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Abstract: Though debates exist on the early human evolutionary models such as the “Out of Africa” theory, which 
hypothesizes that modern humans migrated from Africa to Europe about 50,000 to 100,000 years ago, Africans and Europeans 
were geographically separated with minimal gene fl ow for tens of thousands of years. The variations between the current 
European and African populations, therefore, should have evolved during this timeframe. To gain more insights into the 
evolutionary history of human phenotypes including gene expression, it is critical to tell how recent positive selection has 
played a role in the variations observed in the current populations. Using the list of differentially expressed genes we 
previously identifi ed between the HapMap samples derived from individuals of African (from Ibadan, Nigeria) and European 
(from Utah, USA) ancestry, we searched for evidence of selection among these differential genes. We found that 
27 differentially expressed genes (out of 356 tested) between these two European and African populations have been under 
recent positive selection. Our fi ndings suggest that the variation between these two populations appears to be affected 
primarily by neutral genetic drift and/or stabilizing selection and to a lesser degree by positive selection. Further annotation 
enrichment analyses showed that these 27 genes under selection were overrepresented in certain Gene Ontology biological 
processes, molecular functions and cellular components such as transcription, lipid binding and lysosome. Our results can 
provide unique insights into the evolutionary history of the variation in the gene expression phenotype between these two 
human populations.
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Introduction
The early history of human evolution is still uncertain, though a popularly-called “Out of Africa” model 
hypothesizes that behaviorally modern humans (Homo sapiens sapiens) evolved in Africa 200,000 years 
ago and migrated northward from Africa to Europe, then spread to other parts of the world in the past 
50,000 to 100,000 years (Stinger, 1974a; Stringer and Andrews, 1988). Analysis of mitochondrial DNAs 
demonstrated evidence that geographical populations including Africans and Caucasians stemmed from 
one woman who was postulated to have lived about 200,000 years ago, probably in Africa (Cann et al. 
1987; Wills, 1992). Based on the history of global climate changes, a recent study suggested that recovery 
from a megadrought 100,000 years ago precipitated the exodus of ancient humans from tropical Africa 
to Europe and elsewhere (Cohen et al. 2007). However, no matter this or other competing models refl ect 
the true evolutionary human history or not, the fact is that Africans and Europeans were geographically 
separated with minimal gene fl ow for tens of thousands of years (Templeton, 2005). Therefore, the 
phenotypes and genotypes of the human populations derived from African and European ancestry should 
have differentiated during this timeframe. Theoretically, the genetic variations among current populations 
could be due to mechanisms such as genetic drift and/or natural selection. On one hand, each of the 
dramatic changes including the potentially challenging new environments, global climate changes (e.g. 
the last ice age ended 14,000 years ago), the transition from hunter-gatherer to agricultural societies as 
well as the rapid increases in human densities could have resulted in powerful selective pressures for 
new genotypes that were better suited for the habitats. On the other hand, since during the majority of 
the last 100,000 years human population densities were so sparse (Casteel, 1972) that random mechanisms 
such as genetic drift could also have worked to cause genetic variations in the current populations. 
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However, phenotypic variation (due to underlying 
heritable genetic variation and other non-genetic 
factors) is a fundamental prerequisite for evolution 
by natural selection (Wagner and Altenberg, 1995). 
Without phenotypic variation, there would be no 
evolution by natural selection. To understand the 
evolutionary history of human variations, it is 
critical to estimate how selection has played a role 
in the observed phenotypic variations among 
current populations. Numerous studies have 
identifi ed and quantifi ed signatures of selection in 
the human genome and human phenotypic variation 
(Bamshad and Wooding, 2003; Nielsen, 2005). For 
example, signatures of positive selection in genes 
associated with human skin pigmentation have 
been revealed from analyses of single nucleotide 
polymorphisms (SNPs) (McEvoy et al. 2006; Lao 
et al. 2007). Other examples of signatures of 
selection include genes related to the categories 
such as chemosensory perception (e.g. bitter-taste) 
and olfaction as well as gametogenesis, 
spermatogenesis, and fertilization (Soranzo et al. 
2005; Voight et al. 2006). Since gene expression 
as a phenotype is a complex quantitative trait 
partially regulated by genetic variation in DNA 
sequence, we therefore searched for genes that 
have been the targets of recent positive selection 
among a list of differentially expressed genes 
between two populations of African and European 
descendents to illustrate the evolutionary history 
of this particular phenotypic variation (i.e. gene 
expression).

Using the lymphoblastoid cell lines (LCLs) from 
the International HapMap Project (International 
HapMap Consortium 2003; International HapMap 
Consortium 2005), gene expression as a phenotype 
as well as its variation between individuals of Afri-
can (YRI: Yoruba people from Ibadan, Nigeria) and 
European (CEU: Caucasian people from Utah, 
USA) ancestry has been investigated (Storey et al. 
2007; Zhang et al. 2008a; Zhang et al. 2008b). By 
characterizing patterns of natural expression varia-
tion in 16 individuals from the CEU and YRI 
samples, Storey et al. found extensive variation in 
gene expression levels (Storey et al. 2007). Par-
ticularly, we identifi ed differences in 383 gene 
expression phenotypes between the CEU and YRI 
samples and evaluated the contribution of common 
genetic variants to theses population differences 
(Zhang et al. 2008a). Using the unrelated HapMap 
LCLs including 60 CEU and 60 YRI samples, 
Voight et al. described an analytical method for 

scanning SNPs for signals of recent positive 
selection (Voight et al. 2006). Integrated haplotype 
score (iHS), which measures the possibility that a 
gene has undergone recent positive selection was 
developed to detect evidence of recent positive 
selection at a locus. It is based on the differential 
levels of linkage disequilibrium surrounding a 
positively selected allele compared to the back-
ground allele at the same position (Voight et al. 
2006). We then used the web application Happlot-
ter (http://hg-wen.uchicago.edu/selection/) (Voight 
et al. 2006) to fi nd genes with strong signals of 
selection among our list of differentially expressed 
genes between the CEU and YRI samples. Further-
more, we performed annotation enrichment analy-
ses among the genes under selection using the Gene 
Ontology (GO) (Ashburner et al. 2000) and Kyoto 
Encyclopedia of Genes and Genomes (KEGG) 
(Kanehisa and Goto, 2000; Kanehisa et al. 2006; 
Kanehisa et al. 2007) databases.

Materials and Methods

Differentially-expressed genes 
between human populations
Gene expression in 176 HapMap LCLs (87 CEU 
and 89 YRI samples) for ~17,500 transcript clusters 
(gene-level) had been evaluated using the Affyme-
trix GeneChip® Human Exon 1.0 ST Array 
(Affymetrix, Inc., Santa Clara, CA, U.S.A). Gene-
level expression of transcript clusters was sum-
marized using the robust multi-array average 
(RMA) (Irizarry et al. 2003) method with signals 
generated on a core set (i.e. with RefSeq supported 
annotation) (Pruitt et al. 2005; Pruitt et al. 2007) of 
exons and deposited at Gene Expression Omnibus 
(GEO, http://www.ncbi.nlm.nih.gov/projects/geo/) 
(GEO accession: GSE7851). Gene expression was 
found to differ signifi cantly between the CEU and 
YRI samples for 383 transcript clusters (Zhang 
et al. 2008a) among ~9,200 expressed transcript 
clusters in LCLs. To avoid identity ambiguity, our 
analysis set of differentially-expressed genes is 
comprised of 356 differential transcript clusters 
with unique annotation provided by the Affymetrix 
NetAffx Analysis Center website (http://www.
affymetrix.com/analysis/index.affx). These genes 
have a one-to-one relationship between the Affyme-
trix transcript cluster ID and gene annotation (NCBI 
B36 Assembly, March, 2006).
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Evidence of recent positive
selection
Happlotter (http://hg-wen.uchicago.edu/selection/) 
(Voight et al. 2006) was used to check if a particu-
lar gene has been a target of recent positive selec-
tion. Happlotter is a web application that has been 
developed to display the results of a scan for 
positive selection in the human genome using the 
HapMap data. The current version contains results 
using the Phase II data (~3.1 million SNPs, Hap-
Map release 21) of the HapMap Project ( Interna-
tional HapMap Consortium, 2005; Frazer et al. 
2007). Specifically, we used the Happlotter-
calculated iHS to measure the possibility of a gene 
that has undergone recent positive selection. The 
empirical p values, quantifi ed by the proportion of 
SNPs with |iHS| �2 for each bin of 50 neighboring 
SNPs, were generated by Happlotter (Voight et al. 
2006). Simulations indicated that this criterion 
provides a powerful signal of selection (Voight 
et al. 2006). The empirical p value of 0.05 was used 
as the cutoff for signifi cance.

Gene ontology and pathway 
databases
We searched the GO (http://www.geneontology.
org/) (Ashburner et al. 2000) and KEGG (http://
www.genome.jp/kegg/) (Kanehisa and Goto, 2000; 
Kanehisa et al. 2006; Kanehisa et al. 2007) data-
bases to more thoroughly understand the functions 
of those genes that have evidence for recent posi-
tive selection. The three organizing principles of 
GO (database release March, 2008) are molecular 
function, biological process and cellular compo-
nent. A gene product has one or more molecular 
functions and is used in one or more biological 
processes; it might be associated with one or more 
cellular components. KEGG is a collection of 
manually drawn pathway maps representing the 
current knowledge on the molecular interaction 
and reaction networks for metabolism, genetic 
information processing, environmental information 
processing, cellular processes and human diseases. 
The current version contains 354 reference path-
ways (release 45.0, January 1, 2008). Onto-Express 
(Draghici et al. 2003a; Draghici et al. 2003b; 
Khatri et al. 2004) was used to identify any enriched 
GO terms in the genes under selection relative to 
all the differentially expressed genes. Similarly, 
Pathway-Express (Draghici et al. 2003a; Draghici 
et al. 2003b; Khatri et al. 2004) was used to identify 

any enriched KEGG pathways. A false discovery 
rate (FDR) of 20% (corrected p value) after 
Benjamini-Hochberg (BH) correction (Benjamini 
and Hochberg, 1995) was used for signifi cance in 
these enrichment analyses (with at least 2 genes).

Results

Differentially expressed genes under 
recent positive selection
Using the web application Happlotter, 27 genes 
were found to be targets of significant recent 
positive selection (empirical P � 0.05) (Table 1). 
Among them, 26 genes are under selection in either 
CEU or YRI samples (13 in CEU and 13 in YRI). 
One gene, HNRPH3, is under selection in both 
populations. Considering gene expression and the 
selection profi le, there could be 4 combinations: 
1) 8 genes with higher expression in YRI are under 
selection in YRI only; 2) 6 genes with higher 
expression in YRI are under selection in CEU only; 
3) 7 genes with higher expression in CEU are under 
selection in CEU only; and 4) 5 genes with higher 
expression in CEU are under selection in YRI only. 
Some examples are shown in Figures 1 and 2. In 
contrast, expression HNRPH3 was found to be 
higher in YRI. Supplemental Tables 1 and 2 list 
the data for all differential genes we tested.

Gene ontology and pathway analyses 
of the genes under selection
Table 2 shows the enriched GO terms among the 
27 differential genes under selection relative to the 
background of all differential genes. At FDR�20%, 
three biological processes (transcription, regulation 
of transcription from RNA polymerase II promoter 
and apoptosis), four molecular functions (lipid 
binding, binding, metal ion binding, transcription 
factor activity) and 2 cellular components (lyso-
some, mitochondrion) were overrepresented. At 
FDR�20%, no KEGG pathway was enriched 
among these genes.

Discussion
Though debates exist on the models of human 
evolution such as the “Out of Africa” theory, 
which hypothesizes that modern humans in 
Europe migrated from Africa about 50,000 to 
100,000 years ago (Stinger, 1974b; Stringer and 
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Andrews, 1988), the variations between the 
current European and African populations, how-
ever, should have evolved during this timeframe. 
In this work, we focused on the evolutionary his-
tory of the variation in one important phenotype, 
gene expression, between individuals of European 
and African ancestry.

Previously, we identifi ed a list of differentially 
expressed genes between the HapMap CEU and 
YRI samples (Zhang et al. 2008a). Our fi rst goal 
was to identify those differential genes that have 

been the targets of significant recent positive 
selection. Using Happlotter, 27 genes out of the 
total 356 differential genes in the analysis set 
showed strong signals for selection (empirical 
P � 0.05) (Table 1). Most of these 27 genes have 
selectively lower or selectively higher expression 
in either CEU or YRI samples. Only one gene, 
HNRPH3 (with higher expression in YRI) has 
evidence of selection in both populations. HNRPH3 
(heterogeneous nuclear ribonucleoprotein H3) is 
involved in the biological process of nuclear RNA 

Table 1. 27 differentially expressed genes between the CEU and YRI samples are under recent positive selection.

Affymetrix 
Transcript 
Cluster IDa

Gene Symbol Cytoband P (CEU)b P (YRI)b Population 
Under 
Selection

Expression Higher in CEU c

3065546 DPY19L2P2 7q22.1 0.0014 0.55 CEU
2560141 MRPL53 2p13.1 0.0024 0.36 CEU
3431892 SH2B3 12q24 0.0061 0.55 CEU
3226340 PTGES2 9q34.11 0.014 0.31 CEU
2394626 ACOT7 1p36.31-p36.11 0.028 0.41 CEU
2391302 CENTB5 1p36.33 0.030 0.64 CEU
3062868 BAIAP2L1 7q21.3 0.045 0.55 CEU
2672016 FYCO1 3p21.31 0.53 0.0098 YRI
2829171 TCF7 5q31.1 0.45 0.031 YRI
3230811 DPP7 9q34.3 0.63 0.035 YRI
3820727 QTRT1 19p13.3 0.79 0.038 YRI
3677752 TRAP1 16p13.3 0.45 0.044 YRI

Expression Higher in YRI c

2517408 AGPS 2q31.2 0.00088 0.27 CEU
3568108 SGPP1 14q23.2 0.0056 0.077 CEU
2405893 C1orf212 1p34.3 0.019 0.55 CEU
3727712 PCTP 17q21-q24 0.023 0.077 CEU
3014855 ZKSCAN5 7q22 0.030 0.091 CEU
3949017 FLJ20699 22q13 0.037 0.36 CEU
3249738 HNRPH3 10q22 0.037 0.041 CEU/YRI
3464000 CCDC59 12q21.31 0.14 0.0010 YRI
3933817 WDR4 21q22.3 0.19 0.0048 YRI
3515009 VPS36 13q14.3 0.79 0.0098 YRI
3884324 CTNNBL1 20q11.23-q12 0.79 0.015 YRI
3755862 IKZF3 17q21 0.63 0.021 YRI
2328868 HDAC1 1p34 0.34 0.025 YRI
2495881 EIF5B 2q11.2 0.53 0.028 YRI
2737069 METAP1 4q23 0.29 0.038 YRI
a: Affymetrix GeneChip® Human Exon 1.0 ST Array.
b: empirical p value reported by Happlotter (Voight et al. 2006).
c: expression profi le (Zhang et al. 2008a).
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splicing (Ashburner et al. 2000; Honore, 2000). 
This suggests its higher expression in YRI and 
lower expression in CEU may have certain 
evolutionary advantages in each population 
(potentially) through the regulation of alternative 
splicing. The differences in alternative splicing 
or transcript isoform variation between these 

populations, however, have not been comprehensively 
investigated yet (Zhang et al. 2008b).

To further illustrate the functions of these genes, 
our next goal was to investigate if the 27 differen-
tial genes under selection were enriched in certain 
specifi c GO terms and/or known pathways. Inter-
estingly, many enriched biological processes and 
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Figure 1. Two genes with expression higher in CEU are under recent positive selection. (A) DPY19L2P2 (Chr7: 102,409,531–102,514,791) 
is under selection in CEU (Red); (B) FYCO1 (Chr3: 45,934,399–46,012,303) is under selection in YRI (Blue). X-axis is genomic position 
(HapMap release 21, dbSNP b125). Y-axis is |iHS| score. The |iHS| cutoff for selection is 2. The target gene is marked by a black bar. The 
100 Kb fl anking regions are also showed.
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Figure 2. Two genes with expression higher in YRI are under recent positive selection. (A) AGPS (Chr2: 178,083,009 –178,228,511) is 
under selection in CEU (Red); (B) CCDC59 (Chr12: 81,249,086–81,254,640) is under selection in YRI (Blue). X-axis is genomic position 
(HapMap release 21, dbSNP b125). Y-axis is |iHS| score. The |iHS| cutoff for selection is 2. The target gene is marked by a black bar. The 
100 Kb fl anking regions are also showed.
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molecular functions are related to transcription and 
its regulation (Table 2). For example, one enriched 
biological process: transcription is comprised of 
six genes under selection (CCDC59, VPS36, TCF7, 
ZKSCAN5, IKZF3 and HDAC1), among which 
three (ZKSCAN5, IKZF3 and HDAC1) are involved 
in an enriched molecular function: transcription 
factor activity. Clearly, the selection of these tran-
scription-related genes can infl uence the pheno-
types of more downstream genes, which may not 
be the direct targets for selection themselves. The 
most signifi cant enrichment of the GO terms is the 
molecular function of lipid binding (P = 0.0056, 
Corrected P = 0.032), involving two genes (VPS36 
and DPP7) (Table 2). In contrast, Voight et al. 
showed that lipid and fatty acid binding was 
enriched among all of the genes with evidence for 
partial sweeps in one or more populations (Voight 
et al. 2006). VPS36 (vacuolar protein sorting 36 
homolog, S. cerevisiae) is involved in the enriched 
biological process of transcription, suggesting its 
role in the regulation of transcription. It is also in 
the enriched cellular component of lysosome, 
indicating its role in macromolecule digestion. 
Though the function of VPS36 in humans is not 
clear, its homolog in yeast has been shown to be 
involved in the negative regulation of transcription 
from RNA polymerase II promoter by glucose 
(Kamura et al. 2001). Therefore, its selection in 

YRI (with higher expression) might be due to the 
differences in food sources between the European 
and African populations. In contrast, DPP7 
(phosphatidylcholine transfer protein) is involved 
in lipid transport (Cohen et al. 1999) through the 
activity of phosphatidylcholine transmembrane 
transporter (Cohen et al. 1999; van Helvoort et al. 
1999). Potentially, this suggests that its selectively 
lower expression in YRI might also be related to 
the differences in food sources, which are different 
between sub-Sahara Africans and Europeans. 
Notable, the typical Yoruba diet has been heavy 
with starchy tubers, fruits and grains, light on ani-
mal foods (Bascom, 1951) while the northern 
European diet generally consists of a large serving 
of meat, poultry, or fi sh, accompanied by small 
side dishes of vegetables and starch (James, 2004). 
Though an important type of selective pressure that 
has confronted modern humans is the transition 
to novel food sources with the advent of agricul-
ture, domestication and the colonization of new 
habitats, we still lack many details (e.g. the history 
of food-source changes and biological function of 
these genes) to link these together to interpret the 
selection signatures we observed. The most widely-
appreciated example in this category is probably 
the gene encoding lactase (LCT) which is essential 
for digestive hydrolysis of lactose in milk. Lactase 
persistence is associated with one haplotype, which 

Table 2. Enriched Gene Ontology terms among the genes under selection (at least 2 genes).

GO Category GO Term P Corrected Pa Gene Symbol
Biological 
Progress

transcription 0.010 0.11 CCDC59, VPS36, TCF7, ZKSCAN5, IKZF3,
HDAC1

regulation of 
transcription 
from RNA 
polymerase II 
promoter

0.014 0.12 TCF7, IKZF3

apoptosis 0.027 0.20 SGPP1, CTNNBL1
Molecular 
Function

lipid binding 0.0057 0.032 VPS36, PCTP

binding 0.020 0.077 FLJ20699, CTNNBL1
metal ion 
binding

0.035 0.11 ZKSCAN5, QTRT1, FYCO1, IKZF3, METAP1, 
CENTB5

transcription 
factor activity

0.048 0.15 ZKSCAN5, IKZF3, HDAC1

Cellular 
Component

lysosome 0.0031 0.092 VPS36, DPP7

mitochondrion 0.016 0.11 AGPS, MRPL53, TRAP1, PTGES2, ACOT7
a: Corrected p value after BH correction (Benjamini and Hochberg 1995).
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is very common only in northern Europeans 
(Harvey et al. 1998; Hollox et al. 2001). Evidence 
has shown that early Europeans were unable to 
digest milk because the gene LCT was missing in 
Neolithic skeletons dating to between 5,840 and 
5,000 BC, therefore, the ability to drink milk was 
thought to be the most advantageous trait that was 
evolved in Europeans in the recent past (Burger 
et al. 2007). Interestingly, convergent evolution of 
LCT due to strong selective pressure resulting from 
shared cultural traits (i.e. animal domestication and 
adult milk consumption) has been observed in 
certain African and European populations (Tishkoff 
et al. 2007). On one hand, the fact that signals of 
selection around genes involved in the metabolism 
of carbohydrates, fat and alcohol have been found 
to be enriched in these populations (Voight et al. 
2006) lends support to the idea of dietary 
adaptations in terms of processing new food 
sources during human evolution. On the other 
hand, our results further suggest that the selection 
due to dietary adaptations could play a role in 
defi ning at least some differential gene expression 
between the current CEU and YRI populations.

Overall, we found a small fraction (~8%) of the 
differentially expressed genes between the CEU 
and YRI samples that have been under strong 
recent positive selection. Therefore, the majority 
of the differential genes do not have evidence for 
positive selection based on the current data, sug-
gesting other mechanisms (e.g. genetic drift, 
stabilizing selection) could be responsible for their 
variations among the current European and African 
populations. Previous studies in other organisms 
have also suggested that divergence among popu-
lations is primarily affected by neutral drift and 
stabilizing selection and to a lesser degree by 
directional selection (Whitehead and Crawford, 
2006). A recent study uisng the HapMap genotypic 
data showed that negative selection has globally 
reduced human population differentiation at amino 
acid-altering mutations, particularly in disease-
related genes, while positive selection has ensured 
the regional adaptation of human populations by 
increasing population differentiation in gene 
regions (Barreiro et al. 2008). However, since the 
HapMap genotypic data may not be able to capture 
all genetic variations among these populations 
(Tantoso et al. 2006; Zhang and Dolan, 2008b), we 
can not rule out the possibility that we could have 
missed some signals of selection because of the 
untyped and undiscovered SNPs. The results from 

the deep resequencing projects such as the 
SeattleSNPs Project (http://pga.mbt.washington.
edu/) and the National Institute of Environmental 
Health Sciences (NIEHS) Environmental Genome 
Project (http://www.niehs.nih.gov/) could poten-
tially improve our power to identify more differ-
entially expressed genes under selection in the 
future (Zhang and Dolan, 2008a). Finally, there are 
some limitations of our model using the HapMap 
LCLs. It should be noted that the CEU samples 
were collected approximately decades earlier than 
the YRI samples. Therefore, the collection-time 
difference could be a confounding factor for iden-
tifying differentially expressed genes between the 
CEU and YRI samples. A collection of European 
and Yoruba cell lines in the future will allow more 
accurate estimation of the variation in gene expres-
sion between these two populations, thus providing 
a better picture of the evolutionary history of the 
gene expression phenotype.

In conclusion, we report here that some differ-
entially expressed genes between the CEU and YRI 
samples have been under recent positive selection. 
These genes were enriched in certain biological 
processes, molecular functions and cellular com-
ponents. Our results can provide unique insights 
into the evolutionary history of the variation in the 
gene expression phenotype.
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Table S1. Evidence of selection among the genes with expression higher in the 
CEU samples.

Table S2. Evidence of selection among the genes with expression higher in the 
YRI samples.


Expression Higher in CEU

		Affymetrix Transcript Cluster ID		Gene Title		Gene Symbola		Cytoband		Pb (CEU)		Pb (YRI)		Under Selection

		2326993		synaptotagmin-like 1		SYTL1		1p36.11		0.79		0.64

		2333678		UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, polypeptide 2		B4GALT2		1p34-p33		0.39		0.47

		2334191		polo-like kinase 3		PLK3		1p34.1		0.63		0.47

		2391302		centaurin, beta 5		CENTB5		1p36.33		0.03		0.64		CEU

		2394361		nephronophthisis 4		NPHP4		1p36.22		0.39		0.55

		2394626		acyl-CoA thioesterase 7		ACOT7		1p36.31-p36.11		0.028		0.41		CEU

		2396461		spermidine synthase		SRM		1p36-p22		0.53		0.55

		2400793		heparan sulfate proteoglycan 2		HSPG2		1p36.1-p34		0.45		0.89

		2458921		inositol 1,4,5-trisphosphate 3-kinase B		ITPKB		1q42.13		0.79		0.76

		2532021		prothymosin, alpha (gene sequence 28)		PTMA		2q35-q36		0.53		0.64

		2550325		oxoeicosanoid (OXE) receptor 1		OXER1		2p21		0.15		0.17

		2560141		mitochondrial ribosomal protein L53		MRPL53		2p13.1		0.0024		0.36		CEU

		2576281		p20		LOC130074		2q21.1		0.14		0.64

		2576554		family with sequence similarity 128, member B		FAM128B		2q21.1		0.79		0.76

		2655438		dishevelled, dsh homolog 3 (Drosophila)		DVL3		3q27		0.53		0.17

		2672016		FYVE and coiled-coil domain containing 1		FYCO1		3p21.31		0.53		0.0098		YRI

		2694675		H1 histone family, member X		H1FX		3q21.3		0.63		0.89

		2714729		KIAA1530 protein		KIAA1530		4p16.3		0.45		0.15

		2757347		transmembrane protein 129		TMEM129		4p16.3		0.53		0.64

		2766262		toll-like receptor 6		TLR6		4p14		0.45		0.47

		2829171		transcription factor 7		TCF7		5q31.1		0.45		0.031		YRI

		2830861		early growth response 1		EGR1		5q31.1		0.79		0.64

		2843091		regulator of G-protein signalling 14		RGS14		5q35.3		0.63		0.31

		2865050		ribosomal protein S23		RPS23		5q14.2		0.14		0.15

		2881672		TNFAIP3 interacting protein 1		TNIP1		5q32-q33.1		0.39		0.64

		2897899		SRY (sex determining region Y)-box 4		SOX4		6p22.3		-		0.41

		2901970		discoidin domain receptor family, member 1		DDR1		6p21.3		0.11		0.1

		2904000		high mobility group AT-hook 1		HMGA1		6p21		-		0.76

		2905169		cyclin-dependent kinase inhibitor 1A (p21, Cip1)		CDKN1A		6p21.2		0.29		0.15

		2906824		forkhead box P4		FOXP4		6p21.1		0.39		0.76

		2927722		heme binding protein 2		HEBP2		6q24		0.092		0.31

		2939232		tubulin, beta 2B		TUBB2B		6p25		-		0.31

		2946215		histone cluster 1, H3b		HIST1H3B		6p21.3		0.085		0.21

		2950629		TAP binding protein (tapasin)		TAPBP		6p21.3		0.13		0.06

		2954355		cullin 7		CUL7		6p21.1		0.45		0.64

		3008220		CAP-GLY domain containing linker protein 2		CLIP2		7q11.23		0.26		0.76

		3016636		SH2B adaptor protein 2		SH2B2		7q22		0.26		0.89

		3023318		tetraspanin 33		TSPAN33		7q32.1		0.45		0.89

		3057755		POM (POM121 homolog, rat) and ZP3 fusion		POMZP3		7q11.23		0.79		0.27

		3062868		BAI1-associated protein 2-like 1		BAIAP2L1		7q21.3		0.045		0.55		CEU

		3065546		hypothetical protein FLJ36166		DPY19L2P2		7q22.1		0.0014		0.55		CEU

		3089360		solute carrier family 39 (zinc transporter), member 14		SLC39A14		8p21.3		0.79		0.21

		3091077		dihydropyrimidinase-like 2		DPYSL2		8p22-p21		0.067		0.64

		3119945		glutamate receptor, ionotropic, N-methyl D-asparate-associated protein 1 (glutamate binding)		GRINA		8q24.3		0.79		0.21

		3158478		F-box and leucine-rich repeat protein 6		FBXL6		8q24.3		0.79		0.47

		3158767		RecQ protein-like 4		RECQL4		8q24.3		0.79		0.55

		3158812		leucine rich repeat containing 24		LRRC24		8q24.3		0.79		0.55

		3181240		tropomodulin 1		TMOD1		9q22.3		0.63		0.41

		3188697		NIMA (never in mitosis gene a)-related kinase 6		NEK6		9q33.3-q34.11		0.63		0.89

		3190762		endonuclease G		ENDOG		9q34.1		0.085		0.071

		3193339		retinoid X receptor, alpha		RXRA		9q34.3		0.63		0.54

		3226340		prostaglandin E synthase 2		PTGES2		9q34.11		0.014		0.31		CEU

		3230811		dipeptidyl-peptidase 7		DPP7		9q34.3		0.63		0.035		YRI

		3261643		nuclear factor of kappa light polypeptide gene enhancer in B-cells 2 (p49/p100)		NFKB2		10q24		0.053		0.13

		3299504		actin, alpha 2, smooth muscle, aorta		ACTA2		10q23.3		0.29		0.76

		3315024		ADAM metallopeptidase domain 8		ADAM8		10q26.3		0.12		0.64

		3316149		EPS8-like 2		EPS8L2		11p15.5		0.79		0.47

		3326635		CD44 molecule (Indian blood group)		CD44		11p13		0.45		0.31

		3329649		damage-specific DNA binding protein 2, 48kDa		DDB2		11p12-p11		0.63		0.077

		3333358		inner centromere protein antigens 135/155kDa		INCENP		11q12-q13		0.79		0.077

		3337918		two pore segment channel 2		TPCN2		11q13.2		0.79		0.55

		3338552		cortactin		CTTN		11q13		0.45		0.27

		3358425		leucine-rich repeats and death domain containing		LRDD		11p15.5		0.79		0.47

		3431892		SH2B adaptor protein 3		SH2B3		12q24		0.0061		0.55		CEU

		3439013		nucleolar complex associated 4 homolog (S. cerevisiae)		NOC4L		12q24.33		0.23		-

		3452818		vitamin D (1,25- dihydroxyvitamin D3) receptor		VDR		12q13.11		0.45		0.24

		3476457		nuclear receptor co-repressor 2		NCOR2		12q24		0.34		0.41

		3543539		papilin, proteoglycan-like sulfated glycoprotein		PAPLN		14q24.2		0.39		0.31

		3554728		metastasis associated 1		MTA1		14q32.3		0.14		0.41

		3557666		junctophilin 4		JPH4		14q11		0.11		0.64

		3572869		chromosome 14 open reading frame 4		C14orf4		14q24.3		0.53		0.64

		3603687		transmembrane emp24 protein transport domain containing 3		TMED3		15q24-q25		0.29		0.11

		3604287		interleukin 16 (lymphocyte chemoattractant factor)		IL16		15q26.3		0.21		0.64

		3644057		mitogen-activated protein kinase 8 interacting protein 3		MAPK8IP3		16p13.3		0.079		0.64

		3644593		G protein beta subunit-like		GBL		16p13.3		0.39		-

		3656318		proline rich 14		PRR14		16p11.2		0.53		0.76

		3656635		F-box and leucine-rich repeat protein 19		FBXL19		16p11.2		0.53		0.55

		3668834		zinc and ring finger 1		ZNRF1		16q23.1		0.29		0.47

		3673684		chromatin licensing and DNA replication factor 1		CDT1		16q24.3		0.79		0.47

		3675430		RNA pseudouridylate synthase domain containing 1		RPUSD1		16p13.3		0.079		0.55

		3676113		non-metastatic cells 3, protein expressed in		NME3		16q13		0.072		0.64

		3677752		TNF receptor-associated protein 1		TRAP1		16p13.3		0.45		0.044		YRI

		3704376		family with sequence similarity 38, member A		FAM38A		16q24.3		0.63		0.47

		3704495		adenine phosphoribosyltransferase		APRT		16q24		0.79		0.47

		3712098		small nucleolar RNA, C/D box 49A		SNORD49A		17p11.2		NA		NA

		3722770		chromosome 17 open reading frame 53		C17orf53		17q21.31		0.63		0.27

		3726569		spermatogenesis associated 20		SPATA20		17q21.33		0.79		0.47

		3734760		mitochondrial ribosomal protein S7		MRPS7		17q25		0.1		0.41

		3748188		flightless I homolog (Drosophila)		FLII		17p11.2		0.29		0.21

		3756319		chemokine (C-C motif) receptor 7		CCR7		17q12-q21.2		0.79		0.41

		3757602		likely ortholog of mouse D11lgp2		DHX58		17q21.2		0.39		0.76

		3773980		chromosome 17 open reading frame 70		C17orf70		17q25.3		0.63		0.89

		3774635		fatty acid synthase		FASN		17q25		0.79		0.64

		3815416		ATP-binding cassette, sub-family A (ABC1), member 7		ABCA7		19p13.3		0.15		0.36

		3816225		chromosome 19 open reading frame 36		C19orf36		19p13.3		0.34		0.64

		3816611		thimet oligopeptidase 1		THOP1		19q13.3		0.63		0.89

		3820469		intercellular adhesion molecule 5, telencephalin		ICAM5		19p13.2		0.79		0.76

		3820727		queuine tRNA-ribosyltransferase 1 (tRNA-guanine transglycosylase)		QTRT1		19p13.3		0.79		0.038		YRI

		3821893		jun B proto-oncogene		JUNB		19p13.2		NA		NA

		3823982		myosin IXB		MYO9B		19p13.1		0.79		0.55

		3824178		ankyrin repeat domain 41		ANKRD41		19p13.11		0.63		0.64

		3824226		GTP binding protein 3 (mitochondrial)		GTPBP3		19p13.11		0.63		0.64

		3824497		microtubule-associated protein 1S		MAP1S		19p13.11		0.63		0.76

		3830002		GRAM domain containing 1A		GRAMD1A		19q13.11		0.79		0.55

		3830864		sorting nexin 26		SNX26		19q13.12		0.26		0.24

		3833620		latent transforming growth factor beta binding protein 4		LTBP4		19q13.1-q13.2		0.63		0.64

		3839006		prostate tumor overexpressed gene 1		PTOV1		19q13.33		0.23		0.36

		3839057		TBC1 domain family, member 17		TBC1D17		19q13.33		0.23		0.36

		3840058		protein phosphatase 2 (formerly 2A), regulatory subunit A , alpha isoform		PPP2R1A		19q13.33		0.45		0.31

		3846982		toll-like receptor adaptor molecule 1		TICAM1		19p13.3		0.63		0.41

		3848492		Fc fragment of IgE, low affinity II, receptor for (CD23)		FCER2		19p13.3		0.53		0.76

		3850234		ribonucleoprotein, PTB-binding 1		RAVER1		19p13.2		0.79		0.89

		3850278		tyrosine kinase 2		TYK2		19p13.2		0.79		0.47

		3852407		regulatory factor X, 1 (influences HLA class II expression)		RFX1		19p13.1		0.79		0.47

		3854349		abhydrolase domain containing 8		ABHD8		19p13.11		0.63		0.64

		3885537		phospholipase C, gamma 1		PLCG1		20q12-q13.1		0.14		0.36

		3892456		synovial sarcoma translocation gene on chromosome 18-like 1		SS18L1		20q13.3		0.34		0.76

		3893642		Lck interacting transmembrane adaptor 1		LIME1		20q13.3		NA		NA

		3903361		S-adenosylhomocysteine hydrolase		AHCY		20cen-q13.1		0.79		0.11

		3903836		integrin beta 4 binding protein		EIF6		20q12		0.26		0.41

		3923632		phosphofructokinase, liver		PFKL		21q22.3		0.53		0.55

		3935232		chromosome 21 open reading frame 56		C21orf56		21q22.3		0.39		0.89

		3939365		SWI/SNF related, matrix associated, actin dependent regulator of chromatin, subfamily b, member 1		SMARCB1		22q11.23|22q11		0.53		0.55

		3950629		TraB domain containing		TRABD		22q13.33		0.21		0.64

		3960388		phospholipase A2, group VI (cytosolic, calcium-independent)		PLA2G6		22q13.1		0.79		0.11

		3965697		histone deacetylase 10		HDAC10		22q13.31		0.39		0.76

		3996467		plexin A3		PLXNA3		Xq28		NA		NA

		a: differentially expressed genes reported by Zhang et al.

		b: emirical p value reported by Happloter.
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Expression Higher in YRI

		Affymetrix Transcript Cluster ID		Gene Title		Gene Symbola		Cytoband		Pb (CEU)		Pb (YRI)		Under Selection

		2328868		histone deacetylase 1		HDAC1		1p34		0.34		0.025		YRI

		2331727		CAP, adenylate cyclase-associated protein 1 (yeast)		CAP1		1p34.2		0.14		0.36

		2336383		PRP38 pre-mRNA processing factor 38 (yeast) domain containing A		PRPF38A		1p33-p32.1		0.26		0.1

		2336585		sterol carrier protein 2		SCP2		1p32		0.057		0.89

		2342576		acyl-Coenzyme A dehydrogenase, C-4 to C-12 straight chain		ACADM		1p31		0.79		0.17

		2350287		PRP38 pre-mRNA processing factor 38 (yeast) domain containing B		PRPF38B		1p13.3		0.53		0.27

		2350840		guanine nucleotide binding protein (G protein), alpha inhibiting activity polypeptide 3		GNAI3		1p13		0.37		0.24

		2351393		RNA binding motif protein 15		RBM15		1p13		0.79		0.47

		2351572		CD53 molecule		CD53		1p13		0.45		0.19

		2351632		choline/ethanolamine phosphotransferase 1		CEPT1		1p13.3		0.53		0.41

		2365119		microsomal glutathione S-transferase 3		MGST3		1q23		0.45		0.76

		2391647		SSU72 RNA polymerase II CTD phosphatase homolog (S. cerevisiae)		SSU72		1p36.33		0.072		0.41

		2396009		leucine zipper and CTNNBIP1 domain containing		LZIC		1p36.22		0.19		0.89

		2405893		chromosome 1 open reading frame 212		C1orf212		1p34.3		0.019		0.55		CEU

		2409613		prion protein interacting protein		PRNPIP		1p32		0.63		0.13

		2412529		nardilysin (N-arginine dibasic convertase)		NRD1		1p32.2-p32.1		0.29		0.64

		2413153		chromosome 1 open reading frame 123		C1orf123		1p32.3		0.79		0.077

		2413578		transmembrane protein 59		TMEM59		1p36-p31		0.79		0.55

		2421883		guanylate binding protein 1, interferon-inducible, 67kDa		GBP1		1p22.2		0.34		0.47

		2434319		acidic (leucine-rich) nuclear phosphoprotein 32 family, member E		ANP32E		1q21.2		0.21		0.89

		2461891		beta-1,3-N-acetylgalactosaminyltransferase 2		B3GALNT2		1q42.3		0.79		0.89

		2477302		coiled-coil domain containing 75		CCDC75		2p22.2		0.39		0.64

		2487412		annexin A4		ANXA4		2p13		0.79		0.19

		2491676		vesicle-associated membrane protein 5 (myobrevin)		VAMP5		2p11.2		0.45		0.31

		2495881		eukaryotic translation initiation factor 5B		EIF5B		2q11.2		0.53		0.028		YRI

		2517408		alkylglycerone phosphate synthase		AGPS		2q31.2		0.00088		0.27		CEU

		2519860		asparagine synthetase domain containing 1		ASNSD1		2p24.3-q21.3		0.39		0.17

		2540317		protein disulfide isomerase family A, member 6		PDIA6		2p25.1		0.79		0.76

		2547716		family with sequence similarity 98, member A		FAM98A		2p22.3		0.53		0.31

		2574646		bridging integrator 1		BIN1		2q14		0.79		0.89

		2619323		synovial sarcoma translocation gene on chromosome 18-like 2		SS18L2		3p21		0.79		0.55

		2657025		receptor (chemosensory) transporter protein 4		RTP4		3q27.3		0.39		0.76

		2671101		transmembrane protein 16K		TMEM16K		3p22.1-p21.33		0.39		0.21

		2672467		coiled-coil domain containing 12		CCDC12		3p21.31		0.062		0.55

		2676518		Scm-like with four mbt domains 1		SFMBT1		3p21.1		0.53		0.36

		2696379		anaphase promoting complex subunit 13		ANAPC13		3q22.1		0.79		0.64

		2708855		lipase, member H		LIPH		3q27		0.14		0.47

		2717049		Mof4 family associated protein 1		MRFAP1		4p16.1		0.79		0.89

		2724472		huntingtin interacting protein 2		HIP2		4p14		0.29		0.31

		2730531		disrupter of silencing 10		SAS10		4q13.3		0.12		0.47

		2737069		methionyl aminopeptidase 1		METAP1		4q23		0.29		0.038		YRI

		2750527		kelch-like 2, Mayven (Drosophila)		KLHL2		4q21.2		0.53		0.41

		2759303		Morf4 family associated protein 1-like 1		MRFAP1L1		4p16.1		0.79		0.89

		2772017		YTH domain containing 1		YTHDC1		4q13.2		0.79		0.083

		2775965		coenzyme Q2 homolog, prenyltransferase (yeast)		COQ2		4q21.23		0.085		0.41

		2779638		protein phosphatase 3 (formerly 2B), catalytic subunit, alpha isoform		PPP3CA		4q21-q24		0.63		0.89

		2779823		solute carrier family 39 (zinc transporter), member 8		SLC39A8		4q22-q24		0.39		0.89

		2792420		hypothetical protein FLJ38482		FLJ38482		4q32.3		0.21		0.36

		2828146		CDC42 small effector 2		CDC42SE2		5q31.1		0.14		0.47

		2832081		zinc finger, matrin type 2		ZMAT2		5q31.3		0.79		0.47

		2836451		microfibrillar-associated protein 3		MFAP3		5q32-q33.2		0.79		0.64

		2844082		RUN and FYVE domain containing 1		RUFY1		5q35.3		0.34		0.55

		2845043		tripartite motif-containing 41		TRIM41		5q35.3		-		0.64

		2860614		coiled-coil domain containing 125		CCDC125		5q13.2		0.53		0.76

		2871685		protein geranylgeranyltransferase type I, beta subunit		PGGT1B		5q22.3		0.63		0.55

		2894711		transmembrane protein 14B		TMEM14B		6p25.1-p23		0.79		0.76

		2924898		ring finger protein 146		RNF146		6q22.1-q22.33		0.63		0.36

		2938972		serpin peptidase inhibitor, clade B (ovalbumin), member 1		SERPINB1		6p25		0.53		0.41

		2939014		hypothetical protein MGC39372		MGC39372		6p25.2		NA		NA

		2939034		serpin peptidase inhibitor, clade B (ovalbumin), member 9		SERPINB9		6p25		0.63		0.36

		2945645		TRAF and TNF receptor associated protein		TTRAP		6p22.3-p22.1		0.79		0.12

		2945882		cytidine monophosphate-N-acetylneuraminic acid hydroxylase (CMP-N-acetylneuraminate monooxygenase)		CMAH		6p21.32		NA		NA

		2946369		histone cluster 1, H3g		HIST1H3G		6p21.3		0.79		0.64

		2963407		synaptotagmin binding, cytoplasmic RNA interacting protein		SYNCRIP		6q14-q15		0.79		0.12

		2974469		syntaxin 7		STX7		6q23.1		0.39		0.41

		2975680		BCL2-associated transcription factor 1		BCLAF1		6q22-q23		0.39		0.89

		2977510		fucosidase, alpha-L- 2, plasma		FUCA2		6q24		0.63		0.64

		3009959		protein tyrosine phosphatase, non-receptor type 12		PTPN12		7q11.23		0.45		0.89

		3014855		zinc finger with KRAB and SCAN domains 5		ZKSCAN5		7q22		0.03		0.091		CEU

		3026988		LUC7-like 2 (S. cerevisiae)		LUC7L2		7q34		0.053		0.64

		3032017		negative regulator of ubiquitin-like proteins 1		NUB1		7q36		0.53		0.76

		3042610		src kinase associated phosphoprotein 2		SKAP2		7p21-p15		0.63		0.64

		3088544		ATPase, H+ transporting, lysosomal 56/58kDa, V1 subunit B2		ATP6V1B2		8p22-p21		0.63		0.55

		3089401		protein phosphatase 3 (formerly 2B), catalytic subunit, gamma isoform		PPP3CC		8p21.3		0.79		0.24

		3089740		Rho-related BTB domain containing 2		RHOBTB2		8p21.3		0.79		0.11

		3091628		elongation protein 3 homolog (S. cerevisiae)		ELP3		8p21.1		0.63		0.55

		3095719		golgi autoantigen, golgin subfamily a, 7		GOLGA7		8p11.21		0.29		0.13

		3096368		hook homolog 3 (Drosophila)		HOOK3		8p11.21		0.092		0.89

		3107342		protein phosphatase 2C, magnesium-dependent, catalytic subunit		PPM2C		8q22.1		0.79		0.89

		3111530		enhancer of yellow 2 homolog (Drosophila)		ENY2		8q23.1		0.79		0.051

		3114365		family with sequence similarity 91, member A1		FAM91A1		8q24.13		0.45		0.76

		3114600		tRNA methyltransferase 12 homolog (S. cerevisiae)		TRMT12		8q24.13		0.79		0.76

		3130161		glutathione reductase		GSR		8p21.1		0.34		0.24

		3131844		LSM1 homolog, U6 small nuclear RNA associated (S. cerevisiae)		LSM1		8p11.2		0.79		0.31

		3133345		solute carrier family 20 (phosphate transporter), member 2		SLC20A2		8p12-p11		0.15		0.31

		3133479		ring finger protein 170		RNF170		8p11.21		0.085		0.89

		3138414		armadillo repeat containing 1		ARMC1		8q13.1		0.17		0.27

		3150844		syntrophin, beta 1 (dystrophin-associated protein A1, 59kDa, basic component 1)		SNTB1		8q23-q24		0.26		0.47

		3173748		family with sequence similarity 122A		FAM122A		9q21.11		0.79		0.051

		3175119		osteoclast stimulating factor 1		OSTF1		9q13-q21.2		0.23		0.41

		3212277		chromosome 9 open reading frame 64		C9orf64		9q21.32		0.53		0.21

		3214582		serine palmitoyltransferase, long chain base subunit 1		SPTLC1		9q22.2		0.79		0.21

		3227121		chromosome 9 open reading frame 78		C9orf78		9q34.11		0.39		0.41

		3236448		suppressor of variegation 3-9 homolog 2 (Drosophila)		SUV39H2		10p13		0.13		0.76

		3236786		phosphotriesterase related		PTER		10p12		0.19		0.64

		3240095		RAB18, member RAS oncogene family		RAB18		10p12.1		0.79		0.36

		3249587		sirtuin (silent mating type information regulation 2 homolog) 1 (S. cerevisiae)		SIRT1		10q21.3		0.079		0.083

		3249738		heterogeneous nuclear ribonucleoprotein H3 (2H9)		HNRPH3		10q22		0.037		0.041		CEU/YRI

		3252382		MYST histone acetyltransferase (monocytic leukemia) 4		MYST4		10q22.2		0.072		0.27

		3252534		sterile alpha motif domain containing 8		SAMD8		10q22.2		0.39		0.15

		3260937		progressive external ophthalmoplegia 1		PEO1		10q23.3-q24.3		0.14		0.051

		3264326		acyl-CoA synthetase long-chain family member 5		ACSL5		10q25.1-q25.2		0.63		0.19

		3264948		caspase 7, apoptosis-related cysteine peptidase		CASP7		10q25		0.39		0.19

		3265494		TruB pseudouridine (psi) synthase homolog 1 (E. coli)		TRUB1		10q25.3		0.63		0.31

		3269587		chromosome 10 open reading frame 137		C10orf137		10q26.13-q26.2		0.45		0.89

		3275132		GDP dissociation inhibitor 2		GDI2		10p15		0.53		0.071

		3277662		UPF2 regulator of nonsense transcripts homolog (yeast)		UPF2		10p14-p13		0.79		0.64

		3295032		adaptor-related protein complex 3, mu 1 subunit		AP3M1		10q22.2		0.19		0.89

		3301857		transmembrane 9 superfamily member 3		TM9SF3		10q24.1		0.63		0.36

		3320301		Ctr9, Paf1/RNA polymerase II complex component, homolog (S. cerevisiae)		CTR9		11p15.3		0.45		0.31

		3345107		ankyrin repeat domain 49		ANKRD49		11q21		0.63		0.55

		3345142		fucosyltransferase 4 (alpha (1,3) fucosyltransferase, myeloid-specific)		FUT4		11q21		0.79		0.64

		3365525		SPT2, Suppressor of Ty, domain containing 1 (S. cerevisiae)		SPTY2D1		11p15.1		0.34		0.55

		3368748		F-box protein 3		FBXO3		11p13		0.79		0.55

		3373724		structure specific recognition protein 1		SSRP1		11q12		0.79		0.76

		3382948		chloride channel, nucleotide-sensitive, 1A		CLNS1A		11q13.5-q14		0.34		0.31

		3383164		asparagine-linked glycosylation 8 homolog (S. cerevisiae, alpha-1,3-glucosyltransferase)		ALG8		11q14.1		0.79		0.64

		3392996		KIAA0999 protein		KIAA0999		11q23.3		0.1		0.065

		3396736		pseudouridylate synthase 3		PUS3		11q24.2		0.53		0.12

		3404436		C-type lectin domain family 2, member D		CLEC2D		12p13		0.79		0.066

		3412008		periphilin 1		PPHLN1		12q12		0.17		0.056

		3429754		KIAA1033		KIAA1033		12q24.11		0.63		0.89

		3429857		overexpressed in colon carcinoma-1		OCC-1		12q23.3		0.79		0.11

		3430552		PWP1 homolog (S. cerevisiae)		PWP1		12q23.3		0.79		0.55

		3431318		trichoplein, keratin filament binding		TCHP		12q24.11		0.29		0.41

		3433843		suppressor of defective silencing 3 homolog (S. cerevisiae)		SUDS3		12q24.23		0.45		0.47

		3441955		mitochondrial ribosomal protein L51		MRPL51		12p13.3-p13.1		0.53		0.13

		3442427		membrane bound O-acyltransferase domain containing 5		MBOAT5		12p13		0.79		0.21

		3443296		mannose-6-phosphate receptor (cation dependent)		M6PR		12p13		0.79		0.76

		3447129		KIAA0528		KIAA0528		12p12.1		0.79		0.17

		3447863		v-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog		KRAS		12p12.1		0.26		0.76

		3458551		Rho GTPase activating protein 9		ARHGAP9		12q14		0.39		0.55

		3464000		coiled-coil domain containing 59		CCDC59		12q21.31		0.14		0.001		YRI

		3470549		coronin, actin binding protein, 1C		CORO1C		12q24.1		0.39		0.76

		3471374		protein phosphatase 1, catalytic subunit, gamma isoform		PPP1CC		12q24.1-q24.2		0.34		0.31

		3473802		TAO kinase 3		TAOK3		12q		0.26		0.64

		3476130		strawberry notch homolog 1 (Drosophila)		SBNO1		12q24.31		0.45		0.24

		3503224		UPF3 regulator of nonsense transcripts homolog A (yeast)		UPF3A		13q34		NA		NA

		3504392		N-6 adenine-specific DNA methyltransferase 2 (putative)		N6AMT2		13q12.11		0.34		0.1

		3511031		E74-like factor 1 (ets domain transcription factor)		ELF1		13q13		0.53		0.21

		3515009		vacuolar protein sorting 36 homolog (S. cerevisiae)		VPS36		13q14.3		0.79		0.0098		YRI

		3518977		chromosome 13 open reading frame 7		C13orf7		13q31.1		0.79		0.36

		3528115		TOX high mobility group box family member 4		TOX4		14q11.2		0.79		0.55

		3529156		neuroguidin, EIF4E binding protein		NGDN		14q11.2		0.12		0.76

		3536905		kinectin 1 (kinesin receptor)		KTN1		14q22.1		0.63		0.41

		3540007		methylenetetrahydrofolate dehydrogenase (NADP+ dependent) 1, methenyltetrahydrofolate cyclohydrolase, formyltetrahydrofolate synthetase		MTHFD1		14q24		0.092		0.55

		3545525		chromosome 14 open reading frame 156		C14orf156		14q24.3		0.13		0.077

		3555461		O-sialoglycoprotein endopeptidase		OSGEP		14q11.2		0.53		0.15

		3556323		suppressor of Ty 16 homolog (S. cerevisiae)		SUPT16H		14q11.2		0.79		0.76

		3561321		MAP3K12 binding inhibitory protein 1		MBIP		14q13.3		0.79		0.15

		3562003		trafficking protein particle complex 6B		TRAPPC6B		14q21.1		0.062		0.31

		3568108		sphingosine-1-phosphate phosphatase 1		SGPP1		14q23.2		0.0056		0.077		CEU

		3568667		MYC associated factor X		MAX		14q23		0.17		0.47

		3570049		enhancer of rudimentary homolog (Drosophila)		ERH		14q24.1|7q34		0.63		0.31

		3571347		numb homolog (Drosophila)		NUMB		14q24.3		0.45		0.077

		3573152		serine palmitoyltransferase, long chain base subunit 2		SPTLC2		14q24.3-q31		0.15		0.64

		3573261		SNW domain containing 1		SNW1		14q24.3		0.092		0.056

		3573994		chromosome 14 open reading frame 145		C14orf145		14q31.1		0.1		0.24

		3590014		cancer susceptibility candidate 5		CASC5		15q14		0.26		0.89

		3590341		calcium binding protein P22		CHP		15q13.3		0.63		0.24

		3590422		Rtf1, Paf1/RNA polymerase II complex component, homolog (S. cerevisiae)		RTF1		15q15.1		0.79		0.15

		3591400		gamma tubulin ring complex protein (76p gene)		76P		15q15		0.17		0.76

		3597977		thyroid hormone receptor interactor 4		TRIP4		15q22.31		0.19		0.55

		3603408		proteasome (prosome, macropain) subunit, alpha type, 4		PSMA4		15q25.1		0.63		0.24

		3619991		NADH dehydrogenase (ubiquinone) 1 alpha subcomplex, assembly factor 1		NDUFAF1		15q11.2-q21.3		0.79		0.21

		3621692		microfibrillar-associated protein 1		MFAP1		15q15-q21		0.53		0.55

		3624362		Leo1, Paf1/RNA polymerase II complex component, homolog (S. cerevisiae)		LEO1		15q21.2		0.079		0.76

		3629761		chromosome 15 open reading frame 44		C15orf44		15q22.31		0.39		0.21

		3650802		coenzyme Q7 homolog, ubiquinone (yeast)		COQ7		16p13.11-p12.3		0.45		0.55

		3656904		fusion (involved in t(12;16) in malignant liposarcoma)		FUS		16p11.2		0.63		0.55

		3665116		core-binding factor, beta subunit		CBFB		16q22.1		0.12		0.17

		3666732		cytochrome b5 type B (outer mitochondrial membrane)		CYB5B		16q22.1		0.26		0.21

		3668617		proteasome (prosome, macropain) 26S subunit, non-ATPase, 7 (Mov34 homolog)		PSMD7		16q23-q24		0.19		0.89

		3680610		G1 to S phase transition 1		GSPT1		16p13.1		0.79		0.76

		3681705		RRN3 RNA polymerase I transcription factor homolog (S. cerevisiae)		RRN3		16p12		0.53		0.056

		3687342		HIRA interacting protein 3		HIRIP3		16p11.2		0.63		0.76

		3697799		adaptor-related protein complex 1, gamma 1 subunit		AP1G1		16q23		0.79		0.21

		3699581		transmembrane protein 170		TMEM170		16q23.1		0.11		0.077

		3701384		chromosome 16 open reading frame 61		C16orf61		16q23.2		0.13		0.13

		3708462		centaurin, beta 1		CENTB1		17p13.1		0.45		0.64

		3716337		coiled-coil domain containing 55		CCDC55		17q11.2		0.092		0.76

		3718382		coiled-coil domain containing 16		CCDC16		17q12		0.63		0.06

		3718791		TAF15 RNA polymerase II, TATA box binding protein (TBP)-associated factor, 68kDa		TAF15		17q11.1-q11.2		0.13		0.15

		3724858		T-box 21		TBX21		17q21.32		0.79		0.077

		3727712		phosphatidylcholine transfer protein		PCTP		17q21-q24		0.023		0.077		CEU

		3740304		phosphatidylinositol transfer protein, alpha		PITPNA		17p13.3		0.79		0.36

		3747522		tumor necrosis factor receptor superfamily, member 13B		TNFRSF13B		17p11.2		0.45		0.27

		3755714		PPAR binding protein		MED1		17q12-q21.1		0.29		0.27

		3755862		IKAROS family zinc finger 3 (Aiolos)		IKZF3		17q21		0.63		0.021		YRI

		3757487		DnaJ (Hsp40) homolog, subfamily C, member 7		DNAJC7		17q11.2		0.45		0.76

		3757970		PSMC3 interacting protein		PSMC3IP		17q12-q21		0.45		0.64

		3759186		G patch domain containing 8		GPATCH8		17q21.31		0.45		0.76

		3763656		tripartite motif-containing 25		TRIM25		17q23.2		0.79		0.47

		3763687		coilin		COIL		17q22-q23		0.79		0.36

		3764384		suppressor of Ty 4 homolog 1 (S. cerevisiae)		SUPT4H1		17q21-q23		0.53		0.17

		3764738		family with sequence similarity 33, member A		FAM33A		17q22		0.79		0.64

		3765059		amplified in breast cancer 1		HEATR6		17q23.1		0.53		0.47

		3766334		coiled-coil domain containing 47		CCDC47		17q23.3		0.29		0.27

		3766373		FtsJ homolog 3 (E. coli)		FTSJ3		17q23		0.29		0.27

		3772719		lectin, galactoside-binding, soluble, 3 binding protein		LGALS3BP		17q25		0.23		0.55

		3774823		casein kinase 1, delta		CSNK1D		17q25		0.34		0.55

		3781082		small nuclear ribonucleoprotein D1 polypeptide 16kDa		SNRPD1		18q11.2		0.26		0.36

		3795942		v-yes-1 Yamaguchi sarcoma viral oncogene homolog 1		YES1		18p11.31-p11.21		0.53		0.64

		3799415		AFG3 ATPase family gene 3-like 2 (yeast)		AFG3L2		18p11		0.79		0.41

		3802129		synovial sarcoma translocation, chromosome 18		SS18		18q11.2		0.29		0.41

		3811459		follicular lymphoma variant translocation 1		FVT1		18q21.3		0.45		0.55

		3828162		chromosome 19 open reading frame 2		C19orf2		19q12		0.39		0.071

		3857811		chromosome 19 open reading frame 12		C19orf12		19q12		0.79		0.47

		3861978		Paf1, RNA polymerase II associated factor, homolog (S. cerevisiae)		PAF1		19q13.1		0.12		0.76

		3872983		chromatin modifying protein 2A		CHMP2A		19q		NA		NA

		3878429		polymerase (RNA) III (DNA directed) polypeptide F, 39 kDa		POLR3F		20p11.23		0.53		0.36

		3884324		catenin, beta like 1		CTNNBL1		20q11.23-q12		0.79		0.015		YRI

		3896370		hypothetical protein KIAA1434		RP5-1022P6.2		20p12.3		0.63		0.24

		3896524		tRNA methyltransferase 6 homolog (S. cerevisiae)		TRMT6		20p12.3		0.63		0.55

		3909395		dolichyl-phosphate mannosyltransferase polypeptide 1, catalytic subunit		DPM1		20q13.13		0.21		0.76

		3933817		WD repeat domain 4		WDR4		21q22.3		0.19		0.0048		YRI

		3949017		hypothetical protein FLJ20699		FLJ20699		22q13		0.037		0.36		CEU

		3956290		phosphatidylinositol transfer protein, beta		PITPNB		22q12.1		0.79		0.17

		3959918		thiosulfate sulfurtransferase (rhodanese)		TST		22q13.1		0.53		0.47

		3970833		pyruvate dehydrogenase (lipoamide) alpha 1		PDHA1		Xp22.2-p22.1		NA		NA

		3982242		chromosome X open reading frame 26 (CXorf26), mRNA		CXorf26		Xq13.3		NA		NA

		3983105		apolipoprotein O-like		APOOL		Xq21.1		NA		NA

		3986514		phosphoribosyl pyrophosphate synthetase 1		PRPS1		Xq21-q27		NA		NA

		3994100		fragile X mental retardation 1		FMR1		Xq27.3		NA		NA

		4002741		acyl-CoA thioesterase 9		ACOT9		Xp22.11		NA		NA

		4006416		FUN14 domain containing 1		FUNDC1		Xp11.3		NA		NA

		4011989		chemokine (C-X-C motif) receptor 3		CXCR3		Xq13		NA		NA

		4015838		armadillo repeat containing, X-linked 6		ARMCX6		Xq21.33-q22.3		NA		NA

		4021469		apoptosis-inducing factor, mitochondrion-associated, 1		AIFM1		Xq25-q26		NA		NA

		a: differentially expressed genes reported by Zhang et al.

		b: emirical p value reported by Happloter.
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