Supplementary Notes: Gene evolution (2005-03-03208)
Ka, Ks, Ki. The Ka and Ks rates are estimated jointly by PAML (Yang 1997) from all aligned bases with quality score > 20 in orthologous coding regions, using the F3x4 codon frequency model and the REV substitution matrix. Lineage specific rates were estimated using an unrooted tree including human, chimpanzee, mouse and rat. Ki is estimated by PAML as substitutions per nucleotide for all aligned, orthologous nucleotides that passed the relaxed NQS(30,25) filter (any number of flanking substitutions allowed) in non-coding, interspersed repeats (not low-complexity) within 250kb, centered on each gene. 
We note that CpG dinucleotides are not explicitly modeled, which leads to bias in the rate estimates due to differential sequence content. On average, Ks appears to be more sensitive to CpG content than Ka, which again is more sensitive than Ki. For example, genes in GC-rich regions appear to have lower mean Ka/Ks values and higher Ka/Ki values than genes in GC-poor regions. To the best of our knowledge, none of the results presented in this work are directly affected by this apparent bias, but we caution that for applications where absolute rate estimates are crucial, more sophisticated evolutionary models should be used. Models that explicitly incorporate context-dependent mutation rates are currently under development (e.g. Hwang 2004, Siepel 2004).

The rate estimates and additional information for each human-chimpanzee ortholog examined are listed in Table S23, provided as a separate file.

The rate estimates and additional information for each human-chimpanzee-mouse-rat ortholog quartet examined are listed in Table S24, provided as a separate file.

Bias due to quality masked chimpanzee SNPs. The apparent slight excess of amino acid and synonymous substitutions on the human lineage in the hominid-murid comparison may be partly explained by a data artifact. Because the human assembly is a tiling of single haplotypes, whereas the chimpanzee assembly is a consensus of two haplotypes, some heterozygous positions in the chimpanzee WGS reads are effectively masked as low quality positions. This may lead to a slightly disproportionate contribution of human diversity to the human divergence rate. Additional high quality sequence will be required to robustly test for small differences in the human and chimpanzee substitution rates.
Ka/Ks of polymorphism. Polymorphisms from the HapMap or Affymetrix datasets that overlapped one of the aligned 13,454 orthologs were classified as synonymous or nonsynonymous according to whether they changed the overlapped amino acid when the flanking bases were fixed as the human and chimpanzee references sequences. The Ka/Ks of the polymorphisms is calculated as (∆A/Na)/(∆S/Ns) where Na and Ns are the number of nonsynonymous and synonymous sites sampled from, and ∆A and ∆S are the number of observed nonsynonymous and synonymous differences. Ns/Na was estimated as ~0.36 from the aligned orthologs. The % excess of nonsynonymous substitutions were calculated as 1 – (∆Adiversity / ∆Sdiversity) / (∆Adivergence / ∆Sdivergence). The confidence interval for this fraction was estimated by assuming that both ∆A counts were Poisson distributed and both ∆S fixed, and calculating a likelihood-based 95% confidence interval for a ratio of two rates (Graham 2003). 

Simulation of expected Ka/Ki distributions. The expected distribution of observed Ka/Ki values over 13,454 orthologs under the null hypothesis of no positive selection were simulated by randomly redistributing the observed number of non-synonymous substitutions between the orthologs under the constraints that (i) the actual (not observed) Ka/Ki = 0.23 for all genes, or (ii) 23% of the non-synonymous sites, distributed between genes according to a beta distribution, evolved at Ka/Ki = 1, and the remaining at Ka/Ki = 0, and that the number of orthologs with observed Ka/Ki > 0 were equal to the observed fraction (~29%). The mean numbers of orthologs with observed Ka/Ki > 1 over 100 trials were (i) 0 and (ii) 263. Note that this does not guarantee that the apparent excess of genes with observed Ka/Ki > 1 is due to positive selection, 263 is simply a lower bound on the number of cases that can be explained by stochastic fluctuations.
Identification of rapidly diverging gene clusters. We ordered all aligned human-chimpanzee orthologs by their genomic positions and calculated the median Ka/Ki ratio for sliding windows over 10 genes, with a step size of 2, across the autosomes (because X chromosome Ka/Ki are not directly comparable for this purpose). We estimated the distribution of Ka/Ki under the null hypothesis of no clustering by repeating the same procedure 1,000 times on the same orthologs in random orderings. Empirical P-values were calculated by comparing the observed Ka/Ki to this null distribution, and windows with a P-value of less than 0.001 where reported. Approximately 13,000 orthologs were scanned, implying that approximately 1,300 independent tests were performed, we therefore calculated the significance of seeing 16 clusters with P-value less than 0.001 from a binomial distribution with n=1,300 and p=0.001. When multiple, overlapping windows corresponded to the same gene cluster, only the most significant window was kept. The list of top clusters also remained highly similar when the procedure was repeated using Ka only. Repeating the analysis with larger window sized did not identify any regions that could not be explained by the inclusion of one or more of these original clusters.
No accelerated evolution in rearranged chromosomes. Navarro et al. (2003) proposed that orthologs within one or more of the pericentric inversions between human and chimp might show higher Ka/Ks than the genome-wide average. We re-evaluated this hypothesis on our considerably larger dataset, using a binomial test for increased Ka/Ks relative to genes on the collinear chromosomes. All P-values are corrected for multiple hypothesis testing. A few of the regions contained few or no aligned orthologs (Table S25)


Only the HSA4 and HSA5 inversions show a significant increase in Ka/Ks, but it is significantly smaller than the 2.2-fold increase observed on the smaller dataset in (Navarro 2003), and it is primarily due to low Ks, rather than the overall accelerated divergence that is predicted by the model of Navarro et al. Furthermore, there is no increase is Ka/Ki. However, we note that because of the numerous confounding factors, such as differences in gene content and sequence composition, it is difficult to directly compare the rates of protein evolution between relatively small genomic regions. Thus, our negative findings do not necessarily disprove the chromosomal speciation model described by Navarro et al. per se, just the huge quantitative signal implied by their initial report.

Identification of rapidly and slowly evolving categories.  Unique LocusLink identifiers (June 2004) of 13438 human-chimpanzee mRNA alignments GO categories (May 2004) were assigned to 9205 orthologs via GenMapper (Do 2004). We used the following approach to identify GO categories that have a Ka/Ks ratio significantly above or below average. 
First, the ‘concatenated’ ka and ks for all genes in a GO taxonomy T were calculated as 
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where ni and Ni are the numbers of non-synonymous substitutions and sites, and si and Si are the numbers of synonymous substitutions and sites in gene i, as estimated by PAML, respectively. 

The expected proportion of non-synonymous substitutions pA in a GO category C was then estimated as:
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Finally, for a given category, the probability pc of observing an equal or higher number of non-synonymous substitutions, conditional on the total number of observed substitutions, was calculated assuming a binominal distribution:
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where aC and sC are the total number of non-synonymous and synonymous substitutions in GO category C, respectively. 


Defined in this manner, pC, is a statistic whose expected value has two relevant properties: (1) given a fixed number of substitutions, its value decreases monotonically as the category Ka/Ks increases relative to the GO taxonomy average and (2) given a fixed Ka/Ks ratio, its value decreases monotonically as the total number of substitutions in a category grows. A GO category with a low pC value is therefore more likely to be rapidly evolving relative to all other genes than a GO category with a high pC value. However, because of the large number of categories tested and the unknown variance of pC, it is not a conservative p-value for category specific acceleration.

Slowly evolving categories was detected correspondingly by calculating the probability that a category contains equal or less non-synonymous substitutions, conditional on the total number of observed substitutions.


To determine whether a subset of the categories are evolving under significantly high (low) constraints we first computed the number of GO categories with at least 20 orthologs and pC less than a threshold value (0.05, 0.01 or 0.001). We then repeated this procedure 10,000 times on the same dataset after randomly permuting the GO annotations (all GO categories assigned to a specific gene are kept together in order to preserve the hierarchical structure of the GO categories). Finally, we tested the null hypothesis that the number of biologically meaningful categories with pC below the chosen threshold is no more than expected from randomly composed categories by counting how many of the latter have more low pC values. A rejection of this null hypothesis implies that the level of constraint is significantly higher (lower) than average in some biologically meaningful categories. The average number of categories with pC below the threshold identified in the randomized datasets is the expected number of false positives among the putatively rapidly (slowly) evolving categories.


Table S26 gives the observed statistics for each GO category. Table S27 gives the numbers of observed and expected outlier categories at various pC thresholds.

Since categories are overlapping, the list of significant categories can contain redundant information. Therefore we used a ‘refinement’ algorithm to generate the non-redundant Table 5. This algorithm removes parent categories that do not have pC values below the chosen threshold after the genes in their child categories with low pC have been removed.


As an alternative to the binomial statistics described above, we also used a non-parametric approach to test for categories with a significantly high or low median Ka/Ki ratio. For this purpose, we first used a Wilcoxon two-sample test with a correction for ties as implemented in the R package (http://www.r-project.org) to calculate the probability of equal medians, and then repeated the permutation test as described above to estimate the significance of this statistic. 

Table S28 gives the observed statistics for each GO category. Table S29 gives the numbers of observed and expected outlier categories at various pC thresholds. The results are largely similar to the binomial approach, but with slightly more outliers and a lower expected false positive rate, potentially due to the lower variance of Ki compared to Ks. However, the lack of lineage-specific Ki estimates, combined with the large number orthologs with observed Ka or Ks = 0 between human and chimpanzee make rank sum statistics ill-suited for the relative rate tests described below.

Identification of lineage-specific acceleration in GO categories. Unique LocusLink identifiers (June 2004) of the 7043 human, chimpanzee, mouse, rat mRNA alignments were used to assign GO categories (May 2004) to 4805 genes via GenMapper (Do 2004). 

We used a similar approach to the binomial test described above to identify GO categories that have an excess of non-synonymous changes on one lineage (e.g. between mouse and rat or on the human lineage) than on another lineage (e.g. between human and chimpanzee or on the chimpanzee lineage). Instead of calculating the expected proportion of non-synonymous to total substations, we calculate the genome-wide proportion of non-synonymous changes on one linage over the total number of non-synonymous changes between the two compared lineages:  
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where xi and yi are the numbers of non-synonymous changes on lineages x and y for gene i, respectively. For the hominid vs. murid tests, the numbers of substitutions were estimated independently from pair-wise comparisons of human-chimpanzee or mouse-rat alignments across the same codons. For the human vs. chimpanzee and human vs. mouse tests, the numbers of lineage-specific substitutions were estimated jointly with mouse and rat as outgroups using PAML as described above. 
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As described for the absolute rate tests, we then computed this statistic for every GO category with more than 20 orthologs, as well as for every category in 10,000 randomly permuted data sets. 


Table S30 (provided in a separate file) gives the observed statistics for each GO category. Tables S31, S32 and S33 give the numbers of observed and expected outlier categories at various pC thresholds for hominids vs. murids, human vs. chimpanzee, and human/chimpanzee vs. mouse, respectively. The top 10 non-redundant categories from the hominid vs. murid comparison were reported in Table 6.


In order to rule out any estimation bias due to using PAML to estimate lineage-specific rates from relatively little sequence information, we repeated the relative rate tests using the number of observed amino acid changes only. For the homind vs. murid tests, the observed numbers of amino acids between each of the two species pairs were counted. For the human vs. chimpanzee and human/chimpanzee vs. mouse tests, only the amino acid changes that could be unambiguously assigned to one of the three lineages using mouse as the outgroup were counted. Table S30 gives the observed statistics for each GO category. Tables S34, S35 and S36 give the numbers of observed and expected outlier categories at various pC thresholds for hominids vs. murids, human vs. chimpanzee, and human/chimpanzee vs. mouse, respectively. The results are essentially identical to those from the non-synonymous rate estimates. 

As shown in the paper, there is a significant correlation between synonymous and non-synonymous substitution rates across orthologs. In order to test whether any category-dependent non-synonymous acceleration is due to systematic changes in mutation rate we repeated the relative rate analysis for synonymous substitutions. Table S30 gives the observed statistics for each GO category. Tables S37, S38 and S39 give the numbers of observed and expected outlier categories at various pC thresholds for hominids vs. murids, human vs. chimpanzee, and human/chimpanzee vs. mouse, respectively. Although there is a trend towards an excess of synonymous substitutions in some categories between hominids and murids, the variation is significantly less than for non-synonymous substitutions. The strongest outliers are cell surface receptors and adhesion related genes, which have previously been noted to be biased towards mutational hotspots in the human genome (Chuang 2004).

Human Disease Genes: Overall substitution rate. We downloaded all available 1116 OMIM disease genes using EnsMart (www.ensembl.org) and could find a human-chimpanzee cDNA alignment for 882 of them. We compared Ka, Ks, Ki Ka/Ks and Ka/Ki between disease genes and non-disease genes and used a Mann-Whitney test to estimate the significance of the observed differences (Table S40).

Recent studies (Huang 2004, RGSC 2004) have reported that human disease genes show an elevated synonymous substitution rate (Ks) in human-rat comparisons. The authors suggest that disease genes may tend to be located in genomic regions with elevated mutation rates. We re-examined this question using the chimpanzee sequence, which allows us to study both Ks and Ki. Disease genes indeed show higher Ks (0.0138 vs. 0.0126, pMW < 0.001), but no elevation in Ki. This indicates that the effect is not due to known disease genes being located in regions with higher overall mutation rates. In fact, the elevated Ks in disease genes appears to be explained by a higher proportion or rate of substitution of CpGs at silent sites and because these CpGs have a higher substitution rate, the effect disappears when only non-CpG sites are considered.
We also tested whether there were more amino acid changes on the human lineage than on the chimpanzee lineage in disease genes and in mental retardation genes (Inlow 2004) using the binominal test described above. We do not find a significant difference in the ratio of human-specific changes to chimpanzee-specific amino acid changes between these two classes and genes that have no disease association (Table S41). This is also true for genes on the X-chromosome, which does not support the hypothesis that mental retardation genes on the X-chromosome would have contributed particularly to the evolution of human cognition as proposed by Zechner et al (2001).

Human Disease Genes: Specific disease alleles. We downloaded all amino acid variants annotated as “disease” variants in SWISS-PROT (www.expasy.org) and all amino acid variants annotated in HGMD (www.celeradiscoverysystem.com), mapped them to their corresponding position in human-chimpanzee mRNA alignments and filtered out positions of low sequence quality (Q<20 in at least one codon position). This resulted in a combined list of 12164 disease variants at 10886 amino acid positions in 1384 different genes. At 46 positions in 41 different genes the chimpanzee variant was identical to the human disease variant. We manually screened the literature for these variants to confirm a plausible causative association of the variant with the disease and excluded 30 variants. We also checked the chimpanzee trace archive to confirm the chimpanzee sequence and excluded one variant (Table S43 – Provided in a separate file). For the remaining 15 variants in 14 different genes, we confirmed the ancestral state by genotyping them across a panel of primate samples (Table S44). One additional variant (PPARG) was manually added due to the wrong allele being assigned as the disease allele in HGMD. 

Table S25 Divergence rates for orthologs within chromosomal inversions

	
	Ka
	Ks
	Ka/Ks
	Ki
	Ka/Ki
	A
	S
	∆A 
	∆S 
	P

	2 fusion
	0.0027
	0.0116
	0.237
	0.0125
	0.221
	957869
	358159
	2623
	4145
	0.22

	4p14 – 4q21
	0.0028
	0.0099
	0.280
	0.0129
	0.213
	157697
	62206
	434
	610
	2.5e-3

	5p13 – 5q13
	0.0028
	0.0096
	0.291
	0.0121
	0.230
	168657
	65781
	472
	632
	1.6e-4

	9p13 – 9q22
	0.0026
	0.0113
	0.229
	0.0115
	0.225
	179622
	69660
	464
	786
	1

	12p12 – 12q15
	0.0022
	0.0101
	0.219
	0.0118
	0.188
	327219
	125056
	725
	1265
	1

	15q13
	0.0020
	0.0137
	0.147
	0.0138
	0.146
	40016
	15394
	80
	210
	1

	16p11 – 16q12
	0.0024
	0.0119
	0.205
	0.0115
	0.212
	124957
	44927
	304
	534
	1

	17p12 – 17q22
	0.0026
	0.0114
	0.230
	00.0113
	0.232
	413123
	146299
	1084
	1670
	1

	18q11
	0.0031
	0.0124
	0.253
	0.0133
	0.236
	76578
	29856
	240
	369
	1

	Colinear
	0.0030
	0.0132
	0.225
	0.0126
	0.234
	6533883
	2359833
	19368
	31121
	-


	Table S27 Identification of rapidly and slowly evolving categories

	Taxonomy
	
	Higher Ka/Ks
	Lower Ka/Ks

	 
	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Biological process
	Observeda
	87
	69
	56
	196
	170
	131

	
	Expectedb
	68
	36
	16
	73
	39
	17

	
	p-valuec
	0.1424
	0.0163
	0.0002
	0
	0
	0

	Cellular component
	Observeda
	12
	9
	6
	49
	42
	38

	
	Expectedb
	16
	9
	4
	17
	9
	4

	
	p-valuec
	0.7839
	0.4712
	0.2354
	0
	0
	0

	Molecular function
	Observeda
	52
	47
	36
	125
	106
	82

	
	Expectedb
	46
	25
	10
	50
	26
	11

	
	p-valuec
	0.2934
	0.0063
	0.0004
	0
	0
	0

	a number of significant categories; b average number of significant categories identified in 10,000 random sets; c proportion of random sets which have as many or more categories as observed  in the data set


	Table S29 Identification of rapidly and slowly evolving categories by rank sum tests

	Taxonomy
	Direction
	Higher Ka/Ki
	Lower Ka/Ki

	 
	Significance level
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Biological process
	Observeda
	85
	67
	48
	152
	119
	84

	
	Expectedb
	21
	4
	0
	21
	4
	0

	
	p-valuec
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	Cellular component
	Observeda
	15
	10
	9
	47
	39
	34

	
	Expectedb
	5
	1
	0
	5
	1
	0

	
	p-valuec
	0.008
	0.001
	0.001
	0.001
	0.001
	0.001

	Molecular function
	Observeda
	63
	50
	39
	103
	74
	50

	
	Expectedb
	15
	3
	0
	14
	3
	0

	
	p-valuec
	0.001
	0.001
	0.001
	0.001
	0.001
	0.001

	a number of significant categories; b average number of significant categories identified in 1,000 random sets; c proportion of random sets which have as many or more categories as observed  in the data set


	Table S31 Lineage specific GO Analysis, non-synonymous changes, murids versus hominids

	
	Murids
	Hominids

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	129
	90
	59
	100
	76
	58

	Expectedb
	74.4
	33.8
	11.2
	76.8
	37.0
	14.0

	p-valuec
	0.0067
	0.0007
	0.0003
	0.12
	0.011
	0.0005


	Table S32 Lineage specific GO Analysis, non-synonymous changes, chimpanzee versus human

	
	Chimpanzee
	Human

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	54
	16
	2
	49
	18
	7

	Expectedb
	54.7
	20.3
	5.4
	55.1
	19.3
	4.4

	p-valuec
	0.48
	0.67
	0.84
	0.63
	0.52
	0.22


	Table S33 Lineage specific GO Analysis, non-synonymous changes, either hominid versus mouse

	
	Chimpanzee vs. mouse
	Human vs. mouse

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	98
	67
	40
	97
	52
	27

	Expectedb
	68.3
	30.7
	10.8
	67.5
	28.8
	9.0

	p-valuec
	0.064
	0.012
	0.007
	0.064
	0.044
	0.018


	Table S34 Lineage specific GO Analysis, amino acid changes, murids versus hominids

	
	Murids
	Hominids

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	122
	81
	51
	95
	71
	54

	Expectedb
	65.0
	26.2
	7.3
	66.7
	29.3
	9.8

	p-valuec
	0.0031
	0.0004
	0.0002
	0.069
	0.0053
	10-4


	Table S35 Lineage specific GO Analysis, amino-acid changes, chimpanzee versus human

	
	Chimpanzee
	Human

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	27
	5
	1
	38
	14
	3

	Expectedb
	36.7
	9.2
	1.3
	37.1
	9.2
	1.2

	p-valuec
	0.79
	0.80
	0.56
	0.43
	0.18
	0.16


	Table S36 Lineage specific GO Analysis, amino-acid changes, either hominid versus mouse

	
	Chimpanzee vs. mouse
	Human vs. mouse

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	85
	47
	33
	96
	57
	24

	Expectedb
	49.7
	17.0
	4.0
	49.2
	16.6
	3.8

	p-valuec
	0.025
	0.0098
	0.0016
	0.0075
	0.0014
	0.0052


	Table S37 Lineage specific GO Analysis, synonymous changes, murids versus hominids

	
	Murids
	Hominids

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	82
	39
	16
	83
	52
	29

	Expectedb
	64.8
	26.3
	7.3
	64.8
	28.1
	9.1

	p-valuec
	0.15
	0.11
	0.061
	0.15
	0.036
	0.012


	Table S38 Lineage specific GO Analysis, synonymous changes, chimpanzee versus human

	
	Chimpanzee
	Human

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	81
	45
	21
	71
	44
	16

	Expectedb
	90.2
	47.4
	19.6
	89.3
	47.3
	19.9

	p-valuec
	0.67
	0.53
	0.38
	0.84
	0.56
	0.65


	Table S39 Lineage specific GO Analysis, synonymous changes, either hominid versus mouse

	
	Chimpanzee vs. mouse
	Human vs. mouse

	Threshold
	0.05
	0.01
	0.001
	0.05
	0.01
	0.001

	Observeda
	100
	49
	22
	97
	51
	23

	Expectedb
	76.2
	36.9
	13.9
	81.4
	41.4
	16.8

	p-valuec
	0.12
	0.17
	0.14
	0.21
	0.22
	0.20


	Table S40 Evolution of human disease genes

	
	genes
	Ka a
	Ks b
	Ki c
	Ka/Ks
	Ka/Ki

	disease association
	882
	0.0028
	0.0138
	0.0124
	0.203
	0.226

	no disease association
	12556
	0.0029
	0.0126
	0.0126
	0.23
	0.23

	p-value d
	
	0.7
	<0.001
	0.015
	0.1
	0.9

	a summed up over non-synonymous sites ; b summed up over synonymous sites; c averaged over genes; d determined by a Mann-Whitney test (two-tailed); 


	Table S41 Lineage-specific evolution of human disease genes

	Genes
	chromosomes
	genes
	humana
	chimp.a
	ratio

	disease association
	all
	479
	421
	365
	1.153

	no disease association
	all
	6564
	4456
	4017
	1.109

	mental retardation
	all
	116
	109
	94
	1.16

	mental retardation
	autosomes
	105
	106
	94
	1.128

	mental retardation
	X
	11
	3
	0
	NA

	a human- and chimpanzee-specific amino acid changes as inferred from mouse and rat by parsimony


Table S42 Putative and Validated Gene disruptions in Chimpanzee
	Gene
	Event
	Evidence

	ADAMTS20 (exons 22 and 23)
	Chimp deletion
	PCR and sequencing*

	AKAP8 (partial)
	Chimp deletion
	Paired-end@

	APOL1
	Chimp deletion
	Southern*

	APOL4
	Chimp deletion
	PCR*, Southern*#

	APRG1 (partial)
	Chimp deletion
	Paired-end@, Bounded alignment@

	BTNL2 (partial)
	Chimp deletion
	Paired-end@

	BUCS1 (partial)
	Chimp deletion
	Paired-end#,@ 

	CAPZA2 (partial)
	Chimp deletion
	Paired-end@

	CASPR3
	Chimp deletion
	Paired-end#

	CCRK
	Chimp deletion
	Paired-end#

	CD24
	Chimp deletion
	Paired-end@

	CDC2L1
	Human insertion
	Southern*

	CLC
	Chimp deletion
	Paired-end#, @

	CYP2A13
	Chimp deletion
	Paired-end#, @ 

	CYP2C18
	Chimp deletion
	Southern#

	DHRS4
	Chimp deletion
	Paired-end# 

	ENPP3
	Chimp deletion
	Paired-end# 

	EOS
	Chimp deletion
	PCR@,  Southern*

	GALGT2
	Chimp deletion
	Paired-end# 

	GGTLA1
	Chimp deletion
	Inspection* 

	GPC5
	Chimp deletion
	PCR#

	GYPB
	Chimp deletion
	Paired-end#

	HCP5
	Chimp deletion
	Paired-end@

	HMG20A (partial)
	Chimp deletion
	Paired-end@, Bounded alignment@

	HT011 (partial)
	Chimp deletion
	Paired-end@

	ICEBERG
	Chimp deletion
	PCR@

	IL1F7
	Chimp deletion
	Southern#

	IL1F8
	Chimp deletion
	PCR@,#

	KRTAP13-3 and -4
	Chimp deletion
	PCR@

	KRTAP19-2, -6, and -7
	Chimp deletion
	PCR@

	LIN7A (partial)
	Chimp deletion
	Paired-end@

	MAGEC3
	Chimp deletion
	Paired-end@

	MICA (partial)
	Chimp deletion
	Paired-end@ [Fused with MICB]

	MICB (partial)
	Chimp deletion
	Paired-end@[Fused with MICA]

	MMP23A
	Human insertion
	Southern, PCR*

	NALP12 (partial)
	Chimp deletion
	Paired-end@, Bounded alignment@

	NBEA
	Human insertion?
	Paired-end#

	NBR2 (Exons 4 and 5)
	Chimp deletion
	PCR@

	NY-REN-7
	Chimp deletion
	Paired-end@

	OR2A4
	Chimp deletion
	Southern#

	OR2C1
	Chimp deletion
	Paired-end@

	PCNP
	Chimp deletion
	Paired-end#

	PGA5
	Chimp deletion
	Paired-end#

	PNLIPRP1 (partial)
	Chimp deletion
	Paired-end@, Bounded alignment@

	PPARA
	Human insertion?
	Bounded alignment@

	PPL13
	Chimp deletion
	Paired-end@

	RODH (partial)
	Chimp deletion
	Paired-end@

	RNASE3
	Chimp deletion
	Paired-end#

	SFTPA1
	Chimp deletion
	Paired-end#

	SLC5A8 (partial)
	Chimp deletion
	Paired-end@

	UGT2B11
	Chimp deletion
	Paired-end#

	VCAM1 (partial)
	Chimp deletion
	Bounded alignment@


Characterization was performed at three different centers (*Oviedo, #CWRU and @the Broad Institute) based on the analysis of bounded alignments or paired-end sequence analysis. 
	Table S44 Genotypes for human disease variants across chimpanzee and outgroup samples (benign/disease)

	Sample
	AIRE_P252L (C/T)
	APOE_C130R (T/C)
	DIO2_T92A (T/C)
	ENPP1_K121Q
	GSTP1_I105V (A/G)
	MKKS_R518H (G/A)
	MLH1_A441T (G/A)
	MYOC_Q48H (G/T)
	OTC_T125M (C/T)
	PON1_I102V (A/G)
	PON1_Q192R (A/G)
	PPARG_A12P (G/C)
	PRSS1_N29T (A/C)
	SLC2A2_T110I (C/T)
	UCP1_A64T (G/A)
	CASP12_SHGbox
	CASP12_Termination

	Baboon
	T
	C
	C
	C
	-
	-
	G
	-
	C
	A
	-
	C
	C
	T
	A
	G
	-

	Macaque
	-
	C
	C
	C
	-
	G
	G
	G
	C
	A
	-
	C
	C
	-
	A
	G
	-

	Sumatran Orangutan
	C
	-
	C
	C
	-
	G
	G
	G
	C
	A
	G
	C
	C
	T
	A
	G
	-

	Gorilla
	-
	-
	C
	C
	G
	G
	G
	G
	C
	A
	G
	C
	C
	T
	A
	G
	-

	Western
	T
	C
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	-
	T
	A
	G
	C

	Unknown sub.
	T
	C
	C
	C
	G
	A
	A
	T
	T
	AG
	G
	C
	C
	T
	A
	G
	C

	Unknown sub.
	T
	C
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	C
	T
	A
	G
	C

	Central 
	T
	C
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	C
	-
	A
	G
	C

	Central
	T
	C
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	C
	-
	A
	G
	C

	Central
	T
	C
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	C
	-
	A
	G
	C

	Central
	T
	-
	C
	C
	G
	A
	A
	T
	T
	A
	G
	C
	C
	T
	A
	G
	C


_1176633067.unknown

_1176648693.unknown

_1176655327.unknown

_1176633660.unknown

_1176633066.unknown

