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Simple Summary: Dpep is a novel cell-penetrating peptide that selectively promotes the death of
multiple tumor cell types in vitro and in vivo, and that is a potential therapeutic option for cancer. To
better understand how it kills cancer cells, we compared gene expression levels in each of six diverse
cancer cell lines before and after peptide treatment. An analysis of the data suggested a mechanism in
which Dpep initiates a cascade of perturbations in gene expression that are particular to each cancer
cell type, but that represent shared pathways that regulate cell growth and survival. These findings
provide insight as to how drugs such as Dpep are able to impact the survival of a wide variety of
tumor cell types, and identify how it might be combined with other cancer drugs for optimal efficacy.

Abstract: Dpep is a cell-penetrating peptide targeting transcription factors ATF5, CEBPB, and CEBPD,
and that selectively promotes the apoptotic death of multiple tumor cell types in vitro and in vivo.
As such, it is a potential therapeutic. To better understand its mechanism of action, we used PLATE-
seq to compare the transcriptomes of six cancer cell lines of diverse origins before and after Dpep
exposure. This revealed a context-dependent pattern of regulated genes that was unique to each
line, but that exhibited a number of elements that were shared with other lines. This included the
upregulation of pro-apoptotic genes and tumor suppressors as well as the enrichment of genes
associated with responses to hypoxia and interferons. Downregulated transcripts included oncogenes
and dependency genes, as well as enriched genes associated with different phases of the cell cycle
and with DNA repair. In each case, such changes have the potential to lie upstream of apoptotic cell
death. We also detected the regulation of unique as well as shared sets of transcription factors in each
line, suggesting that Dpep may initiate a cascade of transcriptional responses that culminate in cancer
cell death. Such death thus appears to reflect context-dependent, yet shared, disruption of multiple
cellular pathways as well as of individual survival-relevant genes.

Keywords: Dpep; ATF5; CEBPB; CEBPD; transcriptome; gene enrichment; apoptosis; cell cycle;
dependency genes; tumor suppressors

1. Introduction

The transcription factors ATF5 (activating transcription factor 5), CEBPB (CCAAT en-
hancer binding protein beta), and CEBPD (CCAAT enhancer binding protein delta) play key
roles in the formation, growth, survival, metastasis, and treatment resistance of a wide variety
of solid tumors [1]. To bind DNA and become transcriptionally active, these factors must
form specific homo- and heterodimers via their basic leucine zipper domains [2]. To selec-
tively target these factors, we designed “dominant negative” decoy peptides that bind their
leucine zippers, but that lack the capacity to associate with DNA, thus interfering with their
transcriptional activities [1,3–5]. Additionally, to permit the decoy peptides to pass through
tissue barriers and into cells, we fused them with an N-terminal “penetratin” domain [6]. One
set of such peptides, containing a portion of the ATF5 leucine zipper, appears to selectively
associate with CEBPB and CEBPD, but not with ATF5 itself [7,8]. A second set, containing
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portions of the CEBPB and CEBPD leucine zippers and designated as Bpep and Dpep, re-
spectively, appear to selectively target not only CEBPB and CEBPD, but also ATF5 [5,8]. Both
sets of peptides promote apoptotic death of a wide variety of tumor cells, both in culture
and in animal models [5,9]. In contrast, they do not cause the death or inhibit the growth of
non-transformed cells, and appear to have no detectable side effects or promote the death of
normal cells in multiple rodent models [5,7,9]. These properties support the potential use of
these and related peptides as therapeutic agents [1]. In this context, it is, therefore, important
to understand their mechanisms of action.

The mechanisms by which the peptides cause the death of malignant cells are only partially
understood. A variety of approaches have shown such death to be apoptotic [5,9]. Critical
features of peptide-promoted death found thus far in all cells treated with the peptides include
depletion of the survival protein SURVIVIN (product of the BIRC5 gene) and elevation of the
death gene BMF (BCL2-modifying factor) [5,10]. In some cell lines, there is also appreciable
downregulation of the BCL2 (B-cell lymphoma 2) protein [5]. Of potential relevance, BCL2 is
reported to be a direct transcriptional target of ATF5 [11].

However, beyond these findings, there is little evidence as to what may lie between
target engagement by the peptides and activation of distal apoptotic pathways. Because the
peptides target transcription factors, we hypothesized that their mechanism of action would
include perturbation of the transcriptional landscape, which, in turn, would ultimately
trigger elements of the apoptotic machinery. To approach this issue, we investigated and
compared the transcriptomes of six different tumor cell lines of diverse origins before and
after Dpep treatment. The findings presented herein indicate that the peptide initiates mul-
tiple context-dependent transcriptional responses. While the patterns of the responses are
cell-specific, they include many alterations of individual gene expression and of functional
pathways that are shared among different types of cancer cells and that lie upstream of
apoptotic signaling. The data also suggest that such events are triggered by cascades of
transcription factor activity.

2. Materials and Methods
2.1. Cell Culture and Cell Lines

T98G, MDA-MB-231, MCF7, A549, HCT116, and A375 cells were obtained from
and authenticated by the ATCC (Manassas, VA, USA). Cells were cultured prior to the
experiments in DMEM supplemented with 10% fetal bovine serum. All cultures were
maintained at 37 ◦C in a humidified incubator in an atmosphere containing 5% CO2. All
lines were tested and found to be negative for mycoplasma (ATCC Universal Mycoplasma
Detection Kit).

2.2. Dpep

Dpep was purchased as an acetate salt from Alan Scientific (Gaithersburg, MD, USA)
and dissolved in 10% glycerol in PBS, pH 7.2, then stored as 2 mM aliquots at −80 ◦C prior to
final dilution for the experiments. The Dpep sequence has been described previously [5]. All
cells were treated with the same batch of peptides. Prior testing established that the peptide
used for these studies had efficacy and potency on each cell line at concentrations similar to
those reported previously [5].

2.3. PLATE-Seq

For the PLATE-seq analysis [12], cells were seeded onto 96-well culture plates in
0.2 mL of DMEM supplemented with 10% FBS. The plates were pre-coated with polylysine
(0.1 µg/µL) overnight and dried. There were six replicates per condition for each cell line.
To assure the uniformity of the cultures, 1–2 lines were processed at a time. After 24 h, the
medium was replaced with DMEM supplemented with 2% FBS with or without 20 µM
Dpep. Cell confluency was at least 70% at this time. After 48 h, the culture medium was
removed and the wells were washed twice with PBS. The cells were then dissolved in
20 µL/well of TCL lysis buffer (Qiagen, Germantown, MD, USA) containing 1% freshly
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added 2-mercaptoethanol. The plates were then shaken for 5 min on a rotary shaker and
centrifuged at 3000 rpm for 1 min. The plates were then sealed, quick-frozen on dry ice,
and stored at −80 ◦C until use. When all lines had been treated and harvested in this way,
the samples were thawed and transferred to mRNA TurboCapture plates (Qiagen) and
then processed by PLATE-seq as described in detail elsewhere [12]. The total counts per
individual sample ranged from 0.8 to 4.7 × 106 and averaged 2.3 ± 0.1 × 106.

2.4. Data Analysis

Distribution testing of the expression data using quantro analysis showed significant
differences in the shapes of the gene expression distributions of the samples, hence in-
dicating the use of smooth quantile normalization. Multidimensional scaling, principal
component analysis, and hierarchical clustering confirmed that the expression data for
the different cell lines were segregated from one another, and that in each case, there was
also segregation between Dpep-treated and untreated cells. For each line, differential gene
expression for the untreated and Dpep-treated cells was determined using edgeR and
included quasi-negative binomial error estimation, as well as robust estimation of both the
dispersion and the model fit to reduce the effect of outliers. Significance was set at a cutoff
of a Benjamini–Hochberg false discovery rate (FDR) of <0.05. All raw and processed data
associated with this study are available at the Gene Expression Omnibus under accession
number GSE244579.

2.5. Bioinformatic Analysis

Over-representation analysis (ORA) and gene set enrichment analysis (GSEA) were
carried out online (https://www.webgestalt.org/, accessed June to September 2023) using
WebGestalt (WEB-based GEne SeT AnaLysis Toolkit) 2019 [13], and we accessed both the
gene ontology (Biological process noRedundant; Molecular Function noRedundant) and
pathway (KEGG and Reactome) databases [13–17].

Cell-line-specific dependency genes and common essential genes [18] were identified
using the DepMap portal (https://depmap.org/portal/, accessed July 2023) and the Public
23Q2 database (accessed July 2023).

Transcription factor enrichment analysis (TFEA) was performed online (https:
//maayanlab.cloud/chea3/, accessed July to September 2023) using ChEA3 (ChIP-
X Enrichment Analysis Version), an enrichment tool based on “orthogonal omics
integration” [19].

3. Results
3.1. Experimental Scheme

To illuminate the potential mechanisms by which Dpep promotes the death of a wide
range of tumor cell types, we carried out PLATE-seq (a technology that permits high-
throughput transcriptomic analysis) of multiple samples [12]), on six diverse human tumor
cell lines: HCT116 (colorectal carcinoma), MDA-MB-231 (triple-negative breast cancer),
MCF7 (breast cancer), T98G (glioblastoma), A375 (BRAF mutated melanoma), and A549
(non-small-cell lung cancer). In each case, the cells were treated with or without 20 µM
Dpep for 48 h prior to analysis (Figure 1A). This Dpep concentration was near the IC50
for each line, and under these treatment conditions, appreciable cell death only became
apparent by about 72 h, with little at 48 h [5].

3.2. ATF5, CEBPB, and CEBPD Are Differentially Expressed in Each Cell Line

Because Dpep is designed to target ATF5, CEBPB, and CEBPD, we examined and
compared the expression of these transcription factors in each cell line. The data confirmed
that each line has detectable levels of transcripts encoding all three factors before Dpep
exposure. However, there were significant differences in expression between and within
the various lines (Figure 1B,C). Most conspicuously, when expressed as counts per million
reads, CEBPD was considerably more highly expressed in MDA-MB-231, T98G, and A549
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cells compared with the other three lines (Figure 1B). When the expression in each line was
normalized to that of ATF5 (Figure 1C), CEBPD was also the most highly expressed in these
three lines, and was most abundant in A375 cells.
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C1 2o rf 61 - - - - C1 2o rf 61 -
C1 2o rf 66 - - - - C1 2o rf 66 -
C1 2o rf 68 - - C 12 or f 68 - C1 2o rf 68 -

C 14 or f1 82 - C1 4o r f18 2 - - - -
C1 4o rf 28 - C 14 or f2 8 - - - -
C1 4o rf 39 - - - - C1 4o rf 39 -
C1 5o rf 37 - - - - C1 5o rf 37 -
C1 5o rf 39 - - - - C1 5o rf 39 -
C1 5o rf 48 - C 15 or f4 8 - - - C1 5or f 48
C1 5o rf 62 - - - - C1 5o rf 62 -
C1 6o rf 46 - C 16 or f4 6 - - - -
C1 6o rf 86 - C 16 or f8 6 - - - -

C 17 or f1 00 - C1 7o r f10 0 - - C 17 or f1 00 -
C 17 or f1 03 - C1 7o r f10 3 - C 17 or f1 03 C 17 or f1 03 -

C1 7o rf 67 - - C 17 or f 67 - - -
C1 7o rf 97 - C 17 or f9 7 - - - -
C1 9o rf 10 - - C 19 or f 10 - - -
C1 9o rf 18 - - - - C1 9o rf 18 -
C1 9o rf 45 - - - - C1 9o rf 45 -
C1 9o rf 57 - - - - C1 9o rf 57 -
C1 9o rf 66 - C 19 or f6 6 C 19 or f 66 - - C1 9or f 66
C1 9o rf 81 - - - - - C1 9or f 81
C1 or f1 16 - - - - C1 or f1 16 -
C1 or f1 45 - - - - C1 or f1 45 -
C1 or f2 1 - - - - C1 or f2 1 -

C1 or f2 13 - - - - C1 or f2 13 -
C1 or f5 1 - C 1o r f51 - - - -
C1 or f5 4 - - - - C1 or f5 4 -
C1 or f5 6 - C 1o r f56 C 1or f 56 - - -
C1 or f6 3 - - - - C1 or f6 3 -

C1 Q TN F 1 - C 1Q T N F 1 - - C1 Q TN F 1 -
C1 Q TN F 3 - - - - C1 Q TN F 3 -

C1 R - C 1R C 1R - C1 R -
C 1R L - C 1R L C1 RL - C 1RL -

C 1S - - C 1S - C 1S -
C2 - C 2 - - C 2 -

C 20 or f1 12 - - - - C 20 or f1 12 -
C 20 or f1 96 - - - - C 20 or f1 96 -

C2 1or f 2 - C 21 orf 2 - - - -
C2 1or f 7 - - - - C2 1o rf 7 -
C2 CD 2 L - - - - C2C D2 L -
C2 or f4 3 - - - - C2 or f4 3 -
C2 or f7 0 - - - - C2 or f7 0 -

C3 - C 3 C 3 C 3 C 3 -
C3 or f3 3 - C 3o r f33 - - - -
C3 or f5 8 - - - - C3 or f5 8 -
C 4B PA - - - - C 4B PA -

C4 or f1 9 - - - - C4 or f1 9 -
C 4o rf 3 - - - - C 4o rf 3 -

C4 or f3 2 - - - - C4 or f3 2 -
C4 or f4 7 - C 4o r f47 - C4 or f4 7 C4 or f4 7 -

C5 - - - - C 5 -
C5 or f4 6 - - - - C5 or f4 6 -

C6 or f1 41 - - - - C6 or f1 41 -
C6 or f1 65 - - - - C6 or f1 65 -
C6 or f2 03 - C 6o rf 20 3 - - - -
C6 or f2 23 - C 6o rf 22 3 - - - -
C6 or f4 7 - C 6o r f47 - - C6 or f4 7 -
C7 or f2 9 - C 7o r f29 - - - -
C7 or f3 1 - - - - C7 or f3 1 -
C7 or f4 3 - - - - C7 or f4 3 -
C7 or f4 9 - C 7o r f49 - - - -
C7 or f5 3 - - - - C7 or f5 3 -
C7 or f6 1 - - - - C7 or f6 1 -
C8 or f3 1 - - - - C8 or f3 1 -
C 8o rf 4 - - - - C 8o rf 4 -

C8 or f4 2 - - - - C8 or f4 2 -
C9 or f1 52 - C 9o rf 15 2 - - C9 or f1 52 -
C9 or f1 6 - C 9o r f16 - - C9 or f1 6 -
C 9o rf 3 - - C9 or f 3 - - -

C9 or f4 1 - - - - C9 or f4 1 -
C9 or f6 4 - - C 9or f 64 - - -
C9 or f6 6 - - - - C9 or f6 6 -
C9 or f8 9 - - - - C9 or f8 9 -
C 9o rf 9 - C9 or f9 - - - -
C A 11 - - - - C A 11 -
C A 12 - CA 1 2 - - C A 12 -

CA 2 - - - - CA 2 -
CA 9 - C A 9 - CA 9 CA 9 CA 9

CA B 39 L - - - - CA B39 L -
CA C F D 1 CA C F D 1 C A CF D 1 - - CA CF D 1 -

CA CN A 1H - - - - C A CN A 1H -
CA C N A2 D 1 - - - - CA C N A 2D 1 -
CA C N A2 D 2 - - - - CA C N A 2D 2 -
CA C N A2 D 4 - - - - CA C N A 2D 4 -

C A CN B 3 - C AC N B 3 - - CA C N B 3 -
C A CN G 6 - CA C N G 6 - - C A CN G 6 -
C A CN G 8 - - - - C A CN G 8 -
CA D M1 - - - - CA D M 1 -
CA D PS 2 - C A DP S2 - - CA DP S2 -

CA L C O CO 1 - CA L C O CO 1 - - C AL CO C O 1 -
C A L CR - - - - C A L CR -

C A L M L 5 - - - - CA L M L 5 -
CA M K1D - C A M K1 D - - - -
C AM K2B - - - - C A M K2 B -

C A M K 2N 1 - - - - C AM K 2N 1 -
C AM L G - - - - CA M L G -

CA M P C A M P - - - CA M P -
C AM TA2 - CA M TA 2 - - - -

CA N X - C A N X - - - -
C A P N 8 - - - - C AP N 8 -

CA P RIN 2 CA P RIN 2 - - - - -
C A PS - - - - C A PS -

C A R D1 6 - C AR D 16 - - CA R D 16 -
C A R D 6 - - - - C AR D 6 -
CA R M1 - - - - CA R M1 -

C A R N S1 - - - CA R N S1 - -
C A SC 4 - - - - CA SC 4 -
C A SP 1 - - - - CA SP 1 -

CA S P10 - CA SP 10 - - CA SP1 0 -
CA S P14 - - - - - CA SP 14
C A SP 3 C A SP3 - - - - -
C A SP 4 - - - - CA SP 4 -
C A ST - - - - C A ST -

C BF A 2 T3 - - - - C BF A 2 T3 -
C B L C - - - - C BL C -

C BL N 3 - - CB LN 3 - CB L N 3 -
CB R3 -A S 1 CB R3 -A S 1 - - - - -

C BX 4 - CB X 4 - - - -
C CD C 102 B - - CC D C10 2B - C CD C10 2B -

CC D C1 08 - - - - C CD C1 08 -
CC D C1 17 - - - - C CD C1 17 -
CC D C1 22 - - - - C CD C1 22 -
CC D C1 25 - - - - C CD C1 25 -
CC D C1 26 - - C CD C 126 - C CD C1 26 -

C CD C 144 B - - - - C CD C14 4B -
CC D C1 46 - - - - C CD C1 46 -
CC D C1 48 - C C DC 14 8 - - - -
CC D C1 52 - - - - C CD C1 52 -
CC D C1 53 - - - - C CD C1 53 -
CC D C1 57 - - - - C CD C1 57 -
CC D C1 59 CC D C1 59 C C DC 15 9 - - C CD C1 59 -
CC D C1 70 - - - - C CD C1 70 -
CC DC 28A - - - - CC D C28 A -
CC D C2 8B - - - - - CC D C28 B
CC D C4 0 - C CD C 40 - - - CC D C 40
CC D C5 7 - - - - CC D C5 7 -
CC D C6 4 - - - - CC D C6 4 -

CC D C6 4B - - - - CC D C6 4B -
CC D C6 8 - C CD C 68 - - CC D C6 8 -
CC D C6 9 - - - - CC D C6 9 -

C CD C7 1L - CC D C71 L C CD C 71 L - - -
CC DC 74A - C CD C 74 A - - - -

C CD C 8 - - - - C CD C 8 -
CC D C8 0 - C CD C 80 - - - -

CC D C8 8C - - - - CC D C8 8C -
CC L 2 - - C CL 2 - - -

CC L 20 - C CL 20 - - CC L 20 -
CC L 26 - C CL 26 - - - CC L 26

C CN G 2 - C C N G2 - - C CN G 2 -
C CN L 1 - C CN L 1 - - CC N L 1 -
C CN L 2 - - - - CC N L 2 -
C CP G 1 - CC PG 1 - - C CP G 1 -
C CR 1 - CC R 1 CC R1 - C C R1 -
CC RL 2 - C CR L2 - - - -

CC T6 P1 - - - - CC T6P1 -
C D 14 - CD 1 4 - - - -

C D 20 0 - - - - CD 20 0 -
C D 24 - - - C D 24 - -

C D2 A P - - - - C D 2A P -
C D 33 - - - - C D 33 -
C D 36 - - - - C D 36 -
C D 38 - - - - C D 38 -
C D 40 - - - - C D 40 -
C D 46 - CD 4 6 - - - -
C D 55 - CD 5 5 - - C D 55 -
C D 58 - - CD 58 - - -
C D 68 - - CD 68 - - -
C D 74 C D 74 - - - - C D 7 4
C D 96 - - - - C D 96 -

C D9 9L 2 - - - - CD 99L 2 -
C DC 37 L1 - - - - C D C37 L 1 -

C DC 42 BP G - - - - C D C 42BP G -
C D C4 2EP 5 - - - CD C 42E P5 - -

C D CP 1 - CD C P1 - - - C D CP 1
C DH 1 3 - CD H 13 - - - -
C DH 2 6 - - - - C D H2 6 -
C DH 6 C DH 6 - - - C D H6 -
C DH 7 - - - - C D H7 -
C DH 8 - - - - C D H8 -

C D K1 4 - - - - C D K1 4 -
C D K1 5 - - - - C D K1 5 -
C D K1 7 - - - - C D K1 7 -
C D KL 2 - C DK L2 - - - -
C D KL 3 - - - - CD KL 3 -

C D KN 1 A - CD K N 1A - - - -
C D KN 1 C - - CD K N 1C - CD K N 1C -
C D KN 2 A - - - C D KN 2 A -
C D KN 2 B - - CD K N 2B - CD K N 2B -

CD K N 2 B-A S1 - - - - C D KN 2 B-A S 1 -
C DN F - - - - C D N F -
C DO 1 - - - - C D O 1 -
CD O N - - - - CD O N -
C DS N - - - - C D SN -
C D X2 - - - - C D X2 -

C EA C A M 1 - - - - C EA CA M 1 -
C EA C A M 5 - - - - C EA CA M 5 CEA CA M 5
C EA C A M 6 - - - - C EA CA M 6 CEA CA M 6

C EB PA C EB PA - - - C EB PA -
C EB PB - C EBPB CE BP B - CEB P B -
C EB PD - CE BPD - - - -
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CF B CF B CF B C F B - C F B -
CF D - - - - CF D -
CF H - - - - CF H -
CF I - - - - CF I C F I

C F L 1P 1 - - - - CF L1 P1 -
CF P - CF P - - - -

CG R EF 1 - - - - CG REF 1 -
CG R RF 1 - - C GR R F 1 - - -
C H2 5H - - - - C H 25H -
C HA C 1 - CH A C1 - - - -
C H D1 L - - - C H D 1L - -
C HG B - - - - C H GB -

C HI3 L 1 - - CH I3L 1 - - -
C HI3 L 2 - CH I3L 2 - - - -
CH R D - - C H RD - - -

CH R M3 - - - - CH R M3 -
C H RN A 1 - CH R N A 1 CH R N A1 - C H RN A 1 -
C H RN A 9 - - - - C H RN A 9 -

C H ST1 - - CH ST 1 - - -
CH S T11 CH S T11 - - - CH ST11 -
CH S T12 - CH ST 12 - - - -
CH S T15 - - C H ST1 5 - CH ST15 -
C H ST6 - - - - CH ST 6 -
C H SY1 - - - - CH SY 1 -

C IT ED 1 C IT ED 1 - - - C ITED 1 -
C IT ED 2 - - - - C ITED 2 -
C KA P 4 C KA P 4 - - - - -
C LC A2 - - CL CA 2 - - -
C LC N 7 - - - - - C L CN 7
C LD N 1 C LD N 1 - - - - -
C LD N 2 - - - - C L D N 2 -
C LD N 4 - - - - C L D N 4 -
C LD N 7 - CL D N 7 - - - -

C L D N D 1 - C L D N D1 - - - -
C L EC 2B - CL E C2 B - - - -
C LH C1 - - - - CL H C 1 -
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CL IP 4 CL IP 4 - - - - -
C L K1 - - - - C L K 1 -
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CO L 21A 1 - - - - CO L 2 1A 1 -
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C PN E7 - C PN E7 - - - -
C PS1 - - - - C PS 1 -
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C PT 2 - CP T2 - - - -
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C R AB P2 - - - C R A BP 2 - -
CR A T - C R A T - - - -

CR EB 3L 1 - - - - - CR EB 3L 1
CR EB 3L 3 - - - - C RE B3 L 3 -

C REB 5 - - - - C RE B5 -
C R EB RF - - - - CR EB RF -
C R EG 1 - - - - C RE G 1 -
C R EG 2 - - - - C RE G 2 CR EG 2
CR EL D 1 - - - - CR EL D 1 -
CR EL D 2 - C RE L D 2 - - - -

CR H R 1- IT 1 - C R HR 1 -IT1 - - - -
CR IP1 - - - CR IP1 - -
CR IP2 - C RIP 2 - - - -

CR IS PL D 1 - - - - - C RIS PL D 1
CR M P 1 - - - - - CR M P 1
CR TA M - C RT A M - - CR TA M -
C RY A B - - - - CR YA B -

C R YBG 3 - - - - C R YB G3 -
CS AD - - - - C SA D -

C SA G 1 C SA G 1 - - - - CS AG 1
C SF 1 - CS F 1 - - - -

C SF 1R - - - - C SF 1R -
C SF 3 - CS F 3 - - - -

C SG A L N A CT 1 C SG A L N A CT 1 - CSG A L N A C T1 - C SG A L N A CT 1 -
C SG A L N A CT 2 - - - - - C SG A L N A CT2

C SN K 1D - CS N K1 D - - - -
C SP G 4 - - - - C SP G 4 -

C SR N P2 - - CSR N P 2 - - -
C ST1 - CS T1 CST 1 - C ST 1 C ST1
C ST2 - CS T2 - C ST 2 - -
C ST3 0 .5 CS T3 - - C ST 3 -
C ST4 - CS T4 - - C ST 4 -
C ST7 - CS T7 - C ST 7 C ST 7 -
C STA - - - - C STA -

CT 45A 5 - - - - CT 45A 5 -
C TA G E5 - CT A G E5 CT AG E 5 - C TA G E5 -
C TH R C1 - - - - C TH R C1 -

C TSC - - - - C TSC -
C TSD C TSD CT SD - - C TSD -
C TSF - CT SF CT SF - C TS F -
C TSK - - - - C TSK -
CTSL 1 - C TSL 1 CT SL 1 - - -
C TSO - CT SO - - C TSO -
C TSS - - - - C TS S -
CTSW C TSW - - - CT SW -
CU T C - - - C U TC - -

CX 3C L 1 - - - - CX 3C L 1 -
C XCL 1 - C XC L 1 - C XC L 1 C XC L 1 -

CX CL 1 2 - - - - CX C L 12 -
CX CL 1 4 - - - - CX C L 14 -
CX CL 1 7 - - - - CX C L 17 CX CL 1 7
C XCL 2 C XCL 2 - - C XC L 2 - -
C XCL 3 C XCL 3 C XC L 3 CX CL 3 C XC L 3 - -

C XC R 4 - C XC R4 - - C XC R4 -
C Xo rf 38 - CX o rf 38 - - - -
C Xo rf 56 - CX o rf 56 - - - -

C XXC 4 - C XX C4 - - C XX C4 -
C YB 561 D 2 C YB 561 D2 - - - - -

CY G B - C YG B - - - -
CYP1 9A 1 - - - - CY P19A 1 -
C YP 1A 1 C YP 1A 1 - - - - C YP 1A 1
CY P1B 1 CY P1B 1 C YP 1B 1 - - - -

CYP2 7A 1 - - - - CY P27A 1 -
CY P2 E1 - - - CY P2 E1 - -

CYP3 9A 1 - - - - CY P39A 1 -
C YP 3A 5 - - - - CY P3A 5 -
CY P4F 1 1 - - C YP 4F 11 - C YP4 F 11 -
CY P4F 1 2 - - - - C YP4 F 12 -
CY P4V 2 CY P4V 2 - - - - -

C YS1 - - - - C YS 1 -
CY TIP - - C YTIP - CY TIP -
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D AP K 2 D A P K2/ 1 .2 1 D A P K2 - - D A PK 2 -
D AP P 1 - - - - D A PP 1 -

D BP - - - - D B P -
D CA F 5 - - - - D CA F 5 -
D CA F 8 - - - - D CA F 8 -
D CD C 2 - - - - D CD C 2 -
D CH S1 - - - - D CH S 1 -
D CST 2 - - D C ST2 - - -

D C STA M P - - - - D CSTA M P -
D D IT3 - D D IT3 - - - -
D D IT4 - - - - DD I T4 -

D D IT 4L - - - - D DIT 4L -
D D O - - D D O - - -
D DR 1 - D D R 1 - - D D R1 -
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D EN N D 2D - - - - D EN N D 2D -
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D SC R 8 - - - - - D SCR 8

D SG 2 - - D SG 2 - - -
D SP - - - - DS P -

D TX 3 - DT X3 - - - -
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D U SP 16 - - - - D U S P16 -
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ED E M 1 - - - - ED E M 1 -
ED E M 2 - ED EM 2 - - - -
ED N R A - - - - ED N R A -
EE F 1A 2 - - - EE F 1A 2 - -
EF C A B2 EF C A B2 - - - - -

EF C A B4 A - E F C AB 4A - - E F CA B 4A -
E F EM P2 - EF EM P2 - E F EM P 2 E F EM P 2 EF EM P2

EF H C 1 - - EF HC 1 - - -
E F N A 1 - EF N A1 EF N A 1 - EF N A 1 -

- - - EF N A 3 EF N A 3 -
EF N B 3 - - - - E FN B3 -

EG F - - - - EG F -
E G L N 3 - EG L N 3 - - EG L N 3 EG L N 3

EG R 1 - E G R1 - - EG R 1 -
EG R 2 - E G R2 - - - -
EG R 3 - - - - EG R 3 -
EG R 4 - E G R4 - - EG R 4 -

E IF 1A Y - EI F1 A Y - - - -
EIF 2 A - - - - EIF 2 A -

E IF 2A K2 - - EIF 2A K 2 - - -
E IF 4A 2 - - - - EIF 4 A 2 -

EIF 4 B - - - - EIF 4B -
E LF N 2 - - - E LF N 2 - -

EL L - - - - E L L -
EL M O D 1 - - - - EL M O D 1 -

E M B - - EM B - - -
EM BP 1 - - - - EM BP 1 -

EM L 2 - E ML 2 - EM L 2 - -
EM L 3 - - - - EM L 3 -

E M R2 - - - - EM R2 -
EN G - E N G - - EN G -

E N GA SE EN GA SE - - - - -
EN O 2 - - - EN O 2 - EN O 2

EN O X 1 - - - - EN O X 1 -
E N PE P - - - - EN P EP -

E N PE P - - - - E N PE P -
E N PP 1 - E N PP 1 - - - -

EN TPD 2 - - - - E N TP D2 -
E PA S1 - - - E PA S1 - -
EPB 41 - - - - EP B4 1 -

EPB 41 L 4A -A S1 - EP B4 1L 4 A- A S1 - - EP B4 1L4 A -A S 1 -
E PB 41L 4B - - - - E PB 41 L4 B -

E PH B 3 - - - - E PH B 3 -
E PH B 6 - - - - E PH B 6 -
E PH X 1 - E PH X 1 - - - -
E PH X 3 - - - - E PH X 3 -
EP O R - EP O R - - EP O R -
E PS8 - - - - E PS8 -

EP S8L 1 - EP S8 L 1 - - EP S8 L1 -
EP S8L 3 - - - - EP S8 L3 -
E PST I1 - - EPS TI 1 - E PST I1 -
E RA P 2 - - - - E RA P 2 -
E RB B 4 - - - - E R BB 4 -

ER C2 - ER C 2 - - ERC 2 -
ERC C6 L 2 - - - - E RC C6 L 2 -
E R MA P - ER M A P - - - -
ER M P 1 - ER M P 1 - - - -
E RO 1L - - - - - E R O 1 L

E RO 1 L B - E R O 1L B - - E RO 1 LB -
E RP 44 - ER P4 4 - - - -

E RV M ER 34 -1 - - - - E RV M ER 34 -1 -
ESP N - - - E SPN - -
ES R1 - - - E SR 1 ESR 1 -

ESR P1 - - - - ESR P 1 -
ESR P2 - - - - ESR P 2 -
ESY T2 - E SYT2 - - - -
ET V1 - - E TV 1 - - -
ET V4 - - - - - E TV 4
ET V7 - - - - ETV 7 -

E VA 1 C - - - - - E VA 1 C
EV C - - - - EV C -

EV I2 B - EV I2B - - - -
EX T1 - - E XT 1 - - -

EX TL 1 - - - - EX TL 1 -
EY A4 - - EY A 4 - - -
EZ H1 - - - - EZH 1 -
F 1 1R - F 1 1R - - F 11 R -
F 1 2 - - - - - F 1 2
F 2 R - - - F 2R - -

F 2R L 2 - - F 2R L2 - - -
F A AH - - - - FA A H -

F A A H 2 - - - - F A A H 2 -
F AD S 1 - F A D S1 - - - -

F A F 1 - - F A F 1 - - -
F A H - F A H - - - -

F A M 102A - F AM 10 2A - - - -
F AM 11 0B - F A M 11 0B F A M 11 0B - - -
F AM 11 5C - - - - F A M1 15 C F A M 11 5C
F A M 117A - - - - F A M 1 17A -
F AM 13 4B - - F A M 13 4B - - -

FA M 13A - - - - F A M 13A -
F A M 149A - - - - F A M 1 49A -

F AM 1 60 B2 - - - - F A M1 60 B2 -
F AM 16 1B - - - - F A M1 61 B -
F A M 162A - - - F A M 16 2A F A M 1 62A F AM 16 2A
F AM 16 7B - - - - F A M1 67 B -
F AM 17 1B - F A M 17 1B - - - -
F A M 172A - - - - - -
F A M 174A - - F A M 17 4A - - -
F AM 17 4B - - - - F A M1 74 B -
F A M 175A - - - - F A M 1 75A -
F A M 179A - - - - F A M 1 79A -

F A M 1 89A 2 - - - - F A M 1 89A 2 -
F AM 19 8B - - - - F A M1 98 B -
F A M 201A - - - F A M 20 1A - -
F A M 208A - - - - - -

FA M 20A - - F A M 20 A - F A M 20A -
F AM 21 1B - F A M 21 1B - - F A M2 11 B -
F A M 213A - - F A M 21 3A - - -
F A M 214A - - - - F A M 2 14A -
F AM 21 4B - - - - F A M2 14 B -
F A M 218A - - - - F A M 2 18A -

F AM 21 C - - - - F AM 21 C -
F AM 22 5B - - - - F A M2 25 B -
F AM 22 8B - - - - F A M2 28 B -
F A M 229A - F AM 22 9A - - - -
F AM 22 9B - - - - - F A M 22 9B

F A M 26 F - F A M 26 F - - - -
FA M 27A - - - - F A M 27A -
F A M 3 C - F A M 3 C - - - -

FA M 46A - - F A M 46 A - F A M 46A -
F AM 46 B - - - - F AM 46 B -
F AM 47 E - - F A M 47 E - - -
FA M 63A - - - - F A M 63A -
F AM 65 C - F A M 65 C - - - -
F AM 69 B - - - F A M 69B - -
FA M 78A - - - - F A M 78A -
FA M 83A - - - - F A M 83A -

F A M 8 6C 2P - - F A M8 6C 2P - - -
FA N 1 - - - - FA N 1 -
F A T1 - - - - F A T 1 -
F A T3 - - - - F A T 3 -
F A T4 - - - - F A T 4 -

F BL N 5 - - - F BL N 5 F BL N 5 -
F BL N 7 - - - - F BL N 7 -
F B N 2 - - - F B N 2 - -

F B XL 1 3 - - - - F B XL 13 -
F B X O 16 - F BX O 16 - - - -
F B X O 2 - - F BX O 2 - F BX O 2 -

F B X O 32 - F BX O 32 - - - -
F B X O 36 - - - - F BXO 36 -
F B X O 38 - - - - F BXO 38 -
F B X O 4 - - - - F BX O 4 -

F B X O 41 - - - - F BXO 41 -
F B X O 42 - - - - F BXO 42 -
F B X O 43 F BX O 43 - - - - -
F B X O 44 - F BX O 44 - - - -
F B X O 9 - - - - F BX O 9 -
F B XW 2 - - - - F B XW 2 -

F C ER 1 G - - - - F CER 1G -
F C G BP - - - - F CG B P -

F C G R 2B - - - - F CGR 2B -
F C G R T - F CG R T F CG RT - - -
F C H O 1 - F C H O 1 - - - -

F C H SD 1 - F CH SD 1 - - - -
F CR L A - - - - F CR L A -
F DC SP - - - F D C SP - -

F D XA C B1 - - F D XA C B1 - - -
F E M1 C - - - - F E M1 C -

F EN DR R - - - - F EN D RR -
F EZF 1 -A S 1 - F E ZF 1- A S1 - - F E ZF 1- AS 1 -

F F A R2 - - - - F F A R 2 -
F G B - - - - F G B -

FG D 5 - - - - FG D 5 -
FG D 6 - - - - FG D 6 -

F G F 11 - - - - F G F 11 -
F G F 13 - - - - F G F 13 -

F G F1 3- A S1 - - - - FG F1 3- A S1 -
F G F 14 - F G F 14 - - F G F 14 -
F G F 17 - - - - F G F 17 -

F G F BP 2 - - - F G F B P2 F G FB P2 -
F GF R4 - - F G F R 4 - - -

F G G - - - - F G G -
F G L 1 - - - - F G L 1 -
F H IT - - - - F H IT -
F H L 2 - - - - - F HL 2

F IB CD 1 - - FI BC D 1 - - -
F IC D - F ICD - - - -
F JX 1 - - F J X1 - - -

F KB P1 1 - - - - - F K BP 11
F KB P9 - - - F KB P9 - -

F L I1- AS 1 - - - - F L I1- A S1 -
F L J1 00 38 - - - - F L J1 00 38 -
F L J1 28 25 - - - - F L J1 28 25 -
F L J1 41 86 - - - - F L J1 41 86 -
F L J1 67 79 - - - - F L J1 67 79 -
F L J2 24 47 - - - - F L J2 24 47 -
F L J2 73 52 - FL J 273 52 - - F L J2 73 52 -
F L J3 52 82 - FL J 352 82 - - F L J3 52 82 -
F L J3 67 77 FL J 3 67 77 - - - F L J3 67 77 -
F L J3 90 51 - FL J 390 51 - - - -
F L J4 27 09 - FL J 427 09 - - - F L J 427 09
F L J4 36 63 - FL J 436 63 - - - -
F L J4 53 40 - - - - F L J4 53 40 -

F L N B - - - F L N B - -
F L N C - - - - F L N C -

F L O T1 - - F LO T1 - - -
F L O T2 F L O T 2 - - - - -
F L R T3 F L R T3 - - - F L R T3 -

F M N L 2 - - - - F M N L2 -
F M O 4 - F MO 4 - - F M O 4 -
F M R 1 - - - - F M R 1 -

F N 1 - F N 1 FN 1 F N 1 F N 1 -
F N BP 1L - - - - F N BP 1L -
F N D C 4 - - F N D C 4 - - -

FN TA - - - - - -
F O L H 1 - - - - F O L H 1 -
F O N G - F O N G - - - -
F O SB - - - - F O SB -

F O X A 3 - - - - F O X A 3 -
F O X D 3 - - F O X D 3 - - -
F O X J2 - F O XJ2 - - - -

F O X N 3 - - - - F O X N 3 -
F O X O 1 - F O XO 1 - - - -
F O X O 4 - F O XO 4 - - F O X O 4 -
F O X P 2 - - - - F O XP 2 -
F O X Q 1 - - - - F O X Q 1 -
F O X R 2 - - - - F O XR 2 -

F P R1 F PR 1 F P R 1 - - - -
F R EM 2 - - - - - -

FR M D 4 B - - - - F R M D 4 B -
F R MD 8 - F R M D 8 - - - -

F R Y - - - - F R Y -
FS IP 1 - - - - FS IP 1 -
F S T - - - - - F ST

F ST L 1 - - - - - -
F ST L 4 - - - - FS TL 4 -
F T H1 - F T H 1 - - - -

F TH 1P 3 - F TH 1 P3 - - - -
F U C A 1 - F U CA 1 - - F U C A 1 -
F U RI N - - - - F U RI N -
F U T11 - - - F U T 11 - F U T1 1

F U T9 - - - - F U T 9 -
F X R1 - - - - F XR 1 -

F XY D3 - F XY D 3 F XY D 3 - - -
F XY D4 - - - - F XY D 4 -

F ZD 8 - F Z D 8 - - - -
G A A - G A A - - G A A -

G A B 2 - - G A B2 - - -
G A B 3 - - - - GA B 3 -

G A BA R A P L1 - - - - G A BA R A P L1 -
G A BR A 2 - - G A BR A 2 - G A BR A 2 -
G A BR B 3 - - - - G A BR B 3 -
G A BR E - G A BR E - - G A BR E -
G A D 1 - - - - G A D 1 -

G A G E1 - - - - G A G E1 -
G A L - - - - G A L -

G A L 3ST 4 - - - - G A L 3S T4 -
G AL C - - - - G AL C -

G AL N T18 - - - - - G A L N T 18
G A L N T7 - - - - G A LN T7 -
G A L N T9 - - - - G A LN T9 -
G A R EM - - GA R EM - G A R EM -

G AS 5 - G A S5 - - G AS 5 -
G A TA 3 - - - - G A TA 3 -

G AT S - G A TS - - - -
G B A - - - - GB A -

G BG T 1 - - - - G B GT 1 -
G BP 2 - G BP 2 - - G BP 2 -
G BP 5 G BP 5 G BP 5 - - G BP 5 -
G C A - - G C A - - -
G CC 2 - - - - G CC 2 -

G CH F R - G CH F R - - G C HF R -
G CN T1 - - - - G C N T1 -
G CN T7 - G CN T 7 - - - -

G D A - - - - G D A -
G D F 1 5 - G D F1 5 G D F 15 - - -
G D N F G DN F - GD N F - G D N F -

G D PD 1 - - - - G D PD 1 -
G EM - - - - G EM -

G F P T1 - G F PT 1 - - - -
G G N - - - - G G N -
G GT 1 - G G T1 - - G GT 1 -
G GT 7 - - - - G GT 7 -

G H D C - - - - G H D C -
G IM A P 2 - - - - G IM A P 2 -
G IN M 1 - G IN M 1 - - - -

G J A1 - - - - G JA 1 -
G J A5 - - - - G JA 5 -
G J B1 - - - - G JB 1 -
G J B3 - - - - G JB 3 -
G L B1 - - - - G LB 1 -

G L B1 L - G L B1 L G L B 1L - - -
G L CE - - - - G LC E -
G L DC - - - - G LD C -

G L D N - - G L D N - - -
G L IP R1 L2 - - - - G L IPR 1L 2 -

G L RX - G L R X G L R X - G LR X G L R X
G L T2 5D 2 - G L T25D 2 - - - -
G L TS CR 2 - G L TSCR 2 - - - -

G L U L - - G L U L - - -
GM F G - G M F G - - - -

G M PR - - G M PR - G M PR -
GN A O 1 - - - - G N AO 1 -
G N B 3 - G N B3 - - - -
G N G 4 - - - G N G 4 - G N G 4
G N G 7 G N G7 - - - G N G 7 -

G N PT G - - - - G N PT G -
GN RH R 2 - - - - G N RH R 2 G N RH R 2

GN S - - - - G N S -

G N S - - - - G N S -
G O L G A 5 - - - - G O L G A 5 -

G O L G A8 A - - - - G O L G A 8A -
G O L G A 8B - GO L G A 8 B - - G O L G A 8B -
G O L G B1 - - - - G O L GB 1 -
G O L T1A - - - - G O L T1 A -

G P C2 - G P C2 - - G P C2 -
G P C4 - - - - G P C4 -
G P C6 - - - - G P C6 -

G PC P D1 - - - - G PC PD 1 -
G P ER - - - - G P ER -

G P H N - - - - G P H N -
G PI - - - - G PI -

G P M6 B - - - - G P M6 B -
G PN M B G PN M B G PN M B - - - -
G PR 108 - G PR 10 8 - - - -
G PR 116 - - - - G PR 11 6 -
G PR 124 - - - - G PR 12 4 -

G P R1 37C - - - - G P R1 37 C -
G PR 146 - - - G PR 146 - G PR 14 6
G PR 155 - G PR 15 5 - - G PR 15 5 -
G PR 158 G PR1 58 - - - G PR 15 8 -
G PR 162 - - - - G PR 16 2 -
G PR 173 - - - - G PR 17 3 -
G PR 183 - - - - G PR 18 3 -

G PR 37 - - - - G PR 37 -
GP R 37L 1 - - - - G PR 37 L 1 -

G PR 56 - - - - G PR 56 -
G PR 63 - - - - G PR 63 -
G PR 68 G PR 68 G P R6 8 - - - -
G PR 98 - - - - G PR 98 -

G PR C5C - G PR C5 C - - - -
G P X1 - - - - - G P X1
G P X2 - - - - G P X2 -
G P X3 - - - - - G P X3
G P X7 - - - - G P X7 -

G R AM D 1A - G R AM D 1A - - G R A MD 1A -
G R A M D 2 - G RA M D2 - - - -
G R A M D 3 - G RA M D3 - - - -

GR A SP - - - - G RA SP -
G RB 14 - - - - G RB 14 -

G R EM 1 - - - - G R EM 1 -
G RH L 1 G RH L 1 - - - - -
G RH L 2 - - - - G RH L 2 -

G R IK1 -A S2 - - - - G R IK1 -A S2 -
G R IK 2 G R IK 2 G RI K2 - - - -

G RIN 2 D - G RI N 2D - - - -
G R K4 - - - - G R K4 -

G R M 4 - - - - G R M 4 -
G R M 8 - - - - G R M 8 -

G RN - - G R N - G R N -
GR PR - - G RP R - G R PR -

G SD M B - GSD MB - - - -
G SN - G SN - - - -

G STA 1 - - - - G STA 1 G STA 1
G STA 2 - - - - G STA 2 -
G STA 4 - G ST A 4 - - G STA 4 -

G ST M 3 - G ST M 3 - - - -
G STO 2 - - - - G STO 2 -
G STP 1 - - - - - G STP 1
GT D C1 - G TD C 1 - - G TD C1 -

G TF 2H 4 - - - - G TF 2H 4 -
GT F 2I - - - - G TF 2 I -

G TF 2 IRD 2 - G T F2 IR D 2 G TF 2I R D2 - - -
G TP BP2 - G TP BP 2 - - - -

G U SB P1 1 - G U SBP 11 - - - -
G YP C - - - - G Y PC -
H 1 9 - - - - H 1 9 H 19
H1 F 0 - H1 F 0 H 1F 0 - - -

H6 PD - H 6P D - - H 6PD -
H A P LN 3 - - H A PL N 3 - - -
H A RB I1 - - - - H A R BI 1 -

H B E1 - - - - - H B E1
HC G 4 - - - - H C G4 -
HC N 2 - - - - H C N 2 -
H C P5 - H C P5 - - - H C P5

H D A C 11 - HD A C1 1 - - - -
H D A C 6 - - - - - -
H D A C 7 - H D A C7 - - - -
H EB P1 - - - H EB P1 - -

H EC TD 2 - - - - H EC TD 2 -
HE LB - - - - H ELB -

H EL Z2 - - HE L Z2 H E L Z2 - -
HE PH - - - - H EPH -

H ER C 2P 7 - - - - H E RC 2P 7 -
H ER C5 - - H ER C 5 - - -
H ER C6 - - H ER C 6 - - -

H ER PU D 1 - H E RP U D 1 - - - -
H EX IM 2 - H EX IM 2 - - - -

H E Y1 - - H EY 1 - - -
H F E - - - - - H F E

H H AT - - - - HH A T -
H H IP -A S1 - - - - H H IP -A S1 -

H H IP L 2 - - - - H H I PL 2 -
H ID 1 - H ID 1 - - H ID1 -

H I F 1A - - - - H I F 1A -
H IF 1A N - HIF 1A N - - - -
H IL P DA - H IL PD A - H IL P D A H IL P D A -
H I PK 3 - - - - H I PK 3 -

H IST1 H 1C - - H IST 1H 1C - - -
H I ST1 H2B C - - - HI ST1 H 2B C - -
H IS T1H 2B H - - - - H IST1 H2 BH -

H IST1 H3 D - - - - H IST1 H 3D -
H I ST2 H 2B E H I ST2H 2B E - H IST 2H 2BE - - -

H K 2 - - - - H K 2 -
H L A -A - H L A- A H L A - A - - -
H L A - B - H L A -B HL A- B - - H LA - B
H L A - C - - HL A- C - H L A - C -

H L A -D M A - - - - H L A -D M A -
H L A -D M B - - - - - H L A -D M B

H L A -D P A 1 - - - - - H L A -D PA1
HL A- DP B1 - - - - H L A -DP B1 HL A -D PB1

H L A- D Q A 1 - H LA - DQ A 1 - - H L A -D Q A1 -
H L A- D Q A 2 - - - - H L A -D Q A2 -
H L A -D Q B 1 - H LA - D Q B1 - - - -
H L A -D R B6 - - - - HL A-D R B6 H L A -D RB6

H L A - E - - HL A- E - H L A - E -
H L A - F - - H L A -F - - -
H L A -H - - H L A - H - - -
HL A - J - H L A - J - - H L A- J -

H L A - L - H L A -L - - - H LA -L
H MG A 2 - - H M G A 2 - - -
H M G CL - H MG C L - - - -

H MG N 5 - - - - H MG N 5 -
H MO X1 - H M O X 1 - - - -

H N M T - - - - H N M T -
H O M EZ - HO M E Z - - - -

H O R MA D 1 - - - - H O R MA D 1 -
H O TA IR - - - - H O TA I R -
H O X A 1 - H O XA 1 - - - -

H O X A 10 - H O X A 1 0 - - - -
H O X A 11 - - - - H O X A 11 -
H O X B3 - - H O XB 3 - - -
H O X B4 - - - - HO X B 4 -
H O X B6 - - - - - H O X B6
H O X B8 H O X B8 - - - - -

H O X C10 - - - - H O XC 10 -
H O X C11 - - - - H O XC 11 -
H O X C8 - - - - - H O X C8

H O X D -A S2 - - - - H O X D -A S2 -
H O X D 10 H O XD 10 - - - H O X D 10 -
H O X D 9 - - - - H O X D 9 -

H PD - - - - H P D -
H PN - HP N - - - -

H P S1 - H P S1 - - - -
H S2 ST 1 - - - - H S2 ST 1 -
H S3 ST 1 - - - - H S3 ST 1 -
H S6 ST 1 - - - - H S6 ST 1 -
H S6 ST 2 - - - - H S6 ST 2 -
H S6 ST 3 - - - - H S6 ST 3 -

H SD 1 1B 1 - - H SD 11B 1 - HS D1 1B 1 -
HS D 11B1 L - - - - H SD 11B 1L -
H SD 1 7B 1 - H SD 17 B1 - - - -
H SD 1 7B 2 - - - - HS D1 7B 2 -
H SD 1 7B 3 H SD 1 7B 3 - - - - -

H SD 17 B7P 2 - - - - H SD 17 B7 P2 -
H SD 1 7B 8 - - H SD 17B 8 - - -
H SD 3 BP 4 - - - - H SD 3 BP 4 -

HS F4 - HS F 4 - - H SF4 -
HS P9 0B1 - H SP 90 B1 - - - -

H SPA 5 - H SP A 5 - - - -
H SP B6 - - - - H SP B6 -
H TR 7 - - H TR 7 - - -

HT R A1 - - H TR A 1 - H TR A 1 -
H Y O U 1 - H YO U 1 - - - -
I BA 5 7 - - - - IB A5 7 -
ICA M 1 - IC A M 1 ICA M 1 ICA M1 ICA M1 -
ICA M 3 ICA M 3 - - - - -
ICA M 4 - - - - ICA M4 -
ICA M 5 - - - - ICA M5 -

IDH 1 - ID H 1 - - ID H1 -
ID H 1 -A S1 - IDH 1 -A S1 - - - -

ID N K - ID N K - - - -
ID U A - I D U A - - - -
IER 2 - - - - IER 2 -
IER 3 - IER 3 - - - IER 3

IE R5 L - I ER 5L - - IE R5 L -
IF F O 1 - - - - IF F O 1 -
IF I16 - - IF I1 6 - IF I16 -
IF I27 - IF I2 7 IF I2 7 - IF I27 IF I2 7
IF I30 - - IF I3 0 - - -
IF I35 - - IF I3 5 - - -
IF I44 - - IF I4 4 - IF I44 -

I F I44 L - - IF I4 4L - IF I4 4L -
IF I6 IF I6 - IF I 6 - IF I6 IF I6

IF IH 1 - - I F IH 1 - IF IH 1 -
IF IT1 - - IF IT 1 - IF IT1 IF IT 1
IF IT2 - - IF IT 2 - IF IT2 -
IF IT3 - - IF IT 3 - - IF IT 3
IF IT5 - - IF IT 5 - - IF IT 5

IF IT M1 - IF IT M 1 IF I TM 1 - IF IT M 1 IF IT M1
I F ITM 10 - - - - IF ITM 10 -

IF IT M2 - IF IT M 2 IF I TM 2 - IF IT M 2 -
IF IT M3 - IF IT M 3 IF I TM 3 - IF IT M 3 -

IF N G R 1 - - - - IF N G R 1 -
IF N L R1 - IF N L R 1 - - - -

IF T 20 - - - - IF T20 -
IF T 43 - I FT 43 - - - -
IF T 46 - I FT 46 - - - -

I G BP 1 - - - - I G BP 1 -
IG D CC 3 - - - - IG D CC 3 -
IG D CC 4 - IG DC C4 - - - -
IG F B P 1 - IG F B P1 - - IGF BP 1 -
IG F B P 3 IG F B P 3 IG F B P3 - IGF BP 3 IGF BP 3 IG FB P3
IG F B P 4 IG F B P 4 - - - IGF BP 4 -

IG IP - - - - IG IP -
I KB KE - - - - IK BK E -
IK ZF 2 - - - - IK ZF 2 -
IL 1 1 - - - - IL 1 1 -

IL 1 1R A - - - - IL 11R A -
IL 1 6 - IL 16 - - - -

IL 1 7C - - - - IL 1 7C IL 1 7C
IL 1 7R A - IL 17 R A - - - -
IL 18 BP - - - - IL 18 BP -

IL 1A - IL 1A IL 1 A IL 1 A IL 1 A -
IL 1 B - IL 1B - IL 1 B IL 1 B I L1B

IL 1 RA P L 1 - - - - I L1 RA P L 1 -
IL 20R B - - - - IL 20 RB -
IL 23A - I L2 3A - - - -
IL 2 4 - - - - IL 2 4 -
IL 3 3 - - - - IL 3 3 -
IL 3 7 - - - IL 37 - -
IL 4 R - - IL 4R - IL 4 R -
I L 6 - IL 6 - - I L 6 -
I L 8 - IL 8 IL 8 I L 8 I L 8 -

IM M P 2L - - - - IM M P2L -
IN G 4 - - - - IN G4 -

IN H A - - - IN HA - IN H A
I N HB E IN HB E IN H B E IN H BE - - -

IN O 80E - - - - IN O 80 E -
IN SIG 2 - IN S IG 2 - IN S IG2 - IN SIG 2
IN SL 3 - - - - IN SL 3 -
IN SL 4 - - - - IN SL 4 -
IQ C G IQ C G IQ C G - - - -

I Q G A P2 - IQ G A P 2 - - - -
I RA K 2 - - IR A K2 - I R AK 2 -
I RA K 3 - - - - I R AK 3 -

IR F 2 BP2 - - - - IRF 2BP 2 -
I RF 2BP L - - - - IRF 2B PL -

IR F 6 - IRF 6 - - IR F 6 -
IR F 7 - - IR F 7 - IR F 7 -
IR F 9 - - IR F 9 - - -
IR S2 - - - - IR S2 -

ISG 15 - - IS G1 5 - ISG 1 5 I SG 15
ISG 20 - - IS G2 0 - - I SG 20

I TG A 1 - ITG A1 - - I TG A 1 -
IT GA 1 0 - ITG A 10 - - - -
IT GA 1 1 - - ITG A 11 IT G A 11 IT G A1 1 -
I TG A 2 - ITG A2 ITG A 2 - I TG A 2 -
I TG A 6 - - ITG A 6 - - -
I TG A X - - - - I TG A X -

IT GB 2- AS 1 - - - - IT G B2 -A S1 -
I TG B 3 - - IT GB 3 - ITG B 3 -
I TG B 8 - - IT GB 8 - ITG B 8 -
IT IH 5 - - - - IT IH 5 -

I TP KC - - - - ITP KC -
IT PR IPL 1 - - - - IT PR IPL 1 -

JA K2 - - JA K 2 - JA K2 -
JA K3 - - - - JA K3 -

JA K M IP2 - - - - JA K M IP 2 -
JA M 2 - J A M 2 - - - -
JA M 3 - - - - JA M 3 -
JM Y - JM Y - - - -
JPH 1 - - - - JP H1 -
JR KL - - - - JR KL -

J R KL - - - - JR KL -
JU N J U N - - - -

J U N B - J U N B - - JU N B
J U N D - - JU N D - -

JU P - JU P - - - -
KA N SL1 -A S1 - - - - K A N SL1 -A S1 -

K A N SL 1L - - - - K A N SL 1L -
KC N A B1 - - - - KC N A B1 -
KC N D 1 - - KCN D 1 - K CN D 1 -

K CN E 1L - - - - K CN E 1L -
KC N G 1 - - KCN G 1 - - -
KC N H 3 - - - - K CN H 3 -

K CN I P3 - - - - K CN IP 3 -
KC N J 8 - - - - KC N J 8 -

KC N K 1 - K C N K 1 - - - -
KC N K 5 - - - - K C N K5 -
KC N K 6 - - - - K C N K6 -

K CN M B4 - KC N M B4 - - - -
KC N N 1 - - - KC N N 1 - -
KC N N 3 - K CN N 3 - - - -

K CN Q 1 O T1 - - - - K CN Q 1 O T 1 -
K CT D2 1 - - K C TD 21 - - -

KC TD 6 - - - - KC TD 6 -
K D M 3A - - - - K D M 3A -
K D M 4C - - - - K DM 4 C -
K D M 5B - - - - K DM 5 B -

KD M5 B- A S1 - K D M 5B - AS 1 KD M 5B -A S1 KD M 5B -A S1 K D M 5B- A S1 -
K D M 6B - KD M 6B - - - -

K D R - - - - K DR -
KH D C1 - - - - K H D C1 -

K H K K H K - - - - -
K IA A 004 0 - - - - KIA A 00 40 -
K IA A 014 6 - KI AA 0 146 - - - -
K IA A 031 7 KI A A 031 7 - - - - -
K IA A 043 0 - - - - KIA A 04 30 -
K IA A 051 3 - - - - KIA A 05 13 -
K IA A 110 9 - - - - KIA A 11 09 -
K IA A 114 7 - - - - KIA A 11 47 -
K IA A 119 9 - KI AA 1 199 - - KIA A 11 99 K IA A 119 9

K IA A 12 11L - - - - K IA A 12 11 L -
K IA A 13 24L - - - - K IA A 13 24 L -
K IA A 132 8 - - - - KIA A 13 28 -
K IA A 137 7 - - - - KIA A 13 77 -
K IA A 140 7 - KI AA 1 407 - - - -
K IA A 155 1 - - K IA A 15 51 - - -
K IA A 198 4 - - - - KIA A 19 84 -

KI F 21 B - - KIF 2 1B - - -
K IF 2 7 - - - - KI F2 7 -
K IF 3B K IF 3B - - - - -
K IF 5C - - - - K IF 5C -
K IF 7 - - - - K IF 7 -

KI RR EL - - - - K IRR E L -
KIT - - - - KIT -

KL C4 - K L C 4 - - KL C4 -
K L F1 1 - - KL F 11 - - -
K L F 4 - - - - KL F 4 -
K L F 9 - - - - KL F 9 -

K LH D C 7B - - K LH D C7 B - K L H DC 7B -
K L H DC 9 - - - - K L H DC 9 -
KL H L 24 - K L H L 24 - - K LH L 2 4 -
KL H L 31 - - - - K LH L 3 1 -
KL H L 32 - K L H L 32 - - - -
K L HL 5 - KL H L 5 - - - -
KL R C 2 - K L RC 2 - - KL RC 2 -
KL R C 3 - K L RC 3 - - - -

KP N A 5 - - - - K PN A 5 -
KP N A 7 - - - - K PN A 7 -

KR B O X1 - - - - KR B O X1 -
KR CC 1 KR CC1 - - - KR CC 1 -
KR T1 3 KR T13 - - - - -
KR T1 5 - - - - KR T1 5 -
KR T1 7 - - - - - KR T1 7
KR T6 B - - - KR T6B KR T6 B -
KR T7 9 - - - - KR T7 9 -
KR T8 1 - - - - - KR T8 1
KR T8 6 - K RT8 6 - - - -

K RT AP 2- 2 - - - - KR TA P 2- 2 -
K RT CA P 3 - - - - K RT CA P 3 -

K YN U - KY N U KYN U - K YN U -
L 3H YP D H - - L 3H Y PD H - - -

LA CE 1 - - - - L A CE 1 -
L A M A5 - L A M A 5 - - - -
L AM B3 - - - - L A M B3 L AM B3
L AM C3 - - - - L A M C3 -
L AM P3 - L A M P 3 - - - -

L A N C L 3 - - - - L A N C L 3 -
L A P3 - - L A P 3 - - -
L BH - LB H - - - -
L BP - - - - L BP -

L C A5 L - - - - L C A 5L -
LC N 1 0 - - - LC N 10 - -
LC N 1 2 - - - - L CN 1 2 -
L CN 2 - L C N 2 - L CN 2 L CN 2 L CN 2
L D B1 - L D B 1 - - - -
L D B2 - - L D B 2 - - -

L D H A - - - - - L D H A
L D H D - L D H D - - - -

L D O C 1L - L D O C1 L - - - -
L E F 1 - - - - - -

L EF T Y1 - L E F TY 1 - - L EF T Y1 -
L EM D 1 L EM D 1 - - - L EM D1 -
LEN G 8 - - - - L EN G 8 -
L EP R - - - - L EP R -

L ET MD 1 - L E TM D 1 - - L ET MD 1 -
L F N G - - - - L F N G -

L GA L S12 - L G A LS 12 - - - -
L G A L S3 - - L G A L S3 - - -

L G A L S3B P - - L G A L S3 BP - - -
L G A L S9 L G A L S9 - L G A L S9 - L GA L S 9 LG A LS9
L GA L S L - - - - - -
LG M N - L G M N - - - -
L G R4 - - - - L G R4 -
L G R6 - - - - L G R6 -
L G SN - - - - L G SN -
L H PP - L H P P - - - -

L IF - - L IF - - -
L I G 4 - - - - LI G 4 -

LI MA 1 - - - - L IM A 1 -
L IM S2 - - - - L IM S 2 -

L IN 2 8B - - - - L IN 2 8B -
L IN C 00 115 - - - - L IN C 00 11 5 -
L IN C 00 173 - L IN C 001 73 - - - -
L IN C 00 174 - - - - L IN C 00 17 4 -
L IN C 00 189 - - - - L IN C 00 18 9 -
L IN C 00 261 - L IN C 002 61 - - - -
L IN C 00 284 - - - - L IN C 00 28 4 -
L IN C 00 340 - - - - L IN C 00 34 0 -
L IN C 00 439 - - - - L IN C 00 43 9 -
L IN C 00 460 - - - - L IN C 00 46 0 L I N C0 0460
L IN C 00 461 - - - - L IN C 00 46 1 -
L IN C 00 476 - - - - L IN C 00 47 6 -
L IN C 00 479 - - - - L IN C 00 47 9 -
L IN C 00 482 - - - - L IN C 00 48 2 -
L IN C 00 494 - - - - L IN C 00 49 4 -
L IN C 00 511 - - - L IN C 00 51 1 - -
L IN C 00 578 - - L IN C0 057 8 - - -
L IN C 00 622 - - - - L IN C 00 62 2 -
L IN C 00 638 - L IN C 006 38 - - - -
L IN C 00 663 - L IN C 006 63 - - - -
L IN C 00 839 - - - - L IN C 00 83 9 -
L IN C 00 847 - - - - - -

L IN G O 2 - - - - L I N G O 2 -
L I PA - L IPA - - - -
L I PH - - - - LI PH -

L L G L 2 - L LG L 2 - - - -
L M BR 1L - L MB R 1L - - L M BR 1L -

L MB R D1 - L M BR D 1 - L MB R D 1 L MB R D1 -
L M CD 1 - - - L M C D1 - -
L MF 1 - - L M F 1 - - -
L M L N - L M L N - - - -
L M O 2 - - L M O 2 - L M O 2 -

L M O D 1 - - - - L M O D 1 -
L N X1 - L N X 1 - - L N X1 -
L N X2 - - - - L N X2 -

LO C 100 12 825 2 - - - - LO C1 0012 825 2 -
LO C 100 12 828 8 - L O C1 001 28 288 - - - -
LO C 100 12 875 0 - - - - LO C1 0012 875 0 -
LO C 100 12 903 4 - - - - LO C1 0012 903 4 -
LO C 100 12 925 0 - - - LO C 10 012 92 50 - -
LO C 100 12 948 0 - - - - LO C1 0012 948 0 -
LO C 100 13 009 3 - - - - LO C1 0013 009 3 -
LO C 100 13 055 7 - - - - LO C1 0013 055 7 -
LO C 100 13 108 9 - - - - LO C1 0013 108 9 -
LO C 100 13 143 4 - - L O C 10 01 314 34 - - -
LO C 100 13 156 4 - L O C1 001 31 564 - - LO C1 0013 156 4 -
LO C 100 13 169 1 - - - - - -
LO C 100 13 289 1 - - L O C 10 01 328 91 - LO C1 0013 289 1 -
LO C 100 13 309 1 - - - - LO C1 0013 309 1 -
LO C 100 13 366 9 - - L O C 10 01 336 69 - - -
LO C 100 13 422 9 - L O C1 001 34 229 - - LO C1 0013 422 9 -
LO C 100 18 894 7 - - - LO C 10 018 89 47 - -
LO C 100 27 074 6 LO C 100 27 074 6 - - - - -
LO C 100 27 222 8 - L O C1 002 72 228 - - LO C1 0027 222 8 -
LO C 100 28 703 6 - L O C1 002 87 036 - - - -
LO C 100 28 874 8 - - - - LO C1 0028 874 8 -
LO C 100 28 884 6 - L O C1 002 88 846 - LO C 10 028 88 46 - -
LO C 100 28 901 9 - L O C1 002 89 019 - - - -
LO C 100 28 918 7 - - - - LO C1 0028 918 7 -
LO C 100 28 934 1 - - L O C 10 02 893 41 - - -
LO C 100 28 936 1 - - L O C 10 02 893 61 - - -
LO C 100 37 922 4 - - L O C 10 03 792 24 - - -
LO C 100 50 571 5 - - - LO C 10 050 57 15 - -
LO C 100 50 578 2 - - - - LO C1 0050 578 2 -
LO C 100 50 578 3 - - - - LO C1 0050 578 3 -
LO C 100 50 580 6 - - - - LO C1 0050 580 6 -
LO C 100 50 581 7 - - - - LO C1 0050 581 7 -
LO C 100 50 587 5 - - - - LO C1 0050 587 5 -
LO C 100 50 608 3 - - - - LO C1 0050 608 3 -
LO C 100 50 619 0 - L O C1 005 06 190 - - LO C1 0050 619 0 -
LO C 100 50 620 7 - - - - LO C1 0050 620 7 -
LO C 100 50 631 4 - - - - LO C1 0050 631 4 -
LO C 100 50 638 5 - - - - LO C1 0050 638 5 L O C100 506 38 5
LO C 100 50 647 4 - - - - LO C1 0050 647 4 -
LO C 100 50 654 8 - L O C1 005 06 548 - - LO C1 0050 654 8 -
LO C 100 50 666 8 - L O C1 005 06 668 - - - -
LO C 100 50 671 3 - L O C1 005 06 713 - - - -
LO C 100 50 671 4 - - - - LO C1 0050 671 4 -
LO C 100 50 684 4 - L O C1 005 06 844 - - - -
LO C 100 50 703 2 LO C 100 50 703 2 - - - - -
LO C 100 50 737 3 - - - - LO C1 0050 737 3 -
LO C 100 50 742 4 - - L O C 10 05 074 24 - - -
LO C 100 50 746 3 - - - - LO C1 0050 746 3 -
LO C 100 50 754 7 - - - - LO C1 0050 754 7 -
LO C 100 50 757 7 - - - - LO C1 0050 757 7 -
LO C 100 50 812 0 - - - - LO C1 0050 812 0 -
LO C 100 65 276 8 - - - - LO C1 0065 276 8 -
LO C 100 65 277 2 - - - - LO C1 0065 277 2 -

LO C 143 666 - - - - L O C 143 66 6 -
LO C 145 783 - - - - L O C 145 78 3 -
LO C 146 880 - L O C146 880 - - - -
LO C 253 039 - L O C253 039 - - L O C 253 03 9 -
LO C 254 896 - - - - L O C 254 89 6 -
LO C 255 512 - - - - L O C 255 51 2 -
LO C 256 021 - - - - L O C 256 02 1 -
LO C 283 070 - L O C283 070 - - L O C 283 07 0 -
LO C 283 710 - - - - L O C 283 71 0 -
LO C 284 023 - - - - L O C 284 02 3 -
LO C 284 385 - L O C284 385 - - L O C 284 38 5 -
LO C 284 454 - L O C284 454 - - - -
LO C 285 441 - - - - L O C 285 44 1 -
LO C 286 437 - - - - L O C 286 43 7 -
LO C 338 758 - - - - L O C 338 75 8 -
LO C 387 723 - - L O C 38 7723 - - -
LO C 388 692 - L O C388 692 - - L O C 388 69 2 -
LO C 401 320 - L O C401 320 - - - -
LO C 401 497 - - - - L O C 401 49 7 -
LO C 441 204 - - L O C 44 1204 - - -
LO C 441 461 - - - - L O C 441 46 1 -
LO C 441 601 - - - - L O C 441 60 1 -
LO C 441 666 - - - - L O C 441 66 6 -
LO C 644 961 - - - - L O C 644 96 1 -
LO C 645 638 - - - - - L O C6 45 638
LO C 646 214 - - - - L O C 646 21 4 -
LO C 648 987 LO C6 4898 7 - - - - -
LO C 650 226 - - - - L O C 650 22 6 -
LO C 653 160 - - - - L O C 653 16 0 -
LO C 728 084 - - - - L O C 728 08 4 -
LO C 728 228 - - - - L O C 728 22 8 -
LO C 728 342 - - - - L O C 728 34 2 -
LO C 728 392 - L O C728 392 - - - -
LO C 728 537 - - - - L O C 728 53 7 -
LO C 728 743 - - L O C 72 8743 - - -
LO C 729 013 - - - - L O C 729 01 3 -
LO C 730 091 - - - - L O C 730 09 1 -
L O H1 2C R1 - - - - L O H 12C R 1 -
L O H1 2C R2 - - L O H 12 CR 2 - - -

L O N R F 2 - - - - L O N R F 2 -
L O X - LO X - - L O X -

LO XL 1 - - - - L O X L 1 -
L O X L 1- AS 1 - - - - L O XL 1 -AS 1 -

LP A R 2 - - - - L PA R 2 -
LP A R 6 LP A R6 - - - L PA R 6 -

L P CA T 1 - L PC A T1 - - - -
L P CA T 4 - - - - L P CA T 4 -
L P G AT 1 - - - - L P G AT 1 -

LP HN 1 - - - - L PH N 1 -
LP HN 2 - - - - L PH N 2 -
LP HN 3 - - - - L PH N 3 -
LP PR 2 - - - L P PR2 L P PR 2 -
LP PR 5 - - - - L P PR 5 -
L PX N - - - - L PX N -

LR CH 2 - - - - L R CH 2 -
LR F N 1 - - L RF N 1 - - -
L RG 1 - - - - L RG 1 -

L R IG 3 - - L RIG 3 - - -

L R I G3 - - L RI G 3 - - -
L RP 1 - - L R P1 - L RP 1 -

L R P1 0 - - L R P 10 - LR P1 0 -
L RP 5 - L R P5 - - L RP 5 -

L R RC 1 - - - - L R RC 1 -
LR RC 29 - L RR C 29 - - - -
LR RC 33 - - - - L R R C33 -

L R R C3 7A 3 - - - - L RR C 37A 3 -
LR RC 56 - - - - L R R C56 -
L R RC 6 - L RR C6 - - L R RC 6 L R RC 6

LR RC 61 - - - - L R R C61 -
L R R IQ 3 - - - - L R R IQ 3 -
L R RK 2 - - - - L R RK 2 -

L R RT M 4 L R RT M 4 - - - L R R TM 4 -
L R SA M 1 - L R SA M 1 - - - -
L RT O M T L RT O M T - - - - -

L SR - - - - L SR -
L T BP 1 - L TB P1 - - - -
L T BP 2 - - - - LT BP 2 -
L T BP 3 - L TB P3 - - LT BP 3 -
L T BP 4 - L TB P4 - - - -

L TF - L T F - - L TF -
L U R A P1 L L U R A P1 L - L U RA P 1L - L U R A P1L -

L U ST - - - - L U ST -
L X N - - - - L X N LX N
L Y6 E - - L Y 6E - - -

L Y 6G 6C - - - - L Y 6G 6C -
L Y9 6 - - L Y 96 - L Y9 6 -

L YP D 3 - - - - LY PD 3 -
L YP D 5 - - - - LY PD 5 -

LY PD 6B - - - - L YP D 6B -
L YP D 8 - - - - LY PD 8 -

L Y R M9 - L YR M 9 L YR M 9 - L YR M9 -
L YZ - - - - L YZ L YZ

M 6 PR M 6 PR - - - - -
M A C C1 - - M A CC 1 - - -

MA F - - - - M A F -
M AF F - - - - M A F F -

M AG E A 1 - - - - M A GE A 1 -
M A GE A 10 - - - - M A GE A 10 -
M A GE A 11 - - - - M A GE A 11 -
M A GE A 12 - M A G EA 1 2 - - - -
M A GE B2 - - - - M A G EB 2 -
M AG E D 1 - M A G ED 1 - - - -
M AG E H 1 - - - - M A GE H 1 -

M A G I2 -A S3 - - - - MA G I2 -A S3 -
M A GI3 - - - - M A G I3 -

M A L A T1 - M AL A T 1 - - M A L A T1 -
MA M DC 2 - - - - M A M D C 2 -

MA M L 2 - - - - M A M L 2 -
M A N 1 A 1 - - - - M AN 1 A 1 -
M A N 1 A 2 M A N 1 A 2 - - - - -
M A N 2 A 1 M A N 2 A 1 - - - - -
M AN 2 C1 - M A N 2C 1 - - - -

MA N BA - - - - M A N BA -
M A N SC1 - - M A N SC 1 - - -

M A O A - - - - M A O A -
M A O B - M AO B - - M A O B -

M A P 10 - - - - M A P 10 -
MA P 1L C 3A - M A P1 L C3 A - - - MA P1L C 3A

M A P 2 - - - - MA P 2 -
M A P2 K6 - - MA P 2K 6 - - M A P2 K6

MA P3 K12 - M AP 3K1 2 - - - -
M A P3 K5 - M AP 3K 5 - - M A P3 K5 -
M A PK 11 - - - - M A PK 11 -

M A PK 8I P2 - - M A PK8 IP 2 - - -
M A PK 8I P3 - MA P K8 IP 3 - - - -

M A P T - - - - MA P T -
M A R C2 - - - - M A R C2 -

M AR C H 2 M AR C H 2 - - - - -
M AR C H 3 - - - - M A RC H 3 -
M AR C H 7 - - - - M A RC H 7 -
M A RC KS - M A R CK S - - - -

M AS T3 M A S T3 - - - - -
M AS T4 - - - - M AS T4 -
M A T K - - - - MA T K -

M A TN 2 - - M ATN 2 - - -
M B - - - - M B -

M B D 5 - - - - MB D 5 -
MC C - - - - M C C -

M CE E - M C EE - - M CE E -
MC F 2 L -A S1 - - - - M CF 2 L -A S1 -
M CO L N 1 - - - - M CO L N 1 -

M CTP2 - - - - M CT P2 -
M DG A 2 - - - - M D G A 2 -
M D H 1B - - M DH 1 B - - -
M D N 1 - - - - M D N 1 -

M EC O M - - - - M E CO M -
M E D1 2L - - - - ME D 12L -
M ED 26 M ED 26 - - - - -
M EF 2C - M E F2 C - - M EF 2C -
M EG F8 - - - - M EG F 8 -
M EG F9 - - - - M EG F 9 -
M EIO B - - - - M EIO B -
M E IS3 - - - - ME IS3 -

M EIS3 P1 - M E IS3P 1 M E IS 3P 1 - - -
M EO X2 - - - - M E O X2 -

M ET RN L - M ETR N L - - - -
M E TT L2 5 - - - - M ETT L2 5 -

M FG E8 - M F G E8 - M FG E8 - -
M F N G - M F N G - - M F N G -

M F SD 2 A - - - - M F SD 2 A -
M GA T 4A - M G A T4 A - - - -

M GC 16 025 - - - - M G C 16 02 5 -
M G P - - M GP - M G P -

M IC AL 1 - - - - M IC A L 1 -
M IL R 1 - - - - M I LR 1 -

M IR 10 0H G - - - - M IR 10 0H G -
M IR 186 - - - - M IR 18 6 -

M IR 21 0H G - M I R2 10H G - M IR 21 0H G M IR 21 0H G M IR 21 0H G
M IR 22 HG - M IR2 2H G - - - -

M I TF M I TF - - - - -
M L ST8 - - - - M L ST8 -

ML XIP L / Ch RE BP - ML XI PL - - - -
M LYC D - - M LY CD - M L YCD -
M MA A - - M M A A - - -
M MA B - M M A B - - - -

M M E - - - - M ME -
M M P1 - - M M P 1 - - -

MM P1 1 MM P1 1 M M P 11 - - - M M P1 1
MM P1 3 - - M M P 13 - - -
MM P1 6 - M M P 16 - - - -
MM P1 7 - M M P 17 - - M M P1 7 -
M M P2 - - - - M M P2 -
M M P7 - - - - - M M P 7
M M P8 - M M P 8 - - - -

M O B 3A - M O B3A - - - -
M O B 3C - - - - M O B 3C -

M O RC 2-A S1 - - - - M O RC 2-A S1 -
M O R C3 - - - - M O R C 3 -

M O SP D1 - M O S PD 1 - - - -
M PI - - - - M PI -

M P N D - - - - M P N D -
M PP ED 2 - - - - M P PE D2 -

M PZ L2 - - - - M P ZL2 -
MR 1 - M R 1 - - - -

M R A S - M R AS - - - -
M R C 2 - - - - M RC 2 -
M R EG - - - - MR E G -

M R G P RX 3 - - - - M RG P R X3 -
M RO H 8 - M R O H 8 - - M R O H 8 -

M RP L 42 P5 - - - - M R P L4 2P5 -
M RP L 45 P2 - - - - M R P L4 5P2 -
M RV I1 -AS 1 - - - - M RV I1 -A S1 -

M S4 A 15 - - - - M S4 A 15 -
M SC - - M SC - - -

M SI 1 - - - - M SI1 -
M SM O 1 - M SM O 1 - - - -
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RN F 150 - - - - R N F 15 0 -
RN F 170 RN F 170 - - - - -
RN F 175 - - R N F 17 5 - - -
RN F 183 - - - - - RN F 183
RN F 207 - R N F 2 07 - - - -
RN F 208 - R N F 2 08 - - - -
RN F 213 RN F 213 - R N F 21 3 - - -
RN F 214 - - - - R N F 21 4 -
RN F 217 - - - - R N F 21 7 -
RN F 43 - - - - R N F 4 3 -
RN F 44 - R N F 44 - - - -

R O BO 1 - - - - R O B O 1 -
R O BO 4 - - - - R O B O 4 -

R O R2 - - - - R O R2 -
RO R B - - - - R O RB -

R P A P 1 - - - - R PA P 1 -
R PG R - - R P GR - - -

R PL 13 P5 - RP L1 3P 5 - - - -
R P L2 3A P8 2 - - - - - R P L 23 A P 82

R P RD 1 B - - - - RP RD 1 B -
RPS 6K A2 - - - - R PS6 KA 2 -
RPS A P 58 - - - - R PSA P 58 -

RR A D - R R A D - - R RA D -
R R N 3P 1 - - - - RR N 3P 1 -
R RN A D 1 - RR N A D 1 - - - -
R SA D 2 - - R SA D2 - - -
RS PH 1 - - - - R SP H 1 -
RS PO 3 - - - - R SP O 3 -
R TN 2 - RT N 2 - - R TN 2 -
R TP 4 - - RT P4 - R TP 4 -

R U N D C3B - - R U N D C3 B - - -
R W D D 2A - RW D D2 A - - - -

R XR G - - R X RG - - -
S1 00A 1 - - - - S1 00 A1 -

S10 0A 14 - - - S10 0A 14 S1 00 A14 -
S1 00A 7 - - - - S1 00 A7 S1 00A 7
S1 00A 8 - - S 100 A 8 - S1 00 A8 S1 00A 8
S1 00A 9 - - S 100 A 9 - S1 00 A9 S1 00A 9

S1 00B S1 00B - - - - S10 0B
S1 00P - S10 0P - - S10 0P S10 0P

S1 PR 1 - - - - S1P R1 -
S1 PR 3 - - S1PR 3 - - -
SA A 1 - - - - - SA A 1
SA A 2 - - - - - SA A 2
S AF B - - - - SA F B -

SA G E1 - - - - - SA G E1
SA M D 11 - - - - SA M D11 -
SA M D 12 - - - - SA M D12 -
SA M D 13 - - - - SA M D13 -
SA M D 5 SA M D 5 - - - SA M D5 -
SA M D 9 - - S AM D 9 - - SA M D 9

SA M D 9L - - SA MD 9 L - - -
SA M HD 1 - - SA M H D 1 - - -
S AR D H - - - - S A R D H -
SA R M 1 - - - - SA R M 1 -

S AT 1 - SA T1 SA T1 - SA T1 -
SA TB 1 - S AT B1 - - S AT B1 -
SA TB 2 - - - - S AT B2 -

S BN O 2 - SB N O 2 - - SBN O 2 -
SC A F 8 - - - - SCA F 8 -

SC AN D 2P - S CA N D2P - - - -
SC AR N A 22 - S CA R N A 22 - - - -

SC D - SC D - - SC D -
SC G 2 SC G 2 - SCG 2 - S CG 2 -
SC G 5 - - - - S CG 5 -

S CG B1 B2 P - - - - - SC G B1 B2 P
SC M H 1 - - - - S CM H 1 -
SCN 1 B - SC N 1B - - SC N 1B -

SCN N 1A - SC N N 1A - - S CN N 1 A -
SC PE P1 - - S CP EP 1 - - -

SD C 2 - - - - S DC 2 -
SD C 3 - - - - S DC 3 -

SD C BP 2- A S1 - - SD CB P2 -A S1 - - -
SD F 2 L 1 - SD F 2L 1 - - - -

S DH A P 1 - - - - SD HA P 1 -
SD K 2 - - - - S DK 2 -

SD R 42E1 - - - - SD R 42 E1 -
SE C1 1C - SEC 11 C S EC 11C - - -

SEC1 4L 1 P1 - - - - SE C14 L1 P1 -
S EC 14 L 4 - - - - SEC 14L 4 -

SEC 24B - AS1 - - - - SEC 24 B- A S1 -
SE C3 1B - - - - SE C3 1B -

SE CI SB P2 - - - - SE CI SB P2 -
S ECIS BP 2L - - - - S EC ISBP 2L -

SE L1L - SEL 1L - - - -
S EL E N BP 1 - - - - SEL E N BP 1 -

SEL L - - SE L L - - -
SE LM - SEL M - - SE L M -

SE L PL G - SEL P L G - - - -
SEM A3 B - - - - S EM A 3B -
SEM A3 C SEM A3 C - SEM A 3C - - -
SEM A 3 D - - S EM A 3D - - -
S EM A 3F - - - - SEM A 3F -
SEM A 3 G - - - - SE M A3 G -
SEM A 4 G - - - - SE M A4 G -
SEM A 5 A - - - - SE M A5 A -
SEP SEC S - SEPS EC S - - - -

SE PT 4 - - SEP T4 - - -
SE PT 6 - - - - - SEP T6

SER IN C 5 - SER IN C 5 - - S ER IN C5 -
S ER PIN A 1 S ER PIN A 1 - - - - S ER PI N A 1
S ER PIN A 3 - - - - SER PI N A 3 -
S ER PIN A 5 S ER PIN A 5 - - - SER PI N A 5 -
S ER PIN A 6 - - - - SER PI N A 6 -
SER PIN B3 - - - - SER P IN B 3 -
SER PIN B5 - - - - SER P IN B 5 -

S ER PIN D 1 - - - - SER PI N D 1 -
SER P IN E1 - S ER PI N E1 SE RP IN E 1 - - -
SER P IN F 2 - - - SE RP IN F 2 - -

S ER PIN G 1 - - SER P IN G 1 - SER PI N G 1 S ER PI N G 1
SE RT A D 1 - SER TA D 1 - - - -
SE RT A D 3 - SER TA D 3 - - - -

SE SN 2 - - SESN 2 - - -
SE SN 3 - - - - SESN 3 -

SE STD 1 - - - - SE STD 1 -
SET D 1B - - - - SE TD 1B -
SET D B2 - - SE TD B 2 - - -
S EZ6 L 2 - SE Z6L 2 SEZ 6L 2 - SEZ6 L 2 -
SF T 2D 3 - - - - SF T2D 3 -
SF T A 1P - - - - SF TA 1P -

SG C G - - - - SG C G -
S GM S1 - - - - S G M S1 -
S GS M 1 - - - - S G SM 1 -
SH 2D 3C - S H2 D 3C - - SH 2D 3 C -
SH 2D 6 - - - - SH 2 D 6 -

SH 3B P1 - S H 3BP 1 SH 3 BP 1 - - -
SH 3B P2 - S H 3BP 2 - - SH 3B P 2 -

SH 3P X D2 A - - - - SH 3 PX D 2A -
SH 3 PX D 2B - SH 3P XD 2 B - - - -

SH 3T C2 - - SH 3 TC 2 - - -
SH 3 YL 1 - SH 3Y L 1 - - S H3 YL 1 -
S HF M 1 - - - - - -
S HI SA 2 S HI SA 2 SH IS A 2 - - S H ISA 2 -
S HI SA 4 - SH IS A 4 - - - -
S HI SA 5 - - SH ISA 5 - - -
S H PR H - - - - SH P RH -

SH R O O M 3 - - - - SH R O O M 3 -
SH R O O M 4 - - - - SH R O O M 4 -

SI AE - S IA E - - S I A E -
SID T1 - - - - S ID T1 -

SID T 1 - - - - S ID T 1 -
SIK 1 - SIK 1 - - - -

S IRP B1 - - - S IR PB 1 - -
S IR T4 - - - - S IR T4 -

SL AM F 9 - - - SL A M F 9 - -
SL C 12A 7 - S L C1 2A 7 - - - -
SL C 13A 3 - - - - S LC 13A 3 -
SL C 14A 1 - - SL C 14 A 1 - S LC 14A 1 -
SL C 15A 2 - - - - S LC 15A 2 -
SL C 16A 3 - S L C1 6A 3 - - S LC 16A 3 -
SL C 16A 4 - - - - S LC 16A 4 -
SL C 16A 9 - S L C1 6A 9 - - S LC 16A 9 -
SL C 17A 5 - S L C1 7A 5 - - - -
SL C 17A 9 - - - - S LC 17A 9 -
SL C 19A 3 - - - - S LC 19A 3 -
SL C1A 1 - SL C1 A1 - S L C1A 1 - -

SL C 22A 15 - - - - SL C 22 A1 5 -
SL C 22A 17 - - - SL C 22A 17 - -
SL C 22A 18 - S LC 22 A1 8 - - - -
SL C 22A 31 - - - - SL C 22 A3 1 -
SL C 22A 4 - - - - S LC 22A 4 -
SL C 23A 1 - - - - S LC 23A 1 -
SL C 23A 2 - - - - S LC 23A 2 -
SL C 24A 3 - - - - S LC 24A 3 -

SL C 25A 10 - - - - - SL C 25A 1 0
SL C 25A 27 - - - - SL C 25 A2 7 -
SL C 25A 30 - - - - SL C 25 A3 0 -
SL C 25A 34 - - - - SL C 25 A3 4 -
SL C 25A 37 - S LC 25 A3 7 - - - -
SL C 25A 42 - - - - SL C 25 A4 2 -
SL C 26A 11 - S LC 26 A1 1 - - SL C 26 A1 1 -
SL C 26A 6 - S L C2 6A 6 - - - -
SL C 27A 1 - S L C2 7A 1 SL C 27 A 1 - - -
SL C 27A 3 - S L C2 7A 3 - - - -
SL C 29A 4 - S L C2 9A 4 - SL C 29 A4 S LC 29A 4 SL C 29A 4
SL C 2A 11 - S L C2 A1 1 - - - -
SL C2A 3 - SL C2 A3 - - S L C2 A3 -

SL C 31A 1 - S L C3 1A 1 - - - -
SL C 33A 1 - - - - S LC 33A 1 -
SL C 35 E2 - SL C 35E 2 - - - -
SL C 35 F 1 - - - - SLC 35 F 1 -
SL C 35 F 5 - - - - SLC 35 F 5 -

SL C 35G 2 - S L C3 5G 2 - - - -
SL C 38A 5 - - - - S LC 38A 5 -
SL C 39A 8 - - - - S LC 39A 8 -
SL C 40A 1 - - - - S LC 40A 1 -
SL C 43A 1 - - - - S LC 43A 1 -
SL C 43A 2 - S L C4 3A 2 - - - -
SL C 44A 3 - S L C4 4A 3 - - - -
SL C 44A 4 - - - - S LC 44A 4 -
SL C 44A 5 - - - SL C 44 A5 S LC 44A 5 -
SL C 45A 3 - - - - - SL C 45A 3
SL C 45A 4 - S L C4 5A 4 - - - -
SL C 46A 3 - S L C4 6A 3 - - S LC 46A 3 -
SL C 47A 1 - S L C4 7A 1 - - - -
SL C 4A 11 - - - - S LC 4A 11 SL C 4A 11
SL C 50A 1 - S L C5 0A 1 - - - -
SL C 5A 12 - - - - S LC 5A 12 -
SL C 6A 14 - - - SL C 6A 14 S LC 6A 14 -
SL C 6A 15 - - - - S LC 6A 15 -
SL C 6A 17 - - - - S LC 6A 17 -
SL C 6A 20 - S L C6 A2 0 - - - -
SL C6A 9 - - SLC 6A 9 - - -

SL C 7A 11 - - SL C 7A 1 1 - - -
SL C7A 2 - - - - S L C7 A2 -
SL C7A 5 - - - - - SL C 7A 5
SL C7A 8 - - - - S L C7 A8 -
SL C8A 2 - SL C8 A2 - - S L C8 A2 -

SLC 9A 3 R2 - - - - SL C 9A 3R 2 -
SL C9A 9 - - SLC 9A 9 S L C9A 9 S L C9 A9 -

SL CO 1 B1 - - - - SL C O 1B1 -
SL CO 1 B3 - - - - SL C O 1B3 -
SL CO 4 C1 - SL C O 4C 1 - - - -

S L F N 5 - - SL F N 5 - - -
SL IT RK 4 - SL I TR K4 - - SL IT RK 4 -

S L PI S L PI SL P I - - S L PI -
SL U R P 1 - - - - SL U R P 1 -
S M A 4 - - - - SM A 4 -

SM A D 6 - SM A D 6 - - - -
SM A D 9 - - - - S MA D 9 -

SM AR C A1 - - - - SM A R CA 1 -
SM AR C A2 S MA R C A2 - - - - -
SM AR C A5 - - - - SM A R CA 5 -
SM AR C D3 - - - - SM A R CD 3 -

SM EK 3P - SM E K3P - - - -
SM IM 14 SM IM 14 SM IM 1 4 - - - -
S MI M 5 - - - - S M IM 5 -

SM O - - - - - SM O
SM O C 1 - - - - S MO C1 -
SM O X - SM O X - - - -

S MP D 1 - SM P D1 - - S M P D1 -
SM PDL 3 B - SM PD L 3B - - SM PD L 3B -

S N AI 2 - - SN A I2 - - -
SN A P2 5 - - - - SN A P2 5 -
SN A PC 5 - - - - SN A PC 5 -
SN C A IP - - SN CA IP - S N CA IP -

SN CG - - SN CG - - -
SN ED 1 - S N ED 1 - - SN E D1 -

SN O R A 57 - - - - SN O R A5 7 -
SN T B1 - - - - SN T B1 -
SN U R F - - - - SN U RF -
SN X 33 - - - - SN X 33 -
S O BP SO B P - - - - -
S O D2 - S O D 2 SO D 2 S O D 2 S O D2 -
S O D3 SO D 3 - - - - -

SO G A3 - - - - SO G A 3 -
SO R BS 2 - SO RB S2 - - - -

SO ST - SO S T - - - -
SO X 10 - - - - - SO X10
SO X 18 - - - - SO X 18 -
S O X2 - - - - SO X2 -
S O X3 - - - - SO X3 -
S O X4 - SO X 4 - - SO X4 -
S O X5 - - - - SO X5 -
S O X8 - - - - SO X8 -

S P10 0 - - SP1 00 - - SP 10 0
S P11 0 - - SP1 10 - - -
SP AG 4 - S PA G 4 - SP A G4 SP A G4 SP AG 4
SP AR C - - SP A R C - - -

SP A TA 2 - SP A TA 2 - - - -
SP A TA 6 - - - - SP A TA 6 -
SP A TA 7 - - - - SP A TA 7 -

SP AT C1 L - - - - S PA TC1 L -
SP D EF - - - - SP D EF -
S PEF 2 - - - - SPE F 2 -

S PE SP 1 - - - - S PE SP1 -
SP H K1 - SPH K 1 - - - -

S PIN 2B - - - - S PIN 2B -
S PIN K 4 - SP IN K4 - - S PIN K4 -
S PIN K 5 - - - - S PIN K5 -
S PIN K 6 - - - - S PIN K6 -
SPIN T 1 - SP IN T1 - - - -
SPIR E2 - - - - SP IR E2 -

SP O CK 1 - SP O C K1 - - - -
SP O CK 3 - SP O C K3 - - SP O CK 3 -
SPO N 2 - - - - SP O N 2 -

SPP1 - - SP P1 - SPP 1 -
SP RED 3 - SP RE D 3 - - - -
SP RR 1B - - - - - SP RR 1B
SP R Y1 - SP RY 1 SPR Y1 S PR Y1 SP R Y1 SP R Y1
SP R Y4 - SP RY 4 - - SP R Y4 -
S PSB 2 SP SB 2 - - - - -
S PSB 3 - - - - SPSB 3 -
S PSB 4 - - - - SPSB 4 -

S PT LC 3 - - - - S PT L C3 -
SP TSSA - - SPT SS A - S PTS SA -
SQ R D L - - SQ R D L - - -

SQ ST M 1 - SQ STM 1 S Q STM 1 - - -
SR D 5A 3 - SR D 5A 3 - - - -
SR E BF 1 - - - - S RE BF 1 -
SR G AP 3 - - - - SR G AP 3 -

SR GN - - SR G N - SR G N -
S RPX - - - - - S RP X

S RSF 5 - - - - SRS F 5 -
S SBP 3 - - - - SSBP 3 -

SSH3 - SSH 3 - - - -
S SP N - SSP N - - - -
S SP O - - - - SSP O -

SS R4P 1 - - - - S SR4 P1 -
S STR 2 - - - - SSTR 2 -

SST R5 -A S1 - - - - S STR5 -A S1 -
SSU H 2 - - - - SSU H 2 -

SSX1 - - - - SSX 1 -
ST13 - - - - ST1 3 -
ST14 - - - - ST1 4 -
ST20 - - - - ST2 0 -

ST3 GA L 1 - ST 3G A L 1 - - ST3 G AL 1 -
ST3 GA L 5 - ST 3G A L 5 - - - -

ST5 - S T5 - - - -
ST 6G AL N A C 2 - ST6 G AL N A C2 - - - -
ST 6G AL N A C 4 - - - - ST6 G AL N AC 4 -

ST 7- A S1 - - - - ST7- A S1 -
ST 8SIA 4 - ST8 SIA 4 - - ST8S IA 4 -
ST 8SIA 5 - - - - ST8S IA 5 -
ST AC 2 - - - - ST A C2 -
ST AP 2 - - - - ST A P2 -

ST A RD 4 - - - - STA R D 4 -
ST A RD 5 - STA R D 5 - - STA R D 5 -
ST A T1 - - STA T1 - ST A T1 -
ST A T2 - STA T 2 STA T2 - ST A T2 -

STC1 STC1 - - - STC 1 -
ST EAP 1 - - S TEA P1 - ST EA P 1 -
ST EAP 2 - - - - ST EA P 2 -
ST EAP 3 - ST EA P 3 - - - -
ST K32 B - - - - - ST K3 2B
STO N 1 - - - STO N 1 - -
ST RA 6 - - - - ST RA 6 -

STS - - - - ST S -
S TT3 B - - - - STT3 B -
ST X1 A - STX 1A - - - -

ST XBP 2 - STXB P 2 - - - -
S TYK 1 - - - - STYK 1 -
S U L F 2 - - SU L F 2 - - -

SU LT1 C2 - S U L T1C 2 - - S U LT 1C2 -
SU LT2 B1 - - - SU LT 2B 1 - -

SU N 3 - SU N 3 - - SU N 3 -
SU O X - - - - SU O X -

S W T 1 - - - - SW T 1 -
S YBU - - - SYBU - -

S YCE 2 - SY CE2 - - - -
S YCE 3 - - SYC E3 - SYC E3 -
SY D E1 - - - - - SY D E1
SY D E2 - - - - SY D E2 -
S YN 3 - - - - SYN 3 -

SY N E4 - - - - SY N E4 -
SY N G AP 1 - SYN G A P 1 - - - -

SY N G R 1 - SYN G R1 - - - -
S YN M - SY N M - - - -
SYN P O - - - - - -
S YT1 1 - - - - SYT1 1 -
S YT1 4 - - - - SYT1 4 -
S YT1 7 - - SYT 17 - SYT1 7 -
S YTL 1 - SY TL 1 - - - -
SYV N 1 - S YV N 1 - - SY VN 1 -
T A C1 - - - - TA C1 -

TA C C2 TA C C2 - - - - -
T A CST D 2 T A CST D 2 - - - - -

TA F 1 C - - - - TA F 1C -
TA N C2 - - TA N C 2 - TA N C2 -

TA N GO 2 - T A N G O 2 - - - -
T AN K - - - - T AN K -

TA P T1 - - - - TA P T1 -
TA R BP 1 - TA RB P1 - - - -
TA SP 1 - - - - TA S P1 -

T BC 1D 1 4 - - - - TBC 1D 1 4 -
T BC 1D 1 6 T BC 1D 16 - - - - -

TB C1D 8 TB C1D 8 - - - TB C1 D 8 -
TB C1D 9 - - - - TB C1 D 9 -

T BCK - - - - TBC K -
T BX 15 - - TBX 15 - TBX 15 -

TB X2 - - - - TB X2 -
TB X AS 1 - - - - T BX AS 1 -

T C2N - - - - T C2 N -
TC EA 2 - TC EA 2 - - - -

T CE AL 8 - - - - T CE AL 8 -
TC F4 TC F4 - - - - -
TC F7 - - - - - TC F 7

TCF 7L 1 - - - - - -
T CN 1 T CN 1 - - - T CN 1 -
T CN 2 - - - - T CN 2 -

TC TN 1 - T CT N 1 - - - -
TD R D1 - - - - TD R D 1 -
TD R D7 - - TD R D 7 - - -
TE AD 3 - T EA D 3 - - - -
T EKT 3 - - - - TEK T3 -
TE N C1 - - - - TE N C1 -

T EN M 1 - - - - T EN M 1 -
T EN M 3 T EN M 3 - - - - -

TEPP - - - - TEP P -
TE SC - - - TE SC TE SC -

T ESK 2 - - - - TESK 2 -
TE T2 - - - - TE T2 -
TE T3 - - - - TE T3 -

T EX1 4 - - - - TEX 14 -
TF A P2B - - - - T F A P2 B TF AP 2B

TF CP 2L 1 - - - - TF CP 2L 1 -
TF F1 - - - TF F1 - TF F 1
TF F2 - - - - TF F 2 -
T F PI - - - - T F PI -
TF R2 - - - - - TF R 2

T G FA - - TG F A - - -
TG F B 1 - TG F B 1 - - - -
TG F B 2 TG F B 2 - - - - -
T G F BI - - - - - TG F BI

TG F BR 2 TG F BR 2 - - - TG F B R 2 -

T GF B R2 TG FB R2 - - - TG FB R 2 -
TG M 2 - - - - TG M 2 -
TG M 3 - - - - TG M 3 -
TH B D - - - - TH B D -

T H BS3 - T H BS 3 - - T H BS3 -
T H BS4 - - - - T H BS4 -

TH EM IS2 - TH E M IS2 - - TH EM I S2 -
T H N SL2 - - - - TH N SL 2 -

TH R A - - - - TH R A -
TH R B - - - - T HR B -

T H SD 7A - - - - TH SD 7A -
THY 1 TH Y 1 TH Y 1 - - - -

T IM P 1 - T IM P 1 - - - -
T IM P 3 - - TIM P 3 - - -
T IM P 4 - - - - T IM P 4 -

TI N A G L 1 - - - - TIN A G L 1 -
T IPA R P - - - - TI PA R P -

T JP1 T JP 1 - - - - -
T JP3 - - - - T JP3 -
TK 2 - TK 2 TK2 - - -

T L CD 1 - - T LC D 1 - - -
T L CD 2 - TL C D 2 - - T L C D2 -

T LE 2 - T L E2 - - T LE 2 -
T LE 3 - T L E3 - - - -
TL K 1 - - - - T LK 1 -
TL R 4 - - - - T LR 4 -

TM 2D 1 - TM 2D 1 - - - -
T M 4 SF 1 TM 4SF 1 - - - - -
TM 4SF 19 - - - - - TM 4S F 19
T M 7 SF 2 - T M7 SF 2 - - - -
TM BIM 1 - T M B IM 1 - - - -

TM C 5 - - - - TM C5 -
TM C 8 - - - - TM C8 -

TM CC 1 - - - - TM CC 1 -
TM CC 3 - - TM CC 3 - - -

TM EM 10 0 - - - - T M EM 1 00 -
TM EM 10 6A - - - - TM E M 10 6A -

TM EM 11 6 - - - - T M EM 1 16 -
TM EM 13 0 - - - - T M EM 1 30 -

TM EM 13 2A - T M EM 1 32A - TM EM 13 2A TM E M 13 2A -
T M EM 1 32B - - - - T ME M 1 32B -

TM EM 13 4 - TM E M 13 4 - - - -
TM EM 14 0 - TM E M 14 0 TM EM 14 0 - T M EM 1 40 -
TM EM 14 4 - - - - T M EM 1 44 -
TM EM 14 5 - - - T M EM 14 5 - -

TM EM 15 0A - T M EM 1 50A - - TM E M 15 0A -
T M EM 1 50C - - - - T ME M 1 50C -

TM EM 15 4 - - - - T M EM 1 54 -
TM EM 15 6 - TM E M 15 6 - - - -
TM EM 15 8 - TM E M 15 8 - - - -

T M EM 1 61B - - - - T ME M 1 61B -
TM EM 16 3 - - - - T M EM 1 63 -
TM EM 16 9 - - - - T M EM 1 69 -
TM EM 17 1 - - TM EM 17 1 - - -
TM EM 17 3 - TM E M 17 3 - - - -

T M EM 1 76B - - - - T ME M 1 76B -
T M EM 1 78B - - - - T ME M 1 78B -

TM EM 19 8 - TM E M 19 8 - - - -
T ME M 2 - - T M EM 2 - - -

TM EM 20 5 - TM E M 20 5 TM EM 20 5 - T M EM 2 05 -
TM EM 24 3 - - - - T M EM 2 43 -
TM EM 25 - - - - TM EM 25 -

TM EM 25 9 - - - - T M EM 2 59 -
TM EM 37 - - - - TM EM 37 -
TM EM 40 - - - - - TM EM 40
TM EM 42 - - TM EM 42 - - -

TM EM 44 -A S 1 - TM EM 44- A S1 - - T M EM 44 - AS 1 -
TM EM 45 A - TM EM 45A - TM EM 45 A TM EM 45 A TM EM 45 A

TM EM 47 - - - - TM EM 47 -
TM EM 52 - - - - TM EM 52 -

TM EM 52 B - - - - T M EM 5 2B -
TM EM 53 - TM EM 53 - - - -
TM EM 59 - TM EM 59 - - TM EM 59 -
TM EM 61 - - - - TM EM 61 -

TM EM 63 A - TM EM 63A - - - -
TM EM 66 - - - - TM EM 66 -
TM EM 67 - TM EM 67 - - - -
TM EM 71 - - - - TM EM 71 -

TM EM 74 B - TM EM 74 B - - T M EM 7 4B TM EM 74B
TM EM 86 A - TM EM 86A TM EM 86A - - -

TM EM 91 - TM EM 91 - - TM EM 91 -
TM EM 92 - - - - TM EM 92 -
TM EM 98 - - - - TM EM 98 -

TM L H E - - - - TM L H E -
T M PR SS2 - - - - T M PR SS2 -
T M PR SS3 - TM P R SS 3 - - T M PR SS3 -
T M SB1 5B - - - - T M SB1 5B -

TM TC 1 - - - - TM TC 1 -
TM TC 2 - - - - TM TC 2 -
TM TC 4 - TM TC4 - - - -
TM X 4 - TM X4 - - - -

TN F A IP 3 - - - - TN F A IP 3 T N F A IP 3
TN F A IP 6 - T N F A IP 6 TN F A IP 6 - TN F A IP 6 -

TN FA I P8 L 3 - - - - TN F AI P8 L3 -
T N F R SF 1 1B - - T N F R SF 11B - - -

TN F RS F1 9 - - - - T N F RSF 1 9 TN F RS F1 9
TN F RS F1 B - T N F R SF 1B - - - -
TN F RS F 9 T N F R SF 9 - - - - -
TN F SF 1 0 - T N F SF 1 0 TN F SF 1 0 - TN F SF 1 0 -

TN F SF 13 B - T N F SF 13 B T N F SF 13B - T N F SF 13 B -
TN F SF 1 4 - - - TN F SF 14 TN F SF 1 4 -
TN F SF 1 5 - - - - TN F SF 1 5 -
T N F SF 9 - TN F S F9 - - - -

TN K 1 - TN K 1 - - - -
T N N I3 - - - - T N N I3 -
TN N T 1 - - - TN N T 1 - -

TN S3 - - - TN S3 - -
TN S4 - - - - T N S4 -

T O B2 P1 - - - - TO B2P 1 -
T O M 1 - - T O M1 - - -
TP 53 I3 T P5 3I3 - - - - -

T P5 3I N P 2 - - - - T P5 3IN P 2 -
T P7 3-A S1 - - - - - TP7 3-A S 1

TP B G - TP BG - - T PB G -
T PB G L - - - - T PB G L -
T PC N 1 - T PC N 1 - - - -

TP D 52 L 1 - T PD 52 L 1 - - - -
T PG S1 TP GS 1 T PG S 1 - - - -

TPK 1 - - T PK 1 - - -
TP M T - TP M T - - - -
TPP 1 - TP P 1 - - - -

T PP P3 - - TP PP 3 - T PP P3 -
T PR G 1 - - - - T PR G 1 -
TP ST2 - - - - TP ST2 -
TPT 1 - TP T1 - - T PT 1 -

T PT 1-A S1 - TP T1-A S 1 - - T PT 1-A S1 -
TP TE 2P 6 - - - - TP TE 2P 6 -

TR A D D - TR A D D - - - -
T RA F 7 - T R AF 7 - - - -

T RA M 1L 1 - - - - T RA M 1 L 1 -
T R AM 2 TR A M 2 - - - - -

TR A PP C6 A - TR AP P C6 A - - - -
TR A PP C9 - - - - - TR A PP C9

TR EM 1 - - TR EM 1 TR EM 1 TR EM 1 -
T RH D E -A S1 - - - - T RH D E -A S1 -

TR IB 1 - - - - TR IB1 -
TR IB 2 - TR IB2 - - - -
TR IB 3 - TR IB3 TR IB3 - - -

T RIM 14 - - T R IM 14 - - T RIM 14
T RIM 2 - - T R IM 2 - T RIM 2 -

T RIM 22 - - T R IM 22 - TR IM 2 2 -
T RIM 31 - - - - TR IM 3 1 -
T RIM 46 - - - - TR IM 4 6 -
T RIM 58 TR IM 58 - - - - -
T RIM 65 TR IM 65 T RIM 65 - - - -
T RIM 66 - - - - TR IM 6 6 -
T RIM 9 - - T R IM 9 - - -
T R IQ K - - - - T R IQ K -

T RM T12 T R M T1 2 - - - - -
T RM U TR M U T R M U - - - -
TR PM 2 - - - - TR PM 2 -
TR PM 8 - - - - TR PM 8 -
T R PS1 - TR PS 1 T RPS 1 - T R PS1 -
T RP T1 - T R PT 1 - - - -
T RP V 2 - - - - T RP V 2 -

TS C22 D 1 - TS C2 2D 1 - - TS C2 2D 1 -
TS C22 D 3 - TS C2 2D 3 - - TS C2 2D 3 -

TSKU TSK U - - - - -
TS N A XIP 1 - - - - T SN A XIP 1 -
T SP A N 1 - - - - TSP A N 1 T SP A N 1
TSP A N 13 - - - - TSP A N 13 -
TSP A N 18 - - TSP A N 18 - - -
TSP A N 19 - TSP A N 19 - - - -
T SP A N 7 - - - - TSP A N 7 -

TSPY L 2 - TS PY L2 - - - -
T STD 1 - TST D 1 - - - -
T STD 2 - - - - T ST D2 -
T STD 3 - TST D 3 - - - -
T TC 18 - - - - T TC 18 -
T TC 25 - - - - T TC 25 -
T TC 28 - - - - T TC 28 -

T TC3 0A TTC3 0A TTC 30A - - - -
T TC3 9A - - - - TT C3 9A -
T TC3 9B - - - - TT C3 9B -
T TC3 9C - TTC 39C - - - -

TTC 5 - - - - T TC 5 -
TT R - - - - TT R -

T U BB 2B - - - - TU BB2 B -
TX K - - - - TX K -

TX N IP - TX N IP T XN IP T XN IP TX N IP
TY M P - - - - TY MP -

TY R - - - - TY R -
T YR P1 - - - - T YR P1 -
U BA 7 - U BA 7 - - U BA7 -

U B E2 E1 - - - - - U B E2 E1
U B E2 L6 - - U BE 2L 6 - - U B E2 L6

U B E2M P 1 - - - - U B E2M P 1 -
U BE 2Q L 1 - - - - U BE 2Q L 1 -
U B E2 W - U BE 2W - - - -
U B E3 B U B E3 B - - - U B E3 B -
U BN 1 U BN 1 - - - - -

U BQ L N 4 - - - - U B Q L N 4 -
U BX N 8 - - - - - U B XN 8
U CN 2 - - - - U CN 2 -

U F SP1 - - U F SP 1 - - -
U GC G - U G C G - - - -
U G T 8 - - - - U GT8 -

U H R F 2 - - - - - -
U LK 4 - - - - - U LK 4

U N C5 A - - - - U N C5 A U N C5 A
U N C5 B - - U N C5 B - U N C5 B -
U PK 1A - - - U PK 1A - -

U P K1 A -A S1 - - - - U P K 1A -A S 1 -
U PK 2 - - - U P K2 - -

U SH 1G - - - - U SH 1G -
U S P1 8 - - U SP1 8 - - -
U S P3 8 - - - - U S P3 8 -

U TS2 - - - - U TS2 -
U V SSA - - - - U V SSA -

V A M P8 - - VA M P8 - V A M P8 -
V AS N - VA SN - - V A SN -
V AV 3 - - - - V A V3 -

V C AM 1 - - - - V C A M1 -
VC A N - - - - V CA N -
V D R - - - - - V D R

V EG F A - V EG F A V EG F A - V EG F A V EG F A
V EG F C - - - - V EG F C -
V G L L 4 - VG LL 4 - - - -

VIM - - - - - VIM
VI PR 1 - - V IP R1 - - -

V KO R C1 - - - V KO R C 1 - -
V L D L R - V L D L R - - V L D L R -
V M A C - V M AC - - V M A C -
VN N 1 - - - - V N N 1 -
VN N 3 - V N N 3 - - V N N 3 V N N 3

V PS1 3D - - - - VP S1 3D -
V PS3 7D - - - - VP S3 7D -
V PS9 D1 - - - - VP S9 D 1 -

V SI G 10 L - V SIG 10 L - - - -
V ST M 2 L - V ST M2 L - - VS TM 2 L -

V SX 1 - V SX 1 - - V SX 1 -
VT N - - - - VT N -

V W A 1 - V W A 1 V W A 1 - V W A1 -
V W A 5A - - V W A 5A - VW A 5A -

V W A 5B 2 - - - - V W A 5B 2 -
W AS F 3 - - - - W A SF 3 -

W BSCR 2 7 - - - - - W BSC R2 7
W DF Y2 - - - - W D F Y2 -

W D R 17 - W D R 17 - - - -
W D R 37 - - - - W D R 37 -
W D R 60 - W D R 60 - - W D R 60 -
W D R 72 - - - - W D R 72 -
W D R 96 - - - - W D R 96 -
W D T C1 - - - - W DT C1 -

W FD C 10 B - W F D C10 B - - W F D C 10 B -
W F D C2 - W F D C2 - - W F D C2 -

W H A M M P 1 - - - - W H A M M P 1 -
W IP I1 - W I PI1 W I PI1 - - -

W ISP 1 - - - - W ISP 1 -
W ISP 3 - - - - W ISP 3 -
W N K2 - - - - W N K2 -

W N T 5A - - - - W N T 5A -
W SB 1 - - - - W S B1 -

W S CD 1 - - - - - -
W W TR 1-A S1 - - - W W TR 1-A S1 - -

XAB 2 - - - - X A B2 -
XA F 1 - - X AF 1 - X A F 1 XA F 1
XBP 1 - - - - X BP 1 -
XKR 5 - - - - X KR 5 -
XKR 6 - - - - X KR 6 -
XKR 9 - - - - X KR 9 -

XY L T1 - - - - XY L T1 -
YBX 2 - - - - Y BX 2 -

Y EA T S2 - - - - YE A TS2 -
YJE F N 3 - - - - YJE F N 3 -

Y JE F N 3 - - - - YJE F N 3 -
YP EL 3 - Y PE L3 YP EL 3 - YP EL 3 -
YP EL 4 - Y PE L4 - - YP EL 4 -
ZBT B3 - - - - ZBT B3 -

ZB TB 38 ZB TB 38 - - - - -
ZB TB 48 - ZBT B4 8 - - - -
ZB TB 7B - ZBT B7 B - - - -
ZB TB 7C - ZBT B7 C - - ZB TB 7C -

ZC 2H C1A - ZC 2H C1 A - - - -
ZC 3H 10 - - - - ZC 3H 10 -

ZC 3H 12A - Z C3H 12 A ZC3 H 1 2A - ZC 3H 12 A -
ZC 3H 12B - - - - ZC 3H 12 B -
ZC 3H 12C - - - - ZC 3H 12 C -

Z C3 H6 - - - - Z C3 H6 -
ZC CH C2 - - ZC CH C 2 - - -
ZC CH C6 - - - - ZC CH C 6 -
ZC CH C9 - - - - ZC CH C 9 -

ZC W P W 1 - ZCW PW 1 - - - -
ZF A N D 5 - ZF A N D5 ZF A N D 5 - - -

ZF A S1 - - - - ZF A S1 -
ZF P 14 - ZF P 14 - - - -
ZF P 2 - ZF P2 - - ZF P 2 -

ZF P 36 - ZF P 36 - - - -
Z F P3 6L 1 - - ZF P 36 L1 - - -
Z F P3 6L 2 - - - - ZF P 36L 2 -

ZF P 41 - - - - ZF P 41 -
ZF P L1 - Z FP L 1 - - - -

ZF P M 2 - - - - ZF P M 2 -
ZF YV E9 ZF YV E9 - - - ZF YV E9 -
Z G1 6B - - - - Z G 16B -
Z HX 2 - ZH X 2 - - Z H X2 -
Z HX 3 ZH X 3 - - - - -

ZI C4 - - - - ZI C4 -
ZK SC A N 1 - - - - ZK SC A N 1 -
ZM A T1 - - - - ZM A T1 -

ZM IZ1 - - - - ZM IZ1 -
ZM IZ1-A S1 - ZM IZ1 -A S1 - - - -

ZM Y M5 - - - - ZM Y M 5 -
ZM YN D 1 2 - - - - ZM Y N D1 2 -

ZN F 10 - - - - ZN F 10 -
ZN F 100 - - - - ZN F 100 -
ZN F 101 ZN F 1 01 - - - - -
ZN F 117 - - - - ZN F 117 -

ZN F 1 37P - - - - ZN F 137 P -
ZN F 155 - ZN F 1 55 - - ZN F 155 -
ZN F 160 - - - - ZN F 160 -
ZN F 189 - - - - ZN F 189 -

ZN F 2 04P - - - - ZN F 204 P -
ZN F 208 - - - - - ZN F2 08

ZN F 22 - - - - ZN F 22 -
ZN F 222 - - - - ZN F 222 -

ZN F 23 - - ZN F 2 3 - - -
ZN F 251 - ZN F 2 51 - - - -
ZN F 277 - - - - ZN F 277 -
ZN F 284 - - - - ZN F 284 -

ZN F 2 86B - - - - ZN F 286 B -
ZN F 30 0P 1 - ZN F 300 P1 - - ZN F 3 00P 1 -

ZN F 304 - - - - ZN F 304 -
ZN F 334 - - - - ZN F 334 -

ZN F 34 - - - - ZN F 34 -
ZN F 345 - - - - ZN F 345 -

ZN F 3 85A - - - - ZN F 3 85 A -
ZN F 3 85B - - - - ZN F 385 B -
ZN F 404 - - - ZN F 404 - -

ZN F 41 - - - - ZN F 41 -
ZN F 414 - - - - ZN F 414 -
ZN F 415 - - - - ZN F 415 -
ZN F 418 - - - - ZN F 418 -
ZN F 425 - - - - ZN F 425 -
ZN F 429 - ZN F 4 29 - - - -
ZN F 439 - - - - ZN F 439 -
ZN F 441 - - - - ZN F 441 -
ZN F 467 - ZN F 4 67 Z N F 46 7 - ZN F 467 -
ZN F 486 - - - - ZN F 486 -
ZN F 493 - - - - ZN F 493 -
ZN F 497 - ZN F 4 97 - - - -
ZN F 503 - ZN F 5 03 - - - -
ZN F 506 - - - - ZN F 506 -
ZN F 516 - - - - ZN F 516 -
ZN F 521 - - Z N F 52 1 - - -
ZN F 526 - - - - - -
ZN F 528 ZN F 5 28 - - - ZN F 528 -
ZN F 541 - - - - ZN F 541 -
ZN F 554 - - - - ZN F 554 -
ZN F 555 - ZN F 5 55 - - - -
ZN F 556 - - - - ZN F 556 -
ZN F 558 - - Z N F 55 8 - ZN F 558 -
ZN F 567 - - - - - -
ZN F 570 - - - - ZN F 570 -
ZN F 577 - ZN F 5 77 - - ZN F 577 ZN F5 77
ZN F 581 - - - - ZN F 581 -
ZN F 587 - ZN F 5 87 - - - -
ZN F 594 - - - - ZN F 594 -
ZN F 596 - ZN F 5 96 - - ZN F 596 -
ZN F 608 - - - - ZN F 608 -
ZN F 610 - - - - ZN F 610 -
ZN F 614 - - - - ZN F 614 -
ZN F 626 - ZN F 6 26 - - ZN F 626 -
ZN F 627 - ZN F 6 27 - - - -
ZN F 641 - - - - ZN F 641 -
ZN F 654 - - - - ZN F 654 -
ZN F 677 - - - - ZN F 677 -
ZN F 688 - ZN F 6 88 Z N F 68 8 - - -

ZN F 69 - - - ZN F 6 9 - -
ZN F 692 - - Z N F 69 2 - - -
ZN F 704 - ZN F 7 04 - - - -
ZN F 708 - - - - ZN F 708 -
ZN F 709 - - - - ZN F 709 -
ZN F 711 - - - - ZN F 711 -
ZN F 720 - - - - ZN F 720 -
ZN F 740 - - - - ZN F 740 -
ZN F 747 - - - - ZN F 747 -
ZN F 7 5D - - - - ZN F 7 5D -
ZN F 763 - - - - ZN F 763 -

ZN F 77 - - - - ZN F 77 -
ZN F 775 - - - - ZN F 775 -
ZN F 781 - - Z N F 78 1 - ZN F 781 -
ZN F 783 - - - - ZN F 783 -
ZN F 788 - - - - ZN F 788 -
ZN F 790 - ZN F 7 90 - - - -
ZN F 793 - - - - ZN F 793 -

ZN F 8 04A - - - - ZN F 8 04 A -
ZN F 814 - ZN F 8 14 - - - -
ZN F 821 - - - - ZN F 821 -
ZN F 844 - - - - ZN F 844 -
ZN F 865 - ZN F 8 65 - - ZN F 865 -

ZN F 91 - ZN F 91 - - - -
ZP 1 - - - ZP 1 ZP 1 -

ZSCA N 25 - Z SC A N 2 5 - - - -
ZSCA N 29 - Z SC A N 2 9 - - - -
ZSCA N 30 - - - - ZSCA N 30 -
ZSCA N 31 - - - - ZSCA N 31 -
ZSC A N 9 - - - - ZSC A N 9 -

Z SW IM 3 - - - - Z SW IM 3 -
Z SW IM 4 - - - - Z SW IM 4 -
Z SW IM 5 - - - - Z SW IM 5 -
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DPEP-UPREGULATED DEGS

AADAT - A ADAT - - - -
AAK1 - - AAK1 - - -

A ARS2 - - - - AARS2 -
ABC A1 2 - ABCA12 - - - -
ABC B1 0 - - - - A BCB10 -
A BCB9 - - - - ABCB9 -

ABCC6P2 - - - - ABCC 6P2 -
A BCE1 - ABC E1 - - - -
ABCG2 - - ABCG2 - ABCG 2 -
A BHD2 - - ABHD2 - - -
A BHD3 - - - AB HD3 - -

ABL 2 - AB L2 - - - -
ABL IM2 - - - - ABL IM2 -
ACAT 2 - - - - A CAT 2 -
A CBD7 - - ACBD7 - ACBD7 -

ACD - - - - ACD -
ACE - - - - - ACE

A CER3 - ACER3 - - - -
ACO T1 1 - - - - A CO T11 -
ACSM3 - - - - ACSM3 -
ACT A2 - ACTA2 - - - -
ACT B - ACTB - - - -

A CTG 2 - - - - ACTG 2 -
ACTL 8 - - - - ACT L8 -
ACT N4 - - - - A CTN 4 -
ACT R5 - - - - A CTR 5 -
ACT R8 - ACTR8 - - - -

ACT RT 3 - - - - A CT RT3 -
ACVRL 1 - - - - A CVRL 1 -
ACYP1 - - - - A CYP1 -

ADA - - - - ADA -
A DAM19 - - ADAM19 - - -

AD AMTS1 - - - - ADAMTS1 -
ADAMTS12 - ADAMT S12 - - AD AMTS12 -
ADAMTS16 - ADAMT S16 - - - -
AD AMTS3 - - ADAMT S3 - - -
AD AMTS5 - - - - ADAMTS5 -
AD AMTS6 - ADAMTS6 - - - -
AD AMTSL1 - ADAMT SL 1 - - - -

A DAP1 - - - - ADAP1 -
A DAP2 - - - - ADAP2 ADAP2
A DCY1 - - - - ADCY1 -
A DCY3 - ADC Y3 - - - -
A DCY5 - - - - ADCY5 -
ADD2 - - - - ADD2 -
ADI1 - ADI1 - - - -

ADORA2B - AD ORA2B - - - -
ADRA1D - - ADRA1D - - -
A DRB2 - ADR B2 ADRB2 - - -

AEN AEN - - - AEN -
AF AP1L 2 - - - - - AFAP1L2
AGAP2 - - - - AGAP2 -
AGAP4 - A GAP4 - - - -
AG MAT - - - - AG MAT -
AGO3 - AGO 3 - - - -

A GPAT 5 AGPAT 5 - - - - -
AHC Y - AHCY - - - -

AHC YL 2 - AHCYL2 - - - -
AHRR - - - - AH RR -
AIF1L - AIF1L - - - -

A JUBA - - - - AJUBA -
AK1 - - - - AK1 -
AK5 - - - - AK5 -

AKAP1 0 A KAP10 - - - - -
A KAP6 - - - - AKAP6 -
A KAP9 - - - - - AKAP9
AKR 7A 2 - - - - A KR7A2 -
AL CAM - - A LCA M - - -

AL DH1A1 - - - - AL DH1A1 -
AL DH1L2 - - - - AL DH 1L 2 -
AL DH3A1 - - - - AL DH3A1 -

ALG 10 - ALG 10 AL G10 - ALG 10 -
ALG 10B - - - - A LG10B -

ALG 8 - AL G8 - - - -
ALOX12P2 - - - - A LOX12P2 -

ALO X1 5 - - - - ALO X15 -
A LOX5AP - - - - AL OX5AP -
A LOXE3 - - - - AL OXE3 -

ALPK 2 - - - - A LPK2 -
ALS2C R11 - - AL S2CR11 - - -
A LYREF - ALYREF - - AL YREF -
AMHR2 - - - - AMHR2 -

AMMECR1 - AMMECR1 - - - -
AMOTL 2 motin l AMO TL 2 A MOT L2 AMOTL 2 - AMO TL 2 -

AMPH - AMPH - - - -
AMT N - - AMT N - - -

A NAPC1 - ANA PC1 - - - -
A NAPC4 - ANA PC4 - - - -
A NG PT 2 ANGPT 2 - - - - -

ANK1 - - - - ANK1 -
ANKA R - - - - ANKAR -

AN KDD1A - - - - ANKDD1A -
ANKRD1 - A NKRD1 - - ANKRD1 -

ANKR D1 8A - ANKRD18A - - - -
ANKR D1 8B - - - - AN KRD18B -
ANKRD22 - - ANK RD22 - - -
ANKRD28 - ANKRD28 - - - -

A NKRD30BP2 - - - - AN KRD30BP2 -
ANKRD32 - - - - ANKR D32 -

ANKR D3 3B - ANKRD33B - - AN KRD33B -
ANKRD44 - - - - ANKR D44 -
ANKRD55 - - - - ANKR D55 -
A NKS1B - ANK S1B - - - -

ANL N - ANLN - - ANLN -
ANXA2P2 - ANXA2P2 - - ANXA 2P2 -
ANP32B - ANP32B - - - -
ANP32E - ANP32E - - - -
A NXA1 - - - - ANXA 1 -
A NXA2 - ANXA2 - - - -

A NXA2R - - - - ANXA2R -
A NXA3 ANXA 3 - - - ANXA 3 -
AO X1 - AO X1 - - - -
AP1B1 - - AP1B1 - - -
AP4E1 - - - - - AP4E1
APEX2 - APEX2 - - A PEX2 -
APIT D1 - APITD1 - - - -

APOBEC3B - - - - APOBEC3B -
APOBEC3C - - - - APOBEC3C -

A POL 2 - APO L2 - - - -
A PO LD1 APOLD 1 - - - - -

AQP11 - - - - A QP11 -
AQP7P1 - - - - A QP7P1 -
A RAP2 - ARA P2 - - - -

ARC - - - - ARC -
ARF RP1 - - - - A RF RP1 -

ARHG AP10 - ARHGAP10 - - AR HG AP10 -
AR HGAP11A - ARHGAP11 A - - ARH GAP11A -
ARHG AP19 - ARHGAP19 - - AR HG AP19 -
ARHG AP20 - - - - AR HG AP20 -
ARHG AP29 - ARHGAP29 - - - -
ARHG AP31 - ARHGAP31 - - - -
ARHG AP33 - ARHGAP33 - - - -
ARHGDIA - - - - ARHG DIA -
ARHGDIB - ARHGDIB ARH GDIB - - -

ARHGEF11 - - - - ARHG EF 11 -
ARHGEF26 - A RHGEF26 - - ARHG EF 26 -
ARHGEF28 - - ARHGEF28 - - -
ARHGEF39 - A RHGEF39 - - ARHG EF 39 -
AR HG EF4 - - ARHGEF4 - - -
AR HG EF5 - - - - ARHG EF5 -

ARID3B - - - - ARID3B -
ARID5A - - - - ARID5A -
ARL13B - - - - ARL 13B -
ARL 14 - - - - ARL14 -

ARL 14EP - ARL 14EP - - - -
ARL 4A - - - - A RL4A -

ARL6 IP1 - - - - ARL 6IP1 -
ARMC4 - ARMC4 - - - -
ARMC5 - ARMC5 - - - -
ARMC6 - ARMC6 - - ARMC6 A RMC6
A RNT L - - - AR NT L - -
ARN TL 2 - - ARNT L2 - A RNT L2 ARNT L2
ARRDC4 - - - - ARRDC4 -

ASB5 - - - - ASB5 -
ASB6 - - - - ASB6 -
ASB9 - ASB9 - - - -

A SCC3 - - ASCC3 - - -
ASCL 1 - - - - A SCL1 -
ASF1A - - - - - -
ASF1B - ASF 1B - - A SF1B -

A SPH D2 - - - - ASPHD 2 -
ASPM - ASPM - - ASPM -

A SRGL 1 - - ASRGL1 - ASRGL 1 -
ATAD2 - ATAD2 - - A TAD 2 -

A TAD 3B - - - - AT AD3B -
ATAD5 - - - - A TAD 5 -
AT F5 - - AT F5 - AT F5 -

ATG 14 - - - - - ATG 14
AT L3 - ATL 3 - - AT L3 -

A TOH8 - - ATO H8 - - -
A TOX1 - ATO X1 - - - -
ATP10A - - - - ATP10A -
ATP10B - - - - ATP10B -
ATP11B - - - - - AT P11B
ATP1A3 - - - - ATP1A3 AT P1A 3
ATP1B1 - - ATP1B1 - - -
ATP5B - ATP5B - - - -

AT P5EP2 - AT P5EP2 - - - -
ATP5G 1 - ATP5G 1 - - ATP5G1 -

ATP6V0E2 - AT P6V0E2 - - - -
ATP6V0E2-AS1 - - - - AT P6V0E2-AS1 -

ATP8B1 - - ATP8B1 - - -
ATP9B - - - - A TP9B -
AT RIP - - - - ATR IP -

ATRNL 1 - - - - A TRNL1 -
ATXN10 - - - - ATXN10 -
AUNIP - - - - AUNIP -
AURK A - AURKA - - AURKA -

AUR KAIP1 - - - - AURKAIP1 -
AU RKAPS1 - - - - AURKAPS1 -

AURK B - AURKB AUR KB - AURKB -
AURK C - - - - AURKC -
AVEN - - - - AVEN -
AXIN1 - - - - AXIN1 -

AXL - AXL - - AXL -
B3GAL TL - - - - B3GALT L -
B3GNT 2 - - - - B 3G NT2 -
B3GNT 9 - - - - B 3G NT9 -

B3GNT L1 - B3 GNTL1 - - - -
B4GAL NT1 - - - - B4GALN T1 -

BAG 1 - - - - - -
BA IAP2 - BAIAP2 - - BAIAP2 -

BA IAP2L 2 - - - - - -
BAK1 - - - - - -
BAP1 - - BAP1 - - -

B ARD1 - BAR D1 - - BARD1 -
BATF 3 - BAT F3 - - - -
BCAT 1 - - BCAT1 - - -
BCL 2 - BC L2 - - - -

BCL 2L 1/b clx B CL 2L1/-.72 - - - BCL2L 1/-1.26 -
BCL 7C - - - - B CL7C -
BC MO1 - - - - BCMO1 -
BCO 2 - - - - BCO2 -
BDN F BDNF - - - - -

B END3 - - - - BEND 3 -
B END7 - - - - - BEN D7

B GN - - - - BGN -
BHLHE41 - - - - BHLHE41 -

BIRC5 - BIRC5 - - BIRC5 -
B LM - BLM - - BL M -

BLZ F1 - - - - BLZF 1 -
BMP2K - - - - BMP2K -
BMP8B - - - - BMP8B -
BMPR2 - - - - - B MPR2
BNC2 - - BNC2 - - -
BNIP3 BNIP3 - - - - -
BNIPL - - - - BNIPL -
B OK - - - - BOK -

B OLA3 - BOL A3 - - BOL A3 -
BO P1 - BO P1 - - BOP1 -
BRA F - - - - BRAF -

B RCA1 - BRC A1 - - BRCA1 -
B RCA2 - BRC A2 - - BRCA2 -
B RCC3 - - - BR CC3 - -
BR I3BP - BRI3BP - - BRI3BP -
BRIP1 - BRIP1 BRIP1 - BRIP1 -
BST 1 - - - - BST1 -

BTBD3 - - - - B TBD 3 -
BUB1 BUB1 BUB1 BUB1 - BUB1 -

B UB1B - BUB 1B - - BUB1B -
BUB3 - BUB3 - - - -
BYSL - BYSL - - BYSL -

C10or f114 - - - - C10o rf114 -
C10or f137 - - - - C10o rf137 -
C10orf35 - C10or f35 - - - -
C10orf54 - - - - C10orf54 -
C11orf82 - - - - C11orf82 -
C11orf91 - - - - C11orf91 -
C12orf75 - C12or f75 C12orf75 - C12orf75 -

C14or f182 - - - - C14o rf182 -
C14orf23 - - - - C14orf23 -
C14orf80 - - - - C14orf80 -
C15orf38 - - - - C15orf38 -
C15orf41 - C15or f41 - - - -
C15orf54 - C15or f54 - - - -
C15orf54 - C15or f54 - - - -
C15orf56 - - - - C15orf56 -
C16orf54 - - - - C16orf54 -
C16orf55 - C16or f55 - - - -
C16orf59 - - - - C16orf59 -
C16orf74 - C16or f74 - - - -

C17or f104 - C17o rf104 - - C17o rf104 -
C17orf51 - - - - C17orf51 -
C17orf53 - - - - C17orf53 -
C17orf70 - - - - C17orf70 -
C18orf25 - - - - C18orf25 -
C18orf54 - C18or f54 - - C18orf54 -
C18orf56 - C18or f56 C18orf56 - C18orf56 -
C19orf25 - - - - C19orf25 C19or f25
C19orf40 - - - - C19orf40 -
C19orf44 - - - - C19orf44 -
C19orf47 - C19or f47 - - C19orf47 -
C19orf48 - C19or f48 - - C19orf48 -

C19orf81 - - - - C19orf81 -
C1o rf109 C 1o rf109 - - - - -
C1o rf112 - C1 orf11 2 - - C1orf112 -
C21orf58 - C2 1o rf5 8 - - C21orf58 -
C1o rf172 - - - - C1orf172 -
C1o rf174 - - - - C1orf174 -
C 1o rf5 1 - - - - C1o rf51 -
C 1o rf6 1 - - - - C1o rf61 -
C1QBP - C1Q BP - - - -
C 1QL4 - - - - C1Q L4 -

C2 0o rf1 95 - - - - C20o rf195 -
C20orf27 - C2 0o rf2 7 - - - -

C2 1o rf1 19 C21o rf119 - - - - -
C21orf58 - C2 1o rf5 8 - - C21orf58 -
C22orf23 - - - - C22orf23 -
C 2o rf27A C2or f27A - - - - -
C 2o rf4 2 - - - - - -
C 2o rf4 4 - - C2o rf44 - C2o rf44 C2orf44
C 2o rf6 9 - C2orf69 - - - -
C 2o rf7 6 - - - - C2o rf76 -
C 3o rf1 8 - - - - C3o rf18 -
C 3o rf3 7 - C3orf37 - - C3o rf37 -
C 3o rf7 0 - - - - C3o rf70 -
C 4o rf1 9 - C4orf19 - - - -
C 4o rf2 1 - C4orf21 - - C4o rf21 -
C 4o rf2 9 - - C4o rf29 - - -
C 4o rf3 2 - C4orf32 - - - -
C 4o rf4 6 - C4orf46 - - C4o rf46 -

C5 - C5 - - - -
C 5o rf3 4 - C5orf34 - - C5o rf34 -
C 5o rf4 2 - - - C5o rf42 - -
C 5o rf4 6 - C5orf46 - - - -
C 5o rf5 4 - C5orf54 - - - -
C 6o rf1 0 - - - - C6o rf10 -
C6o rf147 - C6 orf14 7 - - - -
C 6o rf5 7 - - - - C6o rf57 -
C 8o rf4 6 - - - - C8o rf46 -
C 8o rf4 7 - - - - C8o rf47 -
C9o rf156 - - - C9o rf156 - -
C9o rf169 - - - - C9orf169 -
C 9o rf4 0 - C9orf40 - - - -
C 9o rf5 0 - - - - C9o rf50 -

CA8 - - CA8 - CA8 -
CA BLES1 - - - CABLES1 CAB LES1 -
CA BLES2 - - - - CAB LES2 -
CACNA1A - - - - CACNA1 A -
CAC NA2D3 - - - - CACNA2D3 -

CACNB 4 - - - - CACNB4 -
CACNG 4 - - - - CAC NG4 -
CACYBP - - - - CAC YBP -

CAD - CAD - - - -
CADPS2 - - CADPS2 - - -
CALM3 - CAL M3 - - - -

CAMK2N 2 - - - - CAMK2N2 -
CAMK4 - - - - CAMK4 -

CAMKMT - - - - - CAMKMT
CAMSAP1 - - - - CAMSAP1 -
CAMSAP3 - - - - CAMSAP3 -

CAND2 - - - - CAND2 -
CAPS - - - CAPS - -

CA RD11 - - - - CARD11 -
CA RD14 - - - - - CARD14
CARD9 - - - - CARD9 -
CARKD - - - - - CARKD
CARNS1 - - - - CARNS1 -
CARS2 - - - - CARS2 -
CASC5 - CA SC5 - - CASC5 -
CA SP2 - - - - CASP2 -

CASP8AP2 - - - CASP8AP2 - CA SP8 AP2
CAV1 CAV1 C AV1 CAV1 - CAV1 -

CB LN2 - - - - CBL N2 -
CBR3 - CBR3 - - - -
CBS - - - - CBS -

CBX1 - C BX1 - - - -
CBX5 - - CBX5 - - -

CCBE1 - CC BE1 - - CCBE1 -
CCDC113 - C CDC113 - - - -
CC DC12 - - - - CCDC12 -

CCDC137 - - CCDC137 - - -
CCDC148 - - - - CCDC14 8 C CDC148
CC DC15 - CCDC 15 - - CCDC15 -

CCDC150 - - - - CCDC15 0 -
CC DC28B - CCDC28 B - - - -
CC DC34 - CCDC 34 - - CCDC34 -
CC DC41 - - - - CCDC41 -
CC DC73 - - - CCDC73 CCDC73 -

CC DC74A - - - - CCD C74 A -
CC DC80 - - C CDC80 - - -
CC DC84 - CCDC 84 - - CCDC84 -

CC DC85B - - - - CCD C85 B -
CC DC85C - CCDC85 C - - - -
CC DC86 - CCDC 86 - - - -

CC DC88A - CCDC88 A - - - -
CC DC88C - CCDC88 C - - - -

CCDC9 - - - - CCDC9 -
CC DC90A - - - - CCD C90 A -
CCHCR 1 - - - - CCHCR1 -

CCL28 - - - - CCL28 -
CCNA1 - CC NA1 - - - -
CCNA2 - CC NA2 - - CCNA2 -
CCNB1 CCNB1 CC NB1 - - CCNB1 -
CCNB2 CCNB2 CC NB2 - - CCNB2 -
CCND1 - CC ND1 - - CCND1 -
CCND3 - - - - CCND3 -
CCNE1 - CC NE1 - - CCNE1 -
CCNE2 - CC NE2 - - CCNE2 -
CCNF - CCNF C CNF - CC NF -
CCNO - CCNO - - - -

C CP11 0 - - - - CCP1 10 -
CCSAP - - - - CCSAP -
CCT5 - - - - CCT 5 -
CCT8 - C CT 8 - - - -
CD101 - - - - CD101 -

CD164L2 - - - - CD1 64L2 -
C D22 - - - - CD22 -
C D24 - - CD24 - - -

CD27-AS1 - - - - CD27-AS1 -
CD274 - CD274 - - CD274 -
CD276 - - - - - -
C D36 - CD3 6 - - - -

CD3EAP - CD 3EAP - - CD3EAP -
C D83 - CD8 3 - - CD83 -

CDAN1 - CD AN1 - - - -
C DC20 CDC20 CDC20 - - CD C20 -
C DC23 - CDC23 - - - -
CD C25 A - CDC2 5A C DC25A - CDC25A -
CD C25 C - CDC2 5C - - CDC25C -

CDC42BPB - - - CDC42BPB - -
C DC45 - CDC45 - - CD C45 -
CDC6 - CDC6 - - CDC6 -
CDC7 - CDC7 - - CDC7 -

CDCA2 - CD CA2 - - CDCA2 -
CDCA3 CDCA3 CD CA3 CDCA3 - CDCA3 -
CDCA4 - - - - CDCA4 -
CDCA5 - CD CA5 CDCA5 - CDCA5 -
CDCA7 - CD CA7 - - CDCA7 -
CDCA7L - - CDCA7L - CDCA7L -
CDCA8 - CD CA8 - - CDCA8 -
CDH1 - CDH1 - - - -

C DH12 - - - - CD H12 -
CDH2 - - CDH2 - - -

C DH26 - - - - - CDH26
CDH4 - CDH4 - - CDH4 -
CDK1 - CDK1 - - CDK1 -

C DK14 - CDK14 - - - -
C DK15 - - CDK15 - - -
CDK2 - CDK2 - - - -

CD K5R1 - - - - CDK5R1 -
CDK6 CDK6 CDK6 - - CDK6 -
CDK8 - - - - - C DK8

CD KL2 - - - - CDKL2 -
CD KL5 - - - - CDKL5 -

CDKN2 C - CDKN2C - - - -
CDKN2 D CDKN2D CDKN2D - - CDKN2D -
CDKN3 - CD KN3 - - CDKN3 -
CDON - - CDON - - -
CDR2 - - - - CDR2 -
CDS1 - - CDS1 CDS1 CDS1 -
CDSN - - - - - CDSN
CDT1 - - - - CDT 1 -

CECR2 - - - - CECR2 -
CECR7 - - - - CECR7 -
CEND1 - - - - CEND1 -
CENPA - CENPA - - CENPA -
CENPB - - - - CENPB -
CENPE - CENPE CENPE - CENPE -
CENPF - CENPF CENPF - CENPF -
CENPH - - - - CENPH -
CENPI - CENPI - - CENPI -
CENPJ - CENPJ - - CENPJ -
CENPK - CENPK - - CENPK -
CENPL - - - - CENPL -
CENPM C ENPM CENPM CENPM - C ENPM -
CENPN - CENPN - - CENPN -
CENPO - CENPO - - CENPO -
CENPP - - - - CENPP -
CENPQ - CENPQ - - CENPQ -
CENPV - - - - CENPV -
C ENPW - CENPW - - CENPW -
C EP12 8 - - - - CEP1 28 CEP128
C EP13 5 - - - - CEP1 35 -
C EP15 2 - CEP152 CEP152 - CEP1 52 -
CEP19 - - - - CEP19 -
CEP41 - - - - - C EP41
CEP55 - C EP55 - - CEP55 -
CEP72 - - - - CEP72 -
CEP76 - - - CEP76 - -
CEP78 - C EP78 - - CEP78 -
CEP85 - - - - CEP85 -
CEP97 - C EP97 - - - -
CERK - - C ERK - - -

CERS5 - - - - CERS5 -
CGB7 - - - - CG B7 -
CG N - - - - CG N -

CHAC1 - - - - CHAC1 -
CHAC2 - CH AC2 - - CHAC2 -
CHAF1 A - CH AF 1A - - CHAF 1A -
CHAF1 B - CH AF 1B - - CHAF 1B -

CHD5 - - - - CHD5 -
CHEK1 - CH EK1 - - CHEK1 -
CHID1 - CHID1 - - - -
CHML - CHML CH ML - CHML -
CHN2 - - - - CHN2 -

CHRM1 - - - - CHRM1 -
CHRNA 5 - CHRNA5 - - CHRNA5 -
CHST 10 - C HST10 - - CHST 10 -
CHTF 18 - C HTF 18 - - CHTF 18 -

CHUK - CHUK - - - -
CIDEB - - - - CIDEB -
CIDEC - - - - CIDEC -

CIT - CIT CIT - CIT -
CIT ED 1 - - - CITED1 - -
CKAP2 - CK AP2 - - CKAP2 -
CK AP2L CKAP2L CKAP2L - - CKAP2L -
CKAP5 - CK AP5 - - CKAP5 -
CKS1B - CK S1B - - CKS1B -
CKS2 - C KS2 - - CKS2 -

CLASRP - - - - CLASRP -
CL CN5 - - C LCN 5 - - CLCN5
CL DN9 - - - - CL DN9 -
CL EC2 B - - - - - -

CL IC 2 - - - - CL IC2 -
CL N3 - - - - - -
CL N5 - - - - - -
CL N6 - C LN6 - - - -
CLPB - - - - CLPB -

CLPSL 2 - CL PSL2 - - CL PSL2 -
CL SPN - CL SPN - - CLSPN -
CLSTN2 - - - - CL STN2 -

CLUH - CL UH - - - -
CL UHP3 - - - - CL UHP3 -

CMBL - - - - - CMBL
CMYA5 - - - - CMYA5 -

CNEP1R1 - - - - CNEP1R1 -
CNKSR 1 - - - - CNKSR1 -
CNKSR 2 - - - - CNKSR2 -

CO BL - - - - CO BL -
CO BL L1 - CO BLL 1 - - - -

CO G8 - - - - CO G8 -
COL 12A1 - C OL12A1 - - - -
COL 15A1 - - - - COL 15A1 -
COL 17A1 - C OL17A1 - - COL 17A1 -
CO L4A4 - - - - CO L4A4 -
CO L5A3 - - - - CO L5A3 -
CO L8A1 - COL8 A1 - - - -

CO L EC12 - - COLEC12 - - -
COMMD4 - - - - COMMD4 -
CO PS7 B - - - - - CO PS7B
CO Q10 B - - - - - -
CORO2B - CORO 2B - - - -
CO TL1 - COTL 1 - - CO TL1 -
CO X7B2 - COX7B2 - - - -

CPA4 - - CPA4 - CPA4 -
CPED1 - CPED1 - - - -

CPM - - - - CPM -
CPNE8 - - - - - -

CPSF 3L/ INT S11 - - - - - C PSF 3L
CRABP1 - - - - CRABP1 -
CREB5 - CR EB5 - - - -
CRIM1 - - CRIM1 - - -

CRISPLD1 - CRISPL D1 - - - -
CRISPLD2 - - CRISPLD2 - CRISPL D2 -

CROT - - CR OT - - -
CRY2 - - - - CRY2 -
CRYM - - - - CRYM -

C SE1L - CSE1L - - CSE1L -
C SF2 - - - - CSF 2 -
CSK - CSK - - - -

CSRP2 - CSRP2 - - CSRP2 -
C ST6 - - - - CST 6 -

C STF2 - - - - CST F2 -
CSTF2 T - C STF 2T - - - -
CT DSPL - - - - - CTDSPL

CT DSPL2 - CTDSPL 2 - - - -
CT F1 - - - - CTF 1 -
CT GF - CT GF - - - -
CT LA4 - - - - CTL A4 -

CT NNAL 1 CTNNAL1 CT NNA L1 - - CTNNAL1 -
CT PS1 - C TPS1 - - CTPS1 -
CT SE - CTSE - - - -
CT SL 2 - - - - CTSL 2 -
CXADR - - CXADR - - -
CXCR7 - - - - CXCR7 -

CYB5R2 - C YB5R2 - - - -
CYP20A1 - - - - - -
CYP26B1 - - - - CYP26B1 -
CYP27B1 - - - - CYP27B1 -
C YP2S1 - - CYP2S1 - - -
C YP4X1 - - - - CYP4X1 -
CYR6 1 - C YR61 CYR 61 - - -
CYTH3 CYT H3 - - - - -
DA B2 - - - - - DAB2
DA CH1 - - - - DACH1 -
DACT 1 - - - - DACT 1 -
DANCR - - DANCR - - -
DA RS2 - - - - DARS2 -
DBF4 - DBF4 - - DB F4 -

DBF4B DBF 4B DBF4 B - - DBF4B -
DCAF15 - - - - DCAF15 -

DCK - DCK - - DCK -
DCLK1 - - - - DCLK1 -

DCLRE1A - - - - DCLRE1A -
DCLRE1B - DCL RE1B - - DCLRE1B -
DCLRE1C - - - - DCLRE1C -

DCP2 DCP2 - - - - -
DCPS - DC PS - - DCPS -

DCT PP1 - DC TPP1 - - DCTPP1 -
DD AH1 - DDAH 1 D DAH1 - - -
DD B2 - - D DB2 - DDB2 -
DDN - - - - DDN -

DD R2 - - - - DDR2 -
DDX1 1 - - - - DDX1 1 -

DDX12P - - - - DDX12P -
DDX2 0 - - - DDX20 - -

DDX39A - - - - DDX39A -
DDX4 6 - D DX46 - - - -
DECR2 - DECR2 - - - -
DEF8 - - - - DEF8 -
DEK - DEK - - - -

DENND6A - - - - DENND6A -
DEPDC1 - - - DEPDC1 -

DEPDC1B DEPDC1B DEPDC1B - - DEPDC1B -
DEPDC7 - - - - DEPDC7 -

DESI2 - - - - - DESI2
DF F B - - - - DF FB -
DG AT2 - DGAT 2 - - - -
DG CR 5 - - - - DG CR5 -
DG KZ - - - - DGKZ -

DHCR24 - - - - - -
DHF R - DH FR - - DHF R -
DH RS2 - - - - DHRS2 -
DH RS3 - - D HRS3 - - -
DHX1 5 - D HX15 - - - -
DHX3 3 - D HX33 - - - -
DIAPH1 - - DIAPH1 - - -
DIAPH3 - DIAPH3 DIAPH3 - DIAPH3 -

DIO2 - - - - D IO2 -
DIRC2 - - - - - DIRC2
DISP2 - DISP2 - - DISP2 -
DK C1 - DKC1 - - - -

DKFZ P434A062 - - - - DKFZP434A062 -
KFZ p686 O132 7 - - - - DKFZ p686O132 7 -

DK K1 - DKK1 - - DKK1 -
DLEU1 - DL EU1 - - DLEU1 -
DLEU2 - - - - DLEU2 -

DL EU2L - - - - DLEU2L -
DLG AP1 - - - - DLG AP1 -
DLG AP5 - DLG AP5 DLGAP5 - DLG AP5 -

DL L3 - - - - DLL 3 -
DL X1 - - - - DLX1 -
DMC1 - - - - DMC1 -
DMD - - - - DMD -

DMRT2 - - - - DMRT 2 -
DN A2 - DNA2 D NA2 - DNA2 -

DNAAF 1 - - - - DNA AF 1 -
DNAH10 - - - - DNAH10 -
DN AH6 - - - - DNAH6 -
DN AH9 - - - - DNAH9 -

DNAJC14 - - DNAJC14 - - -
DNAJC6 - - DNAJC 6 - - -
DNAJC9 - DN AJC9 - - DNAJC9 -
DNALI1 - - - - DNALI1 -
DNASE1 - - - - DNA SE1 -

DN ASE1L 2 - - - - - DNASE1L 2
DNER - - DNER - - -
DNM2 - - DNM2 - - -
DNMT1 - DNMT 1 - - DNMT 1 -
DO C2 A - - - - DO C2 A -
DO CK 3 - - - - DO CK3 -
DO CK 7 - - - - DO CK7 -
DOHH - - - - DOHH -
DO K3 - - DOK3 - - -
DO K7 - - - - DO K7 -
DO LK - - - - DOL K -

DONSON - DON SO N - - DONSON -
DPCD - - DPCD - - -
DPF1 - D PF1 - - DPF1 -
DPF3 - D PF3 - - DPF3 -

DPY19 L2 - - - - DPY19L 2 -
DPY19L 2P2 - - - - DPY19L2P2 -

DPYSL3 - - - - - D PYSL 3
DPYSL5 - - - - DPYSL5 -
DR AP1 - - - - DRAP1 -
DR D2 - - - - DRD2 -

DRO SHA - DRO SHA - - - -
DSC3 - - - - DSC3 -

DSCC1 - DSCC1 - - DSCC1 -
DSCR9 - - D SCR9 - DSCR9 -

DSE - - - - - DSE
DSN1 - DSN1 - - DSN1 -
DST - - DST - - -
D TL DT L DTL - - DT L -
DT X1 - - - - DTX1 -

DTYMK - DT YMK - - DT YMK -
DUOX1 - - - - DUOX1 -

DUSP18 - - - - DUSP18 -
DUSP19 - - - - DUSP19 -
DUSP8 - - - - DUSP8 -

DUT - - - - DUT -
DYSF - DYSF - - DYSF -

DYX1C1 - - - - DYX1C1 -
DZIP3 - DZ IP3 - - - DZ IP3
E2F 1 - E2F1 - - E2F 1 -
E2F 2 - - - - E2F 2 -
E2F 8 - E2F8 - - E2F 8 -
EBF1 - - - - - -

EBNA1BP2 - EBN A1BP2 - - EBNA1BP2 -
EBP EBP - - - EBP -
ECT2 - ECT2 - - EC T2 -
EDA - - - - EDA -

EDA2R - - - - EDA2R -
ED N1 - - EDN1 - - -
ED N2 - EDN2 - - EDN2 -
EEA1 - - - EEA 1 - -
EED - EED - - - -

EFC AB11 - - - - EFCAB11 -
EFCAB7 - - - - EFCAB7 -
EF EMP1 - EFEMP1 - - - -
EF HD1 - - - - EF HD1 -
EF HD2 - EFHD2 - - EF HD2 -
EF NA2 - - - - EF NA2 -
EF NB1 EF NB1 - - - - -
EF NB2 - - - - EF NB2 -
EF R3B - - - - EF R3B -

EGF - - EGF - - -
EGF LAM - EGF L AM - - - -

EG R1 - - EGR1 - - -
EG R3 - - EGR3 - - -
EH D1 - EHD1 - - EHD1 -
EID2 - EID 2 - - - -

EID2B - - - - - EID2B
EID3 - EID 3 - - - -

EIF2B3 - - EIF2B3 - - -
EIF5 AL 1 - EIF 5AL1 - - EIF 5AL 1 -

EL F1 - - - EL F1 - -
ELK1 - - - - EL K1 -
EL N - - - - ELN -

ELO VL2 - - - - ELO VL2 -
ELO VL5 - - ELOVL 5 - - -

ELP5 - - - - EL P5 -
EMC8 - - - - EMC8 -
EMC9 - - - - EMC9 -
EME1 - - - - EME1 -
EMG1 - - - - EMG1 -
EML6 - - - - EML6 -
EMP2 - - - - EMP2 EMP2
EMP3 - - - - EMP3 -
EMR2 - - EMR2 - - -
EN1 - - - - EN1 -
EN C1 ENC1 ENC1 - - - -
ENHO - - - - ENH O -
EN PP1 - - - - ENPP1 -
EN PP5 - - - - ENPP5 -

ENTPD3 - - - - ENT PD3 -
ENTPD7 - - - - ENT PD7 -

EN Y2 - ENY2 - - - -
EOGT - - - - EOGT -

EPB41 L2 - - - - EPB41L 2 -
EPDR1 - EPDR1 - - - -
EPHA2 EPHA2 - EPHA2 - - -
EPHA4 - - EPHA4 - - -
EPHA7 - - - - - EPHA7
EPHX4 - - - - EPHX4 -
EPM2 A - - - - EPM2A -
EPN3 - - - - EPN3 -

ERC C-00002 - - - - ERCC-00002 -
ERC C-00004 - - - - ERCC-00004 -
ERC C-00074 - - - - ERCC-00074 -
ERC C-00096 - - - - ERCC-00096 -
ERC C-00113 - - - - ERCC-00113 -
ERC C-00130 - - - - ERCC-00130 -
ERC C-00171 - - - - ERCC-00171 -

ERCC6L - ERCC6L - - ERC C6L -
EREG - - - - EREG -
ER I1 - - - - ERI1 -
ER I2 - - - - ERI2 -

ESA M - ESAM - - ESAM -
ESCO1 - - - ESCO 1 - -
ESCO2 - ESCO 2 - - ESCO2 -
ESPL 1 - ESPL 1 - - ESPL 1 -
ET AA1 - - - ETAA1 - -
ET FDH - - - - - ETF DH
ETS1 - - ETS1 - - -
ETV2 - - - - ET V2 -

EVA1A - - EVA1A - - -
EXO1 - EXO1 - - EXO1 EXO1
EXO5 - - - - EXO5 -
EXOC1 - - - EXO C1 - -
EXOC6 - EXOC 6 - - - -
EXO G - EXO G - - EXO G -

EXO SC2 - - - - EXO SC2 -
EXO SC3 - EXO SC 3 - - - -
EXO SC8 - - - - EXO SC8 -
EXO SC9 - EXO SC 9 - - - -
EXPH5 - - - - EXPH5 -
EZH2 - EZ H2 - - EZ H2 -
FA2H - - - - - F A2H

FABP3 - - - - FABP3 -
FABP5 - - - - FABP5 -
FABP6 - - - - - -
FABP7 - - - - FABP7 -
F AIM - FAIM - - - -
FAIM3 - - - - F AIM3 -

FAM10 1B - - F AM101B - FAM101B -
FAM10 2B - FAM10 2B - - - -
FAM10 5A - FAM10 5A - - FAM105A -
FAM10 9B - - - - - FA M109B
FAM11 0A - - - - FAM110A -
FAM11 1A - FAM11 1A - - - -
FAM11 1B - FAM11 1B - - FAM111B -
FAM11 5A - - - - - FA M115A
FAM12 2C - - - - FAM122C -
FAM12 4A - - - - FAM124A -
FAM12 6A - FAM12 6A - - FAM126A -
FAM12 6B - - - - - FA M126B
FAM13 1B - - - - FAM131B -
FAM13 5A - - - - FAM135A -
FAM13 6A - FAM13 6A - - - -
FAM13B - - - FAM13B - -

FA M160A2 - - - - FAM160A2 -
FAM16 7B - FAM16 7B - - - -
FAM16 8A - - - - FAM168A -

FA M171A1 - - - - FAM171A1 -
FAM17 1B - - - - FAM171B -
FAM17 8B - - - - FAM178B -
FAM18 4A - - - - FAM184A FA M184A
FAM18 4B - - - - FAM184B -
FAM18 5A - FAM18 5A - - - -
FAM19 A3 - - - - FAM19A3 -
FAM20 7A - - F AM207A - - -
FAM21 1A - - - - FAM211A -
FAM21 2A - - - - FAM212A -
FAM21 6A - FAM21 6A - - - -
FAM21 7B - - - - FAM217B -
FAM22 2A - - - - FAM222A -
FAM24B - - - - F AM24B -
FAM25A - - FA M25A - F AM25A -
F AM26F - - - - F AM26F -
FAM3 B - - - - FAM3B -

FAM45B - - - - F AM45B -
FAM46B - F AM46B - - - -
FAM46C - - FA M46C - F AM46C -
FAM49A - F AM49A - - F AM49A -
FAM64A FAM64A F AM64A FA M64A - F AM64A -
FAM65B - - - - F AM65B -
FAM65C - - - - F AM65C -
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F AM81A - FAM81A - - FA M81A -
F AM83D F AM83D FAM83D - - FA M83D -
F AM86A - - - - FA M86A -
FAM86C1 - - - - F AM86C1 -
F AM86HP - - - - FA M86HP -
F AM86JP - - - - FAM86JP -
FAM91A1 - - - FAM91 A1 - -
F AM98A - - - - FA M98A -
F ANC A - - - - F ANCA -
F ANC B - FANCB - - F ANCB -
F ANC C - FANCC - - F ANCC -
FANCD2 - F ANC D2 - - F ANCD2 -
F ANC E - - - - F ANCE -
F ANCG - F ANCG - - FANCG -
FANCI - FANCI - - FANCI -

FANCM - - - - FANCM -
FAR1 - F AR 1 - - FAR1 -

F ARP2 - - - - FARP2 -
F ARSB - FARSB - - F ARSB -

FAS - - - - F AS -
F ASTK D3 - FAST KD3 - - - -

FAT 3 - F AT3 - - - -
FAT 4 - - FAT 4 - - -
FBL N1 FBLN1 - - - - -
FBN2 - - - - FBN2 -
FBN3 - - - - FBN3 -
FBP1 - F BP1 - - - -

FBXL 16 - - - - FBXL16 -
FBXL 6 F BXL6 - - - - -

FBXO 15 - - - - F BXO 15 -
FBXO 43 - - - - F BXO 43 -
FBXO 48 - - - - F BXO 48 -
FBXO 5 - F BXO5 - - F BXO 5 -

FCER1G - - FCER1G - - -
FCF 1 - - - F CF1 - -

FCRLB - F CRL B - - F CRL B -
FDXR - - - - F DXR -
FEN1 - F EN 1 - - F EN1 -
FES - - - - FES -

FG F1 - - - - FGF 1 -
FGF 18 - - - - FGF 18 -

F GFB P1 - - - - FG FBP1 -
F GFR1 - - - - FGF R1 -
FG L2 - - - - FGL 2 -

FIG NL 1 - F IG NL 1 - - FIGNL1 -
FILIP1L - - - - - F IL IP1L
FITM2 - F IT M2 - - - -
F JX1 - - - - F JX1 -

FKBP10 - - - - FKBP10 -
F KBP1B - FKBP1B - - - -
F KBP3 - FKB P3 - - - -
F KBP5 - FKB P5 - - - -
FKBPL - - - - F KBPL -

F LI1 -AS1 - - FL I1-AS1 - - -
FL J35024 - - - - F LJ35024 -
FL J38109 - F LJ3810 9 - - - -
FL J44313 - - - - F LJ44313 -

FL NA - - - - F LNA -
FL NB - - FLNB - - -
FL NC F LNC - - - - -
FLRT 1 - FLR T1 - - - -

FLYW CH2 - - F LYWCH2 - - -
FMN1 - - - - - F MN1

FMNL3 - - - - F MN L3 -
FMR1 - F MR1 - - - -

F N3 KRP - - - - FN 3KRP -
F NDC4 - - - - FNDC4 -
F NIP2 - - F NIP2 - - -
F OSL1 - FOSL1 - - FOSL 1 -
F OSL2 FOSL 2 - - - - -
FOXD2 - - - - F OXD2 -
F OXF2 - - - - FOXF 2 -
F OXG1 - - - - F OXG 1 -
F OXM1 - FOXM1 FOXM1 - F OXM1 -

FO XR ED1 - - - - FO XRED1 -
F RAS1 - - - - - FRAS1
F RMD5 - FRMD5 - - - -
F RMD6 - FRMD6 - - - -

F RMD6-AS1 - - - - F RMD6-AS1 -
F RMPD1 - - - - F RMPD1 -

FST - FST - - - -
F UBP1 - FUB P1 - - - -

FUS - FUS - - - -
FUT 4 - - - - F UT4 -
FXR2 - - FXR2 - - -
FXYD7 - FXYD7 - - - -
FZ D2 - - - - F ZD2 -
FZ D4 - - - - F ZD4 F ZD 4
G2E3 - G 2E3 - - G2E3 -

G ABPA - - - - GABPA -
G ABR G1 - - - - GA BRG1 -
G ADD45B GADD45B G ADD45 B GADD45B GADD 45B - -
GAL NT1 - - - - - GALNT1
GALNT14 - - - - G ALNT1 4 -

GAMT - - - - GAMT -
GAN - - - - GAN -

GAP43 - - - - GAP43 -
GA R1 - GAR1 - - - -

GAREM - G AREM - - - -
GAR T - G ART - - - -
GAS1 - - - - G AS1 -

GAS2 L3 - GAS2L3 G AS2L3 - GAS2L 3 -
GAS6 - - - - G AS6 -

GATA3-AS1 - - - - GA TA3-AS1 -
GAT A6 - - - - G ATA6 -

GAT SL3 - - - - - GATSL3
GCN1 L1 - - - - GCN1L 1 -
GCNT2 - - GCNT 2 - - -
GEMIN 4 - - - - GEMIN4 -

GEMIN 8P4 - - - - GEMIN8P4 -
GEN1 - - - - G EN 1 -

GFR A1 - - GFRA1 - - -
GG H - GG H - - G GH -

GINS1 - G INS1 - - GINS1 -
GINS2 - G INS2 - - GINS2 -
GINS3 - G INS3 G INS3 - GINS3 -
GINS4 - G INS4 - - GINS4 -
GJB2 - - - - GJB2 -
GJC1 - - - - GJC1 -
GL A - - - - GLA -
GLI2 - - - - G LI2 -

GL MN - - - - GL MN -
GLR X3 - - - - G LRX3 -

GL S - - - - GLS -
GL T25D2 - - - - GL T25D2 -
GLT 8D 2 - - - - GL T8D2 -

G LYCT K - GL YC TK - - G L YCTK -
G MEB2 - - - - G MEB2 -

GMIP - - - - GMIP -
GMNN - G MNN - - GMN N -
GNA11 - - - - GNA11 -
GNA15 - - - - GNA15 -
GNA L - - - - G NAL -
GNB1L - - - - G NB1L -
GN B4 - - - - G NB 4 -
GNG13 - - - - G NG13 -
G NGT1 - - - - G NG T1 -
GNL 3L - - GNL3 L - - -

G NPDA2 - GNPDA2 - - G NPD A2 -
G OLGA2P5 - G OLG A2P5 - - - -

GO T 1 - - - - G OT 1 -
GO T 2 - GO T2 - - - -

G P1BA - - - - G P1BA -
GPAM - - - - GPAM -

G PAT CH11 - - - GPAT CH11 - -
G PATCH4 - - - GPATCH 4 - -

GPHN - G PH N - - - -
GPN3 - GPN3 - - G PN 3 -

GPR137C - GPR137C - - - -
GPR19 - - - - GPR19 -

GPR89A - - - - GPR89A -
G PR C5A - - GPR C5A - G PRC 5A -
G PR C5B - - - - G PRC 5B -

GPS1 - - - - G PS1 -
G PSM2 - - - - G PSM2 -

GPX3 - - - - G PX3 -
GR AMD1B - - - G RAMD1B - -
GR AMD1C - - - - GRAMD1 C -
G RAMD2 - - - - GR AMD2 -
G RA SP GRASP - - - - -
GRHL1 - - - - G RHL1 -
GRHL3 - - - - G RHL3 -

G RIK1-AS2 - - - - - GRIK1-AS2
GRIN2D - - G RIN2D - - -
GR K4 - - GR K4 - - -

GRPEL2 - - - - G RPEL2 -
GRWD1 - - - - GRWD1 -
GSG 2 - - - - G SG 2 -

G STC D - - - - G STCD -
GTF 2F2 - - - GTF 2F2 - -
GTF 2H 1 - - G TF 2H1 G TF 2H1 - -
GTF 2H 2 - - - - GT F2H2 -
GTF 2H 4 - - G TF 2H4 - - -
GTF 3C 4 - GTF 3C4 - - - -
GTF 3C 6 - - - - - -
GTPB P5 - - - - G T PBP5 -
GTPB P8 - GT PBP8 - - - -
GT SE1 - GTSE1 GT SE1 - GTSE1 -

G UCY1A3 - - - - G UCY1A3 -
G USBP1 - GUSBP1 - - - -
GXYL T1 - GXYL T1 - - - -

H19 H19 - - - - -
H1FX-AS1 - H1FX-AS1 - - - -

H2AF V - H2AFV H2A FV - H2AF V -
H2AF X - H2AFX - - H2AF X -
H2AF Y - H2AFY - - - -
H2AFZ - H2AF Z - - H2AF Z -
HA S3 - - - - HAS3 -
HA T1 - - - - HAT 1 -

HAU S1 - - - - H AUS1 -
HAU S2 - - - - H AUS2 -
HAU S3 - - - - H AUS3 -
HAU S5 - HAUS5 - - H AUS5 -
HAU S7 - - - - H AUS7 -
HAU S8 - HAUS8 - - H AUS8 -

HAVC R1 - - - - H AVCR1 -
HBEG F - H BEGF - - - -

HCF C1R1 - - - - H CFC 1R 1 -
HCK - - - - HCK -
HCN 4 - - - - H CN4 -
HDX - - - - HDX -

HEA TR2 - - - - HEAT R2 -
HECW 2 - - - - HECW2 -

HEG 1 - - - - H EG 1 -
HEL LS - HELL S HEL L S - HELL S -

HERC2P7 - - HERC2 P7 - - -
HERC4 - - - - H ERC4 -
HERC6 - HER C6 - - - -
HES1 - - - HES1 - -
HEY2 - - - - HEY2 -

HGSN AT - - - - - HGSNAT
HIATL2 - - - - HIATL2 -
HILS1 - - - - HIL S1 -
HINF P - - - - HINF P -
HIP1R - - - - HIP1R -
HIR IP3 - HIRIP3 - - - -

HIST 1H1D - - - - HIST1H1D -
HIST 1H2AE - - - - HIST1H 2AE -
HIST1H2AI - - - - HIST1H2AI -
HIST1H2AJ - - - - HIST 1H2AJ -
HIST1H 2BC - - - - HIST1H2BC -
HIST1H 2BK - HIST 1H2BK - - - -
HIST 1H4C - - - - HIST1H4C HIST1H4 C
HIST 3H2A - - - - HIST3H2A -

HJURP - HJURP HJURP - H JURP -
HKD C1 - - - - H KDC1 -

H LA-D OB - HLA-DOB - - HL A-DOB -
H LA-F -AS1 - - - - HL A-F-A S1 -

HLA-L - - - - HL A-L -
HL TF - HLT F - - - -

HMCN1 - - - - - HMCN1
HMG B2 - HMGB2 - - HMG B2 -
HMG CR HMGCR - - - - -
HMG N2 - HMGN2 - - - -
HMHA1 - - - - HMH A1 -
HMMR - - - - HMMR -

HMOX1 - - - - HMO X1 -
HMSD - - - - HMSD -

HN 1 - - - - HN1 -
HN 1L - - - - HN1L -

HNF1A - - - - HNF 1A -
HNRNPAB - HN RNPAB - - HNRNPA B -
HNRNPM - HNRNPM - - - -
HOXA11 - - HOXA11 - - -
HOXA13 - - - - HOXA13 -
H OXA2 - - - - HOXA2 -
HOXB13 - - - - HOXB13 -
H OXB8 - - - - HOXB8 -
H OXC9 - - - HOXC 9 - -
HOXD13 - - - - HOXD13 -

HPDL - - - - H PDL -
HPN - - - - HPN -

HPR T1 - HPRT1 - - - -
HPS6 - - - - HPS6 -
HPSE HPSE HPSE - - H PSE -

HR HR - HR - - HR
H RASLS2 - - - - HRASLS2 -

HRCT1 H RCT 1 - - - - -
HRK - - - HRK HRK -

HS6ST1 - - HS6ST1 - - -
HS6ST3 - - HS6ST3 - - -

HSD11B2 - - - - HSD11B2 -
HSD17B2 - - HSD17B2 - - -
HSD17B4 HSD17B4 - - - - -
HSD17B8 - - - - HSD17B8 -

HSP90AA1 - - - - HSP90AA1 -
HSPA14 - HSPA14 - - HSPA 14 -
HSPA2 - - - - HSPA2 -

HSPA 4L - HSPA4L - - - -
HSPA9 - HSPA9 - - - -
HSPB3 - - - - HSPB3 -
HSPB8 - - - - HSPB8 -
HTR1D - - - - HTR1D -

H TR7P1 - - - - - HTR7P1
IARS - - - - IARS -
ICMT - ICMT - - - -

ICOSLG - - - - ICOSL G -
ID1 - ID1 ID1 - -
ID2 - - ID2 - ID2 ID 2
ID3 - - ID3 ID3 ID3 -
ID4 - - ID4 - - -
IDH2 - - IDH2 - - -
IDI1 IDI1 - - - - -
IDO 1 - - IDO1 - - -
IER5 - - IER5 - IER5 -

IFI27L 1 - - - - IF I27L1 -
IF I4 4 - IFI44 - - - -

IF IT M10 - - IF IT M10 - - -
IFNLR 1 - - - - IFNLR1 -
IF T88 - - - - - IFT 88

IGDC C4 - - - - IG DCC4 -
IGFB P6 - - - - IG FBP6 -

IGFB PL 1 - IGF BPL1 - - IG FBPL 1 -
IGFL R1 - - - - IG FLR 1 -
IG SF 11 - - - - IGSF 11 -
IL1 5RA - IL 15RA - - - -
IL1 7RB - - - - IL 17RB -

IL1RAPL1 - IL1 RAPL1 - - - -
IL2 0RB - - - - - IL 20RB
IL3 1RA - - - - IL 31RA -

IL 4I1 - - - - IL 4I1 -
IL 7 - - IL7 - IL 7 -

IL 7R - - IL 7R - - -
IMMP1L - IMMP1L - - - -

INADL - - - - - INAD L
INCEN P - IN CENP INCENP - INCENP -

ING 1 - - - - ING1 -
ING 5 ING5 - - - - -

INHBB - - INH BB - - -
INO 80D - - - - - INO 80D
INPP4A - INPP4A - - - -
INPP4B - - INPP4B - - INPP4B
INPP5J - - - - INPP5J -
IN SIG1 - - - INSIG1 - -
INT S1 - - - - INT S1 -
INT S7 - - - - INT S7 -
IPO 8 - IPO 8 - - - -

IQCH-AS1 - - IQ CH-AS1 - - -
IQCK - - - - IQ CK -

IQG AP3 - IQ GAP3 - - IQ GAP3 -
IRAK1BP1 - - - - IRAK1B P1 -
IRF2BP1 - - - - IRF2 BP1 -

IRX2 - - - - - IRX2
IRX4 - IRX4 - - - -
IRX6 - - - - IRX6 -

ISG 20L 2 - - - - ISG20L 2 -
ISL 1 - - - - ISL1 -

ISOC2 - ISO C2 - - - -
ISPD - - ISPD - - -

ITGA2 - - - - - -
ITGA4 - - ITG A4 - IT GA4 -
ITGA6 - ITG A6 - - - -
ITGA7 - - - - IT GA7 -
ITGA8 - - ITG A8 - IT GA8 -

IT GB1BP2 ITG B1BP2 - - - ITG B1B P2 -
IT GB3BP - - - - IT GB3BP -

ITGB4 - - - ITGB4 - -
ITGB L1 - - ITGBL1 - IT GBL 1 -

ITIH4 - - - - ITIH4 -
ITPR2 - ITPR2 - - - ITPR 2

IT PRIPL 1 ITPRIPL 1 - - - - -
ITSN1 - - - - - ITSN 1
ITSN2 - - - - - ITSN 2
JA G2 - - - - J AG 2 -
JA M2 - - - - J AM2 -
JDP2 - - - - JDP2 -

JMJD7 - - - - - JMJD7
KANK1 - KANK1 - - KANK1 -
KAT2B - KAT2 B - - - -
KAZ N - - - - KAZ N -

KC NAB3 - - - - KCNAB3 -
KCNC1 - - - - KCNC1 -
KCNC4 - KCNC4 - - - -
KCNE4 - KCNE4 - - - -
KCNIP4 - - - - KCN IP4 -
KCNJ3 - - - - KCNJ3 -

KCNMA1 - - - - KCNMA 1 -
KCNMB4 - - - - KCNMB 4 -
KCNN1 - - - - KCNN1 -
KCNN3 - - - - KCNN3 -
KCNQ 2 - KCNQ 2 - - KCNQ2 -
KCNQ 5 - KCNQ 5 - - KCNQ5 -
KCNS3 - - - - KCNS3 -
KCTD4 - - - - KCTD4 -
KCTD5 - KCTD5 - - KCTD5 -

KDEL C2 - KDELC2 - - - -
KDM4D - - - - KDM4D -

KHDC1L - - - - KH DC1L -
KHDRBS1 - KHDRB S1 - - - -
KHDRBS3 - KHDRB S3 - - KHDRBS3 -
KIAA0 020 - - - KIAA0020 - -
KIAA0 101 - KIAA0101 - - KIA A0101 -
KIAA0 317 - - KIAA0317 - - -
KIAA0 586 - KIAA0586 - - KIA A0586 -
KIAA0 922 - KIAA0922 - - KIA A0922 -
KIAA1 107 - - - KIAA1107 - -
KIAA1 244 - - KIAA1244 - - -
KIAA1 324 - - - - KIA A1324 -
KIAA1 462 - - KIAA1462 - - -
KIAA1 524 KIA A1524 KIAA1524 - - KIA A1524 -
KIAA1 656 - - - - KIA A1656 -
KIAA1 804 - - KIAA1804 - - -
KIAA1 841 - KIAA1841 - - - -
KIAA1 919 - - - - KIA A1919 -

K IF 11 - KIF 11 - - KIF11 -
K IF 14 - KIF 14 - - KIF14 -
K IF 15 - KIF 15 - - KIF15 -
KIF18A - KIF 18 A - - KIF18A -
KIF18B KIF18B KIF 18 B - - KIF18B -
KIF 1C - - KIF1C - - -
KIF20A KIF20A KIF 20 A - - KIF20A -
KIF20B - KIF 20 B - - KIF20B -
K IF 22 - KIF 22 - - KIF22 -
K IF 23 - KIF 23 - - KIF23 -
K IF 24 - KIF 24 - - KIF24 -
KIF 2C KIF 2C KIF2C KIF2C - KIF 2C -
KIF 4A - KIF4A KIF4A - KIF 4A -
KIF 6 - - - - KIF6 -

KIF C1 KIF C1 KIFC 1 KIFC1 - KIF C1 -
KIN - - - KIN - -

KISS1R - - - - KISS1R -
KL B - - - - KL B -
KLF 2 - - - - KLF 2 -
KLF 3 - - - KL F3 - -

KLHDC1 - - - - KL HDC1 -
K LHL13 - - - - KL HL13 -
K LHL15 - - - - KL HL15 -
K LHL18 - - - - KL HL18 -
K LHL25 - - - - KL HL25 -
KL HL 4 - K LHL4 - - KLHL4 -
KL HL 5 - - - - - K LHL5
KL K10 - - - - KL K10 -
KL K11 - - - - KL K11 -
KLK8 - - - - K LK8 -

KLRG2 - - - - KL RG2 -
KMO - - KMO - KMO -

KN ST RN - KNSTRN - - KNST RN -
KNTC1 - KNTC1 - - KNTC1 KNTC1
KPNA2 - KPNA2 - - KPNA2 -
KPNA3 - - - KPN A3 - -
KPNB1 - KPNB1 - - - -

KREMEN2 - - - - K REMEN2 -
KRT17 - - - - KRT17 -
KRT 222 - - - - K RT 222 -
KRT23 - - - - KRT23 -
KRT32 - - - - KRT32 -
KRT 7 - - - - K RT7 -

KRT80 - - - - KRT80 -
KRT81 - - - - KRT81 -
KRT83 - - - - KRT83 -
KRT86 - - - - KRT86 -

KRT AP1 -5 - - - - K RTA P1-5 -
KRT AP2 -3 - KRTAP2-3 - - K RTA P2-3 -

KSR2 - - - - K SR2 -
KTN1-A S1 - KTN1-AS1 - - - -

L1CAM - - - - L1CAM -
L2HG DH - - L 2HGDH - L2HGDH -
LA CT B2 - - - - LACT B2 -

LAD1 - - - - L AD1 -
L AP3 - - - L AP3 - -

L APT M4B - LAPT M4B - - - -
LAR GE - - - - L ARGE -
L AS1L - - - - LAS1L -
L AT 2 - - - - LAT 2 -

L ATS2 - - - - LAT S2 -
L CE1F - - - - LCE1F -

L CLAT1 - - - - LC LAT1 -
LCMT 2 - - - - LCMT 2 -
LCT L - - - - L CT L -
LD HA L DH A - - - - -
LD HC - - - - L DH C -

L DLRAD4 - - - - L DL RAD 4 -
LENG1 - - - - - L ENG 1

L EPREL1 - - L EPREL1 - - -
LG ALS1 LG ALS1 - - - LG ALS1 -

L GALS12 - - - - LGALS12 -
L GR4 - - - - - L GR4
LHF P - L HFP - - L HF P -
L HX2 - - - - LHX2 -
L HX6 - L HX6 - - LHX6 -
L HX8 - - - - LHX8 -
LIG1 - LIG 1 - - LIG1 -

LIMA1 - L IMA1 - - - -
LIMC H1 - - LIMCH1 - - -
L IN 54 - - - - L IN54 -
LIN9 - LIN9 LIN9 - LIN9 -

LINC00052 - - - - LINC00052 -
LINC00152 - L IN C00 152 - - LINC00152 -
LINC00221 - - - - LINC00221 -
LINC00277 - - - - LINC00277 -
LINC00312 - - - - LINC00312 -
LINC00324 - - - - LINC00324 -
LINC00327 - - - - LINC00327 -
LINC00346 - - - - LINC00346 -
LINC00439 - - L INC00439 - - -
LINC00476 - - - - - L IN C00 476
LINC00511 - - - - LINC00511 -
LINC00565 - - - - LINC00565 -
LINC00601 - - - - LINC00601 -
LINC00634 - - - - - L IN C00 634
LINC00641 - - - - LINC00641 -
LINC00662 - - - - LINC00662 -
LINC00663 - - - - LINC00663 -
LINC00665 - - - - LINC00665 -
LINC00669 - L IN C00 669 - - LINC00669 -
LINC00704 - L IN C00 704 - - LINC00704 -
LINC00707 - L IN C00 707 - - LINC00707 -
LINC00842 - - - - LINC00842 -

L INGO1 - - - - L INGO 1 -
LMCD1 - - - - LMCD1 -
LMNA - - - - L MNA -
LMNB1 - LMNB 1 - - LMNB1 -
LMNB2 LMNB2 LMNB 2 - - LMNB2 -
LMO 7 - - L MO 7 - - -
L NP1 - - - - LNP1 -

LNPEP - - - L NPEP LNPEP -
L NX2 - - LNX2 - - L NX2

LO C100126784 - - - - LOC100126784 -
LO C100128338 - - - - LOC100128338 -
LO C100128675 - - - - LOC100128675 -
LO C100129534 - - - - LOC100129534 -
LO C100129858 - - - - LOC100129858 -
LO C100130238 - - - - LOC100130238 -
LO C100130417 - - - - LOC100130417 -
LO C100130776 - - - - LOC100130776 -
LO C100130872 - - - - LOC100130872 -
LO C100130950 - - - - LOC100130950 -
LO C100131067 - - - - - LO C1001310 67
LO C100134259 - - - - LOC100134259 -
LO C100144603 - - - - LOC100144603 -
LO C100270804 - - - - LOC100270804 -
LO C100272217 - - - - LOC100272217 -
LO C100287015 - - - - LOC100287015 -
LO C100288181 - - - - LOC100288181 -
LO C100288637 - - - - LOC100288637 -
LO C100288778 - - - - LOC100288778 -
LO C100288911 - LO C1 002889 11 - - - -
LO C100289092 - - - - LOC100289092 -
LO C100292680 - - - - LOC100292680 -
LO C100379224 - - - - LOC100379224 -
LO C100499489 - - - - LOC100499489 -
LO C100505695 - - - - LOC100505695 -
LO C100505761 - - - - LOC100505761 -
LO C100505839 - LO C1 005058 39 - - - -
LO C100506082 - - - - LOC100506082 -
LO C100506178 - - - - LOC100506178 -
LO C100506343 - - - - LOC100506343 -
LO C100506394 - - - - LOC100506394 -
LO C100506599 - - - - LOC100506599 -
LO C100506730 - - L OC100506730 - - -
LO C100507032 - - - - LOC100507032 -
LO C100507584 - - - - LOC100507584 -
LO C100630918 - - - - LOC100630918 -
LO C100652739 - - - - LOC100652739 -

L OC146481 - - - - L OC1464 81 -
L OC152225 - LOC152225 - - - -
L OC153684 - - - - L OC1536 84 -
L OC283174 - - - - L OC2831 74 -
L OC283693 - - - - - LOC283693
L OC284023 - - LO C2 84023 - - -
L OC285074 - - - - L OC2850 74 -
L OC285593 - - - - L OC2855 93 -
L OC286367 - - - - L OC2863 67 -
L OC344595 - - - - L OC3445 95 -
L OC400043 - - - - L OC4000 43 -
L OC400684 - LOC400684 - - L OC4006 84 -

LO C400927 - - - - LO C4 00927 -
LO C401074 - - - - LO C4 01074 -
LO C440028 LO C4 40028 - - - LO C4 40028 -
LO C440288 - - - - LO C4 40288 -
LO C441204 - - - - LO C4 41204 -
LO C541471 - - - - LO C5 41471 -
LO C553103 - - - - LO C5 53103 -
LO C554206 - - - - LO C5 54206 -
LO C645166 - - L OC6451 66 - LO C6 45166 -
LO C646278 - - - - LO C6 46278 -
LO C646762 - - - - LO C6 46762 -
LO C646903 - - - - LO C6 46903 -
LO C654342 - L OC654342 L OC6543 42 - LO C6 54342 -
LO C654433 - - - - LO C6 54433 -
LO C728554 - L OC728554 - - LO C7 28554 -
LO C728819 - - - - LO C7 28819 -
LO C729041 - - - - LO C7 29041 -
LO C729683 - - - - LO C7 29683 -
LO C729970 - - - - LO C7 29970 -
LO C730101 - L OC730101 L OC7301 01 - LO C7 30101 -
LO C81691 LOC81691 LO C81 691 - - LOC81691 -
LO C90784 - - L OC90784 - - -
LO C96610 - LO C96 610 - - - -
LON RF 2 - - - LO NRF2 - LONRF2
L OXL3 - - - - LOXL 3 -
L PAR5 - - - - LPAR 5 -

LPL - - - - LPL -
LPXN - L PXN L PXN - - -

L RCH2 - L RC H2 - - - -
L RF N4 - LRFN4 - - L RFN 4 -
L RF N5 - - - - L RFN 5 -
L RP11 - - L RP11 - - -

L RP2BP LRP2BP - - - LRP2BP -
LRR1 - L RR1 - - LRR1 -

LRR C1 4 - - - - L RRC14 -
LRR C2 0 - LRRC20 - - L RRC20 -
LRR C2 6 - - - - L RRC26 -
LRR C3 4 - - - - L RRC34 -
LRR C4 0 - LRRC40 - - L RRC40 -
LRR C4 5 - LRRC45 - - L RRC45 -
LRR C4 9 - - - - L RRC49 -
LRR C6 9 - - - - L RRC69 -
LRRC8C - - - - L RRC8C -
LRRCC1 - L RRCC1 - - - -
L RRK1 - L RR K1 - - - -
L RRN2 - - - - LRRN2 -
L RWD1 - - - - LRW D1 -
L SAMP - - - - LSAMP -
L SM11 - - - - L SM11 -
LSM2 - L SM2 - - - -
LSM3 - L SM3 - - L SM3 -
LSM5 - L SM5 - - L SM5 -
LSM6 - - - - L SM6 -
LSS L SS - - - - -

LT V1 - - - LT V1 - L TV1
LYAR - L YAR - - - -
LYN - - - LYN - -

L YPD1 - - LYPD1 - - -
L YPD3 - - LYPD3 - - -
LYST - - - LYST - -
M1AP - - - - M1 AP -
M6PR - - - - - -

MAD2L 1 - MAD2 L1 - - MAD2L 1 -
MAD2L 2 - - - - MAD2L 2 -

MA FA - - - - MAF A -
MA FB - - - - MAF B -
MA GIX - - - - MAGIX -

MAGOHB - - - - MAGO HB -
MAK16 - - - - MAK16 -
MAL T1 MAL T1 - - - MAL T1 -

MAMLD1 - MAML D1 - - - -
MAMST R - - - - MAMSTR -
MAN1C1 - - - - MAN1C1 -
MAN2A1 - MAN2 A1 - - - -
MAP2K3 - MAP2K3 - - - -
MAP3K14 - - MAP3K14 - MAP3K14 -
MAP3K4 - MAP3K4 - - - -
MAP4K2 - - - - - MAP4 K2
MAP6D1 - - - - MAP6D1 -
MAPK12 - MAPK12 - - - -
MAPK4 - - - - MAPK4 -
MAPK8 - MAPK8 - - - -

MAPK 8IP2 - - - - MAPK8IP2 -
MAPKAPK5 - - - - MAPK APK5 -

MAPRE2 - MAPRE2 - - - -
MARCH7 - MARCH7 - - - -
MARK1 - - - - MAR K1 -
MARS - - - - MARS -

MARVEL D3 - - - - MARVELD3 -
MASTL - MASTL - - MASTL -
MAT N2 - MAT N2 - - MATN2 -
MB21D1 - - - - MB21D 1 -
MB21D2 - - - - MB21D 2 -
MBD3 - - - - MB D3 -
MBD6 - - - MBD6 - -

MBNL3 - MBNL3 - - - -
MBOAT2 - - MBOAT 2 - - -

MC1R - - - - MC 1R -
MCM10 - MCM10 - - MCM10 -
MCM2 - MCM2 - - MCM2 -
MCM3 - MCM3 - - MCM3 -
MCM4 - MCM4 - - MCM4 -
MCM5 - MCM5 - - MCM5 -
MCM6 - MCM6 - - MCM6 -
MCM7 - MCM7 - - MCM7 -
MCM8 - MCM8 - - MCM8 -

MCMBP - - - - MCMBP -
MCOLN2 - MCOL N2 - - MCO L N2 -

MCT P1 - - MCTP1 - - -
MCU - MC U - - - -

MDFIC - - MDF IC - - -
MDG A1 - - - - - -
MDM1 - - - - MDM1 -
MDN1 - - - MDN1 - -

ME2 - ME2 - - ME2 ME2
MED10 - - - - MED10 -
MED12 - - - - - MED12
MED17 - MED17 - - - -
MED30 - MED30 - - - -
MED9 - - - - - MED9

MEF2BNB - MEF 2B NB - - - -
MEIS1 - - - - MEIS1 -
MEL K MELK MELK - - MELK -

MEPCE - - - - MEPCE -
MER TK - - - MERT K MERT K -

MET - - MET - - -
MET AP1 - MET AP1 - - - -
MET TL12 - - - - METT L12 -
MET T L2B - - - - MET TL 2B -
MET T L7A - - METTL7 A - - METT L7A
MET T L7B - - - - MET TL 7B -
MFH AS1 - - - - MFHAS1 -

MGAM - - - - MG AM -
MGC12916 - MGC12916 - - MG C12 916 -
MGC16025 - - - - - -

MGME1 - - - - MGME1 MGME1
MG P - - - - - MG P

MICAL2 - - - - MICAL 2 -
MICB - - - - MICB -

MIER3 - - - - MIER3 -
MIR1 37HG - - - - M IR137HG -
MIR2 10HG MIR210HG - - - - -

M IS18A - - - - M IS18A -
MIS1 8BP1 - MIS18BP1 - - MIS1 8BP1 -

MITF - - - MIT F - -
MKI67 - MKI67 - - MKI6 7 -

MKNK1 - - MKNK1 - - -
MK X - - - - MKX -

MLF1IP - MLF1 IP - - MLF1IP -
ML H1 - - - - MLH1 -

MMA CHC - - - - MMACHC -
MMD - - MMD - - -

MMP13 - - - - MMP13 -
MMP14 - - - - MMP14 -
MMP15 - - - - MMP15 -
MMP16 - - - - MMP16 -
MMP19 - - - - MMP19 -
MMP8 - - - - MMP8 -

MMS19 - MMS19 - - - -
MMS22 L - MMS22L - - - -

MND1 - MND1 - - MN D1 -
MNS1 - - - - MN S1 -

MOB1B - - - - - MO B1B
MOB3B - - - - MOB3B -

MO K - - - - MOK -
MORN3 - - - - MORN3 -

MPHO SPH6 - MPHOSPH 6 - - MPHO SPH6 -
MPP1 MPP1 MPP1 - - MPP1 -
MPP2 - - - - MPP2 -
MPP5 - - MPP5 - - -

MPPED2 - - MPPED2 - - -
MPRIP - - MPRIP - - -

MPV17L2 - - - - MPV17L 2 -
MPZ L2 - MPZL2 - - - -

MRE11A - MRE11A - - - -
MRO H1 - - MROH 1 - MRO H1 -
MRO H6 - - - - MRO H6 -
MRPL1 1 - MRPL 11 - - - -
MRPL1 2 - - - - MRPL 12 -
MRPL2 7 - MRPL 27 - - - -
MRPL3 7 - MRPL 37 - - - -
MRPS17 - - - - MRPS17 -

MRS2 - - - - - MRS2
MRTO4 - - - - MRT O4 -
MSH2 - MSH2 - - MSH2 -
MSL N - - - - MSLN -
MSN - MSN - - - -

MSR1 - - - - MSR1 -
MST 1L - - - - MST 1L -
MST4 - - - - MST4 -
MSX1 - - - - - MSX1
MT 1A - - - - MT1A -
MT BP - MTB P - - MT BP -
MT CP1 - - - - MTC P1 -
MT FR2 - MT F R2 MT FR2 - MTF R2 -

MT HFD1 - MTHF D1 - - MTH FD1 -
MT L5 - MTL 5 - - - -

MTMR12 - MT MR12 - - MTMR12 -
MTRNR2L1 - - - - MTRNR2L1 -

MTSS1 L - - - - MT SS1L -
MT US1 - - MT US1 - - -
MUC13 - - - - MUC13 -

MVD MVD - - - - -
MXD3 MXD3 MXD3 - - MXD3 -
MYBL1 - MYBL1 - - MYBL1 MYBL1
MYBL2 - MYBL2 - - MYBL2 -
MYEOV - MYEOV - - MYEO V -
MYH10 - MYH10 - - - -
MYH15 - - - - MYH15 -
MYH8 - - - - MYH8 -
MYL2 MYL2 - - - MYL2 -
MYL K - - MYL K - MYLK -

MYL K-AS1 - - - - MYLK-AS1 -
MYLPF - - - - MYL PF -
MYO19 - - MYO19 - MYO19 -
MYOF - - MYOF - MYOF -
MZ T1 - MZT 1 - - - -

NAA11 - - - - NAA11 -
NAA20 - - - - NAA20 -
NAB2 NAB2 - - - - -
NA E1 - NAE1 - - - -
NA F1 - - - - NAF 1 -

N ANOS1 - - - - NANO S1 -
NAR FL - - - - N ARF L -
NAR S2 - - - - N ARS2 -
NASP - NASP - - NASP -
NAT 16 - - - - NAT 16 -
NA T6 - - - - NAT 6 -
NA V2 - NAV2 NA V2 NAV2 NAV2 -
NA V3 - - - - NAV3 -
NBEA - - - - - NBEA

NCAM2 - - NCAM2 - - -
NCA PD2 NCAPD2 NCAPD2 NCA PD2 - N CAPD2 -
NCA PD3 - NCAPD3 - - N CAPD3 -
NCAPG - NCAPG - - NCAPG -

N CAPG2 NCAPG 2 NCAPG2 NCAPG2 - NCAPG2 -
NCAPH - N CAPH - - NCAPH -
NCA PH2 - - - - N CAPH2 -
NCK AP5 - - NCK AP5 - N CKAP5 -
N CO A2 - - - NCOA2 - NCO A2

NC S1 - - - - NCS1 -
NDC80 - NDC80 - - NDC80 -
ND E1 - - - - NDE1 -

N DO R1 - - - - NDO R1 -
NDUF AF6 - NDUF AF 6 - - - -
NDUFS7 - NDUF S7 - - - NDUF S7
NECAB2 - - - - N ECAB2 -
NEDD1 - - - - N EDD1 -

NED D4 L - NEDD4L - - - -
NEIL3 - N EIL 3 - - NEIL 3 -
NEK2 NEK2 NEK2 - - NEK2 -

NETO 2 - - - - N ETO 2 -
NEU RL 3 - - - - NEURL 3 -

NF2 - - - - NF 2 -
N FASC - - - - NF ASC -
NFAT C4 - - - - NFATC 4 -
NFKBIE - - - - NF KBIE -
NG EF - - - - NGEF -
NGF R - N GFR - - - -
NINJ2 - - - - NINJ 2 -
NKD1 - - - - NKD1 -
NKD2 - - - - NKD2 -
NLE1 - NL E1 - - - -

NLG N1 - - - - N LGN1 -
NLRC3 - NLR C3 - - - -
NME1 - NME1 - - NME1 -
NMT2 - NMT 2 - - NMT2 -
NMU - NMU NMU - - -
NNT - - NNT - - -

NOC2L - - - - N OC2L -
NOC3L - NOC3L - - - -
NO D1 - - - - NOD1 -
NO L11 - NO L11 - - NOL 11 -

NOL 9 - NO L9 - - NOL 9 NO L9
NOL C1 - NO LC1 - - - -
NO P16 - - - - NOP16 -
NO P56 - - - - NOP56 -
NO P58 - - - - NOP58 -

NOS1AP - - - - - NOS1AP
NOT CH1 - - - - NOTC H1 -
NOT UM - - - - NO TUM -

NO V - NOV - - - -
NOXA1 - - - - N OXA1 -
NPM3 - NPM3 - - - -
NPR2 - - - - NPR 2 -
NPT X1 - - - - NPTX1 -
NPT X2 - - - - NPTX2 -
NPY1R - - - - NPY1R -

NR2C2AP - - - - N R2 C2AP -
NR4A3 - NR4A3 - - - -
NR5A2 - - - - - NR5A2
NRG 1 - NRG1 - - N RG 1 -
NRG N - N RG N - - NRGN -
NRIP1 - - - - - NRIP1
NRM - N RM - - NRM -
NRT N - - - - N RTN -

N SMAF - - - - NSMAF -
NSMCE4 A - NSMCE4A - - - -

NT 5DC2 - - NT 5DC2 - - -
NT 5DC3 - - - - NT5DC 3 NT 5D C3

NT5M - NT5M - - - -
NT M - - - - NT M -
NTN 5 - - NTN5 - - -

NUAK2 - - - - NUAK2 -
NUDCD1 - N UDCD1 - - - -

NUDT1 - NU DT 1 NUDT1 - NUDT 1 -
NU DT13 - - NU DT13 - - -
NU DT15 - NUDT15 - - NUDT 15 -
NUDT6 - - - - NUDT 6 -
NUDT8 - NU DT 8 - - - -
NUF 2 - NUF 2 - - NUF2 -

NUMBL - - - - NUMBL -
NUP107 - NU P107 - - NUP107 -
NUP153 - - - - NUP153 -
NUP155 - - - - NUP155 -
NUP188 - NU P188 - - NUP188 -
NUP205 - NU P205 - - NUP205 -
NUP210 NUP210 NU P210 - - - -
NUP210L - - - - NUP210L -

NUP35 - NUP3 5 - - - -
NUP37 - NUP3 7 - - - -
NUP62 - - - - NUP62 -
NUP85 - NUP8 5 - - NUP85 -
NUP93 - NUP9 3 - - NUP93 -
NUP98 - - - - - NUP98

NUSAP1 - NUSAP1 - - NUSA P1 -
NXN - - NXN - - -

NXPH4 - - - - - NXPH4
NXT 1 - NXT 1 - - NXT1 -
O CLN - - - - O CL N -
ODC1 - ODC1 ODC1 - O DC1 -

O GDHL - - - - O GDHL -
O GG1 - - - - O GG1 -
OIP5 - O IP5 - - O IP5 -

OLF M1 - - - - O L FM1 -
O LFML2 A - - - - O LF ML 2A -

O LIG2 - - - - OL IG2 -
OL R1 - - - - OLR 1 -

OR51B5 - - - - OR51B 5 -
OR8A1 - - - - OR8A 1 -
ORC1 - - - - O RC1 -
ORC3 - - - - O RC3 -
ORC5 - - - - O RC5 -
ORC6 - ORC6 - - O RC6 -

OSBPL 11 - - - - OSBPL 11 -
O SBPL1 A - OSBPL 1A - - - -
OSBPL6 - OSBPL6 - - O SBPL6 -
OSGIN1 - - - - OSGIN 1 -

OSR2 - - - - OSR2 -
OT UD3 - - OT UD3 - - -

OT UD6B - - - - O TUD 6B -
OXCT1 - OXCT 1 - - -
OXTR - - - - O XT R -
P2RX5 - - - - P2 RX5 -

P2RX5-TAX1B P3 - - - - P2RX5-T AX1 BP3 -
P2RX7 - - - - P2 RX7 -

PABPC3 - - - - PABPC3 -
PABPC5 - - - - PABPC5 -
PACSIN1 - - - - PACSIN1 -

PADI2 - - - - PADI2 -
PAG R1 - PAGR1 - - PA GR1 -
PAICS - - - - PAICS -
PAK4 - - - - PAK 4 -
PAK6 - - - - PAK 6 -
PALD1 - - - - PALD1 -
PAL LD - - - - - PAL LD
PAL M3 - - - - PALM3 -
PAMR1 - - - - PA MR1 -

PAPOL G - PA PO LG - - - -
PAQ R3 - - - - PA QR3 -
PAQ R4 - PAQR4 - - PA QR4 -
PAQ R5 - - - - - -
PAQ R8 - PAQR8 - - - -

PARD6A - - PARD6A - PARD 6A -
PARD6B - - - - - PARD6B
PARD 6G - - - - PA RD6G -
PARM1 - - - - PA RM1 -
PARP1 - PARP1 - - - -
PARP2 - PARP2 - - PARP2 -

PARPBP - PARPBP - - PA RPBP -
PASK - - - - PASK -
PAT L2 - - - - PATL 2 -
PAX3 - - - - PAX3 -
PAX9 PAX9 - - - - PAX9

PBD C1 - PBDC1 - - - -
PBK - PBK - - PBK -

PBX3 - PBX3 - - PBX3 -
PCAT1 - - - - PCAT1 -
PCD H1 - - - - PCDH 1 -
PCDH10 - - PCDH10 - - -
PCDH15 - - - - PCDH15 -
PCDH17 - - - - PCDH17 -
PCDH19 - - - - PCDH19 -
PCDH20 - - PCDH20 - - -
PCD H7 - - - PCDH7 - -

PCDHA1 - - - - PCDH A1 -
PCDHB5 - - - - PCDH B5 -
PCG F5 - PCGF 5 - - - -
PCNA - PCN A - - PCNA -
PCN T - - - - - PCNT

PCNXL4 - PCNXL4 - - - -
PCOL CE2 - - - - PCOL CE2 -

PDCL3 - - - - PDCL3 -
PDE12 - - - - PDE12 -
PDE1C - - - PDE1C PDE1C -
PDE3B - - - - PDE3B -
PDE5A - - PDE5A - - -

PDG FD - - PDG FD - - -
PDIK1L - - - - PDIK1 L -

PDK1 PDK1 - - - - -
PDK4 - - - PDK4 - -

PDLIM1 - - - - - PD LIM1
PDXP - - PDXP - - -
PDZD4 - - - - PDZD4 -
PDZD7 - - PDZD7 - - -
PDZK1 - - - - PDZK1 -

PDZR N3 - - - - PDZRN3 -
PEA15 - PEA1 5 - - PEA15 -
PEA R1 - PEAR1 - - PEAR 1 -

PECAM1 - - - - PECAM1 -
PER 3 - PER3 - - PER3 -
PES1 - - - - PES1 -
PEX10 - - - - PEX10 -
PFAS - PFAS - - PFAS -
PFN 1 - PF N1 - - PFN1 -

PGA M5 - PGAM5 - - - -
PGBD1 - - - - PG BD1 -
PGBD2 - - - - PG BD2 -
PGBD5 - - - - PG BD5 -

PG F - - - - PGF -
PGM2 - PGM2 - - - -
PGM5 - - - - PGM5 -

PG P - - - - PGP -
PGR - - - - - PGR

PHACTR2 - - PHACTR2 - - PHA CTR2
PHACTR4 - - - - - PHA CTR4

PHF 10 - PHF10 - - - -
PHF 16 - PHF16 - - - -
PHF 19 - PHF19 PHF 19 - PHF 19 -
PHF5A - PHF 5A - - - -
PHF 6 - - - - PHF6 -

PHGDH - - - - PHGDH -
PHLD A2 - - - - PHLDA2 -
PHT F1 - - - PHT F1 - PHTF 1
PHT F2 - PH TF 2 - - - -

PI15 - - - - PI15 -
PI4K2B - PI4K2 B - - - -
PIAS4 - - - - PIAS4 -

PIF1 - PIF1 - - PIF1 -
PIGN - - - - PIGN -
PIGU - PIGU - - - -
PIG W - - - - PIGW -

PIK3CD - - - - PIK3C D -
PIK3R3 - PIK3R3 - - PIK3R3 -

PIM2 - - - - PIM2 -
PINX1 - - - - PINX1 -

PIP5K1B - - - - - PIP5K1B
PITHD1 - - - - PITHD1 -
PIT PNM3 - - - - PITPN M3 -

PIT X1 - - PITX1 - - -
PIWIL4 - - PIWIL4 - - -
PKH D1 - - - - PKHD 1 -
PKI55 - - PKI55 - - -
PKIB - - - - PKIB -
PKN3 - - PKN3 - PKN 3 -

PKNO X2 - - - - PK NO X2 -
PKP1 - - - - - PKP1

PL A2G 7 - - - - PLA2G 7 -
PLAC1 - - - - PL AC1 -

PLAC8L 1 - - - - PLAC8L1 -
PLAC9 - - - - PL AC9 -

PL AG L1 - - - - PL AG L1 -
PLBD1 - - - - PL BD1 -
PLC E1 - PL CE1 - - PL CE1 PL CE1
PLC L2 PLCL 2 - - - PL CL 2 -

PLEKHA6 - PLEKHA6 PLEKHA6 - - -
PLEKHA8 - - - - PL EKHA8 -
PLEK HF 1 - - - - PLEKH F1 -
PL EKHG6 - - - - PLEKHG6 -
PL EKHO1 - - - - PLEKHO1 -

PLK 1 PLK1 PL K1 PLK1 - PLK1 -
PLK 2 PLK2 PL K2 - - PLK2 PL K2
PLK 4 - PL K4 - - PLK4 -

PM20D2 - PM20D2 - - - -
PMS2P1 - PMS2P1 - - - -
PMS2P4 - PMS2P4 - - - -

PNN - PNN - - - -
POC1A - POC1A PO C1A - PO C1A -
POC5 - POC5 - - - -

PODXL PODXL - - - PO DXL -
PODXL2 - PODXL2 - - - -

POG Z - - - - - POGZ
POL A1 - PO LA1 - - POLA 1 -
POL A2 - PO LA2 PO L A2 - POLA 2 -
POL D1 - PO LD1 - - POLD 1 -
POL D3 - PO LD3 - - POLD 3 -
POLE - POL E - - POL E -
POL E2 - PO LE2 - - POL E2 -
POL E3 - - - - POL E3 -
POL E4 - PO LE4 - - POL E4 -
POLH - POL H PO LH - POL H POL H
POL Q - - - - POLQ -

POL R1E - POLR1E - - - POLR1E
POL R2D - POLR2D - - POLR 2D -
POL R2J 4 - - - - POLR2 J4 -
POLR 3G - POL R3G - - - -
POL R3H - - - - POLR 3H -
POL R3K - POLR3K - - POLR 3K -

POP1 - POP1 - - - -
POP5 - POP5 - - - -
POP7 - POP7 - - POP7 -
POT 1 - PO T1 - - - -
PPA 1 - PPA1 - - - -
PPAN - - - - PPAN -

PPAPDC2 - PPAPDC2 - - - -
PPA RG C1B - PPARG C1B - - PPARG C1 B -

PPAT - PPA T - - - -
PPCDC - - - - PPCDC -

PPIH - - - - PPIH -
PPL - - PPL - - -

PPM1E - - - - PPM1E -
PPP1R10 - - - - - PPP1R10

PPP1R 14A - - - - PPP1R14A -
PPP1R3C - - - - PPP1R3C -
PPP2R2B - - PPP2R2B - PPP2R2B -
PPP2R5D - - - - PPP2R5D -
PPP4R1 - - - - - PPP4R1
PPP5C - PPP5C - - PPP5C -
PPTC7 - - - - PPTC7 -
PRC1 - PRC1 - - PRC 1 -

PRDM15 - PRDM15 - - - -
PREL P - - - - PRELP -
PREX1 - - - - PREX1 -
PREX2 - - PREX2 - - -

PRICKL E1 - PRICKLE1 - - PRICKL E1 -
PRIM1 - PRIM1 - - PRIM1 -
PRIM2 - PRIM2 PRIM2 - PRIM2 -

PRKA R1 B - - - - PR KAR 1B -
PRKA R2 A - - - - - -

PRKCE - - - - PR KCE -
PRKCQ - - - - PRKCQ -
PRKDC - - PRKDC - - -
PR KRIR - PRKRIR - - - -
PRKXP1 - - - - PRKXP1 -

PRL R - PRLR - - PRLR -
PRMT3 - - - - PRMT 3 -

PRMT 7 - - - - PRMT7 -
PROCR - PRO CR - - PROCR -
PRODH - - - - PRODH -
PRPF31 - - - - PR PF31 -
PRPS1 - PRPS1 - - PRPS1 -
PRPS2 - PRPS2 - - PRPS2 -
PRR11 PRR11 PRR11 PRR11 - PRR11 -
PRR5 - - - - PR R5 -
PRR7 - - - - PR R7 -

PRR7-AS1 - - - - PRR7-AS1 -
PRRG 4 - PRRG4 - - - -
PRRT 3 - - PRR T3 - - -

PRRT 3-AS1 - - - - PRRT 3-A S1 -
PRRX2 - - - - PRRX2 -
PRSS23 - PRSS23 - - PR SS23 -
PRSS3 - - - - PRSS3 -

PRT FDC1 - PR TF DC1 - - PRTF DC1 -
PSAT 1 - - - - PSAT1 -
PSCA - - - - PSCA -
PSD3 - PSD3 - - - -
PSG4 - - - - PSG4 -

PSMB 9 - - - - PSMB9 -
PSMC 5 - PSMC5 - - - -
PSMD 2 - PSMD2 - - PSMD2 -
PSMG 1 - PSMG1 - - PSMG1 -
PSRC1 - PSRC1 - - PSR C1 -
PST K - - - - PST K -

PST PIP2 - - - - PSTPIP2 -
   - - - - PTCHD3P1 -

PT DSS1 - PTDSS1 - - - -
PT GES3L - - - - PTG ES3L -
PTG FRN - PTG FRN - - - -

PT K6 - - - - PTK6 -
PT N - PTN - - - -

PTPDC1 - - - - PTPDC1 -
PT PLAD2 - - - - PT PL AD2 -
PTPMT1 - PT PMT 1 - - - -
PTPN14 - - PTPN 14 - - -
PTPN21 - - - - PT PN21 -

PT PRG -AS1 - PTPRG -AS1 - - PTPRG -AS1 -
PT PRJ - - PTPRJ - - -
PTPRR - - PTPRR - - -

PT PRZ 1 - - - - PTPRZ1 -
PTRF - - - - PT RF -

PTRH1 - - - - PTRH1 -
PTT G1 - PT TG1 - - PTT G1 -
PUM2 - - - - - PUM2
PUS1 - - - - PU S1 -

PUS7 L - - - - PUS7L -
PUSL 1 - - - - PUSL1 -
PVRL 1 - - - - PVRL1 -
PVRL 3 - - - - PVRL3 -
PVRL 4 - - - - PVRL4 -
PWP2 - PW P2 - - - -

PXMP2 - PXMP2 - - - -
PXMP4 - - PXMP4 - PXMP4 -
PYCR1 - - - - PYC R1 -

QKI - - - - - QKI
R AB17 - - RAB17 - - -
R AB38 - - - - RAB38 -

RA B39B - - - - RAB39B -
RAB3 B - - - - RAB3B -

RABEP1 - - - - - RABEP1
RAB EPK - - - - RABEPK -

RABIF - - - - - -
RACGAP1 - RACGAP1 RA CG AP1 - RACG AP1 -

RAD1 - - RAD 1 - - -
R AD18 - RAD 18 - - RAD18 -
R AD51 - RAD 51 - - RAD51 -

RAD51AP1 - R AD51AP1 - - RAD51AP1 -
RA D51B - RAD51 B - - - -
RA D51D - RAD51 D - - - -
RA D54B - RAD54 B RAD54B - RAD54B -
R AD54L - RAD54 L - - RA D54L -
RAD54L2 - - - - - -
RAET1G - - - - RAET1G -

RA I14 - - - RAI14 - -
RAL GPS2 - - - RAL GPS2 - -

RAMP3 - - - - RAMP3 RAMP3
RAN - RAN - - RAN -

RANBP1 - RA NBP1 - - RANBP1 -
RA NBP17 RANBP17 - - - - -
RANGAP1 - RANGAP1 - - - -

RAP1 B - - - - - -
RAP2 A - - - - - R AP2A
RAPH1 RAPH1 - - - - -

RARRES1 - - RARRES1 - - -
RASA2 - - - RASA2 - -

RA SAL2 - RASAL 2 - - - RASAL 2
RASAL2-AS1 - - - - RASAL 2-AS1 -

RASGRF 1 - - - - RASG RF1 -
RASGRF 2 - - - - RASG RF2 -
RASL1 0B - - - - RA SL 10B -
RASL 12 - - - - RASL12 -
RA SSF 1 - - - - RASSF 1 -
RA SSF 5 - - RASSF5 - - -
RBBP8 - RBBP8 - - RBBP8 -

RBBP8 NL - - - - RBBP8NL -
RBBP9 - - - - RBBP9 -
RB FA - RBFA - - - -
RBL1 - R BL1 - - RBL1 -

RBM14 - RBM14 - - RBM14 -
RBM24 - RBM24 - - RBM24 -
RBM28 - RBM28 - - - -

RBMXL 1 RBMXL1 - - - - -
RBPMS - RBPMS RBPMS - - -

RBPMS2 - RBPMS2 - - RBPMS2 -
R C3H1 - - - RC3H1 - -
RCC1 - - - - RC C1 -

RCCD 1 - RCCD1 - - - -
RD M1 - - R DM1 - RDM1 -
RECK - RECK - - - -

RECQL 4 - RECQL 4 - - REC QL4 -
REEP1 - R EEP1 - - - REEP1
REEP2 - - - - REEP2 -
REEP4 - - - - REEP4 -
REM1 - - - - REM1 -

REPS1 - - - - REPS1 -
REPS2 - - - - REPS2 -
RF C2 - R FC2 - - RFC2 -
RF C3 - R FC3 - - RFC3 -
RF C4 - R FC4 - - RFC4 -
RF C5 - R FC5 - - RFC5 -

R FPL 2 - - - - RF PL2 -
R FTN1 - - RFT N1 - - -
RF WD3 - - - - RF WD3 -
R FX1 - - - - - RFX1
R FX2 - RFX2 - - - -
R FX5 - - - - RF X5 -

RFXANK - - - - RFXANK -
RG CC RGCC - - - - -
RGS20 - R GS20 - - RGS20 -

RHBDD 3 - - - - RHB DD3 -
RHBDL3 - - - - RHBDL 3 -
RH EBL1 - - - - RHEBL 1 -

RHOBT B3 - - RHOBT B3 - - RHOB TB3
RH OJ - - - - RHOJ -
RIBC2 - RIBC2 - - RIBC2 -
RIMS2 - RIMS2 - - RIMS2 -
RIMS3 - - - - RIMS3 -
RL BP1 - - - - RLB P1 -

RMI1 - RMI1 - - RMI1 -
RMI2 - RMI2 - - RMI2 -

RNASEH2A - RNA SEH 2A - - RNASEH2A -
RNASEL - RNASEL - - RNA SEL -
RNF128 - - - - RNF128 -

RNF14 4A - - - - RNF1 44A -
RNF150 - - RNF150 - - -
RNF157 - - - - RNF157 -
RNF166 - RNF 16 6 - - - -
RNF182 - - - - RNF182 -
RNF219 - - - - RNF219 -
RNF 26 - - - - R NF 26 -
RNF8 - R NF8 - - - -

R NFT 2 - - - - - RNF T2
RNMTL 1 - RN MT L1 - - - -
ROCK2 - ROCK2 - - - -
ROPN 1 - - - - RO PN1 -

RO PN1B - - - - ROPN1B -
RO R1 - ROR1 - - RO R1 -
RPA1 - R PA1 - - RPA1 -
RPA2 - - - - RPA2 -
RPA3 - - - - RPA3 -

RPAP1 - - RPA P1 - - -
RPL13AP20 - R PL13 AP20 - - RPL13AP20 -

RPL22 L1 - - - - RPL2 2L 1 -
R PL 23AP7 - - RPL23AP7 - - -
RPL23AP82 - - - RPL 23AP82 RPL23AP82 -

RPL39L - RPL39 L - - RPL39L -
RPP30 - - - - R PP30 -

RPS6KA4 - - - - RPS6KA4 -
RPS6KA6 - - - - - RPS6 KA6

RQCD1 - - - - RQ CD1 -
RR M1 - RRM1 R RM1 - RRM1 -
RR M2 - RRM2 R RM2 - RRM2 -

R RN3P3 - - - - RR N3P3 -
RRP7 A - - - - RRP7A -
RRP7 B - - - - RRP7B -
RRP8 - R RP8 - - - -
RSG1 - - - - RSG1 -

RT KN2 - R TKN2 - - RTK N2 -
RT N4 R RTN4R - - - RTN 4R -
RTT N - - - - RT T N -

RUFY2 - R UF Y2 - - - -
RUNDC 3B - - - - RUNDC3B -

RUNX2 - - - - RUNX2 -
RUSC1 - RUSC1 - - RUSC1 -
RUSC2 - - - - RUSC2 -
RYR1 - - - - RYR1 -

S100A10 - S100A10 - - S100A10 -
S100A12 - - - - S100A12 -
S1 00A2 - S100A2 S100A2 - S100A2 S100A2
S1 00A3 - S100A3 - - S100A3 -
S1 00A5 S100A5 - - - S100A5 -
S100Z - - - - S100Z -
S1PR5 - - - - - S1PR5
SAA2 - - SAA 2 - - -

SAAL 1 - SAAL1 - - SAAL1 -
SA C3D1 - SAC3D1 - - SAC3D1 -

SAE1 - - - - SA E1 -
SAMD15 - - - - SAMD15 -
SAMD4A - SAMD4A - - SAMD4A -
SAMD5 - - SAMD5 - - -

SAMHD1 - - - - SAMHD 1 -
SAP25 SAP25 - - - - -

SAPCD2 - SAPCD 2 SAPCD2 - SAPCD2 -
SASS6 - SASS6 - - SASS6 -
SBDS - SB DS - SBD S - -

SBDSP1 - - - - SBDSP1 -
SCA MP5 - - - - SCAMP5 -
SCARA 3 - SCARA3 SCAR A3 - SCA RA3 -

SCA RNA16 - - - - SCARNA16 -
SCA RNA22 - - - - SCARNA22 -

SCLT 1 - - - - SCL T1 -
SCML 2 - - - - SCML2 -
SCN2 A - - - - SCN 2A -
SCN4 B - - - - SCN 4B -
SCN5 A - - - - SCN 5A -
SCRIB - - - - SCRIB -

SCUBE1 - - - - SCU BE1 -
SCUBE2 - - - - SCU BE2 -
SCUBE3 - - - - SCU BE3 -
SCYL 2 - - - SCYL 2 - -
SDC1 - SDC1 - - - -
SDPR - SD PR - - - -

SDR16 C5 - - - - SD R1 6C5 -
SEMA3A - SEMA3A - - - -
SEMA7A - SEMA7A - - SEMA7A -
SEPT14 - - - - SEPT14 -
SEPT 3 - - - - SEPT3 -
SEPT 4 - - - - SEPT4 -
SEPT 6 - - - - SEPT6 -
SEPT 8 - SEPT8 - - - -

SERINC5 - - - - - SERINC5
SERPINB5 SERPINB5 - - - - -
SERTAD3 - - - - - SERT AD 3
SERTAD4 - SERT AD 4 - - - -

SESN1 SESN1 - - - - -
SET BP1 - - - - SETBP1 -
SETD8 - SET D8 - - SETD8 -
SETD9 - SET D9 - - - -
SF3A3 - SF3A3 - - - -
SF I1 - - - - SFI1 -

SFMBT1 - - - - SFMBT 1 -
SF N - - - - SF N -

SF PQ - - - SFPQ - -
SF RP1 - - - - SFR P1 -
SG OL 1 - SGO L1 - - SG OL1 -
SG OL 2 - SGO L2 - - SG OL2 -
SGPP1 - SGPP1 - - - -
SG TA - - - - SG TA -

SH2D5 - SH2 D5 - - SH2D5 -
SH3RF 1 - - SH3RF 1 - - -
SH3RF 2 - - - - SH 3RF2 -
SH3RF 3 - - - - SH 3RF3 -
SH3TC2 SH3T C2 - - - SH 3T C2 -

SHC3 - - - - SH C3 -
SHC4 - - - - SH C4 -

SHCBP1 - SHCBP1 SHCB P1 - SHC BP1 -
SHD - - - - SHD -

SHMT 1 - SHMT1 - - SHMT1 -
SHPK - - - - SHPK -

SHROO M2 - - - - - SHRO OM2
SIG MAR1 - SIG MAR1 - - - -

SIMC1 - - - - SIMC1 -
SIRT7 - - - - SIRT 7 -
SIVA1 - - - - SIVA1 -
SIX2 - SIX2 - - SIX2 -
SIX3 - - - - SIX3 -
SIX4 - - - - SIX4 -
SKA1 - SKA1 - - SK A1 SKA1
SKA2 SKA2 SKA2 - - SK A2 -
SKA3 - SKA3 - - SK A3 -

SKA2 SKA2 SKA2 - - SKA 2 -
SKA3 - SKA3 - - SKA 3 -

SKIDA 1 - - - - SKIDA1 -
SKIL - - - SK IL - -
SKP2 - SKP2 - - SKP2 SKP2

SL AMF7 - - - - SLAMF7 -
SLBP - - - - SL BP -

SLC 10A 4 - - - - SLC10A4 -
SLC 12A 4 - - - - SLC12A4 -
SLC 12A 7 - - SLC 12A 7 - - -

SL C16A14 - - - - SL C16A14 -
SL C1A3 SLC1A3 - - - SLC 1A3 -

SL C22A23 SL C22A23 - - - - -
SL C25A10 - - - - SL C25A10 -
SL C25A13 SL C25A13 - - - - -
SL C25A15 - - - - SL C25A15 SL C25 A15
SL C25A20 - SLC25A20 - - SL C25A20 -
SL C25A21 - - - - SL C25A21 -
SL C25A24 - SLC25A24 - - - -
SL C25A29 - SLC25A29 - - - -
SL C25A33 - - - - SL C25A33 -
SL C25A34 - - - - - SL C25 A34
SL C25A40 - - - - SL C25A40 -
SL C25A46 - - SL C25A46 - - -
SL C25A51 - SLC25A51 - - - -
SL C25A53 - - - - SL C25A53 -
SLC 26A 4 - - - - SLC26A4 -
SLC 29A 1 - - - - SLC29A1 -
SLC 29A 2 SL C29A2 - - - - -

SL C2A1-AS1 - - - - SLC 2A1 -AS1 -
SLC 2A1 3 - - SLC 2A1 3 - - -
SL C2A8 - - - - SLC 2A8 -
SLC 30A 1 - - - - SLC30A1 -
SLC 30A 3 - - - - SLC30A3 -
SLC 35A 1 - SL C35 A1 - - - -
SL C35F2 - - - SL C35 F2 - -
SL C35F3 - SLC35 F3 - - SLC 35F 3 -
SLC35G 1 - - - - SLC35G 1 -
SLC 36A 1 - SL C36 A1 - - - -

SL C39A10 - - - SLC39A10 - -
SL C39A14 - - - - SL C39A14 -
SLC 45A 3 - - - - SLC45A3 -
SLC 47A 1 - - - - - SL C47A1
SLC 4A1 1 - SL C4A11 - - - -
SL C4A3 - - - - SLC 4A3 -
SL C4A4 - - - - SLC 4A4 -
SL C4A5 - - - - SLC 4A5 -
SL C4A8 - - - - SLC 4A8 -
SLC 52A 3 - - - - SLC52A3 -
SL C5A6 - SL C5A6 - - - -

SLC 6A 10P - - - - SLC6A10P -
SL C6A9 - - - - SLC 6A9 -

SLC 7A 5P2 - - - - SLC7A5P2 -
SLCO 4A1 - - SLCO 4A1 - - -
SLCO 4C1 - - - - SL CO 4C1 -
SLCO 5A1 - - SLCO 5A1 - SL CO 5A1 -
SLF N11 - - - - SL FN 11 -

SLIT2 - - - - SL IT 2 -
SLMO1 - - - - SL MO1 -
SLX4 - - - - SL X4 -

SLX4IP - - - - SL X4 IP -
SMAD3 - - - - SMAD3 -
SMAD6 - - SMAD6 - - -

SMARCB1 - - SMARCB1 - - -
SMC1A - SMC1A SMC1A - - -
SMC2 - SMC2 - - SMC2 -
SMC4 - SMC4 - - SMC4 -

SMCR7 - - - - SMCR7 -
SMG5 - - SMG5 - - -
SMG9 - - - - SMG 9 -

SMIM10 - - SMIM10 - - -
SMIM13 - - - - SMIM13 -
SMIM15 - SMIM15 - - - SMIM15
SMPD3 - SMPD3 - - - -

SMPDL3 A - - - - - SMPDL3A
SMS - - - - SMS -

SMTN - SMTN - - - -
SMYD4 - SMYD4 - - - -
SNAI1 - - - - SNAI1 -

SNA P91 - - - - SNAP91 -
SNAPC1 - SNAPC 1 - - - -
SNHG1 - - - - SNHG1 -
SNHG9 - - - - SNHG9 -

SNO RA25 - - - - SNORA25 -
SNO RA57 - - - - - SNORA57
SNO RA76 - - - - SNORA76 -
SNR NP25 - SNRN P25 - - SNRNP2 5 -

SNRPA - SN RPA - - - -
SNRPA1 - SNRPA 1 - - - -
SNRPB - - - - SNRPB -

SNRPD1 - SNRPD 1 - - - -
SNRPD3 - SNRPD 3 - - - -
SNR PF - SNRPF - - SNRPF -
SNRPG - SNRPG - - - -
SN X10 - SNX10 - - - -
SN X12 - SNX12 - - - -
SN X22 - - - - SNX22 -
SN X32 - - - - SNX32 -
SOCS2 - - - - SOCS2 -

SOCS2-A S1 - - - - SO CS2-AS1 -
SOCS4 - SOCS4 - - - -
SOG A1 - SO GA1 - - - -
SOG A2 SOGA2 - - - - SO GA2
SORBS1 - - - - SOR BS1 -
SORBS2 - - - - SOR BS2 -
SORCS1 - - - - SOR CS1 -

SOR D - SO RD - - SORD -
SORL1 - - - - - SO RL1
SP140 - - - - SP140 -
SPAG5 - SPAG 5 SPAG5 - SPAG5 -

SPA TA1 3 - SPAT A13 - - - -
SPA TA2 4 - - - - SPAT A2 4 -
SPATA5 - - - - SPAT A5 -

SPAT S2 L - - - - SPATS2L -
SPC25 - SPC25 SPC25 - SPC25 -
SPDL1 - SPDL1 - - SPD L1 -

SPEC C1 - - - - SPECC1 SPECC1
SPH K1 - - - - SPHK1 -
SPH K2 - - - - SPHK2 -
SPIN4 - SPIN4 - - SPIN4 -

SPINK5 - - SPINK5 - - -
SPIRE1 - - - SPIR E1 - -
SPOCK2 - - - - SPOC K2 -

SPP1 - - - SPP1 - -
SPRR 1B - - - - SPRR1B -
SPRR 2D - - - - SPRR2D -

SPR Y1 SPRY1 - - - - -
SPRYD3 - - - - - -

SPT B - - - - SPTB -
SPTBN1 - SPT BN1 - - - -
SPTL C2 - - - - SPT L C2 -
SPTL C3 - SPTLC3 - - - -

SPT Y2D1-AS1 - SPT Y2D 1-AS1 - - SPTY2D1-AS1 -
SQLE - - - - SQL E -

SRGAP1 - - - - - SRGA P1
SRPX - SRPX - - - -
SRR - - - - SRR -

SRSF2 - - - - SRSF2 -
SRSF3 - SRSF3 - SRSF 3 - -
SSC 5D - - - - SSC5D -
SSTR5 - - - - SST R5 -

SSX2IP - SSX2IP - - SSX2 IP -
ST3GAL 2 - - - - - ST 3GAL 2

ST6G AL NAC2 - - - - ST 6GAL NAC 2 -
ST7 - - - - - ST7

STAC - - - - ST AC -
STAG3L 2 - STAG 3L 2 - - - -
STARD1 3 - STARD13 STARD1 3 - STAR D1 3 ST ARD 13

STARD3NL - ST ARD3NL - - - -
STA T4 - - - - STAT 4 -

STEAP1B - - - - ST EAP1B -
ST IL - ST IL - - STIL -

ST IM2 - - - STIM2 - -
STIP1 - - - - ST IP1 -

ST K11IP - - - - STK11IP -
ST K16 - - - - - STK16

ST K32B - - - - STK 32B -
STK 38L - - - - - STK3 8L
ST K40 - STK40 - - - -
STMN1 - STMN1 - - STMN1 -
STO N1 - - - - STON1 -
STO N2 - - - - STON2 -
STPG1 - - - - STPG1 ST PG1

ST RA13 - ST RA13 - - STR A13 -
ST RIP2 - - - - - STR IP2
STX11 - - - - ST X11 -

SULT 2B1 - - SULT 2B1 - SUL T2B 1 -
SUPT16H - SUPT 16H - - - -

SUSD2 SUSD2 - SUSD2 - SUSD2 SU SD2
SUSD3 - - - - SUSD3 -
SUSD4 - - SUSD4 - - -
SUSD5 - - - - SUSD5 -

SUV39H1 SUV39H1 SUV39 H1 SUV39H1 - SUV39H 1 -
SUV39H2 - SUV39 H2 - - SUV39H 2 -

SUV420H2 - - - - SUV420H 2 -
SVIP - SVIP - - SVIP -

SYC E2 - - - - SYCE2 -
SYD E2 - SYDE2 SYD E2 - - -
SYNM - - - - SYNM -

SYNPO - - SYNPO - - -
SYP - - - - SYP -

SYPL2 - - - - SYPL 2 -
SYT14 - - - SYT1 4 - -
SYT L2 - - - - SYTL 2 -
SYT L3 SYT L3 SYTL 3 - - - -
SYT L4 - SYTL 4 - - SYTL 4 -
T AB 1 - - - - TAB1 -
T AC 1 - T AC1 - - - -
TAC C2 - - - - - -
TAC C3 - T ACC 3 - - T ACC3 -
TAD A1 - - - - T ADA1 -
TAF1B - TAF1 B - - - -
T AF4 - TAF4 - - - -
TAF4B - TAF4 B - - - -
T AF5 - TAF5 - - TAF 5 -
TAF 5L - T AF5 L - - TAF5L -
T AF8 - - - - - T AF 8

TAG LN - - - - T AGL N -
TA MM41 - T AMM41 - - T AMM41 -

TAN C1 - - - - - TANC1
TANG O2 - - - TANGO 2 - -

T AP2 - TAP2 - - - -
T ARS - TA RS - TARS - -

TBC1D3 0 - - - - T BC 1D3 0 -
T BCC D1 - - - - TBCCD1 -

TBCD - TBCD - - T BCD -
T BRG4 - - T BRG4 - TBRG4 -
TBX19 - - - - TBX19 -
T BX6 - - - - TBX6 -

TBXA 2R - - - - T BXA2R -
T CERG1 - T CERG 1 - - - -

TC F19 - T CF 19 - - TCF 19 -
TCHH - - - - T CHH -
T CHP - TC HP - - - -
TCO F1 - - - - T CO F1 -
T DP1 - TDP1 - - TDP1 -
TEAD1 - T EAD1 - - - TEAD1
TEAD3 - - - - T EAD3 -
TEAD4 - - - - T EAD4 -
T ENM3 - - T ENM3 - - -
T ERC - - - - TERC -
TESK2 - - TESK2 - - -

TESPA1 - - - - TESPA1 -
TEX10 - - - - TEX10 -
TEX30 - - - - TEX30 -
TEX40 - - - - TEX40 -
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HCT116 (Colon carcinoma) 
MDA-MB-231 (Breast adenocarcinoma - ER-/PR-)
T98G (Glioblastoma)
A375 (Melanoma)
A549 (Lung adenocarcinoma)
MCF7 (Breast adenocarcinoma – ER+/PR+)

48 hr
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Dpep
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Harvest Plateseq Bioinformatic
Analysis

Figure 1. PLATE-seq transcriptome analysis of 6 cancer cell lines before and after treatment with Dpep.
(A) Experimental scheme. (B) Levels of ATF5, CEBPB, and CEBPD transcripts in 6 cancer cell lines
without Dpep treatment. Data are given as counts per million reads (CPM). (C) Relative expression
of ATF5, CEBPB, and CEBPD transcripts in 6 cancer cell lines (without Dpep). Data are normalized to
ATF5. (D) Comparison of significance (FDR ≤ 0.05) Dpep-upregulated and -downregulated DEGs in
all 6 cancer cell lines.

3.3. Dpep Elicits Context-Dependent Changes in Gene Expression

As anticipated, Dpep promoted numerous changes in gene expression. The num-
bers of differentially expressed genes (DEGs; FDR ≤ 0.05) varied between lines. A549
(3350 DEGs) and MDA-MB-231 cells (3194 DEGs) showed the greatest number of
changes; T98G cells (1621 DEGs) an intermediate number; and MCF7 (711 DEGs),
HCT116 (638 DEGs), and A375 (517 DEGs) the fewest. A comparison of the individ-
ual DEGs elicited by Dpep in each line revealed distinct, line-dependent patterns of
changes in both upregulated and downregulated DEGs (Figure 1D). This likely reflects
the cellular background and genetic landscape of each line.

3.4. A Cohort of Genes Is Regulated across Multiple Cell Lines

While each line showed different patterns of regulated genes, about half of the DEGs for
each line were shared with at least one other line (Figure S1). We further queried whether
there were specific DEGs shared among the various lines (Figure 2A; Supplementary Materials
Spreadsheets S1 and S2). No DEGs were shared among all six lines. An examination of DEGS
with a cutoff of Log2FC ≥ 1 or ≤−1 yielded a single gene, IGFBP3, that was upregulated in
5/6 lines. Although IGFBP3 is expressed by T98G cells, it was not regulated there by Dpep.
IGFBP3 has been described as having tumor-suppressive activity in a variety of neoplasias via
pleiotropic actions [20,21]. Of particular relevance, it is reported to promote apoptosis and/or
suppress proliferation of MCF7 [22,23], MDA-MB-231 [24], and A549 [25,26] cells. IGFBP3 has
also been associated with oncogenic actions in some contexts [27], including GBM [28,29].
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Figure 2. Dpep promotes both context-dependent and shared DEG responses, including those
encoding genes involved in apoptosis and dependency. (A) Dpep-regulated DEGs shared across
multiple cell lines. (B) Enrichment analysis of shared upregulated and downregulated DEGs. Blue
arrows indicate categories relevant to cytokine signaling; red arrows indicate categories relevant to
regulation of the cell cycle. (C) Dpep regulates both context-dependent and shared DEGs involved
in apoptosis. (D) Dpep downregulates genes identified as cell-line-specific “dependency” genes
(highlighted in yellow) and those identified as “common essential” on the DepMap portal.

When the cutoff was set to Log2FC ≥ 0.6 or ≤−0.6, a second gene, SPRY1, emerged
as upregulated in five lines (but not in HCT116 cells). SPRY1 is described to have context-
dependent tumor-suppressing or tumor-promoting activity and is reported to suppress
the growth of A549 [30], A375 [31], and MCF7 [32] cells. In the case of MDA-MB-231 cells,
one report [33] has indicated that SPRY1 suppresses growth, while another [34] indicates
promotion of growth.

In addition to the above, there were also DEGs common to four of the six lines. With
a cutoff of Log2FC ≥ 1 or ≤−1, five upregulated DEGs were common to four lines: CA9,
MIR210HG, ANGPTL4, C3, and TXNIP. Of these, TXNIP (thioredoxin-interacting protein)
upregulation in particular has been associated with cancer cell death [35]. Moving the
cutoff to Log2FC ≥ 0.6 or ≤−0.6, the total number of upregulated DEGs shared by at
least four of six lines reached 28, and the number of shared downregulated DEGS was 21
(Figure 2A).

To determine whether the DEGs shared across at least four cell lines also shared
common functions, we carried out over-representation analyses (ORA) separately for these
upregulated and downregulated DEGS (Log2FC ≥ 0.6 or ≤−0.6) (Figure 2B). A gene
ontology assessment for biological processes identified 11/30 upregulated DEGs shared by
at least four lines as members of a “cytokine-mediated signaling pathway”. The next two
categories were “cellular response to cytokine stimulus” and “response to cytokine”, with
similar lists of DEGs (Figure 2B). A pathway analysis via Reactome also returned “signaling
by interleukins”. These results likely reflect the upregulation by Dpep of numerous DEGs
encoding cytokines and interleukins, as well as interferon-regulated genes (see below).

With regard to downregulated DEGs shared by four lines, gene ontology (biological
process) and pathway (KEGG and Reactome) analyses identified significant enrichment of
multiple categories related to the cell cycle and mitosis (Figure 2B). This complements the
finding of enrichment for upregulated shared DEGs categorized under “negative regulation of
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cell proliferation”. These findings mirror the more general observation (see below) that Dpep
negatively regulates multiple cell cycle genes in most of the lines which we have assessed.

3.5. Context-Dependent Regulation of Pro- and Anti-Apoptotic Genes

Prior studies have shown that Dpep promotes the apoptotic death of transformed
cells [5]. In all tested lines, this was correlated with downregulation of the survival protein
SURVIVIN (product of the BIRC5 gene) and with upregulation of pro-apoptotic BMF
(BCL2-modifying factor). The BCL2 protein was also downregulated to a variable degree,
depending on the cell line [5]. Although our analysis did not show enrichment in apoptotic
DEGS, we identified a number of Dpep-regulated genes associated with apoptotic cell
death (Figure 2C). As with other DEGs, those associated with apoptosis manifested a
context-dependent pattern of response. Each line showed upregulation by >twofold of at
least three pro-apoptotic genes: HCT116 (APOL6, CASP3, DAPK2, IGFBP3); MDA-MB-231
(BMF, CASP10, DAPK2, IGFBP3, TNFSF10); T98G (FAF1, PLSCR1, PRUNE2, XAF1); A375
(BNIP3, IGFBP3, TNFSF14); A549 (BNIPL3, CASP10, DAPK2, IGFBP3, TNFSF10, XAF1);
and MCF7 (BNIP3, IGFBP3, XAF1). Interestingly, these upregulated DEGs represent both
the intrinsic and extrinsic apoptotic mechanisms. Although each line displayed a distinct
set of upregulated pro-apoptotic genes, several were upregulated by greater than twofold
in three different lines: DAPK2 (HCT116, MDA-MB-231, A549) and XAF1 (T98G, A549,
MCF7), and, in one case (IGFBP3), in five of the six lines.

Regarding the downregulated pro-survival genes, there were relatively few, with none
regulated by >twofold for HCT116, T98G, A375, or MCF7 cells (Figure 2C). It is of interest
that BCL2 was downregulated by about fourfold in MDA-MB-231 cells, a line that showed
strong downregulation of the BCL2 protein by Dpep [5]. BIRC5 (encoding SURVIVIN) was
also downregulated by >twofold in MDA-MB-231 and A549 cells. A past study showed that
diminished stability also contributes to a loss of the SURVIVIN protein in peptide-treated
tumor cells [10]. Finally, the survival gene BCL2L12 was downregulated by >twofold in
A549 cells. Taken together, these observations show that Dpep regulates multiple apoptotic
genes and does so in a context-dependent, yet partially overlapping, manner.

3.6. Dpep Downregulates Dependency Genes

To identify single downregulated genes that could account for the inhibitory effects of
Dpep on tumor cell growth and survival, we queried DepMap (Public 23Q2) to uncover
candidates specific to each cell line studied herein. In particular, we searched for DEGs in
each line in which the log2FC was ≤−0.9 and for which the DepMap gene effect was ≤−0.5
and the Z score was ≤−1.6 according to either siRNA or CRISPR screens. As observed with
other comparisons of DEGs described herein, the specific dependency genes regulated by
Dpep in each line were distinct (Figure 2D). The number of such dependency DEGS varied
among lines, ranging from 0 (A375, MCF7) to 1 (HCT116), 2 (T98G), 4 (MDA-MB-231), and 11
(A549). Notably, many of such genes regulated by Dpep (i.e., PLK1, RRM2, BUB1, AURKA,
ANLN, MKI67, SKA1) encode proteins required for successful cell cycle completion. For the
lines with <4 dependency DEGs, we also asked whether there were additional “common
essential” genes identified in DepMap that were downregulated in response to Dpep. As
listed in Figure 2D, we identified several candidates in A375, MCF7, and T98G cells.

3.7. Dpep Downregulates Cell-Cycle-Related Genes in Multiple Lines

Apoptotic cell death is regulated by a variety of both transcriptional and non-
transcriptional mechanisms. We, therefore, looked for upstream transcriptional changes
that might affect the balance between pro- and anti-apoptotic components. Numer-
ous studies have established a link between apoptosis and disruption of the activ-
ity/expression of cell cycle components [36–38]. The above observations, as well as
analyses of individual cell line DEGs, indicate that Dpep causes widespread downregu-
lation of cell-cycle-related genes in multiple lines. The effects on genes associated with
cell cycle progression, DNA synthesis, and mitosis are shown in Figure 3A. In terms
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of absolute numbers of cycle-related DEGs and fold downregulation, MDA-MB-231
and A549 cells showed the most evident responses. In both lines, nearly 6% of the total
DEGs could be assigned to this category. Despite their differing tumor origins, 89% of
the cycle-related DEGs downregulated in MDA-MB-231 cells were also downregulated
in A549 cells. Genes which were particularly affected in both lines (down > fourfold)
included CDCA3, CDCA7, ERCC6L, and TICRR. For each of these genes, knockdown
was reported to suppress proliferation and promote apoptosis in malignant lines, in-
cluding lung and breast cancers [39–42]. In support of these observations, ORA and
GSEA gene ontology and pathway analyses of the total DEG PLATE-seq data for both
MDA-MD-231 and A549 cells showed significant enrichment of DEGs related to various
cell cycle events, including G1/S transition, DNA replication, S phase, and mitosis
(Figure 3B).
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Figure 3. Dpep downregulates numerous DEGs encoding cell cycle genes. (A) Downregulation
of DEGs encoding cell cycle genes in 6 cancer cell lines. (B) ORA and GSEA gene ontology and
pathway analyses of total DEGs for MDA-MB-231 and A549 cells showed significant enrichment of
DEGs related to various cell cycle events and DNA repair. Red arrows indicate categories relevant to
various phases of the cell cycle. Black arrows indicate categories relevant to DNA repair.

HCT116 and T98G cells also exhibited numerous DEGs associated with the cell cycle,
representing 12% and 7% of total DEGs in each line, respectively. In these lines, also, ORA
and GSEA analyses identified significant enrichment of regulated genes associated with
various phases of the cell cycle (Figure S2). Interestingly, a high proportion of cycle-related
DEGs in the two lines (86 and 96%, respectively) were also shared with A549 cells. Among
the down-regulated cycle-related DEGs in HCT116 cells were FAM83D (down by 2.4-fold)
and RGCC/RGC32 (down by 4-fold), knockdown of which was reported to promote tumor
cell apoptosis [43,44]. Downregulated MAD2L1 in T98G cells was also reported to cause
cancer cell apoptosis when knocked down [45].

Thus, in four of six of the assessed lines, Dpep appeared to disrupt the expression
of numerous genes involved in multiple steps of cell replication. Given the association
between dysregulated cell cycle and apoptotic death, such effects are likely to contribute to
Dpep’s inhibition of tumor cell growth and survival in these and, likely, additional cancer
cell types. In contrast, A375 and MCF7 cells showed less robust regulation of cell-cycle
genes, with only 1.5% and 2.7% of DEGs, respectively, assigned to this activity; neither
ORA nor GSEA analysis revealed enrichment in this category. Nevertheless, it may be
relevant that in MCF7 cells, the replication-related kinase gene CDK8 was downregulated
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by 30-fold in response to Dpep, and that CDK8 inhibition or knockdown promotes cancer
cell apoptosis [46,47].

3.8. Downregulation of DEGs Associated with DNA Repair

In addition to cell-cycle-related DEGs, two lines, MDA-MB-231 and A549, exhibited
conspicuous downregulation of numerous DEGs associated with DNA repair (Figure S3).
ORA and GSEA analyses confirmed their enrichment in both DEG sets (Figure 3B). While
many of the DEGs in this category overlapped with those involved in cell cycle regulation,
a number, such as BARD1, BRCA1, CHEK1, FANCB, FANCC, NEIL3, RAD51, TONSL, and
XRCC3, were mainly associated with DNA repair. Such downregulation may tip the
balance towards apoptosis, and supports the potential use of a combination of Dpep and
DNA-damaging agents in certain cancers.

3.9. Selective Induction of DEGs Associated with Interferon Responses

An analysis of Dpep-responsive DEGs revealed the unanticipated upregulation of
interferon-responsive genes in all six lines (Figure 4A). In particular, this was especially
evident in T98G and MCF7 cells, for which both the ORA and GSEA analyses identified
significant enrichment in interferon response DEGs (Figures S2 and S4). Examples include
IFI27, IFI44L, IFIT1, OAS1, and OAS2. Notably, each of these genes has been associated
with the promotion of cancer cell apoptosis [48–52]. In both of these cell lines, 4–5% of the
total DEGs were included in this category. In contrast, approximately 1% of the total DEGs
were associated with interferon responses in the remaining lines.

Cancers 2023, 15, x FOR PEER REVIEW 8 of 17 
 

 

inhibition of tumor cell growth and survival in these and, likely, additional cancer cell types. 
In contrast, A375 and MCF7 cells showed less robust regulation of cell-cycle genes, with 
only 1.5% and 2.7% of DEGs, respectively, assigned to this activity; neither ORA nor GSEA 
analysis revealed enrichment in this category. Nevertheless, it may be relevant that in MCF7 
cells, the replication-related kinase gene CDK8 was downregulated by 30-fold in response 
to Dpep, and that CDK8 inhibition or knockdown promotes cancer cell apoptosis [46,47]. 

3.8. Downregulation of DEGs Associated with DNA Repair 
In addition to cell-cycle-related DEGs, two lines, MDA-MB-231 and A549, exhibited 

conspicuous downregulation of numerous DEGs associated with DNA repair (Figure S3). 
ORA and GSEA analyses confirmed their enrichment in both DEG sets (Figure 3B). While 
many of the DEGs in this category overlapped with those involved in cell cycle regulation, 
a number, such as BARD1, BRCA1, CHEK1, FANCB, FANCC, NEIL3, RAD51, TONSL, and 
XRCC3, were mainly associated with DNA repair. Such downregulation may tip the bal-
ance towards apoptosis, and supports the potential use of a combination of Dpep and 
DNA-damaging agents in certain cancers. 

3.9. Selective Induction of DEGs Associated with Interferon Responses 
An analysis of Dpep-responsive DEGs revealed the unanticipated upregulation of 

interferon-responsive genes in all six lines (Figure 4A). In particular, this was especially 
evident in T98G and MCF7 cells, for which both the ORA and GSEA analyses identified 
significant enrichment in interferon response DEGs (Figures S2 and S4). Examples include 
IFI27, IFI44L, IFIT1, OAS1, and OAS2. Notably, each of these genes has been associated 
with the promotion of cancer cell apoptosis [48–52]. In both of these cell lines, 4–5% of the 
total DEGs were included in this category. In contrast, approximately 1% of the total DEGs 
were associated with interferon responses in the remaining lines. 

 
Figure 4. (A). Dpep upregulated genes associated with responses to interferons. (B). Dpep upregu-
lates genes associated with responses to hypoxia. (C). Dpep regulates multiple transcription factors. 
DEGs in each category were compared across 6 cell lines. 

  

Gene HCT116
MDA-MB-

231 T98G A375 A549 MCF7

A2M
ATF3
B2M
BST2
C1R
C2
C3

CCL2
CEACAM1
CFD
DDX58
DDX60
DDX60L
DEFB1
DHX58
EGR1
FAF1
GBP2
HELZ2
HERC5
HERC6
HLA-A
HLA-B
HLA-C
HLA-E
HLA-F

HLA-DPB1
ICAM1
IFI27
IFI35
IFI44
IFI44L
IFI6
IFIH1
IFIT1
IFIT2
IFIT3
IFIT5
IFITM1
IFITM2
IFITM3
IFITM10
IFNGR1
IFNLR1
IL17C
IRF2BP2
INHBE
IRF6
IRF7
IRF9
ISG15
ISG20
KYNU
LGALS9
LRIG3
MAP2K6
MMP13
MX1
MX2
OAS1
OAS2
OAS3
OASL
PARP12
PARP14
PARP9
PLSCR1
RARRES3
RELB
RSAD2
RTP4
SAMD9
SAMD9L
SAMHD1
SOD2
SP100
SP110
STAT1
STAT2
TRIM14
TRIM22
UBE2E1
UBE2L6
VIPR1
XAF1

DEGs ASSOCIATED WITH 
RESPONSE TO INTERFERONSA

Gene HCT116
MDA-MB-

231 T98G A375 A549 MCF7

ADM
ADM2
AK4

ALDOC
AMPD3
ANG -

ANGPTL4
ANKZF1
APOLD1
BHLHE40
BHLHE41
BIRC3
BNIP3
BNIP3L
BTG1
C3
CA12
CA9
CCR1
CDCP1
CDKN1C
CLDN1
CLK1

COL5A1
CP

CXCL1
CXCL3
DDIT4
DPYSL4
EFEMP2
EFNA1
EFNA3
EGLN3
EML2
ENO2
EPAS1
ERO1L
FAM162A
FN1
FUT11
GAA
GDF15
GLRX
GPR68
H19
HIF1A
HILPDA
HK2

HMOX1
HS3ST1
HSPA5
ICAM1
IER3

IGFBP1
IGFBP3
IGFBP4
IL1A
IL1B
INHA
INSIG2
ISG20
JUN

KDM3A
KHK

KLHL24
LCN2
LDHA
LGALS3
LIF
LOX
LXN
MGP

MIR210HG
MMP13
MUC1
MXI1
NDRG1
NDST2
NFIL3
NOS1
NTN1
NRN1
NUPR1
ORAI3
P4HA1
P4HA2
PDK1
PFKFB3
PFKFB4
PGK1
PLAUR
PLIN2
PNRC1

PPARGC1A
PPFIA4
PTGS2
SAT1

SELENBP1
SEMA3C
SERPINE1
SESN2
SLC1A1
SLC2A1
SLC2A3
SMO
SOD2
SPAG4
SPP1
STC1

SULT2B1
TGFA
TGFB2
TGM2

TMEM45A
TNFAIP3
TNFRSF9
TPBG
TREM1
TRIB3
TXNIP
UPK1A
VEGFA

DEGs ASSOCIATED WITH 
RESPONSE TO HYPOXIAB

Gene HCT116
MDA-MB-

231 T98G A375 A549 MCF7

ATF3
BACH1
BATF2
BAZ2B
BCL3
BCL6
BCL9
BEND5
BHLHE40
BHLHE41
BRD4
BRWD3
CEBPA
CEBPB
CITED1
CREBRF
DEAF1
DLX4
E2F3
EBF3
EBF4
EFNA3
EGR1
EGR2
EGR4
ETV1
ETV4
FOXD3
FOXJ2
FOXN3
FOXO4
FOXQ1
GRHL1
GRHL2
GTF2I
HEY1
HIF1A
HOMEZ
HOXA1
HOXA10
HOXB3
HOXB4
HOXB6
HOXB8
HOXC10
HOXC8
HOXD10
IER2
IFI16
IFI27
IRF6
IRF7
IRF9
JUN
JUNB
KLF11
KLF9
LDB1
MEIS3
MITF
MLXIPL
MXD1
MXI1
NCOA1
NFE2
NFIL3
NFIX
NUPR1
OLIG2
PER1
PITX2
PKNOX2
PLAGL1
PROX1
RFX2
SATB1
SERTAD3
SKIL
SNAI2
SOX10
SOX2
SOX4
SPDEF
STAT1
STAT2
TAF1C
TBX2
TCEAL8
TCF4
TCF7
TEAD3
TFAP2B
TLE2
TLE3
TRPS1
ZBTB38
ZBTB7B
ZBTB7C
ZC3H12A
ZC3H6
ZFAND5
ZFP14
ZFP2
ZFP36L1
ZFPM2
ZHX2
ZHX3
ZKSCAN1
ZMYM5
ZNF101
ZNF155
ZNF160
ZNF208
ZNF23
ZNF251
ZNF277
ZNF284
ZNF34
ZNF385A
ZNF404
ZNF425
ZNF429
ZNF467
ZNF497
ZNF503
ZNF521
ZNF528
ZNF555
ZNF558
ZNF577
ZNF581
ZNF587
ZNF596
ZNF608
ZNF626
ZNF641
ZNF649
ZNF654
ZNF688
ZNF69
ZNF692
ZNF704
ZNF720
ZNF781
ZNF790
ZNF814
ZNF865
ZNF91
ZSCAN29

Gene HCT116
MDA-MB-

231 T98G A375 A549 MCF7

ATF5
ATOH8
BATF3
BEND7
BHLHE41
BMAL2
CITED1
CREB5
DLX1
E2F1
E2F2
E2F8
EGR1
EGR3
EID2
EID2B
ELF1
ELK1
EN1
ENY2
ETS1
FOSL1
FOSL2
FOXF2
FOXM1
GTF2F2
GTF2H1
GTF2H4
HES1
HOXA11
HOXA13
HOXB13
HOXC9
ID1
ID2
ID3
ID4
IRX2
IRX4
KLF3
LHX6
MDFIC
MEIS1
MSX1
MXD3
MYBL1
MYBL2
NCOA2
PAX9
PBX3
PCNT
PER3
PHF10
PHTF1
PITX1
PRRX2
RBL1
SKIL
TAF1B
TAF4
TAF4B
TAF5
TAF5L
TAF8
TCF19
TCF20
TEAD1
TEAD3
TEAD4
TTF2
ZBED2
ZBTB10
ZBTB17
ZBTB24
ZBTB38
ZBTB41
ZFHX4
ZFP112
ZFP42
ZGPAT
ZMYM6
ZMYND11
ZNF100
ZNF100
ZNF121
ZNF124
ZNF195
ZNF223
ZNF225
ZNF25
ZNF28
ZNF280B
ZNF300
ZNF367
ZNF436
ZNF440
ZNF45
ZNF462
ZNF488
ZNF510
ZNF530
ZNF544
ZNF551
ZNF582
ZNF586
ZNF587B
ZNF608
ZNF611
ZNF615
ZNF620
ZNF621
ZNF641
ZNF670
ZNF678
ZNF681
ZNF684
ZNF704
ZNF714
ZNF765
ZNF782
ZNF804A
ZNF85
ZNF850
ZNF860
ZNF91
ZNF92
ZNF93
ZSCAN18

TRANSCRIPTION FACTORSC

LOG2FC
≤-3
≤-2
≤-1

≤-0.6
≥-0.6

LOG2FC
≥3
≥2
≥1

≥0.6
≤0.06≤0.6

Figure 4. (A). Dpep upregulated genes associated with responses to interferons. (B). Dpep upregu-
lates genes associated with responses to hypoxia. (C). Dpep regulates multiple transcription factors.
DEGs in each category were compared across 6 cell lines.

3.10. Dpep Upregulates Genes Indicative of a Response to Hypoxia

Examination of Dpep-affected transcripts revealed upregulation in all lines of DEGs
that have been described as hypoxia-responsive (Figure 4B). While each line had a unique
pattern of regulated hypoxia-responsive genes, a number of such DEGs were shared
by at least three of the lines, including, for example, ANGPTL4, CA9, CXCL3, EGLN3,
IGFBP3, MIR210HG, NDRG1, SOD2, TREM1, and TXNIP. An ORA gene ontology analysis
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of biological processes indicated significant enrichment in the categories “response to
hypoxia” and “response to oxygen levels” in A375 cells, and in “response to oxygen levels”
in MCF7 cells (Figure S4). In consonance with this, the percentages of total DEGs identified
as hypoxia-responsive were 8.9% and 5.8% in A375 and MCF7 cells, respectively, and
between 2 and 3% in the remaining lines. One possibility is that such upregulation reflects
an oxidative stress response, and that this, in turn, contributes to elevated apoptosis. As
noted above, IGFBP3, which was upregulated in five of six lines, is able to promote tumor
cell death, as is TXNIP, which was upregulated in four lines.

3.11. Downregulation of Oncogenes and Upregulation of Tumor Suppressors in Response to Dpep

Additional scrutiny of the PLATE-seq data revealed cell-line-specific patterns of regu-
lated DEGs encoding proteins described in multiple studies as either oncogenes or tumor
suppressors (Figure S5). In each case, the oncogenes were downregulated and the tumor
suppressors were upregulated. Downregulated oncogenes represented 2–3% of the total
DEGs in all lines except MCF7 (0.7% of total). Each line had at least one oncogene that
was downregulated by 6–30-fold. For example, MERTK, implicated as an oncogene in
melanoma and other cancers [53,54], was downregulated in A375 (log2FC = −3.58) and
A549 cells ((log2FC = −2.08), while PLCE1, identified as an oncogene overexpressed in a
variety of cancers [55,56], was downregulated in MDA-MB-231 (log2FC = −1.98), MCF7
(log2FC = −4.31) and A549 cells (log2FC = −0.97). As is emblematic of many of the reg-
ulated oncogenes, knockdown of MERTK or PLCE1 has been reported to trigger cancer
cell apoptosis [53–56]. Although each line had a unique set of responsive oncogenes, as in
overall DEGs, MDA-MB-231 and A549 had a striking similarity in terms of shared DEGs in
this category (69/90).

Regarding DEGs encoding tumor suppressors, these were upregulated in all lines,
with at least one in each line elevated by ≥2.7-fold. While each line had a distinct pattern
of upregulated DEGs encoding tumor suppressors, several of such DEGs were upregulated
in multiple lines, including the aforementioned IGFBP3 (five lines); TXNIP and NDRG1
(four lines); and RAB37 and XAF1 (three lines). The upregulation of such genes by Dpep is
anticipated to negatively influence growth and survival.

3.12. Dpep Affects the Expression of Numerous Transcription Factors

Given the varied and context-dependent effects of Dpep on the transcriptome, we
considered how it might affect the expression of transcription factors. Exploration of the
PLATE-seq data revealed cell-specific patterns of multiple up- and downregulated DEGs
encoding proteins that regulate transcription (Figure 4C). In each case, the proportion of
such DEGs vs. total DEGs was 3–5%. All six lines had at least one such DEG upregulated
by at least eightfold: HCT116 (HOXD10, ZNF528); MDA-MB-231 (EGR2, EGR4, HOMEZ,
HOXA1, NFE2, PLAG1); T98G (PKNOX2, IF27); A375 (BEND5); A549 (GRHL2, NFE2, ZFPZ,
ZNF284); and MCF7 (ZNF577, ZNF208, PITX2, HOXB6). Four of the six lines also showed
at least one transcription factor downregulated by at least eightfold: HCT116 (PAX9);
MDA-MB-231 (LHX6); T98G (ATOH8); and A549 (E2F8, MYBL2). While each line showed a
distinct pattern of regulated transcription factors, there were several instances in which
specific transcription factors were similarly responsive across multiple lines. These were
IF27 (up in T98G, A549, and MCF7 cells); ZNF467 (up in MDA-MB-231, T98G, and A549
cells); FOXM1 (down in MDA-MB-231, T98G, and A549 cells); ID2 (down in T98G, A549,
and MCF7 cells); ID3 (down in T98G, A375, and A549 cells); MDX3 (down in HCT116,
MDA-MB-231, and A549 cells); and MYBL1 (down in MDA-MB-231, A549, and MCF7 cells).
Taken together, these observations indicate that Dpep triggers dysregulated expression of
multiple transcription factors in a context-dependent fashion. The presence of multiple
regulated TFs suggests a cascade that is initiated by interference with ATF5, CEBPB, and
CEBPD activities. This, in turn, may account in part for the large numbers of cell-type-
specific DEGs elicited by Dpep treatment, and, ultimately, for the effects of the peptide on
cancer cell growth and survival.
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3.13. Transcription Factor Enrichment Analysis (TFEA) Indicates Shared and Cascading
Transcriptional Pathways

To further probe the regulatory networks of transcription factors that might contribute to
the responses of cancer cells to Dpep, we carried out transcription factor enrichment analysis
(TFEA) using ChEA3, an enrichment tool based on “orthogonal omics integration” [19]. The
analyses were carried out using total DEGs for each of the six cell lines. ChEA3 provides two
outputs, the Mean Rank and Top Rank libraries. We focused on the top 10 ranked TFs in
each library and, in particular, on those that appeared in both rankings. We also looked for
highly ranked TFs that were common to multiple cell lines and whether they were regulated
in response to Dpep. An examination of the analyses (Figure 5) revealed that four lines,
i.e., HCT116, MDA-MB-231, T98G, and A549, showed strikingly similar lists of enriched TFs.
This was the case for both the comparison of the Mean Rank and Top Rank results for each
cell line and for the comparison of such results among the four lines. Particular TFs that stood
out included FOXM1, CENPA, E2F1, E2F7, ZNF367, PA2G4, and MYBL2. It is notable that the
four lines in which they were identified as regulators of DEGs were also the lines that showed
significant enrichment of downregulated cell cycle genes. Moreover, while the identified TFs
were not regulated by Dpep in all four lines, where they did appear as DEGs (particularly in
MDA-MB-231 and A549 cells), they were invariably downregulated.

Cancers 2023, 15, x FOR PEER REVIEW 10 of 17 
 

 

A549 cells); and MYBL1 (down in MDA-MB-231, A549, and MCF7 cells). Taken together, 
these observations indicate that Dpep triggers dysregulated expression of multiple tran-
scription factors in a context-dependent fashion. The presence of multiple regulated TFs 
suggests a cascade that is initiated by interference with ATF5, CEBPB, and CEBPD activities. 
This, in turn, may account in part for the large numbers of cell-type-specific DEGs elicited 
by Dpep treatment, and, ultimately, for the effects of the peptide on cancer cell growth and 
survival. 

3.13. Transcription Factor Enrichment Analysis (TFEA) Indicates Shared and Cascading 
Transcriptional Pathways 

To further probe the regulatory networks of transcription factors that might contrib-
ute to the responses of cancer cells to Dpep, we carried out transcription factor enrichment 
analysis (TFEA) using ChEA3, an enrichment tool based on “orthogonal omics integra-
tion” [19]. The analyses were carried out using total DEGs for each of the six cell lines. 
ChEA3 provides two outputs, the Mean Rank and Top Rank libraries. We focused on the 
top 10 ranked TFs in each library and, in particular, on those that appeared in both rank-
ings. We also looked for highly ranked TFs that were common to multiple cell lines and 
whether they were regulated in response to Dpep. An examination of the analyses (Figure 
5) revealed that four lines, i.e., HCT116, MDA-MB-231, T98G, and A549, showed strik-
ingly similar lists of enriched TFs. This was the case for both the comparison of the Mean 
Rank and Top Rank results for each cell line and for the comparison of such results among 
the four lines. Particular TFs that stood out included FOXM1, CENPA, E2F1, E2F7, 
ZNF367, PA2G4, and MYBL2. It is notable that the four lines in which they were identified 
as regulators of DEGs were also the lines that showed significant enrichment of downreg-
ulated cell cycle genes. Moreover, while the identified TFs were not regulated by Dpep in 
all four lines, where they did appear as DEGs (particularly in MDA-MB-231 and A549 
cells), they were invariably downregulated. 

 
Figure 5. ChEA3 analysis of DEGs induced by Dpep in six cancer cell lines. Transcription factor 
enrichment analysis (TFEA) was carried out by ChEA3 on total DEGs in each cell line. The top 10 
ranking results from both the Top Rank and Mean Rank libraries are shown for each line. For each 
cell line, the ranks and scores are given for each TF, as well as the numbers of lines in which the 
specific TF is ranked in the same library. If the TF is also a DEG in the given cell line, its degree of 

Figure 5. ChEA3 analysis of DEGs induced by Dpep in six cancer cell lines. Transcription factor
enrichment analysis (TFEA) was carried out by ChEA3 on total DEGs in each cell line. The top 10
ranking results from both the Top Rank and Mean Rank libraries are shown for each line. For each cell
line, the ranks and scores are given for each TF, as well as the numbers of lines in which the specific TF
is ranked in the same library. If the TF is also a DEG in the given cell line, its degree of regulation (as
log2FC) is also given. For each line, TFs that appear in both libraries are highlighted in yellow. Ranks
and scores for ATF5, CEBPB, and CEBPD are highlighted in green.

As is the case for other aspects discussed herein, the ChEA3 analyses of A375 and
MCF7 DEGs differed from those in the other four lines, and the scores tended to be less
robust. This underscores the context-dependent nature of the response to Dpep. One
intriguing observation was the appearance of HIF1A (hypoxia-inducible factor 1 subunit
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alpha) in the sets of lists for both cell lines, which may potentially be relevant to their
enrichment for hypoxia-related DEGs, as discussed above.

Another notable observation from the ChEA3 analysis was the inconsistent rankings of
CEBPD, CEBPB, and ATF5 and their generally low scores. This suggests the interpretation
that interference with their activities triggers a largely indirect cascade of downstream
alterations in TF activities that ultimately accounts for the patterns of the observed DEGs.
Consistent with this are the large numbers of Dpep-responsive DEGS that encode TFs, as
described above.

While the ChEA3 analysis did not provide consistent rankings for ATF5, CEBPB, or
CEBPD when total DEGs were considered, we observed that such an analysis of only
upregulated DEGs for each line returned enrichment scores in which at least one of the
three factors was in the top 50 TFs in both the Mean and Top Rank libraries (Figure S6).
In addition, for the upregulated DEGs, there was a reasonable concordance between the
two libraries for the rankings of CEBPB and CEBPD, as well as among those for various
lines. Among the TFs that were recurrent in the various libraries (in addition to CEBPB and
CEBPD) were IRF1, BLHHE40, GLMP, BATF2, STAT2, STAT3, PLSCR1, ATF3, RELB, JUN,
and JUNB. These observations support the idea that Dpep initiates a cascade of changes
in cellular transcriptional activity that is context-dependent, yet involves an overlapping
set of TFs. While some of these TFs were regulated in response to Dpep (in most cases
upwards) in some lines, this was not the case in all lines. Thus, the cascade may also move
by transcription-independent mechanisms such as post-translational modifications and
altered stability.

To conceptualize potential networks through which Dpep might generate a transcrip-
tional cascade by interfering with CEBPB/CEBPD activity, we used the TF co-regulatory
tool in ChEA3 to analyze the top 25 and 43 enriched TFs in both the Mean and Top Rank
libraries for upregulated DEGs in A549 cells (Figure 6D). Each analysis included CEBPB
and CEBPD and illustrated the complex interactions that can occur between these two TFs,
as well as others that may be involved in generating a cascade that ultimately leads to the
upregulation of multiple DEGs in this line.
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Figure 6. TF co-regulatory network, as determined by ChEA3 using the top 25 (A,C) and 43 (B,D) TFs
in the indicated Mean Rank and Top Rank libraries for upregulated DEGs in A549 cells. Positions of
CEBPB and CEBPD are indicated by red boxes.
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4. Discussion

The purpose of this study was to identify and compare the transcriptional responses
of multiple tumor cell types to Dpep, a cell-penetrating peptide designed to interfere
with ATF5, CEBPB, and CEBPD activity. We also inferred how such changes may lead to
the apoptotic death of cancer cells. We achieved this goal using PLATE-seq, a low-cost,
genome-wide mRNA profiling methodology which was initially applied for the purpose
of screening drug effects across single cell lines [12]. We achieved the highly significant
identification of regulated genes across multiple cell lines either exposed or not to the
same drug, and were able to accomplish this using frozen samples from lines harvested at
different times. We also found that six biological replicates were sufficient to identify DEGs
with high significance.

The overall finding was a context-dependent pattern of gene regulation that was
unique to each of the six assessed cell lines. Within this general diversity, however, there
were a number of shared regulated elements and pathways with the potential to negatively
affect cell growth and survival (Figure 7). There were also changes in expression in each
line of single genes with the potential capacity to disrupt cell growth and survival.

A common endpoint thus far of all cancer lines treated with Dpep has been the onset
of apoptotic cell death. At least two pro-apoptotic genes were upregulated by >twofold in
each line assessed herein. While each line displayed a unique set of such genes, there was
some overlap, with two pro-apoptotic genes, DAPK2 [57] and XAF1 [58], upregulated in three
of six lines. It was also of interest that the upregulated genes included several, including
TNFSF10 (TRAIL) and TNFSF14 (LIGHT), that participate in extrinsic apoptotic signaling. Of
potential relevance, a past study showed that CP-dn-ATF5, a cell-penetrating peptide that
targets CEBPB and CEBPD, sensitizes tumor cells to TRAIL-induced apoptosis [7]. Regarding
the downregulation of anti-apoptotic genes, fewer were detected. A notable observation was
a > fourfold downregulation of BCL2 in MDA-MB-231 cells. This correlates with a previously
reported strong downregulation of the BCL2 protein by Dpep and Bpep in this line [5]. While
many steps in the activation process of apoptotic pathways are non-transcriptional in nature,
taken together, these findings indicate that cell-specific regulation of pro- and anti-apoptotic
genes likely contributes to the mechanism by which Dpep kills cancer cells.
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Figure 7. Summary of context-dependent and shared transcriptional responses to Dpep treatment.

Analysis of the PLATE-seq data uncovered a number of Dpep-regulated pathways
and biological activity groups that can lie upstream of apoptotic activation. Four lines
showed substantial downregulation of genes identified by DepMap as being “dependency”
genes for those lines. Additionally, we found upregulation of multiple tumor suppressors
and downregulation of multiple oncogenes in all lines. Again, while all lines were affected,
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the patterns of the regulated genes were context-dependent and included genes regulated
in up to five of the six lines (IGFBP3), as well as those unique to each line.

Other regulated pathways and activities that may lie upstream of apoptosis initiation
were shared by subsets of the six lines. Gene ontology analysis identified four lines
as having significantly enriched downregulation of genes associated with various steps
involved in cell cycle and replication. Interestingly, the two lines not identified as having
enrichment for cell-cycle-related genes (A375 and MCF7), were found by gene ontology
analysis to show enrichment for hypoxia and interferon responses. These were also the
two lines that showed the highest proportions of co-shared DEGS after normalization. As
noted above, dysregulations of genes involved in the cell cycle or responsive to hypoxia, or
interferons have been described as promoting the activation of apoptotic pathways.

While our analysis has focused on pathways that show disruption by Dpep, it is
important to consider that the dysregulation of only a single gene may interfere with cell
growth and survival. The examples discussed above include depletion of replication-related
transcripts for CDK8 in Dpep-treated MCF7 cells and the downregulation of “dependency”
genes in susceptible cell lines. On the whole, the scenario emerges that in each cancer
cell type, Dpep sets in motion multiple streams of altered gene expression that have the
potential to culminate in apoptotic death.

How, then, might Dpep initiate such events? Interrogation of the transcriptome data
revealed that in all six lines, Dpep regulated numerous transcription factors. While the
patterns of the regulated TFs were context-dependent, it is also of interest that several were
regulated in three different lines. Among them was downregulated FOXM1, a well-studied
oncogenic TF with a variety of roles in promoting cancers [59,60], including through the
stimulation of cell cycle progression. The regulation of many TFs by Dpep suggested the
idea that the peptide triggers a cascade of context-dependent TF activity that ultimately
leads to the activation of apoptotic pathways.

Given the design of Dpep, it is anticipated that the induction of such a cascade might start
with altered expression of genes directly regulated by ATF5, CEBPB, and CEBPD. Notably,
ChEA3 TF enrichment analysis based on total DEGs for each line did not highly rank the three
factors, nor were their rankings consistent within or between cell lines. This is consistent with
a mechanism in which interference with ATF5/CEBPB/CEBPD activity initiates cascading
networks of downstream TFs that culminate in the production of the patterns of DEGs
observed herein. The application of ChEA3 analysis to only upregulated DEGs consistently
places CEBPB and/or CEBPD in the 50 top-ranked TFs. This enabled us to use the ChEA3
co-regulatory tool to produce a model of how a network of TFs might be interconnected with
CEBPB and CEBPD to generate the observed pattern of DEGs in A549 cells.

Regarding the inconsistent ranking of ATF5 in such analyses, this may reflect either
its relative lack of involvement in generating DEGs or the present paucity of information
regarding its transcriptional targets. For example, one report has indicated that ATF5 (and,
thus, potentially its dimerization partners, CEBPB and CEBPD) associates with a novel
DNA binding site [61]. In addition, ATF5 is reported to have roles in the mitochondrial
stress response [62] and in centrosome function [63], interference with which may also
contribute to the generation of DEGs.

Besides directly repressing the transcriptional actions of ATF5, CEBPB, and CEBPD, there
are several additional non-mutually-exclusive mechanisms by which Dpep might alter the
transcriptomes of cancer cells. For example, the absence of available ATF5, CEBPB, and/or
CEBPD may relieve competition for binding to DNA by other TFs, thus permitting an alternate
pattern of gene regulation. It also cannot be ruled out that Dpep associates with and serves as
an inhibitory decoy for TFs in addition to ATF5, CEBPB, and CEBPD [1]. Finally, as discussed
above, as in the case of ATF5, these TFs may also serve non-transcriptional roles, disruption of
which by Dpep would affect the cellular transcriptome.
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5. Conclusions

In conclusion, the transcriptomic data described herein indicate that Dpep promotes
the death of a wide range of tumor cells by setting in motion a cascade of TF-driven
changes in multiple molecular pathways that converge on apoptosis. These events are
context-dependent, yet fall into discrete sets of pathways shared by subsets of tumor cell
types. The pathways include upregulation of tumor suppressors; pro-apoptotic genes; and
genes responding to hypoxia, cytokines, and interferon. Downregulated pathways include
oncogenes; dependency genes; and genes involved in cell cycle regulation, DNA repair,
and cell survival.
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and pathway analyses of total DEGs for HCT116 and T98G cells shows significant enrichment of DEGs
related to various cell cycle events; Figure S3: Dpep downregulates genes associated with DNA repair;
Figure S4: Dep regulates genes associated with interferon responses and hypoxia in a subset of cell
lines; Figure S5: Dpep upregulates tumor suppressors and downregulates oncogenes with both context-
dependent and shared responses in multiple lines; Figure S6: ChEA3 Transcription Factor Enrichment
Analysis (TFEA) of upregulated DEGs induced by Dpep in six cancer cell lines; Spreadsheet S1: Shared
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