African admixture
(IImSS0K chip, unthinned counts, p<0.001/1500)
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Supplementary Figure 542. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/1500 for different values of C, ;, the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Africa
(HapMap Yoruban=YRI) and rare-het counts are from unthinned SNPs of the llIm550K array.
A hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position (see Methods).



RHH detection of individual outlier with Asian admixture
(IIlm350K chip, unthinned counts, p<0.001/1500)
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Supplementary Figure S43. Graph showing the lowest percentage of genome admixture in a
subject (Y-axis) which is detectable by RHH at p<0.001/500 for different values of C, .;, the
rare-het frequency cutpoint (X-axis). In this graph, non-Caucasian admixture is from Asia
(HapMap CHB+JPT) and rare-het counts are from unthinned SNPs of the lim550K array. A
hypothetical dataset of 1500 subjects is assumed but each curve in the graph represents a
different dataset defined by a specific value of Y%=Yx100, the mean percentage of dataset
subjects who are admixed at any genomic position {see Methods).



Supplementary Table S1. Different types of ethnic outlier from different matings
involving two ethnic groups such as HapMap Yorubans (YRI) and Caucasians (CEU)

==Genome Distribution==
Excess Excess

Type of Mating?® Parents® Type of offspring (outlier) Rare Hets®  Rare Homg!
Within ethnic group . Entire Entire
(“Incross™) X Unadmixed YRI genome genome
YRI x YRI
“Outcross” | ; Entire
F1 YRI-CEU hybrid none
YRIx CEU II X HH I genome
“Backcross” ] [] One chromosome is Partial
F1 YRI-CEU with CEU X mosaic for YRI-CEU, genome none
(YRIx CEU) x CEU i || the other is 100% CEU (mosaic)
2nd CEU Backcross [] Mosaic chromosome Partial
(YRI x CEU) x CEU {twice} has less YRI DNA and genome none
|| rare hets than parent (mosaic)
“Intercross” ] Each chromosome Partial Partial
two F1 YRI-CEU hybrids X is a different mosaic genome genome
(YRI x CEU) X (YRI x CEU) | of YRl and CEU DNA (mosaic) (mosaic)

a »X” symbolizes mating and HapMap populations (YRI, CEU) are here considered analogous to mouse
strains. Names for different types of mouse crosses are used to specify the corresponding type of
mating involving HapMap subjects and their simulated offspring (“Outcross”, “Backcross”, etc.)

b A homologous pair of chromosomes is shown for each parent in the mating (black=YRI DNA,
white=CEU DNA)

¢ The expected composition of each chromosome in the outlier offspring (e.g. 100% YRI or YRI-CEU
mosaic) is shown and is consistent with the genome distribution of excess rare homs and hets
observed in simulated outliers of Table 3 in the main text.

d Summary of resulis for simulated outliers in Table 3. Note thatexcess rare homs were observed
only in simulated outliers who inherited outlier DNA (YRI or CHB) from father and mother (see
“Incross” and “Intercross”). Furthermore, excess rare hets were limited to part of the genome
(implying chromosomal mosaicism) only in simulated outliers with at least one parent who was
ethnically admixed (see “Backcross” and “Intercross”). By contrast, iwo unadmixed parents of
the same ethnic group (“Incross”) or different groups (“Outcross”) produced outliers with excess
rare hets across the entire genome.



Supplementary Table

Table S2. RHH detection of individual outlier with African admixture (1Mb-thinned rare-het counts, Affy500K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Chg=0.1%
284:1; 15
439;1; 17
722;1; 19
1053; 1; 19
1303; 2; 20
1501; 3; 20
1857; 4; 21

Chet=0.3%

1043; 6; 38
1218;7; 39
1404; 8; 38
1594; 9; 37
1664; 10; 36
1771;11; 36
1816; 12; 34

Rare-het frequency cutpoints (Cpey)

Chet=0.5%

1460; 12; 54
1597; 13; 53
1735; 15; 53
1801; 16; 50
1814;17;48
1835;17; 46
1858; 18; 44

The 3 values separated by semi colons in each cell of the table are:
(A) E*4q0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Africa (HapMap Yorubans)

(B) E*, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) Ty, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F.,;,) shown in Supplementary
Figures S30-S33 was found by solving the equation Ty=(1-F ) E*o+FminE* 100 fOr Frmin, i-€., Frmin=(Tx-E*0)/(E*100-E*o) @and then

Che=1%

1867; 29; 84
1925; 31; 82
1953; 33; 79
1984; 34; 76
2001; 36; 76
2018;37;74
2032; 37; 72

Che=3%

2519; 153; 244
2531; 155; 241
2554 158; 239
2563; 160; 235
2587; 164; 237
2601; 166; 237
2601; 166; 234

multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may
produce a slight difference between F;,, calculated from table counts and F,,;,, in the corresponding figure.

Chet=5%

2979; 388; 515
2983; 389; 510
3000; 394; 511
3003; 397; 508
3003; 397; 505
3003; 397; 502
3016; 402; 505



Supplementary Table

Table S3. RHH detection of individual outlier with Asian admixture (1Mb-thinned rare-het counts, Affy500K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Chg=0.1%
80;4; 18

111;4;18
156; 4; 18
203; 4; 18
251;4; 18
286; 4; 18
344:; 4; 18

Chet=0.3%
296; 11; 35
338;12; 35
416; 12; 36
433;12; 34
436; 12; 34
455;12; 33
480; 12; 33

Rare-het frequency cutpoints (Cpey)

Chet=0.5%
459;17; 47
481;17; 46
491;17; 45
548;18; 44
549; 18; 44
563; 18; 43
599;19; 43

The 3 values separated by semi colons in each cell of the table are:
(A) E*4q0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Asia (HapMap Chinese and Japanese)

(B) E*, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) Ty, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F,;,) shown in Supplementary
Figures S30-S33 was found by solving the equation Ty=(1-F ) E*o+FminE* 100 fOr Frmin, i-€., Frmin=(Tx-E*0)/(E*100-E*o) @and then

Che=1%

703; 36; 77
710; 36; 76
710; 36; 74
710; 36; 72
730;37;72
736;37;72
745; 37; 71

Che=3%

1139; 159; 235
1172;161; 235
1188; 163; 235
1215; 165; 236
1215; 165; 234
1224; 166; 234
1231; 167; 233

multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may
produce a slight difference between F;,, calculated from table counts and F,,, in the corresponding figure.

Chet=5%

1753; 394; 508
1758; 395; 507
1762; 396; 505
1766; 397; 503
1770; 400; 504
1777; 402; 505
1782; 403; 505



Supplementary Table

Table S4. RHH detection of individual outlier with African admixture (1Mb-thinned rare-het counts, Ilim550K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Chg=0.1%
58;0;8
130; 0; 10
276; 0; 11
572;0; 13
739;1; 14
919;1; 14
1188; 2; 15

Chet=0.3%
760; 3; 29
886; 3; 29
1100; 4; 30
1271;5; 29
1308; 5; 27
1373; 6; 26
1394; 6; 24

Rare-het frequency cutpoints (Cpey)

Chet=0.5%
1123; 6; 40
1220;7; 39
1291; 8; 37
1339; 8; 35
1339; 8; 32
1365; 9; 31
1375;9; 29

The 3 values separated by semi colons in each cell of the table are:
(A) E*4q0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Africa (HapMap Yorubans)

(B) E*, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) Ty, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F,;,) shown in Supplementary
Figures S30-S33 was found by solving the equation Ty=(1-F ) E*o+FminE* 100 fOr Frmin, i-€., Frmin=(Tx-E*0)/(E*100-E*o) @and then
multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may

Che=1%

1444;15; 59
1504; 17; 58
1520; 17; 54
1547;18; 51
1575; 19; 51
1577; 20; 49
1594; 21; 49

Che=3%

1997; 75; 144
2005;77; 141
2005; 77; 137
2032; 80; 136
2032; 80; 133
2032; 80; 131
2032; 80; 129

produce a slight difference between F;,, calculated from table counts and F,,, in the corresponding figure.

Chet=5%

2227; 205; 300
2230; 206; 297
2237; 207; 294
2255; 212; 295
2264; 213; 294
2265; 215; 293
2267; 216; 292



Supplementary Table

Table S5. RHH detection of individual outlier with Asian admixture (1 Mb-thinned rare-het counts, lim550K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset
Y% (=Yx100)

1.0%

0.8%

0.6%

0.4%

0.3%

0.2%

0.1%

Chg=0.1%
79;2; 14

100; 2; 14
117;2; 14
162; 2; 14
204; 2; 14
253;2; 14
263;2; 14

Chet=0.3%
241;6; 24
268;6;24
339; 6; 25
385; 6; 24
395; 6; 24
407;7; 24
429;7; 23

Rare-het frequency cutpoints (Cpey)

C1et=0.5%
377; 8; 32
377, 8; 31
402; 9; 30
407;9; 29
422:9; 29
432;10; 29
451;10; 28

The 3 values separated by semi colons in each cell of the table are:
(A) E*4q0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Asia (HapMap Chinese and Japanese)

(B) E*, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) Ty, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F,i,) shown in Supplementary
Figures S30-S33 was found by solving the equation Ty=(1-Fn) E*o+FminE" 100 fOr Fmins i-€., Fmin=(Tx-E*0)/(E*100-E*¢) and then
multiplying the result by 100 to convert F,;, to a percentage. Counts in table are rounded to nearest integer which may

Che=1%

522; 20; 52
552; 20; 51
552; 20; 50
552; 20; 48
552; 20; 47
564;21; 48
574;22; 48

Chet=3%

821; 77; 131
821; 77; 129
821; 77; 128
838; 78; 128
846; 79; 128
858; 80; 128
865; 81; 128

produce a slight difference between F,;, calculated from table counts and F, in the corresponding figure.

Chei=5%

1180; 212; 296
1180; 212; 294
1195; 215; 295
1195; 215; 293
12083; 216; 294
1212; 217; 294
1212; 217; 293



Supplementary Table

Table S6. RHH detection of individual outlier with African admixture (Unthinned rare-het counts, Affy500K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Cpet=0.1%
557;1; 21
861;1;24
1416; 1; 28
2064; 2; 28
2555; 2; 28
2944; 4; 28
3642; 6; 27

Chet=0.3%

3363; 12; 81
3930; 14; 81
4530;17; 79
5141;20; 74
5369;21; 70
5713; 24; 67
5857; 26; 61

Rare-het frequency cutpoints (Cpey)

Chet=0.5%
5215; 25; 123
5703;28; 118
6195; 32; 112
6431; 35; 101
6478; 35; 94
6552; 37; 87
6637; 38; 80

The 3 values separated by semi colons in each cell of the table are:
(A) E;qo, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Africa (HapMap Yorubans)

(B) Ey, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) T, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F,;,) shown in Supplementary

Che=1%

7181;60; 190
7402;64; 179
7512;67; 165
7630; 70; 151
7697;73; 146
7763;75; 139
7814;76; 131

Cre=3%

10076; 289; 485
10125; 293; 468
10216; 299; 453
10251; 301; 433
10346; 309; 431
10403; 313; 424
10403; 313; 413

Figures S40-S43 was found by solving the equation Ty=(1-F i) Eg+FminE 100 for Fimins i-€+ Fmin=(Tx-Eg)/(E100-E) and then
multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may

produce a slight difference between F,;,, calculated from table counts and F,,;, in the corresponding figure.

Chet=5%
12414;746; 1007
12428 748; 984
12498; 758; 971
12513; 763; 951
12513; 763; 938
12513; 763; 925
12566; 774; 924



Supplementary Table

Table S7. RHH detection of individual outlier with Asian admixture (Unthinned rare-het counts, Affy500K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Cpet=0.1%
104; 5; 22
144;5; 22
2083; 6; 22
264; 6; 23
326; 6; 23
371;6; 23
447 6; 22

Chet=0.3%
510; 25; 59
582; 25; 59
717; 26; 59
747, 26; 58
751; 26; 57
784; 26; 56
828; 27; 56

Rare-het frequency cutpoints (Cpey)

Chet=0.5%

819; 36; 79
859; 37; 78
877;37;76
978; 38; 76
981; 38; 75
1006; 39; 74
1069; 40; 75

The 3 values separated by semi colons in each cell of the table are:
(A) E;q0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Asia (HapMap Chinese+Japanese)

(B) Ey, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) Ty, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F,;,) shown in Supplementary

Che=1%

1279; 74; 133
1291; 74; 131
1291;74; 128
1291;74; 125
1328; 75; 125
1338; 76; 124
1354; 76; 123

Chet=3%

2277;301; 410
2343; 304; 410
2376; 307; 409
2429; 312; 410
2429; 312; 408
2448; 313; 407
2462; 315; 406

Figures S40-S43 was found by solving the equation Ty=(1-F i) Eg+FminE100 for Fimins i-€+ Fmin=(Tx-Eg)/(E100-E) and then
multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may
produce a slight difference between F;,, calculated from table counts and F,,;, in the corresponding figure.

Che=5%

3730; 758; 926
3740; 760; 922
3748; 762; 918
3757; 764; 914
3767; 769; 916
3781; 773; 917
3791; 776; 916



Supplementary Table

Table S8. RHH detection of individual outlier with African admixture (Unthinned rare-het counts, lim550K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Cpet=0.1%
83;0;9
185; 0; 11
394;0; 13
817;0; 16
1056; 1; 16
1313; 1;17
1697; 3;17

Chet=0.3%

1520; 4; 44
1772;5; 43
2199;7; 44
2541; 8; 42
2616; 8; 39
2745; 9; 36
2788;10; 33

Rare-het frequency cutpoints (Cpey)

Chet=0.5%

2495;10; 66
2711;11; 63
2869; 12; 58
2975;13; 52
2975;13; 48
3034;14; 44
3056; 14; 40

The 3 values separated by semi colons in each cell of the table are:
(A) Eqq0, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Africa (HapMap Yorubans)

(B) Ey, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) T, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F.,;,) shown in Supplementary

Che=1%

3359; 24; 97
3498; 27; 93
3536; 27; 85
3597;29; 78
3662; 30; 75
3667; 31; 71
3706; 33; 69

Che=3%

4755;117; 228
4773; 120; 221
4773;120; 209
4837; 125; 205
4837; 125; 199
4837; 125; 193
4837; 125; 188

Figures S40-S43 was found by solving the equation Ty=(1-F ) Eg+FminE100 fOr Frnins i-€-, Frmin=(Tx-Eg)/(E100-Eo) and then
multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may
produce a slight difference between F,;,, calculated from table counts and F ., in the corresponding figure.

Che=5%

5711; 315; 465
5718; 317; 455
5735; 319; 445
5782; 326; 441
5804; 328; 437
5808; 330; 433
5814; 332; 430



Supplementary Table

Table S9. RHH detection of individual outlier with Asian admixture (Unthinned rare-het counts, Ilim500K chip, p<0.001/1500)

Mean % admixture (Y)
in the entire dataset

Y% (=Yx100)
1.0%
0.8%
0.6%
0.4%
0.3%
0.2%
0.1%

Cpet=0.1%
81;3;15
103; 3; 15
121;3; 15
167; 3; 15
210; 3; 15
261; 3; 16
271;3; 15

Chet=0.3%
317;9; 31

353; 9; 31

446; 10; 32
506; 10; 31
520; 10; 31
535; 11; 31
564;11; 31

Rare-het frequency cutpoints (Cpey)

Chet=0.5%
546;13; 42
546; 13; 41
582;14; 40
590; 14; 39
611;14; 39
626; 15; 38
653; 15; 38

The 3 values separated by semi colons in each cell of the table are:
(A) Eqqo, total genome-wide rare-het counts expected in a subject with 100% genome admixture from Asia (HapMap Chinese+Japanese)

(B) Ey, total genome-wide rare-het counts expected in an unadmixed Caucasian subject with 0% non-Caucasian admixture
(C) T, rare-het count threshold whose probabilty is p<0.001/1500 of being reached or exceeded under the null hypothesis

Note: As described in Methods, each minimum detectable percentage of genome admixture (F.,;,) shown in Supplementary

Che=1%

791;31; 71
836; 32; 71
836; 32; 69
836; 32; 66
836; 32; 65
854; 33; 66
869; 34; 67

Che=3%

13083; 120; 190
1303; 120; 187
1303; 120; 184
1330; 122; 185
1343; 123; 185
1362; 125; 185
1373;126; 185

Figures S40-S43 was found by solving the equation Ty=(1-F ) Eg+FminE100 fOr Frnins i-€-, Frmin=(Tx-Eg)/(E100-Eo) and then
multiplying the result by 100 to convert F,, to a percentage. Counts in table are rounded to nearest integer which may
produce a slight difference between F,;,, calculated from table counts and F ., in the corresponding figure.

Che=5%

2071; 326; 436
2071; 326; 432
2097; 330; 433
2097; 330; 429
2110; 332; 430
2127; 335; 430
2127; 335; 428



Supplementary Table S10.

Inflated t

pe-1 error rate at rare SNPs in modestly admixed cases and controls®

SNP P-value Case-Control | Outliers as Additional SNP p-values <0.001°
MAF’ | Inflation® | Sample Size® | % of dataset® | Affy500K | Illm550K | HapMap
0.05 0.2-fold | 5000-5000 20% 2 2 Not Done
0.03 0.5-fold | 5000-5000 20% 5 2 Not Done
0.01 1.9-fold | 5000-5000 20% 5 3 Not Done
0.005 4.4-fold | 5000-5000 20% 22 10 124

0.001 21-fold 5000-5000 20% 74 35 243
0.0005 | 37-fold 5000-5000 20% 106 68 475
0.00025 | 52-fold 5000-5000 20% 179 106 749

0.05 0.1-fold | 10000-10000 10% 1 1 Not Done
0.03 0.2-fold | 10000-10000 10% 2 1 Not Done
0.01 0.9-fold | 10000-10000 10% 3 2 Not Done
0.005 2.0-fold | 10000-10000 10% 10 5 56

0.001 10-fold 10000-10000 10% 35 17 116
0.0005 | 21-fold 10000-10000 10% 60 38 270
0.00025 | 37-fold 10000-10000 10% 127 76 533

0.05 0.06-fld | 20000-20000 5% 1 1 Not Done
0.03 0.1-fold | 20000-20000 5% 1 0 Not Done
0.01 0.4-fold | 20000-20000 5% 1 1 Not Done
0.005 1.0-fold | 20000-20000 5% 2 1 28

0.001 4.2-fold | 20000-20000 5% 15 7 49

0.0005 | 11-fold 20000-20000 5% 32 20 141
0.00025 | 25-fold 20000-20000 5% 86 52 360

*Disease association results assume a model dataset with an equal number of cases and
controls (5000, 10000 or 20000 of each). All subjects are unadmixed except for 1000 case
outliers with admixed DNA covering 5% of the subject’s genome and 1000 control outliers
with admixed DNA covering 1% of their genomes, implying that modest ethnic outliers
represent 20%, 10% or 5% of each model dataset.

PDisease association results are for “neutral” (i.e. non-disease causing) SNPs with minor
allele frequency (MAF) in the non-outlier population as shown (0.05 to 0.00025) but with
corresponding allele frequency in the outlier population that is 0.2 or higher.

“Increase in type I error rate for disease-neutral SNPs with non-outlier and outlier allele
frequencies as specified in footnote b assuming a 0.001 significance level.. Since the
baseline (random) type I error rate is approximately 1 “false-positive” SNP per 1000 tested,
“1-fold” means that at least 1 additional false-positive association (p-value<(0.001) would be
observed for every 1000 SNPs tested having the non-outlier and outlier allele frequencies
specified in footnote b.

‘Lower-bound estimate for additional false-positive SNP associations (p-value<0.001) in a
GWA scan with the Affymetrix 500K or Illumina 550K array or if all HapMap SNPs were
tested. Since sequencing of ENCODE regions found a SNP density 10-times higher than
HapMap SNPs (5,6), all HapMap SNPs with non-outlier and outlier allele frequencies as
specified in footnote b were used to roughly estimate the number of such SNPs in future
GWA scans aimed at testing many more rare SNPs (now being discovered by large-scale
sequencing projects such as ‘1000 Genomes’). Allele frequencies in ~1400 S8BC controls
and in HapMap Yorubans were considered as the frequencies for the non-outlier and outlier
populations, respectively, in order to count SNPs having appropriate non-outlier and outlier
allele frequencies as in footnote b (see SUPPLEMENTARY METHODS for more details).



