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ABSTRACT

Peroxisome proliferator activated receptor (PPAR) agonists are currently used
therapeutically in humans even though many of their direct gene targets may be
unknown. Since PPARs can directly regulate gene expression through peroxisome
proliferator response elements (PPREs), we pursued the computational prediction of
PPREs on a genome-wide scale. Contrary to current hypotheses, PPREs are not isotype-
specific nor do flanking nucleotides confer additional information. However, a position
weight matrix (PWM)-based search for PPREs within upstream conserved elements
yielded sufficient selectivity for a genome-wide search. Additionally, a novel motif
occuring with greater prevalence than PPREs is revealed. Microarray and gene ontology
analyses further validate our search technique and provide new functional clusters of
genes that were not previously known to be directly regulated by PPARSs (e.g. chromatin
remodeling, DNA damage response, Wnt and MAPK signaling). This first genome-wide
library of high-confidence predicted PPAR target genes will be a valuable resource to

PPAR biologists.
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INTRODUCTION

Peroxisome proliferator-activated receptors (PPARs) are a family of nuclear
receptors that serve as cellular sensors of fatty acids and fatty acid derivatives and
broadly regulate nutrient metabolism and energy homeostasis. Thus, PPARs are
considered ideal targets for pharmaceutical intervention and are used therapeutically
despite the fact that their mechanisms are incompletely understood. Many direct PPAR
targets have been reported but no comprehensive unbiased genome-wide search for
PPAR target genes has been published.

The three PPAR isotypes—alpha, delta, and gamma—are differentially expressed
across tissue types and developmental stages. However, all three bind PPREs in
regulatory regions of their target genes. In this study, all known PPREs are collected
from the literature and basic assumptions about PPREs are investigated. The most
selective detection technique—position-weight matrix (PWM)-based search of PPREs
within upstream conserved elements—is applied to the entire human genome to develop a
library of PPAR target genes. This technique is further assessed by microarray and gene

ontology analysis, yielding new insights in PPAR biology.

METHODS

DNA source. Sequences were downloaded using the UCSC Table Browser (1) and the
Human May 2004 (2), Mouse May 2004 (3), and Rat June 2003 (4) genomic assemblies.
Collection of reported functional PPREs. Reported PPREs from 78 publications

and collection methods are detailed in Supplemental Section 1.
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Detection of PPREs in DNA sequence. PWMs were generated using the
CONSENSUS algorithm (5) on lists of reported PPREs. DNA sequences were scored
against PWMs using the PATSER program (5). A DNA sequence whose matrix score
surpassed the cutoff value was a ‘detected’ binding site. To evaluate PPREs for within-
site correlations, the GMMPS program (6), which implements a generalized-weight
matrix (GWM) model, was used.

Evaluation of PPRE detection. Detection methods were evaluated using Receiver
Operating Characteristic (ROC) curves. Optimal discrimination techniques minimize the
area under the curve. Each data point on the curve corresponds to a cutoff value: the false
negative coordinate is the fraction of reported PPREs that fall below the cutoff and the
false positive coordinate is the fraction of random human promoter regions (5000bp) that
contain a sequence which exceeds the cutoff. Although random promoter sequences may
contain true binding sites, detection in such sequence is a direct measure of selectivity
and a very useful benchmark when comparing detection methods.

Identification of over-represented motifs. To determine the significance (p < 0.05)
of motif occurrence between reported and random sets, the data were modeled using a
binomial distribution.

Microarray data analyses. NCBI’s PubMed and GEO databases were searched for
PPAR microarray studies that published accession numbers of all regulated genes. Six
were located (7-12). The two rat microarrays were excluded from tests involving
conserved elements since such data was not available for the rat. See Suppl. Section 2 for

further details.
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Gene Ontology Analysis. The MAPPFinder tool (13) within GenMAPP Version 2.0
was used to identify enriched GO terms with the Hs-Std 20041021.gdb and Mm-

Std 20040824.gdb databases.

RESULTS

Development of a New PPRE Matrix

Since the most promising of the TRANSFAC (14) matrices for PPRE detection
were those based on reported functional sites (data not shown), the literature was
searched for functional PPREs . In total, 73 DR1-like PPREs (Suppl. Table 1) were used
to construct new PWMs (Suppl. Section 3). The conservation of each nucleotide position
in the core PPRE plus 5’ flanking nucleotides using WebLogo (15) is conveyed in Fig. 1.

To evaluate whether to include flanking nucleotides in the new matrix, matrices
of widths 13 through 17bp were generated using the reported PPREs. Matrices of widths
greater than 13bp did not confer better discriminatory power (Suppl. Fig. 4A). Matrices
of various widths constructed from sequences reported to bind PPARalpha alone or
PPARgamma alone were not better discriminators of PPREs overall (Suppl. Fig. 4B).
Matrices constructed from PPREs reported to bind one of the isotypes were not better
discriminators of PPREs of the same isotype than were matrices constructed from PPREs
reported to bind the other isotype even when flanking nucleotides were included (Suppl.
Fig. 4C-4D).

Higher order probability models were also evaluated. Use of a background model

to reflect true GC content did not improve discrimination ability (data not shown).
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Furthermore, none of the nucleotide positions were co-correlated under the GWM model,

even when flanking nucleotides were included or PPREs were subgrouped by isotype.

ldentification of PPREs and a Novel Motif in Conserved Elements

To improve selectivity, the search space was restricted to conserved elements
within 5000bp upstream of reported human PPAR target genes. These elements, provided
via the human “Most Conserved” track at UCSC, are conserved in space (neighboring
nucleotides) and time (human, chimp, mouse, rat, dog, chicken, fugu, and zebrafish
genomes) as identified by Siepel’s phylogenetic hidden Markov model (phylo-HMM)
(16). Using our PWM (Suppl. Section 3) to search these elements, PPREs were over-
represented among reported human genes compared to random genes (p < 0.00001).
Furthermore, these PPREs occur with greater frequency than response elements of any
PPAR or non-PPAR transcription factor in the TRANSFAC database, using the MATCH
program (17).

The upstream conserved elements were also searched for novel motifs using
MEME (18). A motif of width 15bp with the consensus, TTCATTTGGACATTG, was
discovered. The motif here named PACM, for PPAR-associated conserved motif (PWM
in Suppl. Section 3) is more common than PPREs among these elements.

ROC curves for PPRE and PACM detection using our PWMs in upstream
conserved elements are illustrated in Fig. 2A. With an average of only four conserved
elements per gene, less than half of the reported human target genes have PPREs among
their upstream conserved elements. Thus, this method cannot predict all direct PPAR

targets. However, since the ROC curve is fairly sharp, a subset of targets can be
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predicted with high confidence. Of the reported genes that have any upstream conserved
elements, 70% have a PPRE or PACM at matrix scores for which detection in a random

promoter is less than 10%.

Microarray Data Analyses

Although many regulated genes in PPAR microarrays may be indirect or
secondary targets, at least some should be direct targets coordinated through a PPRE.
Unfortunately, less than 5% of the reported PPAR targets were regulated in three of the
four mouse microarrays. Nevertheless, the microarrays were used to assess PPRE
detection methods since one would expect some degree of PPAR target gene enrichment
among regulated genes, however small.

Detection of upstream PPREs using TRANSFAC matrices does not distinguish
up-regulated from non-regulated genes (Fig. 2B). Using our PPRE matrix, the ROC
curves fall beneath the nondiscrimination line, but the difference is underwhelming (Fig.
2C). However, when the search space is restricted to highly conserved elements, we see
a distinct selectivity for up-regulated genes in the three PPARgamma microarrays, but
not in the PPARalpha microarray (Fig. 2D). None of the methods distinguish down-

regulated genes (data not shown).

Genome-wide Prediction
We conducted a genome-wide search for PPREs among conserved elements in the
5000bp upstream of all human RefSeqs. Of 24033 genes, PPREs were detected upstream

of 1085 (cutoff score = 8). These genes and their PPREs are given in Suppl. Section 5.
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The 1207 genes with PACMs and the 172 genes with both PPREs and PACMs are in

Suppl. Sections 6 and 7.

Gene Ontology Analysis

Biological process GO terms that are statistically over-represented (Z-score > 2)
among the predicted PPAR target genes are given in Table 1. Only GO terms locally
associated (non-nested) with three or more predicted genes were retained. Predicted
PPAR target genes are sorted by these GO terms in Suppl. Section 8. GO analysis was
also conducted on the reported PPAR target genes and regulated genes from all six
microarrays. For each of these gene sets—reported, microarray, and predicted—the

enriched GO terms were grouped into general categories to elucidate functional clusters

(Fig. 3).

DISCUSSION

Prior researchers have highlighted the importance of the 5’flanking nucleotides
(19) and demonstrated isotype-specificity (20, 21) using a small set of selected PPREs.
But our study, based on a much larger set of reported PPREs, indicates that isotype-
specific PWMs are not better predictors of same-isotype PPREs. When the matrix was
extended to include flanking nucleotides, PPRE detection did not improve. Taken
together, these results suggest that if there is any isotype specificity for PPREs beyond
the generally higher binding affinity of PPARgamma, it is not inherent to either the core

DRI or immediately flanking nucleotides.
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Today, biologists commonly seek putative PPREs using the consensus or
TRANSFAC matrices. Only two of the 73 reported DR1-like PPREs match an ideal DR1
and 8% have 5 or more mismatches from consensus. Unlike TRANSFAC matrix
searches, our method detected PPREs with sufficient selectivity for a genome-wide
search and preferentially selected up-regulated genes in PPARgamma microarray studies.
Interestingly, the fact that downregulated genes were not favorably selected suggests that
the primary mechanism by which PPARs suppress gene expression is not mediated
through PPRE:s.

Although the PPAR targets predicted in our genome-wide search are not
complete, they represent an important subset, namely those that are targets across many
vertebrate species. A high false negative rate (60%) was tolerated to minimize the false
positive rate (< 10%). Nevertheless, the false negative rate of our method is still an
improvement over that of all microarrays analyzed (84-97%). Genes necessarily
excluded from the predicted library include those with PPREs outside of upstream
conserved elements and those whose PPREs are not DR1-like. Experimental verification
of individual genes in future studies is necessary for unequivocal validation and to
demonstrate the particular biological contexts—anatomical site, developmental stage,
time of observation, stimulus, co-regulatory molecules, DNA topology, etc—in which
they are regulated. Lastly, as the search space was restricted to conserved elements, there
exists the possibility that this library is relevant only to vertebrate development.
However, the economy of biology is such that developmental genes are often functional

in the mature animal as well, albeit with a different function.
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GO analysis supports the validity of the prediction method. First, both the
predicted and microarray data sets contain the functional groups represented by the set of
reported PPAR target genes. Secondly, GO terms represented by the predicted genes
match areas of known PPAR biological function such as DNA damage response, MAPK
signaling, Wnt receptor signaling, cell differentiation, and muscle development even
though direct PPAR targets in these areas were previously unknown. Our study provides
first evidence that PPARs directly target such genes.

The GO analysis also suggests new mechanistic insights. The overwhelming
number of immune-related GO terms among microarray regulated genes, but not the
reported or predicted direct targets, strongly suggests that immune function is primarily
regulated by PPARs through indirect means. The enrichment of chromatin modification
GO terms among the predicted set implies an exciting new hypothesis: PPARs directly

target chromatin remodeling genes. The fact that these genes were not regulated in the

microarray studies may be time-dependent; the earliest observation point was at 24 hours.

Chromatin remodeling genes may be targeted very early after stimulus and only
transiently. Since PPARSs can launch broad physiological changes, one might expect that
a temporary increase in the quantity of chromatin remodeling proteins would be
necessary to implement such change.

Surprisingly, a novel motif, PACM, was more prevalent than PPREs among
conserved elements upstream of reported human PPAR target genes. This element may
be bound by an unidentified transcription factor that coordinates with PPARSs to regulate
a subset of PPAR targets, especially considering that PPARgamma itself contains both

PPRE and PACM among its upstream conserved elements. Only 172 genes across the
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entire human genome contain both PPREs and PACMs in their upstream conserved
elements. GO analysis of these genes (Suppl. Section 9) suggests that their protein
products are involved in lipid metabolism, perhaps in developing neurological tissue.

In summary, the major contributions of this study include the resolution of basic
research questions about PPREs, a PPRE detection technique with demonstrated
discriminatory ability, the identification of a novel cis-acting element through which
PPAR-associated regulation is likely mediated, and new insights with respect to PPAR
regulatory function. Additionally, the methodology—PWM or GWM-based search
within conserved elements as identified by a phylo-HMM and the monitoring of error
rates using signal detection theory—can be applied to other cis-acting elements. Finally,
the library of genes that contain high-confidence predicted PPREs should be a valuable

resource for PPAR biologists.

Supplementary Material is available at JLR Online.
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Fig. 1. PPRE sequence logo. The overall height of each column indicates conservation
at that position in the alignment of 73 published DR 1-like PPREs, while the height of

each letter within the column indicates the relative frequency of each nucleic acid at that
position. Positions 5-7 represent the core DR1; positions 1-4 are 5’flanking nucleotides.
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Fig. 2. PPRE detection by PWM-based search within upstream conserved elements
is selective for a subset of the reported human PPAR target genes and for genes up-

regulated in PPARgamma microarray studies. (A) PWM-based search within
conserved elements 5000bp upstream of reported human PPAR target genes. (B)
TRANSFAC matrix-based search, (C) PWM-based search, or (D) PWM-based search
within conserved elements (B-D) 5000bp upstream of up-regulated genes. (A-D) The
false negative rate or potential FN rate is the rate at which a PPRE was not detected,
across a range of matrix score thresholds, upstream of the (A) reported genes or (B-D)
up-regulated genes. (A-D) The false positive estimate or potential FP rate is the rate at
which a PPRE was detected in conserved elements upstream of (A) randomly selected

genes or (B-D) non-regulated genes, at the same score thresholds. (A-D) The dashed line

references the line of no discrimination.
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Table 1: Biological Processes of Predicted PPAR Target Genes

GoID Go Term Z-score
45449 regulation of transcription 6.098
6355  regulation of transcription, DNA-dependent 5.94
6350  Transcription 5.85
6338  chromatin remodeling 4.054
77 DNA damage response, cell cycle arrest 3.953
16568 chromatin modification 3.786
7275  Development 3.72
8630  DNA damage response, induction of apoptosis ~ 3.596
6631  fatty acid metabolism 3.179
6366  transcription from Pol II promoter 3.037
8152  Metabolism 3.012
6635  fatty acid beta-oxidation 2.984
7243 protein kinase cascade 2.651
7223 frizzled-2 signaling pathway 2.415
7001  chromosome organization and biogenesis 2412
8151  Cell growth and/or maintenance 2.405
9653  Morphogenesis 2.356
6629  lipid metabolism 2.349
7517  muscle development 2.345
6357  regulation of transcription from Pol I promoter 2.299
9615  response to virus 2.286
30154  Cell differentiation 2.042
16055 Wnt receptor signaling pathway 2.033
187 activation of MAPK 2.016
188 inactivation of MAPK 2.016
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Fig. 3. Functional clusters of GO terms among reported, microarray-regulated, and
predicted PPAR target gene sets suggest new areas of research not yet explored by
biological experiments. For comparison across gene sets, biological process GO terms
that were over-represented in each gene set were grouped together into functional
clusters. Each oval represents a functional cluster with the number of biological process
GO terms within that cluster indicated in parentheses.
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Supplemental Section 1: Reported PPRE Collection

The PubMed database was searched for all abstracts through March 2005
containing the words “PPRE”, “PPAR response element”, or “PPAR responsive
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element”. A few additional PPREs were located using a review paper on PPARalpha
target genes (22). In order to be included in the collection, the reported PPRE had to be
supported by at least one type of experimental evidence such as a Luciferase assay, gel-
shift assay, site-directed mutagenesis, or chromatin immunoprecipitation. PPREs that
were later reported to be non-functional (19, 23-29) were eliminated. In total, 88 non-
redundant PPREs were collected from 78 publications. The 73 DR1-like PPREs are

listed in Suppl. Table 1.0. PPREs that do not remotely (more than 6 mismatches)

resemble a DR1 are listed in Suppl. Table 1.1.

Supplemental Table 1.0: Collection of non-redundant DR1-like PPRES

Accession Identifier Isotype | Location Abridged Sequence Ref.
J02753 rACO_A All -545 | AGGACAaAGGTCA (30)
M14972 rCYP4A1 All -4504 | AGGGTAaAGTTCA 31
M33648 rHMGCS2 All -79 | GGGCCAaAGGTCT (32)
NM 012600 | tME All 340 | GGGTCAaAGGTGA (33)
intron 3, (34)
NM 020581 mANGPTL4 | All +2214 | AGGAGAaAGGTCA
NM 024406 mARE7 All -5356 | GGATCAgAGTTCA (3%5)
intron 3, (34)
NM 139314 hANGPTL4 All +3458 | AGGGGAaAGGTCG
NM 198780 rPEPCK 24 All -451 | CGGCCAaAGGTCA (36)
NM 198780 rPEPCK 25 All -1003 | GGGATAaAGGTCT (36,37)
unassembled (38)
(Rabbit) oCYP4A6Z All genome | AGGGCAaAGTTCA
NM 000237 hLPL both -183 | GGGGGAaAGGGCA 39
NM 000963 hPTGS2 both -3571 | AGGCGACAGGTCA (40)
NM 012556 rFABP both AGGCCATAGGTCA (41)
NM 012682 rBFUCP both TGATCAaGGGTGA (42)
NM 012820 rACSL1 both -1758 | AGGGCATCAGTCA (43)
NM 020548 hDBI 01 both GGGACAgAGGTCG (26)
NM 021027 hUGT1A9 both -813 | AGGTCAgAGGTGA (44)
NM 031853 rDBI 01 both GGGACAQAGGTCA (26)
NM 175640 mPLIN both -2827 | GGGTGAaAGGTGA (45)
J02749 rACAA1 Alpha 1434 | AGGTCAaAAGTCA (46)
NM_000039 hAPOA1 Alpha -213 | AGGGCAgGGGTCA 47
NM_ 000452 hSLC10A2 Alpha AGGCCAgAGGTCA (48)
NM 000499 | hCYPIAL 01 | Alpha ~520 | AGCCCTQAGGTCA (49)
NM 000499 hCYP1A1 02 | Alpha -920 | GGGGCAgAGGTCA (49)
NM 003167 hSULT2A1 Alpha -5912 | AGGTGAaAGGTAA (50)
NM 004035 hACOX Alpha AGGTCACTGGTCA D
NM 004265 hFADS2 Alpha -422 | AGGGAGQAGGTCG (52)
NM 004377 hCPT1 Alpha -229 | AGGGAAaAGGTCA (53)
NM 005036 hPPARA Alpha -1303 | GGGGCAaAGTTCA (54)
NM 005518 | hHMGCS2 | Alpha GGGTCAaAGGGCT (55)
NM 009127 mSCD1 Alpha -652 | AGATGTgAAGTTA (56)
NM_012640 | rRBP2 Alpha 901 | AGGTCACAGGTCA (57)
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=202679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=M33648&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_020581&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_024406&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_139314&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_198780&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_198780&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000237&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000963&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012682&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012820&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_020548&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_021027&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_031853&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_175640&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.genome.ucsc.edu/cgi-bin/hgc?hgsid=41122497&g=mrna&i=J02749&c=chr8&o=124130148&l=124130148&r=124138687&db=rn3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000039&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000452&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000499&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000499&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_003167&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_004035&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_004265&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_004377&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_005036&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_005518&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_009127&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012640&doptcmdl=GenBank&tool=genome.ucsc.edu
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Accession Identifier Isotype | Location Abridged Sequence Ref.
NM 021139 | hUGT2B4 Alpha _1173 | AGATTAAGTTCA (58)
NM 031241 rCYP8B1 Alpha -94 | AGGTCCaAGGGCA (59)
NM 031559 rCPTla Alpha -4098 | AGCTCAaAGTTCA (60)
NM 031598 rPLA2G2A Alpha -423 | AGTTCAgAGGACA (61)
NM_ 052968 rAPOAS5 Alpha -775 | AGGTTAaAGGTCA (62)
NM 053477 rMCD Alpha -297 | AGGCAAgAGGCTG (63)
NM 053477 rMCD Alpha -206 | CAGCCAaAGGTTC (63)
NM 133606 rHD 01 Alpha -2962 | AGGTAATAGTTCA (64)
NM 133606 rHD 03 Alpha -2965 | AGGTCAaAGGAGA (64)
unassembled (65)

(Pig) pHMGCoA Alpha genome ATGTGAaAGGTCT
Alpha, (66)

NM 001122 hADFP delta -2261 | AGGTGAaAGGGCG
J02753 rACO B Gamma AGGTAGaAGGTCA (20)
M25807 rGK Gamma -313 | AGGCAACAGGTAA (67)
NM_000040 hAPOCIII Gamma TGGGCAaAGGTCA (20)
+5634 (68)

NM 000041 hAPOE Gamma downstream | AGGGGAaGGGTCA
NM 001170 | hAQP7 Gamma _44 | AGGGGAQAGGTCA (69)
NM 001643 hAPOAII Gamma AGGGTAaAGGTTG (70)
NM 002332 hLRP1 Gamma -1196 | ATGTCAgAGTTCA (71)
NM 002970 hSAT Gamma -347 | AGGTCACTTGTCG (72)
NM 002985 rCCL Gamma -324 | GGATCAgQAAGTCA (73)
NM_004797 hADIPOQ Gamma -257 | GGGGCAaAAGTCA (74)
NM 005505 hSCARBI1 Gamma -379 | AGGAGAaAGGGGA (75)
NM 005693 hLXRa Gamma -3783 | AGTACAaAGTTCA (76)
NM 007473 mAQP7 Gamma AGGGGAgAGGTCA (77)
NM 007643 mCD36 02 Gamma AAGTCACACTTCA (78)
NM 008509 mLPL Gamma AGGGGAaAGGGCA (79)
NM 008560 mMC2R Gamma -148 | AGGCCAaAGGGGA (80)
NM 009166 mSORBS1 Gamma -1097 | AGGCTAaAGGTCA (81)
NM 009463 mUCP1 Gamma -2575 | TGGTCAaGGGTGA (82)
NM 011977 mSLC27A1 Gamma GGGGCAaAGGGCA (83)
NM 012520 | rCAT Gamma 951 | AGGTGAaAGTTGA (84)
NM 012565 rGCK Gamma -131 | AGGCCACAGGGAC (85)
NM 012879 rSLC2A2 Gamma -2386 | AGGGCAaAGTACA (86)
NM 013839 mLXRa Gamma -708 | GGGGCAaAGTTCA (22)
NM 021486 mBCMO1 Gamma -61 | AGGTCAaAGGTCA (87)
NM 053537 rTILPT Gamma AGGACAaAGGCCA (88)
unassembled (89)

(Rabbit) oMMP1 Gamma genome AAAGCATGAGTCA
NM 007643 mCD36 01 Gamma AAGTCAgAGGCCA (78)
BC051196 mRETN unspecified | intron, +3386 | TGGTCAgQAGGTGT (90)
NM_ 000016 hACADM unspecified -346 | CGGGTAaAGGTGA 91)
NM 017050 rSODI unspecified -809 | GAGGCAgQAGGTCA (92)
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_021139&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_031241&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_031559&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_031598&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_052968&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_053477&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_053477&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_133606&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_133606&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001122&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=202679
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000040&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000041&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001170&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001643&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_002332&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_002970&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_002985&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_004797&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_005505&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_005693&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_008509&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_008560&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_009166&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_009463&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_011977&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012520&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012565&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_012879&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_013839&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_021486&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_053537&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_022984&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000016&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_017050&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.jlr.org
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Supplemental Table 1.1: Non-DR1 PPRE Collection
Accession | Identifier | Gene Description Isotype | Approx. | Genomic sequence Validation | Ref.
Location Notes

NM_000098 | hCPT2 Human carnitine alpha -108 | ttagtaatccGTGCTGaAGGTCAttgacata | SAME (93)
palmitoyltransferase 11 taa

NM_000235 | hLIPA Human cholesterol ester both Reported | agaggGACCCGaAGGTCACCCCGGA Not found (94)
hydrolase; -176 | gttc
synonyms: lipase A, lysosomal
acid, cholesterol esterase

NM_000780 | hCYP7A Human cytochrome P450, alpha -150 | tacctgTGGACTtAGTTCAaggccagtt SAME 95)
subfamily VIIA (cholesterol 7
alpha-monooxygenase),
polypeptide 1

NM_000784 | hCYP27 Human cytochrome P450, gamma -98 | tgcaccccCGCCCAgAGTTCAgaccaa SAME (96)
family 27 gcg

NM 001063 | hTF Human transferrin unspec. -73 | acgggAGGTCAaAGATTGcgcc SAME 97)

NM 001753 | hCAV1 Human caveolin 1 gamma -11 | caccccagcgcGGGAGAgaaaCGTTCT Insertions (98)

cactcgct

NM_005542 | hINSIG1 Human insulin-induced gene 1 | gamma -889 | gtggctttaAGCCAGaAGGTCAaaa SAME 99)

NM 006227 | hPLTP Human phospholipid transfer | alpha -297 | aaactgaGGGTCAgTGACCCaagtgaa SAME (100)
protein gTGACTTgcccaAGATCAtgca

NM 021724 | hNRI1DI Human nuclear receptor alpha -1 | ggaaaagtGTGTCActGGGGCAcgag SAME (101)
subfamily 1, group D, member
1; synonym: Rev-erb-alpha

NM 010427 | mHGF Mouse hepatocyte growth gamma 59 | gcaaAGGTCAccTGGCCCgaggccagce SAME (102)
factor tgcaat

NM_017013 | rGSTA2 03 | Rat glutathione S-transferase gamma -549 | taaaaacnAGGACNAaANGATTAaga Inserted Ns | (103)
A2

NM 017013 | rGSTA2 01 | Rat glutathione S-transferase gamma -785 | aacaAGGTCAtCACCGAtggc SAME (103)
A2

NM_017013 | rGSTA2 02 | Rat glutathione S-transferase gamma -740 | cttgGCAGGAaGGATCAgtaa SAME (103)
A2

NM 138508 | rSCP2 01 Rat sterol carrier protein x alpha -110 | gcggagCcGAGTtACAGGAagctggcagg Mutations (104)

NM 138508 | 1SCP2 02 Rat sterol carrier protein x alpha -842 | tgcctectgaGTGGATtACAGGAgctcactg | SAME (104)
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http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000098&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000235&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000780&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_000784&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001063&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_001753&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_005542&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_006227&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_021724&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_010427&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_017013&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_017013&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_017013&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_138508&doptcmdl=GenBank&tool=genome.ucsc.edu
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Search&db=Nucleotide&term=NM_138508&doptcmdl=GenBank&tool=genome.ucsc.edu
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Supplemental Section 2: Microarray Analysis Methods

NCBI’s PubMed and GEO databases were reviewed for microarray studies that
tested PPAR agonists or PPAR overexpression and published the accession numbers of
all regulated genes. Six such studies were located and included in this analysis. They are
detailed in Table 1. The Parton publication did not distinguish between up- and down-
regulated genes so this microarray was only used in the creation of the unregulated gene
set. The Yadetie microarray was omitted from tests involving conserved elements since
this track is not currently available for the rat genome. In each microarray study, the
statistical analysis of the original authors was retained such that the genes judged as
regulated in those papers were treated as PPAR-regulated genes for the purpose of this
analysis.

Table 1: Descriptions of Microarray Studies

Name Anatomical Isotype  Stimulus Time Microarray Total Ref.
(author) Site Point Chip genes
Hsiao Mouse 3T3- PPAR Pioglitazone, 1 day Affymetrix 12,488  (7)
L1 adipocytes gamma  Rosiglitazone, U74Av2
Troglitazone
Keen Mouse aorta PPAR Rosiglitazone 21 days  Affymetrix 12,488  (8)
gamma U74Av2
Parton Rat pancreatic PPAR GW-247845 + ~2 Affymetrix 28,757 (9
islets gamma  PPAR gamma days**  RAE230
overexpression
Yadetie Rat liver PPAR Ciprofibrate 60 days  In-house 4,908 (10)
alpha
Yamazaki Mouse liver PPAR Wyl4,643, 2 days,  Affymetrix 12,488 (11)
alpha fenofibrate 3 days U74Av2
Yu Mouse liver PPAR PPAR gamma 6 days Affymetrix 34,000 (12)
gamma  overexpression 430A/430B

To develop a set of PPAR-regulated genes, the DNA sequences of regulated
genes were extracted by uploading the accession numbers into the UCSC Table Browser
three times, once each for the RefSeq table, the mRNA table, and the EST table of the
rodent genome. Custom tracks were generated for each of the three tables—RefSeq,
mRNA, and EST—for every set of accession numbers of every microarray study of each
of the two regulatory directions, down or up-regulated. The three custom tracks were
then merged to form one track per microarray study and direction of regulation. The
track was then further processed with custom Perl scripts to identify missing accession
numbers and remove redundant alignments. Ultimately, the DNA sequence for some
genes could not be recovered because either the accession number was not a Reference
Sequence accession, mRNA accession, or EST accession, or the accession number no
longer existed in the current assembly. Nevertheless, DNA sequence was obtained for
92% of all of the regulated genes in the microarray studies.
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A non-regulated set of mouse genes—those not regulated in any of the six
microarray studies—was also developed. Since two of the studies were done in the rat,
these genes were first converted to mouse homologues. The track of mouse homologues
was obtained by combining the custom tracks of all of the PPAR-regulated rat genes,
uploading this track into the UCSC Table Browser, intersecting this track with the rat
KnownGenes track, and then using the accession numbers from the rat KnownGenes
track to extract the homologous mouse Known Genes via the mmBlastTab table.

The track of the mouse homologues from these two microarray studies was then
combined with the tracks of the mouse genes from the other four microarray studies to
form a master custom track of regulated mouse genes. Using a custom Perl script, this
custom track of the regulated mouse genes was extended to encompass the DNA
sequence coordinates from 6000 base pairs upstream to 6000 base pairs downstream of
each gene. The entire set of mouse Reference Sequences were then intersected with this
extended track such that only sequences that had no overlap with the regulated mouse
genes were retained. This complete set of non-regulated genes was used to compute false
positive estimates.
To check the rate at which reported targets were identified as regulated in the
mouse microarray studies (see Table 1), custom tracks of the reported and regulated
genes were assembled and then intersected using the UCSC Table Browser.
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Supplemental Section 3: PPRE and PACM Matrices

PPRE alignment matrix:

Al 48 7 5 11 5 67 47 66 5 0 4 2 61
c] 3 0o 2 11 46 2 5 1 2 0 4 57 1
G| 17 63 64 22 16 2 18 5 66 60 8 11 6
T] 5 3 229 6 2 3 1 0 13 57 3 5
PPRE position-weight matrix (PWM):
A C G T

0.96 -1.74 -7.0e-02 -1.26

-0.94 -4.30 1.23 -1.74

-1.26 -2.11 1.25 -2.11

-0.50 -0.50 0.18 0.46

-1.26 0.92 -0.13 -1.09

1.29 -2.11 -2.11 -2.11

0.94 -1.26 -1.4e-02 -1.74

1.28 -2.69 -1.26 -2.69

-1.26 -2.11 1.28 -4.30

-4.30 -4.30 1.18 -0.33

-1.47 -1.47 -0.81 1.13

-2.11 1.13 -0.50 -1.74

1.20 -2.69 -1.09 -1.26
PACM alignment matrix:
Al O 4 410 1 0 O O O 8 0 14 0 0 2
c| o o 8 1 0 O O 2 7 2100 2 4 1 0
G| o 2 1 o0 1 0O 012 9 2 3 0 3 1 9
T|] 17 11 4 6 15 17 17 3 1 5 4 1 10 15 6

PACM position-weight matrix (PWM):

A C G T
-2.89 -2.89 -2.89 1.34
-5.7e-02 -2.89 -0.69 0.92
-5.7e-02 0.61 -1.28 -5.7e-02
0.82 -1.28 -2.89 0.33
-1.28 -2.89 -1.28 1.22
-2.89 -2.89 -2.89 1.34
-2.89 -2.89 -2.89 1.34
-2.89 -0.69 1.00 -0.33
-2.89 0.48 0.72 -1.28
0.61 -0.69 -0.69 0.15
-2.89 0.82 -0.33 -5.7e-02
1.15 -0.69 -2.89 -1.28
-2.89 -5.7e-02 -0.33 0.82
-2.89 -1.28 -1.28 1.22
-0.69 -2.89 0.72 0.33
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Supplemental Section 4: Flanking nucleotides and isotype-specificity
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Fig. 3. ROC curves demonstrate insignificance of flanking nucleotides and isotype-
specificity. (A) Ability of PPRE matrices of various widths to discriminate reported
PPREs from random sequence. (B) Ability of PPARgamma-only or PPARalpha-only
matrix to discriminate reported PPREs from random sequence. (C) PPARalpha matrix:
ability to detect PPREs previously attributed to PPARalpha or PPARgamma using a
PPARalpha matrix. For the detection of each PPARalpha PPRE, the PPARalpha matrix
was rebuilt without that particular PPRE (leave-one-out algorithm). (D) PPARgamma
matrix: ability to detect PPREs previously attributed to PPARalpha or PPARgamma
using a PPARgamma-only PPRE matrix. For the detection of each PPARgamma PPRE,
the PPARgamma-only matrix was rebuilt without that particular PPRE (leave-one-out
algorithm). (A-D) The false negative rate on the x-axis reflects the rate at which reported
PPRE sequences were not identified across a range of matrix score thresholds. The false
positive estimate on the y-axis reflects the rate at which the randomly selected promoter
sequences contained a W-mer that exceeded the same matrix score thresholds. The
dashed line references the line of no discrimination.
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Supplemental Section 5: Human Genes with predicted PPRES

The human genes listed in Supplemental Table 3.0 have predicted PPREs in conserved elements that are within 5000 bps upstream of
transcription start. The genomic locations in the table refer to the May 20004 assembly of the Human Genome. A “C” in the
“COMP” column indicates that the sequence is reverse complemented compared to the genomic sequence displayed at that location.
Genes with multiple predicted PPREs have multiple entries in the table.

Supplemental Table 3.0: Human genes with predicted PPRES in their upstream conserved elements

ACCESSION GENE_NAME GENE_DESCRIPTION PPRE_SEQUENCE | PPRE_LOCATION COMP

NM_153254 TTLL5 hypothetical protein L0OC254173 AGGGCAGGGGTCA | chr1:1154943-1154955 C

NM_031921 ATAD3B AAA-ATPase TOB3 GGGTCAAAGGTGA | chrl:1489350-1489362

NM_022114 PRDM16 PR domain containing 16 isoform 1 AGGCCAGAGGGGA | chr1:3007864-3007876

NM_015102 NPHP4 Nephroretinin GGGGGAAAGGGGA | chrl:5988520-5988532 C

NM_012405 ICMT isoprenylcysteine carboxyl AGGACAAAGGCCG | chrl1:6234776-6234788 C
methyltransferase

NM_018948 MIG mitogen-inducible gene 6 protein AGGCTAGAGGTCA | chr1:8022034-8022046 C

NM_022787 NMNAT1 nicotinamide nucleotide GGCTCAAAGTTCA | chr1:9937073-9937085
adenylyltransferase 1

NM_018438 FBX06 F-box only protein 6 AGGGCACAGGTTA | chrl1:11656612-11656624 | C

NM_001066 TNFRSF1B tumor necrosis factor receptor 2 GGGCCAGAGGCCA | chr1:12161277-12161289 | C
precursor

NM_207348 SLC25A34 hypothetical protein L0OC284723 GGGGGAAAGGTCA | chrl1:15807949-15807961 | C

NM_182623 Clorfl1l7 hypothetical protein L0C348487 AGGTCACAGGGCA | chr1:16148571-16148583 | C

NM_ 207421 PADI6 peptidylarginine deiminase type 6 AGGGGAGGGGTCA | chrl:17443919-17443931 | C

NM_002584 PAX7 paired box gene 7 isoform 1 GGGGCAAAGGTCA | chr1:18701370-18701382

NM_018584 CAMK2N1 calcium/calmodul in-dependent AGGGCAGAGGGCG | chr1:20558722-20558734 | C
protein kinase 11

NM_030634 ZNFA36 zinc finger protein 436 AGGCCAAAAGCCA | chr1:23440355-23440367

NM_203401 STMN1 stathmin 1 GGGACAAAGGCGA | chrl:25916830-25916842

NM_198137 CATSPER4 "cation channel, sperm associated GGGTCAGAGGTCA | chrl1:26200172-26200184 | C
4n

NM_024674 LIN28 1in-28 homolog AGGGGAAAGGAGA | chrl:26421302-26421314
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ACCESSION GENE_NAME GENE_DESCRIPTION PPRE_SEQUENCE | PPRE_LOCATION COMP
NM_006015 ARID1A AT rich iInteractive domain 1A AAGTCAGAGGGCA | chr1:26705718-26705730 | C
(SWiI- Tike)
NM_005248 FGR Gardner-Rasheed feline sarcoma AAGGCAGAAGTCA | chrl:27635919-27635931 | C
viral (v-fgr)
NM_022164 LCN7 P3ECSL AGGTAAAAGGTGA | chrl1:31710395-31710407
NM_001703 BAI2 brain-specific angiogenesis AGGTGACAGGTGA | chrl1:31900443-31900455 | C
inhibitor 2
NM_003757 EIF3S2 "eukaryotic translation initiation | AGGAGAAAGGGCA | chrl:32355872-32355884
factor 3,"
NM_004964 HDAC1 histone deacetylase 1 AGGGGAAAAGTGA | chrl1:32426439-32426451 | C
NM_018045 FLJ10276 hypothetical protein LOC55108 AAGTCAAAGGTCA | chrl1:32529138-32529150 | C
NM_030786 SYNC1 "syncoilin, intermediate filament AGGACACAGGTGA | chrl:32830595-32830607 | C
1
NM_032884 Clorfo4 hypothetical protein LOC84970 GAGGCAAAAGTCA | chrl:34312292-34312304
NM_024874 K1AAO0319L polycystic kidney disease 1-like TGGTCCAAGGTCA | chrl1:35693579-35693591 | C
isoform a
NM_014408 TRAPPC3 BET3 homolog AGGACAGAGGACA | chrl1:36285569-36285581
NM_018067 PARCC1 hypothetical protein LOC55700 GGGGGAAGGGTCA | chrl1:36305711-36305723 | C
NM_005540 INPP5B "inositol polyphosphate-5- AGGGGAAAGGGGA | chrl:38083250-38083262
phosphatase, 75kDa"
NM_004468 FHL3 four and a half LIM domains 3 AGGGCAAAGGTGG | chrl1:38142162-38142174
NM_002699 POU3F1 "POU domain, class 3, GGGACAGAGTTGA | chrl1:38183218-38183230
transcription factor 1"
NM_005376 MYCL1 "v-myc myelocytomatosis viral AGGCCAGAGGAGA | chr1:40037925-40037937
oncogene homolog 1,"
NM_001017922 | ERMAP erythroblast membrane-associated chrl:42947249-42947261
protein AGGACAGAGGTAA
NM_001017922 | ERMAP erythroblast membrane-associated chrl:42951191-42951203 | C
protein AGAGCAGAGGTGA
NM_015911 ZNF691 zinc finger protein 691 chrl:42977944-42977956 | C
AGGTCAGGGGGCA
NM_144626 MGC17299 hypothetical protein L0C128218 chrl:43402509-43402521
GGGACAGAGTTCA
NM_001012961 | Clorf84 RP11-506B15.1 protein isoform 2 chr1:43520960-43520972
GGGTTAAAGGTCT
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ACCESSION GENE_NAME GENE_DESCRIPTION PPRE_SEQUENCE | PPRE_LOCATION COMP
NM_052877 MED8 mediator of RNA polymerase 11 chrl1:43524672-43524684
transcription AGGTCAGGGGTCA
NM_015284 K1AA0467 KIAAO467 protein chrl:43561917-43561929 | C
GGGAGAAAAGTCA
NM_006934 SLC6A9 solute carrier family 6 member 9 chrl:44156794-44156806
isoform 1 AAGCCAAAGGGCA
NM_024587 TMEM53 transmembrane protein 53 chrl1:44811469-44811481
GGAGCAGAGGTCA
NM_007170 TESK2 testis-specific protein kinase 2 chr1:45630857-45630869 | C
GGACCAAAGTTCA
NM_015506 DKFZp5641122 | hypothetical protein LOC25974 chrl:45630989-45631001 | C
AAGGCAAGGGTCA
NM_022745 ATPAF1 ATP synthase mitochondrial F1 chr1:46850985-46850997 | C
complex assembly GGGGCAAAGGGCA
NM_032785 AGBL4 hypothetical protein LOC84871 chrl:49223415-49223427
AAGGCAAAGGACA
NM_021952 ELAVL4 "ELAV (embryonic lethal, abnormal chr1:50283432-50283444
vision," AGGGGAAAATTCA
NM_021952 ELAVL4 "ELAV (embryonic lethal, abnormal chr1:50286360-50286372
vision," AGGGAAAAGGTAA
NM_004872 Clorfs8 thymic dendritic cell-derived chrl:54232217-54232229
factor 1 AGGTGAGAGGGGA
NM_152607 FLJ40201 hypothetical protein LOC163747 chrl:54978883-54978895 | C
GGGACAAGGGTGA
NM_006252 PRKAA2 AMP-activated protein kinase alpha chrl:56821222-56821234
2 catalytic AGATGAAAGTTCA
NM_005595 NFIA nuclear factor I1/A chrl:61260255-61260267
GGGTTAAAGTTCA
NM_024763 FLJ23129 hypothetical protein LOC79819 chrl:67106672-67106684 | C
isoform 1 AAGTGAAAGGACA
NM_001924 GADD45A "growth arrest and DNA-damage- chrl1:67862409-67862421 | C
inducible, alpha" GGGGCAAAGTTTA
NM_206886 CCDC18 sarcoma antigen NY-SAR-41 chrl:93357702-93357714
AGGGTAAAGGTGA
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ACCESSION GENE_NAME GENE_DESCRIPTION PPRE_SEQUENCE | PPRE_LOCATION COMP
NM_002061 GCLM glutamate-cysteine ligase chrl1:94087142-94087154 | C
regulatory protein AGGCCAAGGGCCA
NM_000645 AGL "amylo-1,6-glucosidase, ™ chr1:100036597- C
AGAGCAAAGGTTA | 100036609
NM_024901 FLJ22457 hypothetical protein FLJ22457 chrl:111455412-
AGAGAAAAGGTCA | 111455424
NM_174896 MGC24133 hypothetical protein L0OC128346 chrl:111726063- C
AAGGGAAAGTTCA | 111726075
NM_020963 MOV10 "Mov10, Moloney leukemia virus 10, chrl:112929135- C
homolog" AGAGCAAAGGGCA | 112929147
NM_006608 PHTF1 putative homeodomain transcription chr1:114017572-
factor 1 AGGGGAAAGGGCA | 114017584
NM_152380 TBX15 T-box 15 chrl:119247428-
GGGTGAAAGGTCT | 119247440
NM_005518 HMGCS2 3-hydroxy-3-methylglutaryl- chrl:120023667-
Coenzyme A synthase 2 GGGTCAAAGGGCT | 120023679
NM_006472 TXNIP thioredoxin interacting protein chrl:142924546-
AGGTGAAAGGTCG | 142924558
NM_153713 LIX1L hypothetical protein LOC128077 chrl:142964849- C
AGGACACAGGACA | 142964861
NM_005105 RBM8A RNA binding motif protein 8A chrl:142996633- C
AGGGGAAAGGTCG | 142996645
NM_002614 PDZK1 PDZ domain containing 1 chr1:143212684- C
AGGCCAGAGTCCA | 143212696
NM_002614 PDZK1 PDZ domain containing 1 chrl:143216634-
AGGACAGAGGTCA | 143216646
NM_021059 HIST2H3C "H3 histone family, member M" chrl:146626951- C
AAGGCAAAGGGCA | 146626963
NM_021059 HIST2H3C "H3 histone family, member M" chrl:146636129-
AAGGCAAAGGGCA | 146636141
NM_144697 Clorf5l hypothetical protein L0OC148523 chrl:147066002-
GAGGCAAAGTTCA | 147066014
NM_024575 TNFAIPBL2 "tumor necrosis factor, alpha- chrl:147942069- C
induced protein” AAGACAAAGGTCA | 147942081
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NM_001002234 | SCNM1 sodium channel modifier 1 isoform chrl:147951089- C
2 AGGTCAGAGGTCA | 147951101
NM_031420 MRPL9 mitochondrial ribosomal protein L9 chrl:148553692- C
TGGGCAGAGGTCT | 148553704
NM_024330 SLC27A3 solute carrier family 27 member 3 chrl:150560444- C
AGGGGAAAGGTGG | 150560456
NM_015449 Clorf43 hypothetical protein LOC25912 chrl:151008630- C
AGGTCAAAAGTAA | 151008642
NM_020452 ATP8B2 "ATPase, Class 1, type 8B, member chrl1:151112878-
2 i1soform a" AGGAGAAAGGACA | 151112890
NM_018845 LOC55974 stromal cell protein chr1:151917129- C
GGGTGAAAGGTGT | 151917141
NM_018845 LOC55974 stromal cell protein chrl:151919486- C
AGGTGAGAGGGCA | 151919498
NM_182741 N/ZA <<Recently removed from Reference chrl1:151975850-
Sequence set>> AGGTGACAGGTGA | 151975862
NM_005698 SCAMP3 secretory carrier membrane protein chrl:152047568-
3 isoform 1 TGGTCAAAGGTGG | 152047580
NM_006912 RIT1 Ras-like without CAAX 1 chrl:152697312-
GGGTCAATGGTCA | 152697324
NM_014017 MAPBPIP mitogen-activated protein-binding chrl:152836671- C
AGGGGAGAGGTGG | 152836683
NM_032323 MGC13102 hypothetical protein LOC84283 chrl:153065010-
AGGCCCAAGGTCA | 153065022
NM_006365 Clorf6l transcriptional activator of the chr1:153213535-
c-fos promoter AGGGCTAAGGTCA | 153213547
NM_005920 MEF2D ""MADS box transcription enhancer chrl:153286066-
factor 2," TGGGCAGGGGTCA | 153286078
NM_001878 CRABP2 cellular retinoic acid binding chrl:153489174-
protein 2 AGGGCAGAGGTCA | 153489186
NM_015997 Clorf66 hypothetical protein LOC51093 chrl:153510204-
GGGGCAGGGGTCA | 153510216
NM_024540 MRPL24 mitochondrial ribosomal protein chrl:153527981-
L24 AGGGAAGAGGTCT | 153527993
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NM_018240 KIRREL kin of IRRE like chrl:154776022- C
AGGGCAAAGGCAA | 154776034
NM_001766 CD1D ""CD1D antigen, d polypeptide™ chrl:154960081- C
GAGGAAAAGGTCA | 154960093
NM_002036 FY Duffy blood group chrl:155982731-
GGCACAAAGGTCA | 155982743
NM_181720 ARHGAP30 Rho GTPase activating protein 30 chrl:157852531- C
AGGGCACAGGTCT | 157852543
NM_181720 ARHGAP30 Rho GTPase activating protein 30 chrl:157854871-
AGGGCAGAGGGCT | 157854883
NM_181720 ARHGAP30 Rho GTPase activating protein 30 chr1:157855102-
CAGGCAGAGGTCA | 157855114
NM_181720 ARHGAP30 Rho GTPase activating protein 30 chrl:157855385-
GAGGTAAAGGTCA | 157855397
NM_012394 PFDN2 prefoldin 2 chrl:157904152- C
TGGGCAAAGGGCA | 157904164
NM_012394 PFDN2 prefoldin 2 chrl:157905000-
AGGGAATAGGTCA | 157905012
NM_000309 PPOX protoporphyrinogen oxidase chr1:157944883- C
AGGTCAGAGTACA | 157944895
NM_000309 PPOX protoporphyrinogen oxidase chrl:157947001- C
GGAAGAAAGGTCA | 157947013
NM_004106 FCER1G chrl:157997396- C
AGGACAAGAGTCA | 157997408
NM_005122 NR113 "nuclear receptor subfamily 1, chrl:158021128-
group I, member 3" AGGGCAAAGGCCT | 158021140
NM_003001 SDHC "succinate dehydrogenase complex, chr1:158092948-
subunit C" GGGGCAGAGTGCA | 158092960
NM_016371 HSD17B7 hydroxysteroid (17-beta) chrl:159487830-
dehydrogenase 7 GGGGTAAAGGGCA | 159487842
NM_177398 LMX1A "LIM homeobox transcription factor chrl:162059098- C
1, alpha” AGGACAGAGGTCA | 162059110
NM_ 012474 UCK2 uridine-cytidine kinase 2 chrl:162528492- C
CAGGCAGAGGTCA | 162528504
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NM_001017977 | 1QWD1 IQ motif and WD repeats 1 isoform chrl:164636203- C
b GGAGTAAAGGTCA | 164636215
NM_001001787 | ATP1B1 Na+/K+ -ATPase beta 1 subunit chrl:165804618-
isoform b AGGGGAAAGGTGG | 165804630
NM_006902 PRRX1 paired mesoderm homeobox 1 isoform chrl:167364483- C
pmx-la AGGCAAGAGTTCA | 167364495
NM_033127 LZTR2 regucalcin gene promotor region chr1:174670859-
related protein AGGGCAAAGTACA | 174670871
NM_170692 RASAL2 RAS protein activator like 2 chrl:174795139-
isoform 2 AGGTGAGAGGTGT | 174795151
NM_014810 CAP350 centrosome-associated protein 350 chrl1:176655315-
AAGCGAAAGGGCA | 176655327
NM_005717 ARPC5 actin related protein 2/3 complex chrl:180337221-
subunit 5 AGTCGAAAGGTCA | 180337233
NM_025191 Clorf22 hypothetical protein LOC80267 chrl:181460054- C
TGGTTAAAGGGCA | 181460066
NM_020216 RNPEP arginyl aminopeptidase chrl:198679556-
(aminopeptidase B) AGGGCCAAGTTCA | 198679568
NM_002481 PPP1R12B "protein phosphatase 1, regulatory chr1:199049289-
(inhibitor)" AGGGCAAAGGTGA | 199049301
NM_002646 PIK3C2B "phosphoinositide-3-kinase, class chrl:201193652-
2, beta" AGGCCAAAGGAGA | 201193664
NM_006338 LRRN5S leucine rich repeat neuronal 5 chr1:201389447- C
precursor GGGTGAAAGGTCA | 201389459
NM_006338 LRRN5 leucine rich repeat neuronal 5 chrl:201390486- C
precursor AGGGCAGGGGTCA | 201390498
NM_033102 PCANAP6 prostein chrl:202382522-
AGGAAAGAGGTCA | 202382534
NM_173854 SLC41A1 solute carrier family 41 member 1 chrl:202514804- C
TGGCGAAAGGTGA | 202514816
NM_032029 FCAMR Fc alpha/mu receptor chrl:203535615- C
AGGAGAAAGTCCA | 203535627
NM_ 015714 G0S2 putative lymphocyte GO/G1l switch chrl:206232580-
gene AAGTGAAAGGTGA | 206232592
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NM_018254 RCOR3 REST corepressor 3 chrl:207821271- C
GGGGGAAAGGTGA | 207821283
NM_005401 PTPN14 "protein tyrosine phosphatase, chrl:211113052-
non-receptor type" AGGCGAAAGGGGA | 211113064
NM_ 012414 RAB3 "rab3 GTPase-activating protein, chrl:216836032- C
non-catalytic" AGAACAAAGGCCA | 216836044
NM_052843 OBSCN "obscurin, cytoskeletal calmodulin chr1:224702314- C
and" GAGGCAAAGGGCA | 224702326
NM_001821 CHML choroideremia-like Rab escort chrl:238129302-
protein 2 AAGGTAAAGGTGA | 238129314
NM_175911 OR2L13 "olfactory receptor, family 2, chrl:244426102-
subfamily L," AGCTCAAAGGTGA | 244426114
NM_003597 KLF11 Kruppel-like factor 11 chr2:10134020-10134032 | C
AAGGGAAAGGTCG
NM_002149 HPCAL1 hippocalcin-like 1 chr2:10393315-10393327
AGGCCAGAGGCCA
NM_000183 HADHB "hydroxyacyl dehydrogenase, chr2:26375590-26375602 | C
subunit B" AGGCTAAAGTTCA
NM_172195 EIF2B4 "eukaryotic translation initiation chr2:27508943-27508955
factor 2B," AAGGAAGAGGTCA
NM_199193 BRE brain and reproductive organ- chr2:28021893-28021905 | C
expressed (TNFRSF1A AGGTCAGAAGTCT
NM_022128 RBKS ribokinase chr2:28024903-28024915 | C
CGGGCAAAGGGCA
NM_006449 CDC42EP3 Cdc42 effector protein 3 chr2:37811555-37811567 | C
AGGGCAGAGGCCA
NM_003038 SLC1A4 "solute carrier family 1, member chr2:65125796-65125808 | C
4" AGGATAAAGTTCA
NM_032601 MCEE methylmalonyl-CoA epimerase chr2:71273476-71273488 | C
AAAGCAAAGGTCA
NM_019885 CYP26B1 "'cytochrome P450, family 26, chr2:72287943-72287955 | C
subfamily b," AGGCGAGAGGTGA
NM_144579 SFXN5 sideroflexin 5 chr2:73212886-73212898
GGGCCAAAGGACA
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NM_006062 SMYD5 SMYD family member 5 chr2:73353016-73353028
GGGTTAAGGGTCA
NM_001009570 | CCT7 ""chaperonin containing TCP1, chr2:73371793-73371805 | C
subunit 7 isoform b" GGGCCAAGGGTCA
NM_001534 TLX2 "T-cell leukemia, homeobox 2 chr2:74652250-74652262
isoform 2" TGGCCAGAGGTCA
NM_032181 FLJ13391 hypothetical protein L0OC84141 chr2:75708591-75708603
AGGACAAAGGTGA
NM_145299 LOC200383 hypothetical protein L0OC200383 chr2:84792113-84792125 | C
AGGAAAAAGGTCA
NM_001443 FABP1 "fatty acid binding protein 1, chr2:88270538-88270550
liver" ATGACAAAGTTCA
NM_144992 MGC26733 hypothetical protein L0OC200403 chr2:98160013-98160025
AGCACAAAGGTCA
NM_002285 AFF3 "AF4/FMR2 family, member 3 isoform chr2:100184051-
1" GGGTCAGAGGGCA | 100184063
NM_024093 MGC5509 hypothetical protein LOC79074 chr2:105412246- C
ATGGCAGAGGTCA | 105412258
NM_001004360 | DPP10 dipeptidylpeptidase 10 isoform 2 chr2:115631612- C
AAGACAGAGTTCA | 115631624
NM_002193 INHBB inhibin beta B subunit precursor chr2:120816587-
AGGTCAATGGGCA | 120816599
NM_003467 CXCR4 chemokine (C-X-C motif) receptor 4 chr2:136714110- C
isoform b AGGACAGGGTTCA | 136714122
NM_014795 ZFHX1B zinc finger homeobox 1b chr2:145113360- C
AGGAAAGAGGTGA | 145113372
NM_014795 ZFHX1B zinc Finger homeobox 1b chr2:145116082- C
AGGATAAAGGGCA | 145116094
NM_001005476 | PKP4 plakophilin 4 isoform b chr2:159138458-
ATGTCAAAGGTCA | 159138470
NM_012290 TLK1 tousled-like kinase 1 chr2:171842617-
AGGAAAGAGGTGA | 171842629
NM_030650 KIAA1715 Lunapark chr2:176692860-
AGGACAAAGGTTG | 176692872
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NM_019558 HOXD8 homeo box D8 chr2:176815560-
AAGGGAAAGGCCA | 176815572
NM_006898 HOXD3 homeo box D3 chr2:176850581-
GGGTCAGAGGTCG | 176850593
NM_006898 HOXD3 homeo box D3 chr2:176853406-
GAGCCAAAGGTCA | 176853418
NM_006898 HOXD3 homeo box D3 chr2:176853563- C
AGGTGAAAGGAGA | 176853575
NM_024501 HOXD1 homeo box D1 chr2:176878674- C
GGGCGAGAGGGCA | 176878686
NM_003659 AGPS alkylglycerone phosphate synthase chr2:178082906- C
precursor GGGTGAAAGGTCA | 178082918
NM_018571 ALS2CR2 amyotrophic lateral sclerosis 2 chr2:202140703- C
(uvenile) GTGAGAAAGGTCA | 202140715
NM_014617 CRYGA "crystallin, gamma A" chr2:208854045-
GAGACAAAGGGCA | 208854057
NM_006916 RPE ribulose-5-phosphate-3-epimerase chr2:210689037- C
isoform 2 AGGTCACAGGGCA | 210689049
NM_079422 MYL1 fast skeletal myosin alkali light chr2:210993961-
chain 1 AGGGCAAAGGGAA | 210993973
NM_016260 ZNFN1A2 ""zinc finger protein, subfamily chr2:213840823-
1A, 2 (Helios)" GAGAGAGAGGTCA | 213840835
NM_016260 ZNFN1A2 "zinc finger protein, subfamily chr2:213841341-
1A, 2 (Helios)" AAGGCAGAGGACA | 213841353
NM_ 021141 XRCC5 ATP-dependent DNA helicase 11 chr2:216798055- C
GGAGCAAAGGGCA | 216798067
NM_015488 MR myofibrillogenesis regulator 1 chr2:218960141-
AGGCCAGGGGTGA | 218960153
NM_198559 MGC50811 hypothetical protein LOC375307 chr2:219044564-
ATGCCAGAGGTCA | 219044576
NM_007127 VIL1 villin 1 chr2:219109317-
GGGACAAAGGTCG | 219109329
NM_020935 UsP37 ubiquitin specific protease 37 chr2:219258863-
GGGTCAGAGTTCA | 219258875
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NM_020935 USP37 ubiquitin specific protease 37 chr2:219259031-
GGGTGAGAGGTCA | 219259043
NM_006522 WNT6 "wingless-type MMTV integration chr2:219546514-
site family," AGGGGAAGGGTCA | 219546526
NM_025216 WNT10A "wingless-type MMTV integration chr2:219569631-
site family,"” AGGGCACAGGGCA | 219569643
NM_194302 DKFZp43400527 | hypothetical protein LOC255101 chr2:219721422-
GGCTGAAAGGTCA | 219721434
NM_144712 SLC23A3 solute carrier family 23 chr2:219860381- C
(nucleobase TGGGCAAAGGTGA | 219860393
NM_015680 C2orf24 hypothetical protein LOC27013 chr2:219869195- C
AGGCCAAAAGTGA | 219869207
NM_005689 ABCB6 "ATP-binding cassette, sub-family chr2:219912571-
B, member 6" AGGGCAGAGGCGA | 219912583
NM_013335 GMPPA GDP-mannose pyrophosphorylase A chr2:220186106-
AGGGGACAGGGCA | 220186118
NM_013335 GMPPA GDP-mannose pyrophosphorylase A chr2:220186701-
GGGCCACAGGTGA | 220186713
NM_024536 CHPF chondroitin polymerizing factor chr2:220234099-
AGGTTAAAGGGGA | 220234111
NM_004457 ACSL3 acyl-CoA synthetase long-chain chr2:223550325- C
family member 3 AGGTGAAAGGTTG | 223550337
NM_001485 GBX2 gastrulation brain homeo box 2 chr2:236862861-
AGGACAAAAGGCA | 236862873
NM_003670 BHLHB2 "basic helix-loop-helix domain chr3:4994273-4994285
containing, class" AGCGCAGAGGTCA
NM_014583 LMCD1 LIM and cysteine-rich domains 1 chr3:8518181-8518193 C
AGGTCAAAAGGGA
NM_015513 CRELD1 cysteine-rich with EGF-like chr3:9946692-9946704 C
domains 1 GGGTGAGAGGCCA
NM_033084 FANCD2 Fanconi anemia complementation chr3:10040358-10040370
group D2 isoform AGGTCAAAGGTTA
NM_030673 SEC13L1 SEC13-like 1 isoform a chr3:10340595-10340607
TGGGCAAAGTGCA
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NM_003256 TIMP4 tissue inhibitor of chr3:12178510-12178522
metal loproteinase 4 AGGTCAAAGTGGA
NM_015869 PPARG peroxisome proliferative activated chr3:12367118-12367130
receptor AGGGCAAAGGCCT
NM_024334 TMEM43 transmembrane protein 43 chr3:14140938-14140950 | C
TGGTCCAAGGTCA
NM_ 144636 CHCHD4 coiled-coil-helix-coiled-coil- chr3:14142458-14142470 | C
helix domain AGGGGAGAGGTGA
NM_144636 CHCHD4 coiled-coil-helix-coiled-coil- chr3:14142798-14142810
helix domain AGGCGAGAGGGCA
NM_003298 NR2C2 "nuclear receptor subfamily 2, chr3:14964152-14964164 | C
group C, member 2" AGGTCAGAGTTCG
NM_003341 UBE2E1 ubiquitin-conjugating enzyme E2E 1 chr3:23821869-23821881 | C
isoform 1 GGAGCAGAGGTCA
NM_001068 TOP2B "DNA topoisomerase 11, beta chr3:25681546-25681558
isozyme" GGGGGAAACGTCA
NM_003242 TGFBR2 TGF-beta type 1l receptor isoform chr3:30618783-30618795 | C
B precursor TTGACAAAGGTCA
NM_ 178862 SIMP source of immunodominant MHC- chr3:31548633-31548645
associated GGGTTAAAAGTCA
NM_ 016141 DNCLI1 dynein light chain-A chr3:32589350-32589362
AGGTCAAAGTTGT
NM_005107 ENDOGL 1 endonuclease G-like 1 chr3:38509484-38509496 | C
AGTGCAGAGTTCA
NM_001295 CCR1 chemokine (C-C motif) receptor 1 chr3:46224939-46224951
GGGACAAAGTTCT
NM_013270 TSP50 testes-specific protease 50 chr3:46736072-46736084
GGCTCAAAGTTCA
NM_000258 MYL3 myosin light chain 3 chr3:46880159-46880171
GGGACAAAGGCCA
NM_025010 KLHL18 kelch-like 18 chr3:47297640-47297652
AAGTCAGAGGGCA
NM_015466 PTPN23 "protein tyrosine phosphatase, chr3:47396452-47396464 | C
non-receptor type" AGGAGACAGGTGA
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NM_022911 SLC26A6 "solute carrier family 26, member chr3:48649313-48649325 | C
6 isoform a" AGGCCGAAGGTCA
NM_022911 SLC26A6 "solute carrier family 26, member chr3:48652502-48652514
6 isoform a" GGGGCAGAGGTGG
NM_001407 CELSR3 cadherin EGF LAG seven-pass G-type chr3:48675353-48675365 | C
receptor 3 GGGGCAGAGGTGG
NM_006321 ARIH2 ariadne homolog 2 chr3:48931661-48931673
AGGTCAGAGGCCA
NM_177938 PH hypoxia-inducible factor prolyl 4- chr3:48997797-48997809
hydroxylase ATGGGAAAGGTCA
NM_005051 QARS glutaminyl-tRNA synthetase chr3:49121180-49121192
AGGCCAAGGGTCA
NM_001006608 | STGC3 hypothetical protein L0C474171 chr3:49268757-49268769 | C
GGGCCAAAGGTGG
NM_ 022171 TCTA T-cell leukemia translocation chr3:49424111-49424123
altered gene AGGTCAAGGGTCA
NM_020998 MST1 macrophage stimulating 1 chr3:49703501-49703513
(hepatocyte growth AGGACTGAGGTCA
NM_198722 AMIGO3 amphoterin-induced gene and ORF 3 chr3:49733471-49733483 | C
GGGGCAGAGGTCC
NM_198722 AMIGO3 amphoterin-induced gene and ORF 3 chr3:49735687-49735699 | C
TGGGGACAGGTCA
NM_005879 TRIP TRAF interacting protein chr3:49873296-49873308
GGGGGAAGGGTCA
NM_006010 ARMET "arginine-rich, mutated in early chr3:51392781-51392793 | C
stage tumors" GGGAGAGAGGTGA
NM_013286 RBM15B RNA binding motif protein 15B chr3:51402658-51402670 | C
GGGGGAAAGGTCT
NM_000839 GRM2 "glutamate receptor, metabotropic chr3:51715549-51715561 | C
2 precursor” AAGGGAGAGGTCA
NM_033010 PCBP4 poly(rC) binding protein 4 isoform chr3:51973151-51973163 | C
c AGGTCAGAGGCCT
NM_033008 PCBP4 poly(rC) binding protein 4 isoform chr3:51977458-51977470
o] TGGACAAAGGGCA
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NM_032750 MGC15429 hypothetical protein LOC84836 chr3:51987413-51987425 | C
AGGTCAAGGGCCA
NM_007184 N1SCH nischarin chr3:52461795-52461807
AGGACCAAGGTGA
NM_018165 PB1 polybromo 1 chr3:52691210-52691222
AGAGCAGAGTTCA
NM_006254 PRKCD “"protein kinase C, delta" chr3:53168734-53168746
TGGGCAAAGGTCA
NM_198177 MITF microphthalmia-associated chr3:69997189-69997201 | C
transcription factor AATTCAAAGGTCA
NM_032682 FOXP1 forkhead box P1 isoform 1 chr3:71716526-71716538
AGGTGAAAGTTCA
NM_181780 BTLA B and T lymphocyte associated chr3:113701962-
AGGCCAAACTTCA | 113701974
NM_001690 ATP6V1A “"ATPase, H+ transporting, chr3:114947778- C
lysosomal 70kD, V1" GGGTGAAAGGTCA | 114947790
NM_014367 E21G5 growth and transformation- chr3:123584803-
dependent protein GGAGCAAAGGTGA | 123584815
NM_000373 UMPS uridine monophosphate synthase chr3:125927345- C
GGGGCAGGGGTCA | 125927357
NM_207335 KLHDC6 hypothetical protein L0OC166348 chr3:129122501- C
AGGGCAAAGTACA | 129122513
NM_020187 DC12 hypothetical protein LOC56941 chr3:130477968- C
AGGGAAGGGGTCA | 130477980
NM_173823 DNAJC13 "Dnad (Hsp40) homolog, subfamily chr3:133662638- C
C, member 13" AGGGCAAAGGTAA | 133662650
NM_139209 GRK7 G-protein-coupled receptor kinase chr3:142978154-
7 AAGCCAAAGGGCA | 142978166
NM_003412 ZIC1 zinc finger protein of the chr3:148605325-
cerebellum 1 AGGTCAGAGGTCA | 148605337
NM_032025 elF2A CDAO2 protein chr3:151743771- C
GGGTCATAGGGCA | 151743783
NM_014445 SERP1 stress-associated endoplasmic chr3:151747250- C
reticulum protein GGGTGAGAGTTCA | 151747262
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NM_002852 PTX3 "pentraxin-related gene, rapidly chr3:158637127- C
induced by IL-1" GGGTCAGAGGGGA | 158637139
NM_002268 KPNA4 karyopherin alpha 4 chr3:161768379- C
GGGCCAAAGGTGG | 161768391
NM_020949 SLC7A14 solute carrier family 7 (cationic chr3:171787655- C
amino acid GGGCCAAAGTGCA | 171787667
NM_024665 TBL1XR1 nuclear receptor co- chr3:178402426- C
repressor/HDAC3 complex TGAGGAAAGGTCA | 178402438
NM_016559 PEX5L PXR2b protein chr3:181240779-
AGAACAAAAGTCA | 181240791
NM_020640 RP42 RP42 homolog chr3:184182640- C
AGGCGAGAGGTCA | 184182652
NM_182537 HTR3D 5-hydroxytryptamine receptor 3 chr3:185227403-
subunit D GGAGCAAAGGTGA | 185227415
NM_018358 ABCF3 "ATP-binding cassette, sub-family chr3:185383982- C
F (GCN20)," AGGCCAGAGGGCG | 185383994
NM_004953 EIF4G1 eukaryotic translation initiation chr3:185516598- C
factor 4 AGACCAGAGTTCA | 185516610
NM_144635 MGC21688 hypothetical protein L0OC131408 chr3:185539503-
AGGTCAAGGGGCA | 185539515
NM_006232 POLR2H "RNA polymerase 11, polypeptide H" chr3:185561246-
AGGTCAGGGGACA | 185561258
NM_006232 POLR2H "RNA polymerase 11, polypeptide H" chr3:185561980- C
AGGCGAGAGGGCA | 185561992
NM_152531 C3orf21 hypothetical protein L0C152002 chr3:196476772-
AAGCCAGAGGTGA | 196476784
NM_152531 C3orf21 hypothetical protein LOC152002 chr3:196477113- C
AGGCTAAAGGTTA | 196477125
NM_005781 TNK2 "tyrosine kinase, non-receptor, 2 chr3:197126763-
isoform 1" AAGCTAGAGGTCA | 197126775
NM_032263 1QCG IQ motif containing G chr3:199176460-
AGGTCAGAGGTGG | 199176472
NM_001120 TETRAN tetracycline transporter-like chr4:2977571-2977583 C
protein AGGAAAAAGTTCA
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NM_001004056 | GRK4 G protein-coupled receptor kinase chr4:3001942-3001954 C
4 isoform AGGTGAAAGTTAA
NM_182485 CPEB2 cytoplasmic polyadenylation chr4:14681101-14681113
element binding AGGAAAGAGTTCA
NM_013261 PPARGC1A peroxisome proliferative activated chr4:23569819-23569831
receptor AGGACAAAGGTCA
NM_032456 PCDH7 protocadherin 7 isoform b chr4:30394080-30394092
precursor AGATGAAAGGTCA
NM_032456 PCDH7 protocadherin 7 isoform b chr4:30398057-30398069 | C
precursor AGTTCAAAGGTGA
NM_000661 RPL9 ribosomal protein L9 chr4:39285140-39285152
AGGAGAAAGGTAA
NM_003924 PHOX2B paired-like homeobox 2b chr4:41595470-41595482 | C
GGGGAAAAAGTCA
NM_000807 GABRA2 ""gamma-aminobutyric acid A chr4:46233588-46233600
receptor, alpha 2" AGGACCAAGTTCA
NM_006206 PDGFRA platelet-derived growth factor chr4:54934224-54934236 | C
receptor alpha AGAAGAGAGGTCA
NM_006947 SRP72 signal recognition particle 72kDa chr4:57174689-57174701
GGGGCAGAGGTCT
NM_005612 REST RE1l-silencing transcription factor chr4:57613018-57613030 | C
AGGCCACAGGTCA
NM_005463 HNRPDL heterogeneous nuclear chr4:83708656-83708668
ribonucleoprotein D-like AGGGCAAGGGGCA
NM_016067 MRPS18C mitochondrial ribosomal protein chr4:84731630-84731642
S18C AGGACCAAGGTCA
NM_001015045 | FAM13A1 “family with sequence similarity chr4:90102054-90102066 | C
13, member A1" AGGGCAAGGGTCT
NM_000253 MTP microsomal triglyceride transfer chr4:100853109- C
protein large TGGGGAAAGGTCA | 100853121
NM_017935 BANK1 B-cell scaffold protein with chr4:103066365-
ankyrin repeats 1 AGGGAAGAAGTCA | 103066377
NM_025212 CXXC4 CXXC finger 4 chr4:105773087-
AGATCAAAGGTCA | 105773099
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NM_153426 PITX2 paired-like homeodomain chr4:111920764- C
transcription factor 2 GTGCCAAAGGTCA | 111920776
NM_024019 NEUROG2 neurogenin 2 chr4:113796145- C
GGAGCAGAGGTCA | 113796157
NM_007083 NUDT6 nudix-type motif 6 isoform a chr4:124201815- C
GGGGCAGAAGTCA | 124201827
NM_015130 KI1AA0882 hypothetical protein LOC23158 chr4:142035833- C
GGGGGAGGGGTCA | 142035845
NM_002039 GAB1 GRB2-associated binding protein 1 chr4:144615255- C
isoform b AGGTCGCAGGTCA | 144615267
NM_001011539 | LOC441046 hypothetical protein L0C441046 chr4:144835443-
AGATCAAAGGTGA | 144835455
NM_ 001011539 | LOC441046 hypothetical protein L0C441046 chr4:144837858-
GGAACAAAGGTGA | 144837870
NM_178835 LOC152485 hypothetical protein L0C152485 chr4:147217582-
GGATCAAAGGGCA | 147217594
NM_001008393 | LOC201725 hypothetical protein L0C201725 chr4:159951450-
AGGCTAAAGGTCA | 159951462
NM_016950 SPOCK3 testican 3 chr4:168530677- C
AGGGGAGAGGTTA | 168530689
NM_017423 GALNT7 polypeptide N- chr4:174464310-
acetylgalactosaminyltransferase 7 AGGGCAAAGGCTA | 174464322
NM_173553 FLJ25801 hypothetical protein LOC205860 chr4:189403092-
AAGTGACAGGTCA | 189403104
NM_178569 CEl CEl-a protein precursor chr5:2802492-2802504 C
AGGACGAAGGTGA
NM_133377 RAD1 RAD1 homolog isoform 1 chr5:34958617-34958629 | C
GGGTCAAAAGACA
NM_004172 SLC1A3 solute carrier family 1 (glial chr5:36640379-36640391 | C
high affinity AGTTCAGAGTTCA
NM_001465 FYB FYN binding protein (FYB-120/130) chr5:39255551-39255563
AGGAGAAAGGGGA
NM_019846 CCL28 small inducible cytokine A28 chr5:43448658-43448670
precursor GGGACAAGGGTGA
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NM_004465 FGF10 fibroblast growth factor 10 chr5:44428620-44428632
precursor AGGTCAAAAGTCA
NM_052870 SNAG1 sorting nexin associated golgi chr5:53848073-53848085
protein 1 GGGTCAGAGGACA
NM_024669 FLJ11795 hypothetical protein LOC79722 chr5:55448625-55448637
GGGTCAAAGGGTA
NM_133343 RAD17 RAD17 homolog isoform 1 chr5:68696760-68696772 | C
AGGTCAAAGGTTT
NM_032175 FLJ12787 Src-associated protein SAW chr5:72894200-72894212
AGGTCAGAGTTAA
NM_016218 POLK polymerase (DNA directed) kappa chr5:74843225-74843237 | C
AGGGGAAAGGACA
NM_006909 RASGRF2 Ras protein-specific guanine chr5:80291895-80291907 | C
AGGTAAAACGTCA
NM_002397 MEF2C "MADS box transcription enhancer chr5:88215827-88215839 | C
factor 2," GGGGGAAAAGTCA
NM_005654 NR2F1 "nuclear receptor subfamily 2, chr5:92944638-92944650
group F, member 1" GTGTCAAAGTTCA
NM_005575 LNPEP leucyl/cystinyl aminopeptidase chr5:96295112-96295124
isoform 1 AGGTTACAGGTGA
NM_000919 PAM peptidylglycine alpha-amidating chr5:102227984-
monooxygenase AAGAGAAAGTTCA | 102227996
NM_033211 LOC90355 hypothetical protein LOC90355 chr5:102620895-
AGCGCAAAGGGCA | 102620907
NM_022824 FBXL17 F-box and leucine-rich repeat chr5:107746005-
protein 17 AGGTGTAAGTTCA | 107746017
NM_005023 PGGT1B "protein geranylgeranyltransferase chr5:114628362-
type I, beta" AGGTCAGGGTTCA | 114628374
NM_020747 ZNF608 zinc finger protein 608 chr5:124112144- C
AAGGAAAAGGTCA | 124112156
NM_133638 ADAMTS19 a disintegrin-like and chr5:128822367- C
metal loprotease GTGTCAAAGGTGA | 128822379
NM_133638 ADAMTS19 a disintegrin-like and chr5:128823269- C
metal loprotease GGGACAAAGGTCC | 128823281

Page 18 of 70 in Supplemental Section 5: Human Genes with predicted PPREs

0TO0Z ‘6 Areniga4 uo Aq 610 Jj'mmm woly papeojumoq



http://www.jlr.org

]h JOURNAL OF LIPID RESEARCH

ASBMB

Genome-wide Identification of PPREs

Lemay and Hwang 2006
ACCESSION GENE_NAME GENE_DESCRIPTION PPRE_SEQUENCE | PPRE_LOCATION COMP
NM_020199 C50rf15 hypothetical protein LOC56951 chr5:133336227- C
AGGTTAAAGTTGA | 133336239
NM_002715 PPP2CA "protein phosphatase 2, catalytic chr5:133594497-
subunit, alpha" AAGGCAAAGTTCA | 133594509
NM_015288 PHF15 PHD finger protein 15 chr5:133887621-
AAGCCAAAGGTGA | 133887633
NM_016606 C5o0rf19 receptor expression enhancing chr5:137799742- C
protein 2 TTGTCAGAGGTCA | 137799754
NM_001007189 | LOC492311 hypothetical protein L0C492311 chr5:139485231-
AAGGCAGGGGTCA | 139485243
NM_080670 SLC35A4 "solute carrier family 35, member chr5:139920179-
A4 AGGCCAAAGGTGT | 139920191
NM_194249 DND1 dead end homolog 1 chr5:140034444- C
AGGGAAGAGGTGA | 140034456
NM_194249 DND1 dead end homolog 1 chr5:140036652-
AGGTCAAAGGAGA | 140036664
NM_144723 ZMAT2 ""zinc finger, matrin type 2" chr5:140056934- C
AGGTCAAAGGAGA | 140056946
NM_018899 PCDHAC2 "protocadherin alpha subfamily C, chr5:140324425-
2 isoform 1" AGGACACAGGCCA | 140324437
NM_003883 HDAC3 histone deacetylase 3 chr5:140998191- C
GGGTGAAAGGTGA | 140998203
NM_022481 CENTD3 "centaurin, delta 3" chr5:141042002- C
AGGGCAGAGGGGA | 141042014
NM_032420 PCDH1 protocadherin 1 isoform 2 chr5:141240203-
precursor AGGAGAGAAGTCA | 141240215
NM_183399 RNF14 ring finger protein 14 isoform 1 chr5:141326519- C
ATGTCAGAGGTCA | 141326531
NM_182960 MGC21644 hypothetical protein LOC153768 chr5:145195116- C
isoform a AGGAAAAAGGCCA | 145195128
NM_000870 HTR4 5-hydroxytryptamine (serotonin) chr5:148014642- C
receptor 4 AGGTCACAGGTGG | 148014654
NM_006058 TNIP1 Nef-associated factor 1 chr5:150445333-
AGAGGAAAGGGCA | 150445345
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NM_000679 ADRA1B alpha-1B-adrenergic receptor chr5:159272095- C
AAGGCAGAGGTCA | 159272107
NM_000816 GABRG2 ""gamma-aminobutyric acid A chr5:161427052- C
receptor, gamma 2" AGGTCAAAGTGGA | 161427064
NM_015238 KIBRA KIBRA protein chr5:167648091- C
AGGGCAAACGTGA | 167648103
NM_001008220 | CPLX2 complexin 2 chr5:175229090- C
GGGGGAAAGGTAA | 175229102
NM_002011 FGFR4 fibroblast growth factor receptor chr5:176441711- C
4 isoform 1 GGGGTAGAGGGCA | 176441723
NM_013237 PX19 px19-like protein chr5:176659823- C
AGGGCAAGGGCCA | 176659835
NM_130781 RAB24 RAB24 gene product chr5:176664270- C
TGGTCAGGGGTCA | 176664282
NM_024872 DOK3 docking protein 3 chr5:176872383- C
GGGGCAAAGGTCA | 176872395
NM_019057 FLJ10404 hypothetical protein L0OC54540 chr5:176914208-
AGGTCAGAGGGCA | 176914220
NM_014757 MAML1 mastermind-like 1 chr5:179089299-
GGGTCAAAGTACA | 179089311
NM_002955 RREB1 ras responsive element binding chr6:7084327-7084339 C
protein 1 isoform AGGGCAAGGGGCA
NM_017906 PAK1IP1 PAK1 interacting protein 1 chr6:10798328-10798340
AAGAGAGAGGTCA
NM_006403 NEDD9 "neural precursor cell expressed, chr6:11341756-11341768 | C
developmental ly" AGGACAGAGGTCA
NM_033069 Céorfll4 hypothetical protein LOC85411 chr6:13594799-13594811
AGGTTAAAGGGCG
NM_152737 RNF182 hypothetical protein L0C221687 chr6:14032774-14032786
AGGAGAAAGGTGT
NM_006998 SCGN secretagogin precursor chr6:25760260-25760272
AAGTTAAAGGGCA
NM_003509 HIST1H2AI "H2A histone family, member C" chr6:27883061-27883073
AGCGCAAAGGTCG
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NM_025263 PRR3 proline-rich protein 3 chr6:30629316-30629328
AGGACAGAGTTGA
NM_002714 PPP1R10 "protein phosphatase 1, regulatory chr6:30694395-30694407
subunit 10" GTGACAGAGGTCA
NM_145029 C6orf136 hypothetical protein L0C221545 chr6:30719200-30719212 | C
AAGTCAGAGGTGA
NM_145029 C6orfl36 hypothetical protein L0C221545 chr6:30719665-30719677
AGGTCTAAGGGCA
NM_005803 FLOT1 flotillin 1 chr6:30820156-30820168
GGGTCGAAGGTGA
NM_019052 CCHCR1 StAR-binding protein chr6:31237269-31237281 | C
GGGCCAAAGGTCA
NM_203289 POU5SF1 "POU domain, class 5, chr6:31246476-31246488 | C
transcription factor 1" GGGCCAGAGGTCA
NM_001623 AIF1 allograft inflammatory factor 1 chr6:31690965-31690977
isoform 3 AGGGGAAAGGGGA
NM_004639 BAT3 HLA-B associated transcript-3 chr6:31731617-31731629
isoform a GGGTCAAGGGTCG
NM_025258 Céorf27 NG37 protein chr6:31857481-31857493
AGGCCAGAGGAGA
NM_000434 NEU1 neuraminidase precursor chr6:31941442-31941454 | C
AGCTCAGAGGTGA
NM_181842 ZBTB12 HLA-B-associated transcript 9 chr6:31979563-31979575 | C
AGGCAAAAAGTCA
NM_000063 c2 complement component 2 precursor chr6:32003455-32003467 | C
AGGGAAAAGGTCA
NM_001710 BF complement factor B preproprotein chr6:32018861-32018873 | C
AGGGCAAAGCTCA
NM_006929 SKIV2L superkiller viralicidic activity chr6:32032445-32032457 | C
2-like homolog AAGTTAAAGGTGA
NM_002904 RDBP RD RNA-binding protein chr6:32035030-32035042 | C
AGGTCAAAAGTCA
NM_002904 RDBP RD RNA-binding protein chr6:32035162-32035174 | C
GGGTCAAAAGTCA
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NM_002904 RDBP RD RNA-binding protein chr6:32036099-32036111
AGGTCAGGGGTCA
NM_004197 STK19 serine/threonine kinase 19 isoform chr6:32047181-32047193
1 AGGTCAAAGTTGG
NM_000592 C4B complement component 4B chr6:32057784-32057796 | C
preproprotein GGGGCAGAGTTGA
NM_007293 C4A complement component 4A chr6:32090521-32090533 | C
preproprotein GGGGCAGAGTTGA
NM_006913 RNF5 ring finger protein 5 chr6:32251259-32251271
GGGTCAAAGGGCA
NM_005452 WDR46 WD repeat domain 46 chr6:33367512-33367524 | C
AGGGCAGAGGGGA
NM_005452 WDR46 WD repeat domain 46 chr6:33368174-33368186 | C
AGGTCAGAGGCCA
NM_003190 TAPBP tapasin isoform 1 precursor chr6:33390438-33390450 | C
GGGTCAGGGGTCA
NM_005453 ZNF297 zinc finger protein 297 chr6:33397090-33397102
GGGGCCAAGTTCA
NM_006772 SYNGAP1 synaptic Ras GTPase activating chr6:33491907-33491919 | C
protein 1 AGGTCAGAGGTCA
NM_152735 ZBTB9 zinc finger and BTB domain chr6:33528433-33528445
containing 9 GGGTGAGGGGTCA
NM_145905 HMGA1 high mobility group AT-hook 1 chr6:34313673-34313685 | C
isoform b AGGCCAGAGGTGG
NM_020804 PACSIN1 protein kinase C and casein kinase chr6:34541858-34541870 | C
substrate in AGGAGGAAGGTCA
NM_003214 TEAD3 TEA domain family member 3 chr6:35573933-35573945
AGGACGGAGGTCA
NM_004117 FKBP5 FK506 binding protein 5 chr6:35764900-35764912 | C
AGGGCAAGGGCCA
NM_015695 BRPF3 ""bromodomain and PHD finger chr6:36271856-36271868 | C
containing, 3" AGGACAAAGGTCT
NM_031460 KCNK17 "potassium channel, subfamily K, chr6:39394859-39394871 | C
member 17" GGGTGAAAGGTGT
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NM_013397 C6orf49 over-expressed breast tumor chr6:41855641-41855653
protein GGGTCGGAGGTCA
NM_018415 TRERF1 transcriptional regulating factor chr6:42528128-42528140 | C
1 isoform 3 GGGGGAAAGGGGA
NM_003376 VEGF vascular endothelial growth factor chr6:43845480-43845492
AGGCCAGGGGTCA
NM_032111 MRPL14 mitochondrial ribosomal protein chr6:44204247-44204259
L14 GGAGGAGAGGTCA
NM_182539 MGC33600 t-complex-associated testis chr6:44377906-44377918 | C
expressed 1 AGGGCAGGGGTGA
NM_153838 GPR115 G-protein coupled receptor 115 chr6:47757962-47757974 | C
TGGCCAAAGGGCA
NM_015548 DST dystonin isoform leA precursor chr6:56618608-56618620 | C
AGGCCAGAGGTGT
NM_018247 TMEM30A hypothetical protein LOC55754 chr6:76051333-76051345
AGGGGAAAGGGGA
NM_020320 RARSL arginyl-tRNA synthetase-like chr6:88356531-88356543 | C
AGGGCAGAGGTTA
NM_021620 PRDM13 PR domain containing 13 chr6:100159300-
AGGCCAGAGGTTA | 100159312
NM_182907 PRDM1 "PR domain containing 1, with ZNF chr6:106653256- C
domain isoform" GGGGCAAAGGTGA | 106653268
NM_018013 FLJ10159 hypothetical protein LOC55084 chr6:107917897- C
AGGGGAAAGGTGG | 107917909
NM_003269 NR2E1 "nuclear receptor subfamily 2, chr6:108592946- C
group E, member 1" AGGTCAGAGGTTA | 108592958
NM_006073 TRDN triadin chr6:123999776- C
GAGGCAAAGTTCA | 123999788
NM_014320 HEBP2 heme binding protein 2 chr6:138766164- C
AGGCCAAAGGGGA | 138766176
NM_015293 SYNE1 nesprin 1 isoform beta chr6:152734529-
AAGGGAGAGTTCA | 152734541
NM_152857 WTAP Wilms® tumour l-associating chr6:160118523- C
protein isoform 2 AGGTCGGAGGTCA | 160118535
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NM_001006932 | RPS6KA2 "ribosomal protein S6 kinase, chr6:167246536-
90kDa, polypeptide" GGGTGAAAGTTGA | 167246548
NM_182552 WDR27 hypothetical protein LOC253769 chr6:169923443- C
CAGCCAAAGGTCA | 169923455
NM_013393 FTSJ2 FtsJ homolog 2 isoform a chr7:2057557-2057569
GGGGCAAAGTGCA
NM_152745 NXPH1 neurexophilin 1 chr7:8243247-8243259 C
AGGTCAGAGGTTG
NM_006547 IMP IGF-11 mRNA-binding protein 3 chr7:23284336-23284348
AGGAGAGAAGTCA
NM_153632 HOXA3 homeobox A3 protein isoform b chr7:26930948-26930960 | C
GAGACAAAGGTCA
NM_024014 HOXAG homeobox protein A6 chr7:26965587-26965599 | C
GGGGAAAGGGTCA
NM_153715 HOXA10 homeobox protein A10 isoform b chr7:26997056-26997068
AGGGAAAAGGGGA
NM_000522 HOXA13 homeobox protein Al3 chr7:27015300-27015312 | C
TGGCCAGAGGTGA
NM_006024 TAX1BP1 Tax1l (human T-cell leukemia virus chr7:27548266-27548278
type 1) GGGGCAAAGGTCT
NM_182898 CREB5 CAMP responsive element binding chr7:28221492-28221504 | C
protein 5 AGGCGAAAGGTGA
NM_182898 CREB5 CAMP responsive element binding chr7:28222433-28222445
protein 5 AGGTCACAGGGCA
NM_004904 CREB5 CAMP responsive element binding chr7:28248224-28248236 | C
protein 5 AGGGAAAAGGTCA
NM_001011666 | CREBS CAMP responsive element binding chr7:28495744-28495756 | C
protein 5 AGCTCAGAGTTCA
NM_080631 VPS41 vacuolar protein sorting 41 (yeast chr7:38686102-38686114
homolog) AGGGTAAAGGTGA
NM_000790 DDC dopa decarboxylase (aromatic L- chr7:50407386-50407398
amino acid GTGACAAAGGTCA
NM_182596 FLJ25037 hypothetical protein LOC285905 chr7:64044163-64044175
AGGTGAGAGGTGA
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NM_017994 FLJ10099 hypothetical protein LOC55069 chr7:65830309-65830321
GGGTCGGAGGTCA
NM_032408 BAZ1B "bromodomain adjacent to zinc chr7:72381438-72381450
finger domain, 1B" AGGTGAAAGGTCA
NM_001306 CLDN3 claudin 3 chr7:72633393-72633405
AGGCCAAACTTCA
NM_000072 CD36 CD36 antigen chr7:79912336-79912348 | C
AAGTCAGAGGCCA
NM_ 012431 SEMA3E semaphorin 3E chr7:82922989-82923001 | C
AGGTGAAAGGTGA
NM_006080 SEMA3A semaphorin 3A chr7:83468640-83468652
AGGTAACAGGTGA
NM_006080 SEMA3A semaphorin 3A chr7:83469765-83469777
ATGACAAAGTTCA
NM_152999 STEAP2 six transmembrane epithelial chr7:89484653-89484665
antigen of the AGGGGAAAGTGCA
NM_000089 COL1A2 alpha 2 type 1 collagen chr7:93668432-93668444
AGGGCACAGGTGA
NM_145872 ASB4 ankyrin repeat and SOCS box- chr7:94755786-94755798
containing protein 4 AGAGCAAAGGACA
NM_014251 SLC25A13 "solute carrier family 25, member chr7:95596152-95596164 | C
13 (citrin)” AGGGCAGAGGCCG
NM_203397 LOC255374 hypothetical protein LOC255374 chr7:99367160-99367172 | C
AAGGCAAGGGTCA
NM_018275 FLJ10925 hypothetical protein LOC55262 chr7:99403004-99403016
GGGGGAAAGGGCA
NM_012447 STAG3 stromal antigen 3 chr7:99419389-99419401 | C
GAGGCAAAGGTCA
NM_002593 PCOLCE procollagen C-endopeptidase chr7:99842371-99842383
enhancer AGCTCAGAGTTCA
NM_001015072 | LOC402682 hypothetical protein LOC402682 chr7:100132483-
GGGTCACAGGTCT | 100132495
NM_014343 CLDN15 claudin 15 chr7:100476019-
GGGTCAGAGGAGA | 100476031
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NM_175884 FLJ36031 hypothetical protein LOC168455 chr7:105895664-
GGGGGAGAGGCCA | 105895676
NM_015723 IPLA2 intracellular membrane-associated chr7:107762597- C
GGGTCAGAGGTTA | 107762609
NM_012281 KCND2 "potassium voltage-gated channel, chr7:119507138-
Shal-related" CGGAGAAAGGTCA | 119507150
NM_016087 WNT16 "wingless-type MMTV integration chr7:120557844- C
site family," AGACCAGAGGTGA | 120557856
NM_022444 SLC13A1 solute carrier family 13 chr7:122438297- C
(sodium/sulfate AGGACACAGTTCA | 122438309
NM_006193 PAX4 paired box gene 4 chr7:126852128-
AGAGCAGAGGGCA | 126852140
NM_022143 LRRC4 netrin-G1 ligand chr7:127265043-
AGGGCAGAGGGGA | 127265055
NM_013332 HIG2 hypoxia-inducible protein 2 chr7:127688596-
AGGGGAAAGGTCG | 127688608
NM_022742 NAG6 hypothetical protein DKFZp434G156 chr7:128022888-
GGGTGAAAGGTGA | 128022900
NM_001458 FLNC gamma Filamin chr7:128063531- C
GGGCCACAGGGCA | 128063543
NM_004231 ATP6BV1F "ATPase, H+ transporting, chr7:128092446-
lysosomal 14kD, V1" AGGAGAAAGGGGA | 128092458
NM_199349 KCP kielin/chordin-like protein 1 chr7:128147854- C
AAGGCCAAGGTCA | 128147866
NM_012470 TNPO3 transportin 3 chr7:128290464-
CAGACAAAGGTCA | 128290476
NM_018718 TSGA14 "testis specific, 14" chr7:129675699- C
AGAGCAAAGGACA | 129675711
NM_ 012133 COPG2 ""coatomer protein complex, subunit chr7:129813785-
gamma 2" GGAGCAAAGGTGA | 129813797
NM_018646 TRPV6 "transient receptor potential chr7:142102351-
cation channel,” TGGGCAGAGGCCA | 142102363
NM_015694 KI1AA1285 hypothetical protein LOC27153 chr7:148590331-
GGGGAAAGGGTCA | 148590343
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NM_000238 KCNH2 "voltage-gated potassium channel, chr7:150117588-
subfamily H," AGGTCAGAGGTGA | 150117600
NM_003040 SLC4A2 "solute carrier family 4, anion chr7:150191907-
exchanger, member" AGGTCAGGGGTCA | 150191919
NM_004935 CDK5 cyclin-dependent kinase 5 chr7:150194354-
GGGGGAAAGTTGA | 150194366
NM_006712 FASTK Fas-activated serine/threonine chr7:150216297-
kinase isoform 1 ATGGCAAAGGCCA | 150216309
NM_005515 HLXB9 homeo box HB9 chr7:156306318-
AGATCAAAGGTCT | 156306330
NM_001715 BLK B lymphoid tyrosine kinase chr8:11386021-11386033 | C
GGGTTAAAGTTCA
NM_000237 LPL lipoprotein lipase precursor chr8:19840875-19840887 | C
GGGGGAAAGGGCA
NM_003867 FGF17 fibroblast growth factor 17 chr8:21955687-21955699 | C
precursor GGGTCAGAGGTGG
NM_001978 EPB49 erythrocyte membrane protein band chr8:21969387-21969399
4.9 (dematin) AGGGCAACGGTGA
NM_139278 LGI3 "leucine-rich repeat LGI family, chr8:22075198-22075210 | C
member 3" GGGACAGAGGTGA
NM_014759 PHYHIP phytanoyl-CoA hydroxylase chr8:22145662-22145674
interacting protein GGGGGAAAGGGCA
NM_198042 PDLIM2 PDZ and LIM domain 2 isoform 3 chr8:22493376-22493388 | C
AGGCCAGGGTTCA
NM_001013842 | LOC541565 hypothetical protein LOC541565 chr8:22508726-22508738 | C
AGGCAAAAGGTGA
NM_199205 K1AA1967 p30 DBC protein chr8:22516822-22516834 | C
AGGGCAGAGGGCG
NM_ 017634 KCTD9 potassium channel tetramerisation chr8:25373912-25373924 | C
domain AGTTCAAAGGTGA
NM_022659 N/A <<Recently removed from Reference chr8:25808101-25808113 | C
Sequence set>> AGGTCAAAGGTGT
NM_024567 FLJ21616 hypothetical protein LOC79618 chr8:28803274-28803286 | C
AGGGCAAAGGTGA
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NM_032777 GPR124 G protein-coupled receptor 124 chr8:37772987-37772999 | C
AGGTCAAAGGCCA
NM_000025 ADRB3 "adrenergic, beta-3-, receptor” chr8:37947841-37947853 | C
AGAACAAAGGTCA
NM_017813 IMPA3 myo-inositol monophosphatase A3 chr8:58068977-58068989
AGGTGAAAGGGGA
NM_025170 DEPDC2 DEP domain containing 2 isoform b chr8:69025511-69025523 | C
AGAACAAAGGGCA
NM_030958 SLCO5A1 organic anion transporter chr8:70909785-70909797 | C
polypeptide-related GGGGAAGAGTTCA
NM_006540 NCOA2 nuclear receptor coactivator 2 chr8:71479043-71479055
AGGGCAAAGGGCA
NM_006540 NCOA2 nuclear receptor coactivator 2 chr8:71479740-71479752
ATGAGAAAGGTCA
NM_172059 EYAl eyes absent 1 isoform c chr8:72434284-72434296 | C
AGTGCAAAAGTCA
NM_024721 ZFHX4 zinc finger homeodomain 4 chr8:77774844-77774856
GGGGAAAAGGCCA
NM_007029 STMN2 "superiorcervical ganglia, neural chr8:80685422-80685434
specific 10" GAGCCAAAGGTGA
NM_152284 CHMP4C chromatin modifying protein 4C chr8:82803922-82803934 | C
AGGGCAAAGGAAA
NM_017697 FLJ20171 hypothetical protein LOC54845 chr8:95721957-95721969 | C
AGGCCAGAGGTGA
NM_033285 TP53INP1 tumor protein p53 inducible chr8:96033472-96033484 | C
nuclear protein 1 GGGGAAAGGGTCA
NM_024613 PLEKHF2 phafin 2 chr8:96215184-96215196
AGGGGAGAGGCCA
NM_015420 WDSOF1 WD repeats and SOF1 domain chr8:104491133-
containing GGGGGAAAAGTCA | 104491145
NM_032869 NUDCD1 NudC domain containing 1 chr8:110415824-
AGCGCAAGGGTCA | 110415836
NM_ 014112 TRPS1 zinc finger transcription factor chr8:116751030- C
TRPS1 AGGATAGAGTTCA | 116751042
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NM_014112 TRPS1 zinc finger transcription factor chr8:116752770-
TRPS1 AAGCCAAAGGTCT | 116752782
NM_006265 RAD21 RAD21 homolog chr8:117956397-
AGCGCAAAGGTGA | 117956409
NM_007079 PTP4A3 "protein tyrosine phosphatase type chr8:142500789- C
IVA, member 3" AGGGCAATGGTGA | 142500801
NM_207414 FLJ43860 hypothetical protein LOC389690 chr8:142586537- C
AGGGGTGAGGTCA | 142586549
NM_001960 EEF1D eukaryotic translation elongation chr8:144751108-
factor 1 delta GGGACAAAGGGGA | 144751120
NM_015356 SCRIB scribble isoform b chr8:144972700-
AGGACAGAGGGGA | 144972712
NM_015356 SCRIB scribble isoform b chr8:144973140-
AGGTCAGAAGACA | 144973152
NM_005309 GPT glutamic-pyruvate transaminase chr8:145696325- C
(alanine AGGTCATAGGGCA | 145696337
NM_153186 ANKRD15 ankyrin repeat domain protein 15 chr9:696278-696290
isoform b AGTCCAAAGTTCA
NM_001018056 | VLDLR very low density lipoprotein chr9:2609682-2609694
receptor isoform b AGGCCAAAAGGCA
NM_005772 RCL1 RNA cyclase homolog chr9:4782902-4782914 C
GGGTCAGAGGGGA
NM_001170 AQP7 aquaporin 7 chr9:33392567-33392579
AGGGGAGAGGTCA
NM_001170 AQP7 aquaporin 7 chr9:33392697-33392709
AGGTCAGAGGTGG
NM_004925 AQP3 aquaporin 3 chr9:33440906-33440918 | C
GGGCCAGAGGGCA
NM_147202 C9orf25 hypothetical protein LOC203259 chr9:34449197-34449209 | C
GAGTCAGAGGTCA
NM_001842 CNTFR ciliary neurotrophic factor chr9:34580913-34580925 | C
receptor GGGTCAAGGGTCA
NM_001842 CNTFR ciliary neurotrophic factor chr9:34584514-34584526 | C
receptor GGGCCAGGGGTCA
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NM_147131 GALT galactose-1-phosphate chr9:34634946-34634958 | C
uridylyltransferase AGGTCATGGGTCA
NM_ 147162 IL11RA "interleukin 11 receptor, alpha chr9:34642196-34642208
isoform 2" AGGGCAGAGGGCG
NM_006274 CCL19 small inducible cytokine A19 chr9:34682089-34682101
precursor ATGAGAAAGGTCA
NM_013442 STOML2 stomatin (EPB72)-like 2 chr9:35095220-35095232
AGGGCAAAGGTGA
NM_013442 STOML2 stomatin (EPB72)-like 2 chr9:35095799-35095811
AAGTCAAAGGTCA
NM_032818 C9orf100 hypothetical protein LOC84904 chr9:35659617-35659629
GGGTCAGAGTCCA
NM_001216 CA9 carbonic anhydrase IX precursor chr9:35663780-35663792
GGGGGAGAGGGCA
NM_006368 CREB3 CAMP responsive element binding chr9:35721569-35721581 | C
protein 3 AGGTTAAGGGTCA
NM_020944 GBA2 bile acid beta-glucosidase chr9:35739704-35739716 | C
GGGGCGGAGGTCA
NM_012436 SPAG8 sperm associated antigen 8 isoform chr9:35803561-35803573
1 AGGCCAGAGGCCA
NM_032593 HINT2 PKCI-1-related HIT protein chr9:35808516-35808528
AGAGCAGAGGTGA
NM_032593 HINT2 PKCI-1-related HIT protein chr9:35809277-35809289
GGGTCAAAGGTGG
NM_001012422 | N/A <<Recently removed from Reference chr9:45794167-45794179
Sequence set>> AGGGGAGAGGTCA
NM_001012422 | N/A <<Recently removed from Reference chr9:45794297-45794309
Sequence set>> AGGTCAGAGGTGG
NM_001012422 | N/A <<Recently removed from Reference chr9:45795971-45795983 | C
Sequence set>> AGGACAGAGTTCG
NM_001012422 | N/A <<Recently removed from Reference chr9:45797825-45797837 | C
Sequence set>> AGGACAAAAGTCT
NM_001012447 | N/A <<Recently removed from Reference chr9:65597581-65597593
Sequence set>> AGGACAAAAGTCT
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NM_001012447 | N/A <<Recently removed from Reference chr9:65599435-65599447
Sequence set>> AGGACAGAGTTCG
NM_001012447 | N/A <<Recently removed from Reference chr9:65601111-65601123 | C
Sequence set>> AGGTCAGAGGTGG
NM_001012447 | N/A <<Recently removed from Reference chr9:65601241-65601253 | C
Sequence set>> AGGGGAGAGGTCA
NM_001333 CTSL2 cathepsin L2 preproprotein chr9:96883906-96883918
GGGTCAGAGTTCT
NM_173200 NR4A3 "nuclear receptor subfamily 4, chr9:99666882-99666894 | C
group A, member 3" GGGCCAGGGGTCA
NM_207299 PRG plasticity related gene 3 chr9:100869298-
GGGTCAGAGTTCA | 100869310
NM_021224 ZNF462 zinc finger protein 462 chr9:106701342- C
AGGAGAAAGTTCA | 106701354
NM_002874 RAD23B UV excision repair protein RAD23 chr9:107123147-
homolog B AGGGGAAAGGTCC | 107123159
NM_004235 KLF4 Kruppel-like factor 4 (gut) chr9:107332957-
AGGTCAAAGGACA | 107332969
NM_017832 FLJ20457 hypothetical protein L0OC54942 chr9:108771753- C
TGGTGAAAGGTGA | 108771765
NM_001860 SLC31A2 "solute carrier family 31 (copper chr9:112991207-
transporters),” AGTGTAAAGGTCA | 112991219
NM_138557 TLR4 toll-like receptor 4 isoform D chr9:117545968-
CAGGCAGAGGTCA | 117545980
NM_000177 GSN gelsolin isoform a chr9:121137169- C
GGGACAATGGTCA | 121137181
NM_004789 LHX2 LIM homeobox protein 2 chr9:123849181-
AGGGGAAAGTGCA | 123849193
NM_004789 LHX2 LIM homeobox protein 2 chr9:123850708- C
AGGTGACAGGTGA | 123850720
NM_182611 GPR144 G protein-coupled receptor 144 chr9:124289321- C
AGGAGAAAGTCCA | 124289333
NM_002316 LMX1B "LIM homeobox transcription factor chr9:126454404- C
1, beta" AGGCGAAAGGGCG | 126454416
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NM_152690 DPM2 dolichyl-phosphate chr9:127784414-
mannosyltransferase GGGTCTGAGGTCA | 127784426
NM_001006641 | SLC25A25 "solute carrier family 25, member chr9:127908325- C
25 isoform b" GGGTCAGAGGTCA | 127908337
NM_015354 NUP188 nucleoporin 188kDa chr9:128786284-
AGAGCAAAGGTCA | 128786296
NM_017873 ASB6 ankyrin repeat and SOCS box- chr9:129488366- C
containing 6 isoform AGGTCAGGGGGCA | 129488378
NM_007313 ABL1 v-abl Abelson murine leukemia chr9:130618726- C
viral oncogene AGGACACGGGTCA | 130618738
NM_207511 FLJ36268 hypothetical protein LOC401563 chr9:137193544-
AGGTCAGAGGTCA | 137193556
NM_207511 FLJ36268 hypothetical protein L0OC401563 chr9:137193715- C
AGGTCAGAGGTCA | 137193727
NM_001013653 | LOC389816 hypothetical protein LOC389816 chr9:137342289-
AGGACACAGGCCA | 137342301
NM_031297 DKFZP761H1710 | hypothetical protein LOC83459 chr9:137391488-
GGGTCAGAGGGCA | 137391500
NM_031297 DKFZP761H1710 | hypothetical protein LOC83459 chr9:137392108- C
GGGTCAGAGGTCG | 137392120
NM_015537 NELF nasal embryonic LHRH factor chr9:137633442- C
AGAACAAAGGCCA | 137633454
NM_032937 C9orf37 chromosome 9 open reading frame 37 chr9:137789811- C
AAGTGAAAGGTCA | 137789823
NM_152633 FANCB Fanconi anemia complementation chrX:14651308-14651320
group B ATGGCAGAGGTGA
NM_152633 FANCB Fanconi anemia complementation chrX:14651868-14651880 | C
group B TGGTGAAAGGCCA
NM_006746 SCML1 sex comb on midleg-like 1 chrX:17513345-17513357
TTGCCAAAGGTCA
NM_003159 CDKL5 cyclin-dependent kinase-like 5 chrX:18201835-18201847
AAGCTAGAGGTCA
NM_005756 GPR64 G protein-coupled receptor 64 chrXx:18903472-18903484 | C
TGGCCACAGGTCA
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NM_153270 RP11 hypothetical protein L0OC257240 chrx:21436180-21436192
AGGGCGCAGGTCA
NM_173495 PTCHD1 patched domain containing 1 chrx:23110143-23110155
GGGGCACAAGTCA
NM_004845 PCYT1B CTP:phosphocholine chrX:24428517-24428529 | C
cytidylyltransferase b AGGTCAAAGGGTA
NM_004007 DMD dystrophin Dp4271 isoform chrx:32802404-32802416 | C
GGGTAAAAGTTCA
NM_021083 XK "McLeod syndrome-associated, Kell chrX:37300563-37300575 | C
blood group" AGGGCAAAGATCA
NM_019056 NDUFB11 NADH dehydrogenase (ubiquinone) 1 chrx:46761088-46761100
beta CGGGCAGAGGTGA
NM_006950 SYN1 synapsin 1 isoform la chrX:47240067-47240079 | C
TGGTCGAAGGTCA
NM_017602 DKFZp761A052 | hypothetical protein LOC55593 chrX:48575640-48575652
AGATCAGAGGTGA
NM_004979 KCND1 "potassium voltage-gated channel, chrX:48586677-48586689 | C
Shal-related" AGGGCAGAGGCCA
NM_007213 PRAF2 JM4 protein chrx:48689834-48689846
GGGGCAGAGGTCA
NM_022117 TSPYL2 TSPY-like 2 chrx:52989654-52989666
AGGTCAAGGGTGA
NM_002625 PFKFB1 "'6-phosphofructo-2- chrx:54903706-54903718
kinase/fructose-2," TGGGCAGAGGTCA
NM_001005611 | EDA ectodysplasin A isoform EDA-C chrx:68617481-68617493 | C
AGCACAGAGGTCA
NM_001013579 | DGAT2L3 diacylglycerol O-acyltransferase chrX:69237340-69237352
2-like 3 GAGTCAAAGGGCA
NM_002565 P2RY4 pyrimidinergic receptor P2Y4 chrX:69263074-69263086 | C
AGGGGAAGGGTGA
NM_012278 ITGB1BP2 melusin chrx:70303564-70303576 | C
GGGGCTAAGGTCA
NM_052957 ACRC ACRC protein chrx:70578519-70578531 | C
AGGAAAAAGTTCA
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NM_207422 FLJ44635 hypothetical protein L0C392490 chrxX:71142451-71142463 | C
AGGTGGAAGGTGA
NM_001012977 | LOC340529 hypothetical protein LOC340529 chrX:72085081-72085093
AAGGCAGAGGCCA
NM_032553 GPR174 putative purinergic receptor chrX:78231366-78231378
FKSG79 AGAATAAAGGTCA
NM_000307 POU3F4 "POU domain, class 3, chrX:82567233-82567245 | C
transcription factor 4" AGGTCAGAGGGAA
NM_001011656 | ZMAT1 ""zinc finger, matrin type 1 chrx:100993358-
isoform 2" AGGGCAAAGGGCA | 100993370
NM_198465 NRK Nik related kinase chrx:104868480- C
AAGCTAGAGGTCA | 104868492
NM_018301 FLJ11016 hypothetical protein L0OC55285 chrx:106168403- C
AAGTCAAAGGTGA | 106168415
NM_012216 MID2 midline 2 isoform 1 chrx:106874205- C
AAGACAAAAGTCA | 106874217
NM_001004308 | ZCCHC16 hypothetical protein LOC340595 chrx:111131526- C
AGGTGAAAGGTGA | 111131538
NM_145800 6-Sep septin 6 isoform A chrx:118611087-
GAGTCAGAGGTGA | 118611099
NM_003069 SMARCA1 SWI/SNF-related matrix-associated chrx:128384830- C
AAGCCAAAGGGCA | 128384842
NM_021946 BCORL1 BCL6 co-repressor-like 1 chrx:128838997-
AGGGTAAGGGTCA | 128839009
NM_031907 USP26 ubiquitin-specific protease 26 chrx:131892691-
GGGTTAAAGGTCA | 131892703
NM_004484 GPC3 glypican 3 chrX:132849059- C
GAGTGAAAGGTGA | 132849071
NM_004484 GPC3 glypican 3 chrx:132849737-
GGGGCAGAGGGGA | 132849749
NM_004709 CXorfl hypothetical protein L0C9142 chrX:144610269- C
GGGACAGAGGTCT | 144610281
NM_032508 FAM11A "family with sequence similarity chrx:148419760- C
11, member A" GAGGCAGAGGTCA | 148419772
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NM_032508 FAM11A “family with sequence similarity chrX:148420256- C
11, member A" AGAAGAAAGGTGA | 148420268
NM_006280 SSR4 "signal sequence receptor, delta" chrx:152579719-
AGGTCAGAGTTGA | 152579731
NM_001569 1RAK1 interleukin-1 receptor-associated chrx:152809976-
kinase 1 GGGCTAGAGGTCA | 152809988
NM_001183 ATP6AP1 "ATPase, H+ transporting, chrx:153177826-
lysosomal accessory" GGGGCAACGGTCA | 153177838
NM_004699 FAM50A XAP-5 protein chrx:153235001- C
GGGGCAGAAGTCA | 153235013
NM_032576 CYorf15B lipopolysaccaride-specific chrY:20141858-20141870
response 5-like AAGAGAAAGTTCA
NM_002051 GATA3 GATA binding protein 3 isoform 2 chr10:8133214-8133226 C
GGGAAAAAGGTGA
NM_006561 CUGBP2 "CUG triplet repeat, RNA binding chr10:11100060- C
protein 2" AAGGCAGAAGTCA | 11100072
NM_031453 C10orf45 hypothetical protein LOC83641 chrl0:14858964-
AGAAGAAAGGTGA | 14858976
NM_201570 CACNB2 "calcium channel, voltage- chr10:18729531- C
dependent, beta 2" AGTGCAAAGTTCA | 18729543
NM_207371 FLJ45187 hypothetical protein LOC387640 chrl0:21854869- C
GGGTCAGGGGTCA | 21854881
NM_005180 PCGF4 polycomb group ring finger 4 chrl10:22647347-
GAGCCAAAGGGCA | 22647359
NM_145012 Cl1l0orf9 cyclin fold protein 1 chrl0:35661171-
AGGTGAAAGGGCA | 35661183
NM_182829 LOC158160 17-beta-hydroxysteroid chr10:38680982-
dehydrogenase type GGGGTAAAGGGCA | 38680994
NM_145312 ZNF485 zinc finger protein 485 chrl0:43420526- C
ATGTCAAAGTTCA | 43420538
NM_021226 ARHGAP22 Rho GTPase activating protein 2 chr10:49485113-
GGGTCACAGGGCA | 49485125
NM_198225 RHOBTB1 Rho-related BTB domain containing chrl0:62431697-
1 ATGTCAAGGGTCA | 62431709
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NM_018649 H2AFY2 core histone macroH2A2.2 chrl10:71479834-
AGGTCAAGGGTTA | 71479846
NM_032562 PLA2G12B "phospholipase A2, group XI1IB" chrl0:74384645-
AGGGCAAAGGTTA | 74384657
NM_004922 SEC24C SEC24-related protein C chrl0:75173798-
GGGTCAGGGGTCA | 75173810
NM_001001791 | C10orf55 hypothetical protein L0C414236 chrl0:75342709-
AGGGGAATGGTCA | 75342721
NM_003087 SNCG "synuclein, gamma (breast cancer- chr10:88703771- C
specific protein” AAAGCAAAGGTCA | 88703783
NM_019054 FAM35A hypothetical protein LOC54537 chrl0:88842717-
AAATCAGAGGTCA | 88842729
NM_000314 PTEN phosphatase and tensin homolog chrl0:89611339-
CGGTGACAGGTCA | 89611351
NM_031484 MARVELD1 MARVEL domain containing 1 chrl10:99461613-
AGGCCAAAGGCCA | 99461625
NM_031212 SLC25A28 "solute carrier family 25, member chr10:101370361- C
28" AGATCAAAGGGGA | 101370373
NM_001001342 | BLOC1S2 biogenesis of lysosome-related chr10:102040276-
organelles AAGTCAGAGGTTA | 102040288
NM_000278 PAX2 paired box protein 2 isoform b chrl10:102494726-
AGGCCAAAGGGAA | 102494738
NM_017893 SEMA4G semaphorin 4G chrl10:102719330-
AGCGCAAAGGTGA | 102719342
NM_017893 SEMA4G semaphorin 4G chrl10:102719905-
AGAGGAAAGGTGA | 102719917
NM_017893 SEMA4G semaphorin 4G chrl0:102721222- C
GAGGTAAAGGTCA | 102721234
NM_024895 PDZK7 PDZ domain containing 7 chr10:102781712-
AAGCCAAAGGCCA | 102781724
NM_152310 ELOVL3 elongation of very long chain chr10:103974942-
fatty acids like AGGTGAGAAGTGA | 103974954
NM_005029 PITX3 paired-like homeodomain chr10:103995701-
transcription factor 3 GGGGCAAAGGTCA | 103995713
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NM_002779 PSD pleckstrin and Sec7 domain chr10:104170498-
containing AGGGCAGAGGAGA | 104170510
NM_024040 CUEDC2 CUE domain containing 2 chr10:104184399- C
CGGCCAGAGTTCA | 104184411
NM_005264 GFRA1 GDNF family receptor alpha 1 chr10:118026455-
isoform a GGATGAAAGGTGA | 118026467
NM_014904 RAB11FIP2 RAB11 family interacting protein 2 chr10:119796460-
(class I) AGGTCAGGGGTCA | 119796472
NM_001007793 | BUB3 BUB3 budding uninhibited by chr10:124900116-
benzimidazoles 3 AGGGGAGAGTTCA | 124900128
NM_001007793 | BUB3 BUB3 budding uninhibited by chrl10:124900315-
benzimidazoles 3 GGGTTAAAGGTCG | 124900327
NM_003474 ADAM12 a disintegrin and metalloprotease chr10:128069986-
domain 12 GGGTCAGAGGCCA | 128069998
NM_152311 MGC32871 hypothetical protein MGC32871 chrl0:129581236- C
AGACCAAAGTTCA | 129581248
NM_001109 ADAM8 a disintegrin and chr10:134980240-
metalloproteinase domain 8 AGGACAGAGGTCA | 134980252
NM_130784 C10orf94 hypothetical protein LOC93426 chrl0:135274425-
AGGCCACAGGACA | 135274437
NM_025092 FLJ22635 hypothetical protein LOC80162 chrll1:280049-280061 C
AGGGCGAAGGTCT
NM_006435 IFITM2 interferon induced transmembrane chrl1:294147-294159 C
protein 2 GGGCCAGAGGTCG
NM_001013253 | LSP1 lymphocyte-specific protein 1 chrl1:1843934-1843946 C
isoform 2 AGGAGAAAGGGCA
NM_144663 1-Nov hypothetical protein LOC143501 chrl11:4559407-4559419
TGGGCAGAGGCCA
NM_000613 HPX hemopexin chrll:6418782-6418794
AGGCCACAGGACA
NM_006458 TRIM3 tripartite motif-containing 3 chrll1:6454814-6454826
AAGCCAGAGGGCA
NM_000391 TPP1 tripeptidyl-peptidase | precursor chrll:6599385-6599397
TGGTCACAGGTCA
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NM_000391 TPP1 tripeptidyl-peptidase | precursor chrl1:6601584-6601596
AGGGCCAGGGTCA
NM_003320 TUB tubby isoform a chrl1:8012876-8012888 | C
AGGGGAGAGGGGA
NM_020646 ASCL3 ASCL3 chrl1:8925892-8925904
AGTGCAAAAGTCA
NM_018222 PARVA "parvin, alpha" chrl1:12355576-
AGGGCAGAGGGCG | 12355588
NM_001741 CALCA "calcitonin/calcitonin-related chrll:14955353-
polypeptide," AGGTAAGAGGTCT | 14955365
NM_033326 SOX6 SRY (sex determining region Y)-box chrl1:16458636-
6 AGATCAAAGGTAA | 16458648
NM_004976 KCNC1 Shaw-related voltage-gated chrll:17713662- C
potassium channel GGGGGAAAGGTCA | 17713674
NM_173588 FLJ37794 hypothetical protein L0C283284 chrl1:18706905-
AGGGTAGGGGTCA | 18706917
NM_005256 GAS2 growth arrest-specific 2 chrll:22650453-
AGGACAGAGTACA | 22650465
NM_003986 BBOX1 gamma-butyrobetaine hydroxylase chrl1:27018728- C
AAGGGAAAGGCCA | 27018740
NM_ 170734 BDNF brain-derived neurotrophic factor chrll:27679016- C
isoform c AGGGGAGAGTTGA | 27679028
NM_001584 Cllorfs8 hypothetical protein LOC744 chrl11:30561702- C
AGGACAGAAGTGA | 30561714
NM_000280 PAX6 paired box gene 6 isoform a chrll1:31793459-
AGGCAAGAGTTCA | 31793471
NM_198381 ELF5 E74-1ike factor 5 ESE-2a chrl1:34492035- C
AGGATAAAGGTAA | 34492047
NM_005456 MAPK8IP1 mitogen-activated protein kinase 8 chrll:45860514- C
interacting AGGTCACAGGGGA | 45860526
NM_001610 ACP2 lysosomal acid phosphatase 2 chrl1:47231611-
precursor TGGGCAGAAGTCA | 47231623
NM_130476 MADD MAP-kinase activating death chrll1:47243494-
domain-containing GGGTGAAAGTACA | 47243506
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NM_031909 C1QTNF4 Clg and tumor necrosis factor chrl11:47572901-
related protein 4 GGGGGAGAGGTCT | 47572913
NM_170746 Cllorf3l selenoprotein H chrll1:57261935- C
ATGTCACAGGTCA | 57261947
NM_170746 Cllorf3l selenoprotein H chrll1:57262804- C
AAGGGAGAGGTCA | 57262816
NM_152716 FLJ36874 hypothetical protein FLJ36874 chrl1:59183231-
ATGGCAAAGTTCA | 59183243
NM_ 153611 CYBASC3 "'cytochrome b, ascorbate dependent chrll1:60888491- C
3" AGGTCATAGGACA | 60888503
NM_153611 CYBASC3 "‘cytochrome b, ascorbate dependent chrl11:60890224- C
3" AGGGCAAAGTACA | 60890236
NM_004200 SYT7 synaptotagmin VII chrll1:61105503- C
GAGCCAAAGGGCA | 61105515
NM_004200 SYT7 synaptotagmin VI1I chrl1:61109238- C
AGGCCAGAGGGGA | 61109250
NM_004183 VMD2 bestrophin chrll1:61470186- C
AGGGCAGAGGCCA | 61470198
NM_001404 EEF1G eukaryotic translation elongation chrl1:62102675-
factor 1 CGGGCAGAGGGCA | 62102687
NM_022830 RBM21 RNA binding motif protein 21 chrll:62117171- C
AGGACAAAGGACA | 62117183
NM_032667 BSCL2 seipin chrll:62232342-
GGATGAAAGGTGA | 62232354
NM_173810 MGC29649 hypothetical protein L0OC283237 chrll:62249589-
AAGTCAAAGGTTA | 62249601
NM_173810 MGC29649 hypothetical protein L0C283237 chrll1:62249821-
AGGAGAAAGGTCA | 62249833
NM_006362 NXF1 nuclear RNA export factor 1 chrll1:62331376-
GGGGCAGTGGTCA | 62331388
NM_000738 CHRM1 "cholinergic receptor, muscarinic chrll:62445595-
1" AGGAGAAAGGACA | 62445607
NM_006054 RTN3 reticulon 3 isoform a chrll1:63203897- C
AGGGGAAAGGCGA | 63203909
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NM_032344 MGC13045 hypothetical protein LOC84304 chrl1:63749588-
AGGGCATAGGACA | 63749600
NM_031472 MGC11134 tRNA splicing 2" chrl1:63753933- C
phosphotransferase 1 GGGGCAGAGTTCA | 63753945
NM_003377 VEGFB vascular endothelial growth factor chrll:63758452- C
B AGGGGAAAGGGGA | 63758464
NM_000932 PLCB3 "phospholipase C, beta 3" chrl1:63770931- C
GGGACAAAGGGCG | 63770943
NM_015104 K1AA0404 hypothetical protein L0C23130 chrll:64441478- C
AGGTTAAAGGTCC | 64441490
NM_080668 CDCA5 cell division cycle associated 5 chrl1:64608768-
AAGAGAAAGGTGA | 64608780
NM_014205 ZNHIT2 ""zinc finger, HIT domain chrll:64645039- C
containing 2" AAGTGAGAGGTCA | 64645051
NM_001004326 | FLJ16331 hypothetical protein L0C440044 chrl1:64734900- C
AAGTCAAAGGTCA | 64734912
NM_001004326 | FLJ16331 hypothetical protein L0C440044 chrll:64737834- C
AGGCCAGGGGTGA | 64737846
NM_006747 SIPA1 signal-induced proliferation- chrl1:65161179- C
associated protein AGGTCAGAGGTCT | 65161191
NM_005438 FOSL1 FOS-like antigen 1 chrll:65427414- C
AGGTCAGAGGCCA | 65427426
NM_032325 MGC11102 hypothetical protein LOC84285 chrl1:65528524-
GGGTGAGAGTTCA | 65528536
NM_182553 CNIH2 cornichon homolog 2 chrill:65800954- C
AGGGCAGAGGGCG | 65800966
NM_006946 SPTBN2 "'spectrin, beta, non-erythrocytic chrll1:66247811-
2" AGGGCAGAGTTGA | 66247823
NM_177963 SYT12 synaptotagmin XI1 chrll:66546718- C
GAGCCAAAGGTCA | 66546730
NM_012308 FBXL11 F-box and leucine-rich repeat chrll:66643822- C
protein 11 AGGCCAGCGGTCA | 66643834
NM_ 021173 POLD4 "polymerase (DNA-directed), delta chrll:66878732- C
4" GGGACAAAGGTCA | 66878744
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NM_013246 CLCF1 cardiotrophin-like cytokine factor chrl1:66900284- C
1 AGGGGAGAGGGCA | 66900296
NM_020441 CORO1B "coronin, actin binding protein, chrll:66967588-
1B" GGGGCCGAGGTCA | 66967600
NM_004910 PITPNM1 "phosphatidylinositol transfer chrll:67032754- C
protein," CGGTGAAAGGTGA | 67032766
NM_181843 NUDT8 nudix-type motif 8 chrll1:67157437- C
AGGGGACAGGCCA | 67157449
NM_ 181512 MRPL21 mitochondrial ribosomal protein chrll1:68430220- C
L21 isoform b GGCTCAAAGGTGA | 68430232
NM_053056 CCND1 cyclin D1 chrl1:69162605- C
GAGACAAAGGGCA | 69162617
NM_016055 MRPL48 mitochondrial ribosomal protein chrll1:73173348- C
L48 AGGCCAGAGGTGG | 73173360
NM_003356 UCP3 uncoupling protein 3 isoform UCP3L chr11:73397893-
AGGTGAGAGGGGA | 73397905
NM_016147 PME protein phosphatase chrll:73559459- C
methylesterase-1 AGGCCAAGGGTCT | 73559471
NM_002576 PAK1 p2l-activated kinase 1 chrll:76864148-
AGGATAAAGTTCA | 76864160
NM_001364 DLG2 chapsyn-110 chrl11:84312170-
GGGGGAAAGGTGA | 84312182
NM_007166 PICALM phosphatidylinositol-binding chrl1:85458763- C
clathrin assembly AGGCCAAAGGTAA | 85458775
NM_022918 FLJ22104 hypothetical protein LOC65084 chrll:86426609- C
AGGGGAAAGGTCA | 86426621
NM_152313 SLC36A4 solute carrier family 36 chrl1:92572205-
(proton/amino acid GGATCAAAAGTCA | 92572217
NM_024725 FLJ23518 hypothetical protein LOC79780 chrl1:95763774-
AGGGCAGAGTTCT | 95763786
NM_138789 LOC120379 hypothetical protein L0OC120379 chrl1:111450672-
GGGCCACAGGTGA | 111450684
NM_003002 SDHD "succinate dehydrogenase complex, chrl1:111458870-
subunit D" AGATGAAAGGTCT | 111458882
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NM_000869 HTR3A 5-hydroxytryptamine (serotonin) chr11:113347731-
receptor 3A GGGGCAAAAGTGA | 113347743
NM_000040 APOC3 apolipoprotein C-111 precursor chrll:116205752- C
TGGGCAAAGGTCA | 116205764
NM_174934 SCN4B "sodium channel, voltage-gated, chrl1:117531096- C
type IV, beta" TGGGCAGGGGTCA | 117531108
NM_032710 MGC13053 hypothetical protein LOC84796 chrl1:117813106- C
TGGGGAAGGGTCA | 117813118
NM_001655 ARCN1 archain chrll1:117948284- C
AGGTCAAAGGGCG | 117948296
NM_015157 PHLDB1 "pleckstrin homology-like domain, chr11:117981704-
family B," AGGGGAGAGGACA | 117981716
NM_182557 BCLOL B-cell CLL/lymphoma 9-like chrl11:118288850- C
AGGAGAAAGGGGA | 118288862
NM_182557 BCLIOL B-cell CLL/lymphoma 9-like chrl1:118289344-
AGGCCTGAGGTCA | 118289356
NM_002105 H2AFX "H2A histone family, member X" chrl11:118473901-
ACGGCAAAGGTCA | 118473913
NM_024791 PDZK2 natrium-phosphate cotransporter chr11:118561371- C
Ila GGGACAAGGTTCA | 118561383
NM_006500 MCAM melanoma cell adhesion molecule chrl1:118694603- C
AGGGCAAACGGCA | 118694615
NM_006500 MCAM melanoma cell adhesion molecule chrl1:118696592- C
AGGGAAGAGGCCA | 118696604
NM_001001681 | FLJ45300 hypothetical protein LOC399957 chrl1:118979431- C
AGGTCAAGGTGCA | 118979443
NM_001013743 | PMP22CD PMP22 claudin domain-containing chrl11:123261587- C
protein GGGTCAAGGGTCA | 123261599
NM_001005197 | OR8D4 "olfactory receptor, family 8, chrll:123278166-
subfamily D," AGGAAAAAGGTGA | 123278178
NM_001274 CHEK1 CHK1 checkpoint homolog chrl11:125001100-
TGGGCAAAGGACA | 125001112
NM_032531 KIRREL3 kin of IRRE like 3 chrll:126375998-
GGGAGACAGGTCA | 126376010
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NM_002017 FLI1 Friend leukemia virus integration chrl11:128068751-
1 AAGCCAAAGGTCT | 128068763
NM_ 014174 THY28 thymocyte protein thy28 isoform 1 chrl1:133631694- C
AAGTCAAAGGCCA | 133631706
NM_018644 B3GAT1 "beta-1,3-glucuronyltransferase 1" chr11:133790200- C
AGGGCACAGGTGA | 133790212
NM_019854 HRMT1L4 protein arginine N- chrl2:3469189-3469201
methyltransferase 4 AGGGAAAAGGTTA
NM_020996 FGF6 fibroblast growth factor 6 chrl2:4425520-4425532
precursor AGGCGAGAGGCCA
NM_001769 CD9 CD9 antigen chrl2:6175526-6175538 | C
GGGCCAAAGTGCA
NM_032489 ACRBP proacrosin binding protein sp32 chrl2:6630357-6630369
precursor AGGCAAAAGGACA
NM_016162 ING4 "inhibitor of growth family, chrl2:6646325-6646337 C
member 4 isoform 1" AAGGGAGAGTTCA
NM_005439 MLF2 myeloid leukemia factor 2 chrl2:6733422-6733434
AGGTCAAAGGTCT
NM_002824 PTMS parathymosin chrl2:6742933-6742945
AGGCCAGAAGTCA
NM_002286 LAG3 lymphocyte-activation protein 3 chrl2:6747597-6747609 C
precursor AGACCAAAGTTCA
NM_001940 ATN1 atrophin-1 chrl2:6905422-6905434 | C
AGGACAAAGGACA
NM_138425 GRCC10 C10 protein chrl2:6921627-6921639 C
GGGGCAAGGGGCA
NM_005768 C3F ""gene rich cluster, C3f gene" chrl2:6996212-6996224
AAGGCAAAGGTGA
NM_004963 GUCY2C guanylate cyclase 2C (heat stable chrl2:14741036-
enterotoxin AGGTCAAAGGGCT | 14741048
NM_018640 LMO3 LIM domain only 3 chrl2:16651814-
TTGTCAGAGGTCA | 16651826
NM_018640 LMO3 LIM domain only 3 chrl2:16653931- C
TGGGCAAAGGTAA | 16653943
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NM_002733 PRKAG1 "AMP-activated protein kinase, chrl2:47700029- C
noncatalytic" TGGGCAAAGGGCA | 47700041
NM_003482 MLL2 myeloid/lymphoid or mixed-lineage chrl2:47736100-
leukemia 2 AGGTCTCAGGTCA | 47736112
NM_003482 MLL2 myeloid/lymphoid or mixed-lineage chrl2:47738401- C
leukemia 2 AGGTGAGAGGTGG | 47738413
NM_001008223 | C1QL4 hypothetical protein LOC338761 chrl2:48018946-
AGGGCACAGGGCA | 48018958
NM_024902 FLJ13236 hypothetical protein FLJ13236 chrl2:48026471- C
AGGGCAGAGGAGA | 48026483
NM_003076 SMARCD1 SWI/SNF-related matrix-associated chrl2:48760813-
AGGGCAAAGTGGA | 48760825
NM_032901 MGC14288 hypothetical protein L0OC84987 chrl2:48790914-
ATGTCACAGGTCA | 48790926
NM_182608 ANKRD33 ankyrin repeat domain 33 chr12:50566069- C
CAGGCAGAGGTCA | 50566081
NM_ 173158 NR4AL "nuclear receptor subfamily 4, chrl12:50722032-
group A, member 1" GGGGCAGAGGTGG | 50722044
NM_170754 TENC1 tensin like C1 domain containing chr12:51729805- C
phosphatase GGGCTAAAGGGCA | 51729817
NM_002178 1GFBP6 insulin-like growth factor binding chrl2:51777627- C
protein 6 GGGGGAGAGGGCA | 51777639
NM_015989 CSAD cysteine sulfinic acid chr12:51861885-
decarboxylase-related AAGACAAAGTTCA | 51861897
NM_134323 TARBP2 TAR RNA binding protein 2 isoform chrl2:52179171- C
a AGGACAGAGGGCA | 52179183
NM_153633 HOXC4 homeo box C4 chrl12:52730086- C
AGGGCAAAGGGAA | 52730098
NM_ 012117 CBX5 ""chromobox homolog 5 (HP1 alpha chrl2:52960865-
homolog, " AAGTCAGAGGTGA | 52960877
NM_006163 NFE2 "nuclear factor (erythroid-derived chr12:52976014- C
2), 45kDa" AGGACAGAGGTCC | 52976026
NM_015481 ZNF385 zinc finger protein 385 chrl2:53065815- C
GGGGCAGAGGGCA | 53065827
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NM_022792 MMP19 matrix metalloproteinase 19 chrl12:54523090- C
isoform rasi-9 AGGGCAAGGGTTA | 54523102
NM_032345 WIBG within bgcn homolog chrl2:54607967-
GGGTCAGAGGGCA | 54607979
NM_006928 SILV silver homolog chrl2:54648447-
AGGTGGGAGGTCA | 54648459
NM_001029 RPS26 ribosomal protein S26 chr12:54718252- C
GGGGTAAAGGTCA | 54718264
NM_079425 MYL6 smooth muscle and non-muscle chrl2:54833948- C
myosin alkali light TGGCCAAAGGACA | 54833960
NM_173596 SLC39A5 solute carrier family 39 (metal chr12:54910082- C
ion CGGGCAAGGGTCA | 54910094
NM_173596 SLC39A5 solute carrier family 39 (metal chrl2:54910676- C
ion GGATCAAAAGTCA | 54910688
NM_014871 USP52 ubiquitin specific protease 52 chr12:55017001- C
GGGACAAGGGTGA | 55017013
NM_003920 TIMELESS timeless homolog chrl2:55130936-
AGGGTAAAGGCCA | 55130948
NM_003920 TIMELESS timeless homolog chrl2:55131362- C
AGGTCACAGGGGA | 55131374
NM_002332 LRP1 low density lipoprotein-related chr12:55807523-
protein 1 GGGACAAAGGTCC | 55807535
NM_020142 LOC56901 NADH:ubiquinone oxidoreductase chr12:55922411-
MLRQ subunit AGGGCAAAGGGAA | 55922423
NM_145064 STAC3 SH3 and cysteine rich domain 3 chrl2:55935174-
AGGAGAGAGGACA | 55935186
NM_005269 GLI1 glioma-associated oncogene homolog chrl2:56136356- C
1 AGGGCAGAGTTAA | 56136368
NM_004083 DDIT3 DNA-damage-inducible transcript 3 chrl2:56202342-
CAGGCAGAGGTCA | 56202354
NM_004083 DDIT3 DNA-damage-inducible transcript 3 chrl12:56205007- C
GGGTCAAAGTTGA | 56205019
NM_004984 KIF5A kinesin family member 5A chrl2:56226029-
GGGAGAAAGGTCA | 56226041
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NM_000785 CYP27B1 "cytochrome P450, family 27, chr12:56450974-
subfamily B," AGGGCAAAGGTCA | 56450986
NM_017440 MDM1 "Mdm4, transformed 3T3 cell double chrl2:67016498- C
minute 1, p53" AAGTGAAAGGTCT | 67016510
NM_002392 MDM2 mouse double minute 2 homolog chrl2:67484878-
isoform MDM2 AGGTCACAGTGCA | 67484890
NM_014515 CNOT2 "CCR4-NOT transcription complex, chrl12:68923448-
subunit 2" AGGGTAAAGGTCT | 68923460
NM_001946 DUSP6 dual specificity phosphatase 6 chrl2:88253168- C
isoform a AGATTAAAGGTCA | 88253180
NM_003877 S0CS2 suppressor of cytokine signaling-2 chr12:92462504- C
AGACCAGAGGTCA | 92462516
NM_003297 NR2C1 "nuclear receptor subfamily 2, chrl2:93969793-
group C, member 1" GGGTCAGAGTTCG | 93969805
NM_152435 MGC35366 hypothetical protein L0C144193 chrl2:94836878- C
AGGACACAGTTCA | 94836890
NM_018157 hSyn brain synembryn chr12:105670804-
GGGTGAAAGTTGA | 105670816
NM_014776 GIT2 G protein-coupled receptor kinase- chr12:108899566- C
interactor 2 GGGTCAAAAGCCA | 108899578
NM_016226 VPS29 vacuolar protein sorting 29 chr12:109402900-
isoform 1 AGGTGAAAGGTGG | 109402912
NM_138451 1QCD IQ motif containing D chrl2:112123928-
AGTTCAAAGGTCT | 112123940
NM_138432 SDSL serine dehydratase-like chrl2:112319139-
TGGGGACAGGTCA | 112319151
NM_016281 TAOK3 TAO kinase 3 chrl2:117273766-
CGGTCAAAGTTCA | 117273778
NM_194286 KI1AA1853 KIAA1853 protein chrl2:117881872- C
AGGAGAAAGGGCG | 117881884
NM_014365 HSPB8 heat shock 27kDa protein 8 chrl12:118079137- C
AGGGCTCAGGTCA | 118079149
NM_004276 CABP1 calcium binding protein 1 isoform chrl2:119550874- C
2 AGGGGAGAGTGCA | 119550886
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