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ABSTRACT

The identification of disease genes (genes thahwimatated cause human
diseases) is an important and challenging problBroper diagnosis, prevention, as well
as care for patients require an understandingsefadie pathophysiology, which is best
understood when the underlying causative gene(g¢metic element(s) are identified.
While the availability of the sequenced human gemtwelped to lead to the discovery of
more than 1,900 disease genes, the rate of digeagediscovery is still occurring at a
slow pace. The use of genetic linkage methods kageessfully led to the identification
of numerous disease genes. However, linkage stadesultimately restricted by
available meioses (clinical samples) which resuliumerous candidate disease genes.
This thesis addresses candidate gene prioritizatrodisease gene discovery as applied
toward a genetically heterogeneous disease knowBaiaet-Biedl Syndrome (BBS).
Specifically, the integration of various functiomalormation and the development of a
novel comparative genomic approach (Computatiomdddgous Prioritization — COP)
that led to the identification @BS3 andBBS11. Functional data integration and
application of the COP method may be helpful towthalidentification of other disease

genes.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

The field of human genetics, often synonymous w#tical genetics, is
concerned with the study of hereditability of gén&ariations in humans, particularly as
it relates to human diseases. It is a field tlaat drained considerable momentum since
the pioneering work performed by Hersey and Chasaentify DNA (and not protein)
as the hereditary material in bacteriophages, #ndaiely all organisms (Hershey and
Chase 1952). Together, many scientific discovarekstechnological advances such as
advances in protein biochemistry and x-ray crystaiphic methods that led to the
elucidation of the DNA structure (Watson and Crl&63), and discoveries of restriction
endonuclease enzymes (Arber and Dussoix 1962; Damh&lathans 1971; Smith and
Wilcox 1970), polymorphic genetic markers (Landed 8otstein 1986), polymerase
chain reaction (PCR) (Mullis 1990), and DNA sequeg methods (Sanger and Coulson
1975; Maxam and Gilbert 1977) along with an intéioral effort in sequencing the
human genome - Human Genome Project (HGP), mambsdible to study genetic
origins of human diseases.

One of the major pillars of human genetics is tiel\s of disease genes and how
defects at the genetic level can lead to the oksedisease phenotype. This requires the
initial identification of the causative (diseaseng or genetic element, a process often
referred to as disease gene discovery, or theifdation of those genes or genetic
elements, that if mutated, cause human diseasase e initial discovery that sickle-
cell anemia resulted from a single amino acid stutgin in 1957 (Ingram 1957), only
1,952 genes (OMIM, August 15, 2006) have been ifiettto cause or be associated

with higher risk of developing human diseases.



Many factors contribute to the difficulty of thesdase gene discovery process.
The clinical phenotype(s) of a disease may oveunlilp that of another; the heterogeneity
of clinical phenotypes of a single disease canaadlor confound genetic studies; the
genetic contributions of a single gene or gendément may not provide strong linkage
signal(s) thus requiring the development of diffénmethodologies; finally, lack of cost-
effective high-throughput technologies for mutasibscreening all combine to serve as
strong impediments in the disease gene discovegeps.

Despite rapid advancement in the field of mediawer the last half century,
much of patient care is directed at the intermedptenotype or symptoms rather than
the underlying cause of disorders. This is pritgdrécause the lack of in-depth
understanding of disease states and pathophyseslogrhough challenging, there are
additional reasons for a focused effort on disegse discovery. Different diseases can
sometimes present similar phenotypes, potentialiging to misdiagnosis and/or
improper care. The identification of a diseaseegenuld allow for development of
diagnostic tests that will either confirm or reftite initial diagnosis. Knowing the
disease gene also allows for functional studidsetter understand the disease state for
disease prevention and may eventually lead to dewglopment. Thus, to effectively
prevent, diagnose and treat disease, one musidinstify the defective gene or genetic

element present in diseased patients.

1.2 Goals
Traditional disease gene discovery efforts haviedagdrimarily on cytogenetic

studies or the use of large and/or multiple famif@ genetic linkage mapping studies to



map the disease phenotype to genetic loci or iatervHowever, until relatively recently,
the combined lack of human genome sequence, scafddarge and/or multiple

pedigrees to allow for further interval delineatiand lack of densely-spaced informative
genetic markers have impeded the rate of diseas=djscovery, leaving some 1,542
disease loci mapped but the causative gene origatement unidentified (OMIM,
August 15, 2006).

The sequencing of the human genome (HGP), begte ilate 1980’s and
completed fifteen years later, helped usher ifdhecs’ era: an era founded on the
ability to interrogate the activities of thousamd<ellular components (e.g. RNA,
proteins) from a single experiment, owing to tedbgmal advances such as microarray
chips (Schena et al. 1995). These large-scaletefimdoubtly provide tremendous
resources upon which additional studies can bbdeyever, one of the major challenges
at hand is to sort and integrate these large dataeehat interesting, meaningful
information can be extracted and studied further.

Functional studies in model organisms ranging ftbenintestinal bacterium
Escherichia coli to the chimpanzeRan troglodytes are able to provide specific
mechanistic information on human diseases priméelyause basic biological features
are conserved between the model organisms and fsunviiith the availability of various
genomic sequences generated concomitantly alomgtietsequenced human genome,
comparisons at the genomic level between modehisges and humans may yield
additional insights. This process, also knownasarative genomics, has already been
applied successfully toward genome assemblies €8k et al. 2003; Pop et al. 2004) as

well as identification of regulatory elements (Kekt al. 2003; Bofffeli et al. 2003).



The primary goal of this thesis is to utilize theeady abundant existing
information from multiple sources, particularly thenome sequence of humans (HGP)
as well as other organisms to help prioritize cdati genes for disease gene discovery.
The combined use of comparative genomics and iatiegr of other sources of functional
information will be applied to a genetically hetgemeous disorder known as Bardet-

Biedl Syndrome (BBS).

1.3 Organization

The rest of the thesis will be organized as follo@hapter 2 will provide some
background on candidate gene prioritization metlasdsBBS. A novel comparative
genomics methodology, Computational Orthologousriization (COP), developed for
candidate gene prioritization will be outlined ih&pter 3. Chapter 4 will describe the
identification ofBBS3, including how the COP method played a pivotat i0lBBS3
discovery. Chapter 5 will describe the identifiocatof BBS11 with the integration of
multiple sources of functional information. Chapewill evaluate the phylogenetic
profile of some heterogeneous disorders in an attéondetermine if the COP method
could have contributed to the respective (disegseg discovery. Finally, conclusions

and future work will be presented in Chapter 7.



CHAPTER 2
CANDIDATE GENE PRIORITIZATION

2.1  Candidate gene prioritization approaches

The primary goal of disease gene discovery is terdene if a shared common
genetic feature(s) exist among disease patientsiandot found in healthy individuals
(at statistically significant frequencies). Mangtmods are available to assist disease
gene discovery efforts and can be categorizedimbamajor groups: knowledge-
dependent and knowledge-independent approaches.
2.1.1 Knowledge-dependent approach

Knowledge-dependent approaches are sometimesaefieras candidate gene
approach. The knowledge-dependent approach redghieeormation of specific
hypotheses involved in disease pathogenesis.bdgsed on these hypotheses that certain
genes or genetic elements are selected for mutatialysis. Successful applications of
knowledge-based approaches included the identdicaf the gene coding for the
enzyme phenylalanine hydroxylase (PAH), that whemated, cause phenylketonuria.
Phenylketonuria was long known to be caused by Bétitiency, however, theAH
gene eluded discovery until the use of antibodaesed against normal rat PAH enzyme
allowed successful isolation of human PAH enzymabd®n et al. 1982). Similarly, the
identification ofDNAI 1L, that when mutated, cause primary ciliary dysksé@CD), was
facilitated by the observation of axonemal defacthe biflagellated green algae model
organismChlamymonas reinhardtii that was similar to those observed in PCD patients

(Pennarun et al. 1999). The association of appfiptein E ApoE) E4 allele with higher



risk of developing late-onset Alzheimer’s disease wiscovered based on specific
hypotheses observed in Alzheimer’s patients (Coetlat. 1993). Interestingly, tie?
allele of the same gen®poE, is associated with decreased risk for developing
Alzheimer’s disease (Talbot et al. 1994; Cordaale1994). In sum, the candidate gene
approach can be powerful and cost effective ifityygothesis is correct.
2.1.2 Knowledge-independent approach

Knowledge-independent approach is often referrgabagional cloning (Collins
1992). Itis so named because this approach esjoo prior knowledge of disease
pathogenesis except linkage based on chromosowpailda. Two popular approaches
are linkage-based on cytogenetic methods and paopmmgenetic markers. The
processes are outlined in Figure 1.
2.1.2.1Linkage via cytogenetics

Human cytogenetics, a branch of genetics thatyrbalyjan with the determination
by Tjio and Levan in 1956 that normal human ce#lgehonly 46 chromosomes (Tjio and
Levan 1956), not 48, as was believed for the pres/tbirty years (Painter 1923). This
simple observation that established the normal mukaayotype helped pave the way for
numerous discoveries that included the cause ofrflo®yndrome due to trisomy of
chrosome 21 (normal individuals have only two cbros 21) by a French group in 1959
(Lejeune et al. 1959) and the shortened “Philadatpthromosome 22 found in chronic
myeloid leukemia (CML) patients (Nowell and Hunged 1960).

By collecting cells from disease patients and camgahem against those in
normal, healthy individuals, one can survey fofaténces between the two groups. The

resolution of cytogenetic methods increased sufiistily when staining methods
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\/
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Figure 1. Schematic illustration of knowledge-independsgmproaches toward disease
gene discovery.

developed by Torbjorn Caspersson and colleaguesmgnated the patterns of “light”
and “dark” bands that serve as unique markers atbrgmosmes (Caspersson et al.
1968). From this, Janet Rowley determined that®éladelphia” chromosome was due
to reciprocal translocation between chrosomes 22n@Rowley 1973). Even today,
cytogenetics continue to play a pivotal role. Kaypes from fetal cells extracted from
amniotic fluid are routinely screened for chromosbabnormalities. However, despite

the development of additional methods such as sovoelt hybrids (Harris and Watkins



1965; Ephrussi and Weiss 1965), fluorescence inhsibridization (FISH) (Landegent et
al. 1985), and continued increases in marker résolucytogenetic methods can only
detect gross chromosomal abnormalities (e.g. matgtdns), leaving defects affecting
<1 kilobases (kb) of DNA virtually undetectable.

2.1.2.2Linkage via genetic markers

Taking into account the characterization of thstfsequence specific restriction
endonucleases and how sequence length variatiohsr(prphisms) exist after cleavage
by these restriction enzymes, Solomon and Bodn@o$n and Bodmer 1979) and
Botsetein et al. (Botstein et al. 1980) suggedtedise of these restriction fragment
length polymorphisms (RFLP) as DNA (genetic) maskarfamily-based genetic linkage
studies. By analyzing the patterns of certain pagphisms in families with a (disease)
trait, certain genetic markers can be linked todisease.

Once again, a simple idea (observation) helped pevevay for disease mapping
of family-based studies. Similar to cytogenetiodsts, linkage-based disease mapping,
otherwise known as positional cloning, begins nibh wolymorphic genetic markers but
with something even more fundamental (Figure 1he ®bservation and/or
characterization of a shared inherited clinicalrmitgpe in a family is required before
clinical samples (e.g. blood, tissue samples) btaioed from both the diseased
(affected) members as well as normal (unaffectestnbers. Following the extraction of
DNA from clinical samples, genome-wide polymorpgenetic markers (e.g. short
tandem repeat polymorphism [STRP] markers) areieghpd DNA from both affected
and unaffected individuals. The resulting ordipaitern (haplotype) of the sequence

length polymorphisms in all affected individuale @ompared against those in



unaffected individuals. Those regions or interthi are found in common in affected
individuals and not in unaffected individuals avaleated further for statistical
significance based on family structure. The gsabiidentify chromosomal region(s)
that are linked to the disease phenotype.

A hypothesis first proposed by C.A.B. Smith desexdilbhe theoretical framework
for homozygosity mapping (Smith 1953). Homozygpsiiapping is a variation in theme
from traditional linkage methods. It is designedthe mapping of (Mendelian)
recessive traits in consanguineous families, paetrty rare disorders where clinical
samples are scarce. This method is based upgrehese that the region containing the
disease locus in offspring(s) with recessive dism@f consanguineous marriage(s) are
more likely to be in those regions that are homomggoy descent. The lack of complete
genome-wide polymorphic genetic markers imposetinapractical” obstacle (Smith
1953). Three and a half decades later, with thktyeof genome-wide genetic
polymorphic (RFLP) linkage maps more practical, d@nand Botstein revisited the idea
of homozygosity mapping (Lander and Botstein 198I#4)is powerful strategy has led to
the identification of many disease genes such iaslifeich ataxia (Ben Hamida et al.
1993) and Werner’'s Syndrome (Schellenberg et &2)19

Oftentimes, many studies are halted at this staga Yariety of reasons. The
statistically significant intervals found in affectindividuals are also found in unaffected
individuals, thus ruling out these intervals. Stimes, an individual may manifest the
diseased phenyotype due to a non-genetic causerfugonmental) in a phenomenon
known as phenocopy that can confound the studrelimay not be enough (affected)

samples to achieve statistical significant powHectively preventing further analysis
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due to high costs associated with studying multipgakly linked intervals. Typically,
the use of evenly spaced lower-resolution genonte\genetic markers (~10 centi
Morgans [cM]) serve as a first pass for linkagelgsis, however, there may be
extraordinary cases due to recombination eventsravine linkage is not easily
detectable.

Each of the handful of linked intervals is refirfedther with additional higher-
resolution markers to determine a single linkeditoor critical candidate interval. Due
to the density of these markers and/or the pedigfreeture (e.g. number of
samples/meioses, degree of consanguineity), thdidate interval mostly contains many
candidate genes from which to select for mutatisocedening. The laborious and time-
consuming task of physical mapping, the determomadif the gene locations and their
exon/intron boundaries, has to be performed bdfwse genes can be analyzed for
mutations. Prior to the HGP, this critical staitpe, selection of candidate genes for
mutation screening, was the major bottleneck ofthtée process. Two of the early
disease genes identified through positional clomegeCFTR andHD. Employing the
physical mapping methods of chromosome walkingjangbing, the cystic fibrosis gene
CFTR was finally determined in 1989 (Riordan et al. @p&fter initial linkage to
DOCRI-917, a DNA marker on chromosome 7, in 1985 (Tsui e1885). After initial
linkage (mapping) of Huntington’s Disease (HD)Y38 [D4S10], a DNA marker on
chromosome 4, in 1983 (Gusella et al. 1983), iklanother decade before HD was
attributed to unusually long triplet CAG expansiortheHD gene (The Huntington's
Disease Collaborative Research Group 1993). ShecelGP, with the exon/intron

junctions of most genes defined, the bottlenecksh&sed toward choosing which of the
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many candidate genes for mutation screening. Wélclinical samples serving as the
ultimate limiting resource, candidate gene seladtiecomes a crucial step in disease
gene discovery. ltis this step of candidate gatection and/or prioritization that this

thesis will address, as it pertains to BBS.

2.2  Bardet-Biedl Syndrome (BBS)

BBS is a pleiotropic, autosomal recessive disovd#r cardinal features of
retinitis pigmentosa, central obesity, postaxidiygactyly, cognitive impairments,
hypogonadism and kidney abnormalities (Bardet 182l 1922; Green et al. 1989).

In addition, BBS patients are also at higher risleveloping diabetes mellitus,
hypertension and congenital heart diseases (Hahealt 1988; Green et al. 1989;
Elbedour et al. 1994). Moreover, both intra- amei- family expressivity of the cardinal
features have been documented, a finding suggegtingtic complexity.

2.2.1 Phenotypic heterogeneity of BBS

The first description of the phenotypic manifestatof BBS was done by the
French physician Georges Bardet in 1920. In hi®Pthesis, he described a case
involving pigmentary retinopathy, obesity and pagtyly (Bardet 1920). Two years
later, in a German medical journal, a report doautend the observation by an Austrian
physician, Arthur Biedl, that found these phenosyps well as hypogonadism and
mental deficits (Biedl 1922). These were laterfcored by Rabb in 1924 (Raab 1924).
Since then, additional phenotypes have been ascibBBS patients, including diabetes

mellitus, renal abnormalities, hearing impairmeatthma, dental abnormalities,
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congenital heart diseases, and developmental d@taysett et al. 1988; Green et al.
1989; Elbedour et al. 1994; Beales et al. 1999).

Due to the wide spectrum of BBS phenotypes affgatiultiple organ systems,
the phenotypes of BBS patients often overlap witisé of different disorders. To help
with better diagnosis, Schachat and Maumenee peoipibe criteria of having at least
four of the five primary phenotypes (pigmentarynepaty, mental retardation, obesity,
polydactyly, hypogonadism) in order to be clasdifes BBS (Schachat and Maumenee
1982). This criteria was refined with the obseisabf high percentage of BBS patients
with renal abnormalities by Green (Green et al.998 include renal anomalies in the
primary phenotype as well as secondary phenotyypas as diabetes, congenital heart
defects and developmental delay (Elbedour et &l4;1Beales et al. 1999).

Based on phenotypic similarities, BBS has beeretydsked to Laurence-Moon
Syndrome (LMS), Mukusick-Kaufmann Syndrome (MKS)dkel-Gruber Syndrome
(MGS), and Alstrom’s Syndrome. BBS was initialgnsidered as a variation of LMS
and continues to be linked to LMS today. LMS wiest tharacterized in the late"19
century with major symptoms of mental retardatimgmentary retinopathy, obesity,
hypogonadism as well as spastic paraparesis, dststle weakness and rare
occurrences of polydactyly (Laurence and Moon 18&8KS patients have primary
features of hydrometrocolpos, congenital heartaefand postaxial polydactyly. The
first BBS gene identified was a gene that also ealdKS (Katsanis et al. 2000;
Slavotinek et al. 2000; Stone et al. 2000). MG#& niare but lethal disorder with the
characteristic triad of phenotypes: occipital gradocele, polycystic kidneys, and

postaxial polydactyly as well as hepatic fibrodeCke and Passarge 1971). A recent
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report identified mutations in BBS genes of MGSerats (Karmous-Benailly et al.
2005). Alstrom syndrome was first described bywe@sh physician in 1959 with
primarily phenotypes of obesity, deafness, pigmgntetinopathy, diabetes mellitus and
kidney abnormalities (Alstrom et al. 1959). AltlgbuAlstom syndrome is caused by
ALMS (Collins et al. 2002), which to date has not bassociated with BBS, the
significant phenotypic overlap between the two disos may indicate involvement of
similar pathways.
2.2.2 Genetic heterogeneity of BBS

The complex landscape of phenotypic heterogenéiBBS is complicated
further by the genetic heterogeneity of BBS. Tihkdge mapping of the first BBS locus
(BBX) revealed a large, inbred Israeli Arab Bedouinifathat was linked to
chromosome 16 (16921), however, a second, unreiabeed Arab Bedouin family was
excluded from the same region (Kwitek-Black eti&93). This finding was confirmed
by additional reports showing linkage to other oegiincludingBBSL to 11q13 (Leppert
et al. 1994)BBS3 to 3p12-13 (Sheffield et al. 1998BBSA to 150923 (Carmi et al. 1995),
andBBS5 to 2931 (Young et al. 1999).

Even with the linkage mapping of five BBS loci, timst BBS gene cloned was at
a sixth locus in 2000 that was facilitated by tlenmg of MKKS on 20p12 causing MKS
(Katsanis et al. 2000; Slavotinek et al. 2000; 8tenal. 2000). This is due to a
combination of various factors: small number digras, lack of sequenced human
genome, and low resolution of genetic markers.hwhie exception of the mapping of
the BBSL critical interval, strong linkage signal was actaid through homozygosity

mapping in “large” inbred families. Although sufient for a statistically significant
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linkage signal, the 8-12 affected individuals wea sufficient to narrow the interval
further. The lack of completed human genome (tkgsiring physical mapping)
coupled with low level of resolution provided byng¢ic markers prevented further
candidate interval refinement without large expandiof resources. The next year, two
other BBS gene88B2 andBB$4, were also identified by positional cloning appoioes
(Nishimura et al. 2001; Mykytyn et al. 2001). Sedpsent identification of additional
BBS genes, however, relied on sequence similaritii¢ three known BBS gend3BS1
andBBS7 show weak sequence similarityB8S2 (Mykytyn et al. 2002; Badano et al.
2003), whileBBS8 shows sequence similarity BB (Ansley et al. 2003). In a short
span of three years, six genes were identifiectse BBS, however, two additional loci
remained: th&BS3 locus on 3p12-g13, mapped in 1994 (Sheffield.e1294) and the
BBS5 locus on 2g31, mapped in 1999 (Young et al. 19293ummary of the eight
mapped loci and six cloned gen88§l, BB, BB, BBSG/MKKS, BBS7, BBSB), as of
2003 is shown in Table 1. Although the six clogedes all code for relatively large
proteins, they do not share protein domain sintitej making additional BBS discovery
(for BBS3 andBBS5) based upon sequence similarity difficult. Howewestead of
relying only on sequence similarity of any BBS geteone another, a methodology was
developed that utilizes the collective sequencelaiity of the BBS genes to prioritize
the candidate genes BBS3 andBBSb5 loci. This method is called Computational

Orthologous Prioritization (COP).



Table 1. Summary of the eight mapped loci of BBS as @30

15

Gene Gene Mapping Exons | Protein| Protein | Protein Cloning

name locus reference length | domain| similarity reference

BBS1 11913 Leppertet | 17 593 CcC None Mykytyn et
al. 1994 al. 2002

BBS2 16921 Kwitek- 17 721 CC None Nishimura e
Black et al. al. 2001
1993

BBS3 3p12-g13 Sheffield et
al. 1994

BBS4 15923 Carmietal| 16 519 8 TPR| O-linked Mykytyn et
1994 GIcNAc al. 2001

transferase

BBS5 2031 Young et al
1999

BBS6/ | 20pl12 Katsanis et | 4 570 Cpn60 | Chaperonin | Katsanis et

MKKS al. 2000; _Tcepl al. 2000;
Slavotinek Slavotinek et
et al. 2000 al. 2000

BBS7 4927 Badano et | 19 715 CcC None Badano et al.
al. 2003 2003

BBS8 14932.1 | Ansley etal.15 531 8 TPR | pilF Ansley et al.
2003 2003

=

Proteindomain abbreviations: CC, coiled-coil; TPR, teicapeptide repeat,
Cpn60_TCP1, chaperonin domain; pilF, pilus formatiomain.
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CHAPTER 3
COMPUTATIONAL ORTHOLOGOUS PRIORITIZATION

3.1  Overview of the Computational Orthologous Prioritization

(COP) approach

The COP method is a computationally iterative raglkapproach designed to
prioritize candidate genes for mutation screenihis method does not preclude the use
of other currently used prioritization methods tather is meant to augment the existing
prioritizations in the disease gene identificafpvacess. This process is depicted in

Figure 2, and described below:

Positive Megative
filter filter
species species
set set

S

Similarity Similarity G
filter (=Thy) filter (=Th.)

 J

Unfiltered | Ge
gene list

¥

h

L
Additional criteria G
(e.g., known Gea A ks i
genetic interval)
Gl:o._h =

Figure 2. General outlinef the candidate rankingocess. A list ofinfiltered genes
(Gc) canbe prioritized through set of positive filtespecies $.) on thebasis of a
similarityfilter threshold Th.), whichyields a subset @fenes G¢+) found inall positive
filter speciegS.). These can bierther screened with similarifiiter threshold Th.) ina
set of negativélter species §) toyield a more restrictiveubset of gene$s(..). Further
filtering continues byntersection £) with additionakriteria (A) to generatéGc. ). An
even moreefined set G- a) canbe obtained by intersectiig. A with Ge...
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. Initial determination o€andidate gene sé&.

. Selectiorof positive and/or negativaets of specie$, and/orS, based on training

gene se6:.

. Determination of thresholdsr similarity filters: Th, and/orTh., baseds:.

a. Similarity analysis of5; relative toS,, and selection of a similarity
thresholdTh,, whereby a subset of the gene&jexceedrh,. This subset
is referred to asG.".

b. Similarity analysis of5; relative toS, and selection of a similarity
thresholdTh., whereby a subset of the gene&iffiall belowTh.. This
subset is referred &s 'G.".

. Computational application déifters S, andS to candidate gene J6t.

a. Similarity analysis of5crelative toS;, andretention of candidates exceeding
Th,. This subset is referredds 'G..".

b. Similarity analysis of5. relative toS, andrejection of candidates falling
belowTh.. This subset is referred as 'G..".

c. Combination of similarityanalyses o6, relativeto S, andS, andretention of
candidates exceedifidp. as well as the rejectiaf candidates falling below
Th.. This subset is referredds 'G..".

. Applicationof additional criteriaA, for candidate gene ranking. Intersection of

thesubset of genes prioritized based additional caité; to gene subse(;, G,

Gc., andGe;.. This subset is referred&s 'Gga", "Ger A", "Ge- 4", @and 'Gei- A",

respectively.

a. Ultilizationof known or suspectdihkage interval(s).
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b. Utilizationof available expression information.
c. Utilization of animal model(s) information.
d. Utilizationof other annotations (e.gsene Ontology Consortium [GO]

(Ashburneet al. 2000), protein domain similarities).

3.2 Initial determination of candidate gene setG)

One key aspect of any disease gene discovery eftiré proper determination of
the candidate gene s&gf, namely, the set of genes most likely to conthose gene(s),
that when mutated, can result in the disease pieaotnitially, this is likely to include
all genes annotated in the human genome, howdneegltserved disease phenotype may
help narrow the starting set, such as in sex-lirkiedases, to genes on sex chromosomes.
Furthermore, additional prioritization criteria $uas positional, expression or functional

information can help reduce the number of gen&z.in

3.3  Selectionof positive (S:) and/or negativesets §.) of species

The fundamental basis of the COP method is thatispsharing conserved
structural and/or functional traits, such as tHat oirculatory system, tend to share genes
that underlie the biological processes responédrléhese features. Similarly, species
that do not share these features are less likedgntain these genes. Additionally, those
genes that are involved in the parallel structara/or functional processes are more
likely to be evolutionarily conserved and thereforthologous to one another.

Thus, using the presence or absence of biologeeailife(s) as a criterion, one can

readily identify two subsets of mutually exclussfgecies whose genomes/proteomes can
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serve as positive and negative filters. Theserfilact as reference standards against
which sequence similarities can be compared. TDséipe filter or species se§y)

consists of those species that share one or molegzal feature(s) whereas the negative
filter or species sety) contains those species that specifically lackeha@ological
feature(s). One good source from which to selezstructural and/or functional
characteristic(s) is from those (physiological)tiea(s) that are affected and/or defective
in diseased patients.

The association of a disease with functional fegg)r however, is not a
prerequisite for the selection of positive and/egative filters. The existence of
previously identified genes for the same or similisease(s) can also serve as a
partitioning factor. This is based on the notibattthe set of defective gene(s) which
lead to identical disease phenotype(s) are moedylio be involved in the same or
similar (defective) pathway. In short, there ave tifferent approaches on which to base
the selection of positive and/or negative speaé¢s. sfunctional feature(s) and/or

previously identified genes.

3.4  Determination of thresholdsfor similarity filters: Th,and Th., based on
training gene setG..

To validate the inclusion of speciesSnand/orS and set corresponding
thresholds for similarity filtersTh, andTh.), the utilization of a similarity analysis tool is
necessary to compare genesiyngainst those i6. and/orS. Although genome
sequencing projects are not expected to contimlefimtely, the current dynamic nature

of both the number of genomes available and thetaahimprovements of genome
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assemblies, dictate that the similarity analysid be both quick and sensitive. Two such
tools are BLAST (Altschul et al. 1997) and BLAT (#e2002) for the evaluation of
sequence similarities. As BLAT is a tool that es@yned to identify highly similar
sequences (>95%), it is more appropriate for theatien of orthologs in closely related
species. For the general detection of orthologswide range of organisms, BLAST is a
more suitable tool. Many parameters, ranging fpmrcentage identity, length of match,
to e(xpect)-values, inherent to sequence similamiglysis tools can be selected on which
to filter G.. The parameter chosen depends largel@oalthough generally e-values are
reflective of most parameters.

To effectively prioritize candidate genes, appraf@ithresholds need to be
empirically determined, oftentimes in an iteratigashion to accommodate new
information as it is generated. As genome asses\giet updated and/or known (related)
disease genes increase in number, the threshal&s f6h.) and/orS (Th.) can change
with each iteration. The establishment of propeesholds relies on the appropriate
selection of a separate set of geli@swhich consists of the training gene set, that is
distinct from those i15.. The set of previously known genes would ideb#yincluded
in G;, however, in diseases where no genetic heteragesasts, the use of disease
genes with similar phenotype and/or informatiomfriunctional studies may provide
some clues. For instance, the use of previouglgtiied genes involved in the
circulatory system may serve to identify additiogahes involved in similar pathway(s).
Alternatively, with proper selection f& and/orS based on functional feature(s), one
can generate a set of genes to establish threslooltte evaluation of the likelihood of a

set of genes to be involved in functional featyrer example, by setting organisms
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with circulatory systems & and organisms without circulatory system&asne can
apply the filters to generate a list of genes fuhich threshold values can be derived to
determine if genes with unknown function are likilybe involved in circulatory
pathways.

Once theG; is initially chosen, the next step is to geneeaphylogenetic profile
of the genes i, using the similarity analysis tool to determine #pecies that make up
S. and/orS. In other words, a phylogenetic profile is thefpe summary from
comparing the genes & against the genes/proteins from various genonesfpmes
with a similarity analysis tool. Preferably, theeuof a wide range of organisms from
different branches of the tree of life would alléav the identification of the most optimal
species to use, however, there may be cases wWieestudy restricts the number of
species analyzed. From a phylogenetic profileptiganisms that best distinguish (most
or all of the) genes iG; such that an inverse conservation profile exisigh(
conservation in some, low conservation in othems)tlaen designated & andS,
respectively. In the case where no inverse coaservprofile exists, a subset or all of
the organisms used can be selected for eith8r asS. The selection of multiple
organisms from different branches of the treefef livhile not necessary, would help
eliminate those genes that are specific to thatghdicular tree of branch. Furthermore,
an organism’s gene set (either predicted, verifoiedy combination of both), should also
be considered. Logically, the smaller the gengteetmore the enrichment for a certain
type of genes.

After selecting species belongingSoand/orS, the thresholds fd8, (Th.)

and/orS (Th.) can then be established. SettingTheand/orTh. is in essence setting a
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floor and/or ceiling against which sequences wittain level of conservation
(similarity) will either be retained or eliminatedin general, th@h, serve as the floor, or
the lowest allowed level of conservation such Hemjuences will be retained, while the
Th. is the ceiling, or the highest allowed level ohservation such that sequences will be
eliminated. Thus, the subset@fthat exceed3h. is G+ whereas the subset Gf that
falls belowTh. is Gi.. As the evolutionary relationship between theaaigms will most
likely be of disparate distance, there may be a heeestablishing species-specific
thresholds. Moreover, in those cases where e-vhfitiebution/rangés; genes used to
determineS; is relatively small and well-defined, for instanbetween values of 1e-200
and 1le-100, then a more string@&ht range can be set accordingly. However, a less
stringent criterion of a value rather than a rasgeeh as 1-e100 or even 1-80 (from the
previous example) can allow for the detection okthgenes that may be more distantly
related. Thus, the stringency of the thresholdarigely dependent on the
distribution/range of the phylogenetic profile béts; genes as well as the desired
sensitivity/specificity tradeoffs. As such, threkhestablishment may need to be
performed iteratively.

By comparing the genes (& against various organisms, one can choose the
proper speciess{ and/orS) and thresholdslp. and/orTh.) that best capture the
phylogenetic ‘signature’ of the genesGnso that it can be used in genome-wide
searches. Additionally, functionally related geaad/or organisms can also be used to
identify the thresholdsTh. and/orTh.) and appropriate speci€s. @nd/orS),

respectively.
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3.5 Computational application offilters S, and S.to candidate gene seg..
Together, with the appropriate selection of speageslters §. and/orS) and
corresponding threshold$i, and/orTh.), as well as the chosen sequence similarity
search tool, three different computational appioces of similarity analyses can be
performed on the candidate geneGgt These similarity analyses are designed to
prioritize candidate genes for further experimeatalysis and validation, such as
mutational screening. A less stringent criterigimes singular application of either
filters (S, or S) to G; the similarity analysis d&. relative toS., and retention of (high
conservation) candidates exceediig results in a subset referred to&s. Likewise,
the similarity analysis o6 relative toS, andrejection of (high conservation) candidates
falling belowTh. result in a subset referred@s. The most stringent criteria combines
the similarityanalyses o6, relativeto S, andS, andretention of candidates exceeding
Th, as well as the rejectiaf candidates falling beloWwh. to yield a compact subset
referred a$s¢... Additional stringency can be achieved in thosesasvolving two or
more species for eith&; and/orS, such that the retention or rejection of candislate
only performed when similarity analyses exceed@lts below for two or more species.
On the other hand, depending on the completenesquality of annotation of various
genomes, particularly in those cases involving tweore species in eith& and/orS,
a reduced stringency criteria can be made suchhibatandidate gene is kept (fa) or
removed (forS) by passing th&h, and/orTh. of only one of the two or more species in
eitherS, and/orS. In addition, species-specific threshold mayeséo increase
sensitivity and specificity of the desired candegat Although somewhat circuitous, the

genes inG; should be a subset G+, G¢., or G-
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3.6  Application of additional criteria, A, for candidate gene ranking.

Historically, the identification of disease genissaided by knowledge-based
hypotheses formed based on the incorporation ofipleisources of information to
prioritize candidate genes. As a result, the appbn of additional criterid, is an
essential step in the COP method. More specijictie application oA to G, G+, Ge.,
or G¢.. would result in more restrictive subs@sa, Ge+ A, Ge-a, OF Ges- A, respectively.
One primary resource, for example, is the use ofsmor suspected linkage intervals
from cytogenetic or genetic linkage studies, howeadditional resources such as those
on gene expression (from ESTs, microarray experisn&AGE, etc), proteomics data,
animal model information, interaction data, andctional annotations (e.g. Gene
Ontology Consortium [GO], protein domain similagg) all can combine to help

prioritize candidate genes.
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CHAPTER 4
IDENTIFICATION OF ARL6 ASBBS3

4.1 BBS and cilia

The genetic landscape of BBS at the end of 2008Istavith eight mapped loci
accounting for less than 50% of the BBS patientuaton (Katsanis 2004; Hichri et al.
2005; Nishimura et al. 2005). Within the eight ipeg loci, six genes were cloned
(BBSL, BBX2, BBHA, BBS6/MKKS, BBS7, BBSB), leaving two remaining mapped loci
(BB3 andBBb) (Table 1). It seems to reason that the existehsex known BBS genes
could potentially assist in the identificationBBS3 andBBS5. However, there is no
common shared sequence similarity among all six B&%s. BBS6/MKKS shows
weak sequence similarity to thesubunit of thel'hermoplasma acidophilum thermosome
(Stone et al. 2000), a prokaryotic chaperonin cemplith similarity to a eukaryotic
chaperonin called “tailless complex polypeptidgraomplex” (TRIiC) (Frydman et al.
1992). BBS4 and BBS8 contain multiple copies tteicopeptide repeat (TPR)
domains, which are thought to be involved in prof@iotein interactions. Additionally,
BBS8 also shows sequence similarity to a prokacymtF domain involved in pilus
formation and twitching mobility (Ansley et al. 200 Except for small regions of
sequence similarity in the form of coiled-coil dansin BBS1, BBS2, and BBS7, the
three proteins are considered novel proteins witnawn function.

Despite the lack of known protein function of tlve lenown BBS proteins, there
were three important clues linking the involvemehBBS proteins in cilia function.

First, the initial characterization of BBS8 foun888 proteins localized to the basal
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body, which is a centriole-like cylindrical struoéuthat nucleate cilia and flagella, of
ciliated cells (Ansley et al. 2003). Second, BB&5 also found localized to the
centriolar satellite of centrosomes and basal Isodigrimary cilia (Kim et al. 2004).
Finally, the first BBS mouse model of BBS, thaBBS4 knockout (ko) mice, exhibit
general cilia formation except for spermatozoadiky formation (Mykytyn et al. 2004).
Moreover, the absence of BBS4 protein did not gismitial formation of photoreceptor
outer segments, including the connecting cilidhegtphotoreceptors underwent cell
death due to apoptosis. Considering these cidacations, it was not a surprise that the
identification ofBBS5 involved cilia. Li et al. (2004) used comparatgenomics
(between ciliated and nonciliated organisms) testroiet the flagellar apparatus-basal
body (FABB) proteome containing 688 proteins. Qmp of the 230 proteins that
mapped to th&BSb critical interval were found in FABB: NM_024758
NM_152384. Complete sequencing of the coding regaf NM_ 152384 detected
mutations in BBS patients from four different faies, thus identifyind8B5.

The cilia connection is even more striking in ligithe phylogenetic profile of
the first six BBS genes (8BS was identified during the course of the studyabl€ 2
shows the expect value (e-value) from BLAST analgsimparing the known BBS
proteins against the proteomes from both prediatetiverified genes, hereafter referred
to as proteomes, of various genomes, ranging frenunicellular human parasites,
trypanosomesl{ypanosoma brucel [TB], Trypanosoma cruzi [TC]) to the vertebrate
rodentMus musculus [MM]. BLAST is a sequence similarity analysis tabht takes a
guery sequence as input, which in this case iptbein sequence of one of the six BBS

proteins, and compares it against the proteom#seadrganisms listed.
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The proteomes d¥l. musculus [MM] and D. rerio [DR] contain all six BBS
orthologues with highly significant e-values (catisig of mostly 0's — the best possible
value indicating the highest conservation), segegrmcent identity (>63%), and
similarity (>75%) to five known BBS proteins. Evére lower ciliated organism3 (

brucei, T. cruz, C. reinhardtii, andCiona intestinalis) showed significarg-values <€),

Table 2 Phylogenetic genetic profile of BBS protein sexoee similarities across
various genomes showing e-values obtained from BLA&alysis of human BBS
proteins against predicted protein databases ef ef €iliated (MM, DR, ClI, CE, CR,
TC, TB, DM) and nonciliated (SC, SP, AN, AT) orgsmis.

MM DR Cl CE CR TC B DM SC SP AN AT
BBS1 0.0 2e-82 | 1le-138 | 7e-64 | 3e-75 | 2e-73 | 6e-64 | 5e-64 3.1 25 11 3.2
BBS2 0.0 0.0 0.0 1le-85 | 6e-55 | 4e-98 | 1le-87 0.24 0.024] 0.13 3.0 11

BBS4 0.0 0.0 le-134 | 8e-11 2e-9 | 2e-80 | 3e-72 | 3e-55 5e-9 2e-7 1le-6 3e-18

BBS6/ 0.0 | 1e-130 | 6e-26 4e-8 2e-7 5e-18 2e-11  2e11  5g-13 53g-Pe-13 2e-8
MKKS

BBS7 0.0 0.0 0.0 1e-110 | 1e-115 | 3e-50 | 8e-41 2.0 0.16 0.62 1.3 1.8
BBS8 0.0 0.0 0.0 1e-109 | 1e-135 | 4e-92 | le-79 | 4e-53 2e-4 2e-5 4e-5) 2e-7
Estimated | 2.5 1.6 160 100 100 35 35 130 12 12 31 115

genome | G GB MB MB MB MB MB MB MB MB MB MB
Size

Matches showing high conservation (low e-values)maghlighted in pink.
Abbreviations: MM ,Mus musculus, DR, Danio rerio; Cl, Ciona intestinalis, CE, C.
elegans, CR, Chlamydomonas reinhardtii; TC, T. cruz; TB, T. brucei; DM, D.
melanogaster; SC,S. cerevisiae; SP,Schizoaccharomyces pombe; AN, Aspergillus
nidulans; AT, A. thaliana, MB, megabases (nucleotides); GB, gigabases.

percentdentity (>20%), and similaritg>40%) to BBS1, BBSBBS4, BBS7, and BBSS8.
So, instead of relying on sequence similarity of BBS genes to one another, the

COP methodology was developed and implementeck&advantage of the collective
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sequence similarity of the BBS genes to priorittze candidate genes in tBBS3 and

BBSb5 loci. This is further described in section 4.3.

4.2  Refinement of theBBS3 critical interval

TheBBS3 locus was initially mapped to a ~11 cM region oroamosome 3 in a
large, inbred Israeli Bedouin kindred in a studgttthowed the utility of using pooled
DNA samples for genetic mapping of human disord8reffield et al. 1994). The
availability of higher resolution STRPs allowedineiment of the interval to a ~5.3 cM
region in two affected individuals who were not farygous for all markers in the
original interval (Figure 3). This interval provealbe a region of below average
recombination, in part because the 16.9 Mb regetwéeen the flanking markers
(D3S1595 and D3S3655) crosses the centromere.y#iaalf the human genome (UCSC
Genome Browser) across tBBS3 interval revealed a minimum of 67 UniGene clusters.

Additional refinement of the locus has been retddy lack of other BBS3 families.

4.3 ldentification of BBS3 and BBS5 with the COP method
Here, each step of the COP method is describeidapgplies toward the
identification ofBBS3 as well as the detection BBS.
1. Initial determination of candidate gene set G..
To evaluate the genome-wide applicability of theFO®@ethod, the 21,184
predicted and verified human genes (as annotatéthbgmbl build 22.34a) were

chosen as the initial candidate geneGet
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Marker Lexus Genetic €M)  Physical (bg V-7 V27
GAT ABBE12 D353049 109.22 78,830.290 N
MId2BA D3S1254 110.82 82,860,300
AFM161>g11 D3S1276 111,89 85,177 250
UTE74 D3S1663 111,89 85,538,500
AFMP94z19 D3S1595 112.42 86,092,000
AFMEESDze D3S3671 11296 86,888,500
GATA13HB D3S2386 114.02 87,839 500
MId210A D3S1251 11402 95,558,000
ATC3009 D3S1752 11402 99,066,250
AFM1 26zc5 D3S1271 117.76 102,055,750
AFMEEZ7 ybi D3S365% 117.76 108,025,500
GATA11F06 D3S1753 117.76 108,173,750
AFN222x012 D3S13m@ 12483 108,873,500

Figure 3. Refinement ofjenetic localization of thiBBS3 candidate interval. Tlgenetic
map was obtainedom the Marshfield Medicallinic Web site, anthe physical map
distancesvere obtained from tHdCSC Genome Browser on the badishe July 2003
data release. Critical recombinat®rents are also illustratethe patient identification
terminologyis the same agas published previously (Sheffiedtial. 1994).

2. Selection of positive and/or negativesets of species: S, and/or S, based on training

gene set Gt.

Since there were already six known BBS genes,ihBBS proteins BBS1,
BBS2, BBS4, BBS6, BBS7, BBS8 were selected asr#ieing gene séb;. The
existence of orthologs of human BBS proteins indis¢éantly related invertebrate
roundwormCaenorhabditis elegans, suggests BLAST as a better similarity analysis
tool. Moreover, it also ruled out the use of ti@dgical structure “backbone” as a
partitioning factor. While many parameters canutiézed as a conservation metric,

including singular or combinatory use of e-valuesgentage identity (of match),
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and/or match length, analyses using BBS genes asamnple determined the use
criteria other than e-value did not exhibit improwent in sequence conservation
detection.

A phylogenetic profile of5; genes generated from similarity analysis with
BLAST in various organisms that are of differenbkenionary distance is presented
in Table 2. Of noteBBS6 do not have any orthologs in invertebrate orgasism
Interestingly,Drosophila melanogaster lacks orthologs (high conservation matches)
to BBS2 and BBS7, perhaps implying the specificealbs of ciliary related
components found in other lower organisms (e.g.@B). Ciliated structures are
only found in sensory cilia and the sperm in DMhatigh in CE, whose proteome
contains both BBS2 and BBS7 orthologs but lack8&4Bortholog, cilia is only
found in sensory neurons. Reasoning that the mvgervation seen in similarity
analysis of BBS4 against tii reinhardtii proteome was likely due to incomplete
annotation (the completé. elegans genome was sequenced in 1998, compared with a
sequence@. reinhardtii genome in 2003 (Li et al. 2003), it was obseryed &n
inverse conservation profile (high conservatioBBfS proteins in ciliated organisms,
little or no conservation in nonciliated organisnmsjive of the six BBS proteins
(BBS1, BBS2, BBS4, BBS7, BBS8).

This phylogenetic bifurcation based on the biolagstructure “cilia”,
coupled with recent functional studies that fourgS8 and BBS8 localized to basal
bodies (Ansley et al. 2003; Kim et al. 2004), proeaothe selection of “cilia” as the
partitioning factor. Remarkably, the high conséiora(as indicated by low e-values)

of BBS proteins in lower, ciliated organisms, pautarly in unicellular organisms
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such a<C. reinhardtii [CR], T. brucei [TB], andT. cruz [TC], suggests increased
enrichment or sensitivity of cilia-related and/d® genes with the use of these
genomes. Thus, the invertebra@sntestinalis [Cl], C. reinhardtii [CR], T. brucei
[TB], andT. cruz [TC] asS: andSaccharomyces cerevisiae [SC] and the land plant
Arabidopsisthalina [AT] as S were selected. Multiple organisms were chosen for
both S, andS to eliminate species-specific genes.
. Determination of thresholdsfor similarity filters: Th, and/or Th., based on G:.

Due to the high conservation (low e-values) eveuanicellular organisms
(e.g. conservation of BBS2 in TC with an e-valudef98), a single general
threshold for both Sand Swas chosen.

a. Smilarity analysis of G;relativeto S, and selection of a similarity threshold
Th,, whereby a subset of the genesin G;exceed Th,. Thissubset isreferred to
as"Gu".

An e-value of 9e-35 a@Bh. with a “less than” relationship was chosen,
this is slightly higher than the highest e-valu€ef41 (BBS7 to TB) to allow
for inclusion of “borderline conservation” candidagenes that may have been
otherwise eliminated. The gene suliSgtthat exceedh. includeBBSL,

BB, BBH, BBS/7, andBBSS.

b. Smilarity analysis of G;relative to S, and selection of a similarity threshold
Th., whereby a subset of the genes in G;fall below Th.. This subset isreferred
toas"G.".

Similarly, a “greater thanTh. e-value threshold of 1e-35 was chosen

with a “greater than” relationship (lowest e-vabfese-13 from BBS6
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comparison to SC) to specifically filter out thagnes with high conservation
to retain borderline conservation candidate gefdé® gene subsé&;. that
fall below Th. contains BBS1, BBS2, BBS4, BBS6, BBS7, and BBSS.
4. Computational application of filters S, and S to candidate gene set G..
Similarity analysis of5; relative toS, and/orS to yield three subsets of genes
G+, Ge., Ger-. Where appropriate, a high stringency criteribhaving high
conservation (e-value 9e-35) in all four organisms (Cl, CR, TB, and T&€ 5.
and/or low conservation (e-valaele-35) in both species &f (SC and AT) were
selected.
a. Smilarity analysis of G.relativeto S,, and retention of candidates exceeding Th..
Thissubset isreferred to as " Ge:".
Of the five genes i use for trainingrh,, only four 8BS1, BBS2, BBS?,
BBS3) remained in the 1,588 gene set that mak&ygTable 3). BB was
eliminated by the incomplete annotation of the €&Rglated genome. The list of
the 1,588 genes, hereafter referred to as the“sdt”. The cilia set of genes
include those genes involved in axoneme, the comgponent of ciliary
structures, such as dynein light chain (BI§ALI1), dynein intermediate chain
(e.g.DNAI2), dynein heavy chain (e.BNAH12), intraflagellar transport genes
(e.g.IFT88, IFT74) as well as genes found in eukaryotes such as thfdenases
(e.g.MAPK9, MAP3K1), DNA repair (e.gRAD51, MLH1) and molecular motors

(e.9.MYOTA, ACTB, TUBA2).
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Table 3. Ensembl genes from each stage of the comparggivemic approach.

All Ensembl genes S, filter S, andS
only filters
All chromosomes 21,184%) 1,588 G..) 114 G...)
BBS3 interval 62 G A BBS3 interval]) 4 (Ge+ pBBS3 interval]) 0 (Ge+-ABBS3 interval])

b. Smilarity analysis of G.relativeto S, andreection of candidates falling below
Th.. Thissubset isreferred to as " Ge.".

All six known BBS proteinsgBSL, BB, BBS4, BBS6, BBS7, BBS3)
were included in the gene subs&t along with genes coding for IFT (e.qg.
IFT122).

c. Combination of similarity analyses of G relativeto S, and S, and retention of
candidates exceeding Th. aswell as the rejection of candidates falling below Th.
Thissubset isreferred to as " Ge..".

The intersection dB.. andGeg. results in the most stringent $&t.. which
is intended to enrich for genes involved in cida,the similarity analysis relative
to S was designed to remove those essential and corgeraes to all eukaryotes.
Some of the 114 members, hereafter referred toessricted cilia set”, include
genes involved in IFT (e.¢FT88, IFT52), axonemal components (e[@NAH11,
DNALI1, DNAIL). Interestingly, members of the the tubulin tynedigase-like
(TTLL) family (e.g.TTLL4, TTLL7) and cAMP-specific 3',5'-cyclic
phosphodiesterases (eRIDESA, PDE4D) are highly enriched in this set.

Of note, two genes iG... (the cilia set) mapped to the BBS5 critical

interval: NM_024753 (ENSG00000123607) and NM_152384
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(ENSGO00000163093). Even though NM_152384 was ifilethasBBS5 by a
separate group during the course of our studyaléy to enrich (reduce) the
candidate genes in ti8BS5 candidate interval in a genome-wide prioritization
lends credence that the COP method may be usettiipe candidate BBS
genes. As none of the 114 gene&in mapped to th8BS3 critical interval,
additional criteria were employed to prioritize ttendidate genes in the BBS3

critical interval.

5. Applicationof additional criteria, A, for candidate gene ranking. Intersection of the

subset of genes prioritized based additional criteria, A, to gene subsets G, G+, Gc.,

and Gg:.. Thissubset isreferred to as"Ge A", "Ge+ A", "Ge- A", @aNd "Ger-a",

respectively.

a.

b.

Utilization of known or suspected linkage interval(s).

Utilization of available expression information.

Utilization of animal model(s) information.

Utilization of other annotations (e.g., Gene Ontology Consortium [ GOJ
(Ashburner et al. 2000), protein domain similarities).

Armed with the additional criteria from linkage éntal AIBBS3 interval]

applied toG, only 62 genes remained that makeG4p eessinterva]. From the

genome-widés. analysis, it was known théc: aeessinterval] IS @an empty set. Further

investigation determined that this was du@ha(i.e. Gc. aiessinterval] IS @lSo an empty

set) and noTh.. The candidancy of the four genes3n s eeszinterva) @S putative

BBS genes were evaluated based on additional furadtinformation. The four

genes ARL6, NIT2, WWP1, andPCNP) are listed in Table 4 by their Ensembl gene
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ID, gene symbol, gene description, protein domarhfanctional annotation. Based

on internal laboratory experiments A[experimentphich intracellular defects were

observed in zebrafish BBS models (Yen et al. 2@0@l) annotation from Gene

Ontology, A[GO],ARL6 was selected as the best candidate gene (i.eetg: oees

interval] Al zebrafish BBS models A[GO] CONtains only one geneARL6).

Table 4. Four genesGe+ aeessinterval]) IN theBBS3 interval that are highly conserved in
ciliated organisms.

Ensembl | Gene Gene Protein Domain Functional annotation

gene ID symbol | description

ENSGO000 | ARL6 ADP- ADP ribosylation Intracellular protein

00113966 ribosylation factor (ARF) transport, small GTPase
factor 6 mediated signal transductio

ENSGO000 | NIT2 Nitrilase Nitrilase Nitrogen compound

00114021 protein 2 metabolism

ENSGO000 | WWP1 | E3 ubiquitin WW domains and | Ubiqutin ligase activity

00189290 ligase HECT

ENSGO000 | PCNP PEST- PCNP Cell cycle

00081154 containing

nuclear protein

Abbreviations: WW, tryptophan-tryptophane domaHECT, homologous to the E6-
associated protein carboxyl terminus; PNCP, PESifatoing nuclear protein.




36

A 2}
LUnaftected K HH =] F 1 P |
Draffected
AARACAC COTCGAAT TCCART C
I LW, I it
I m'u*ﬂ fy /| My
HHRT-HI:CQTTBHHTTE:“HTE
312 bp
i .'. fi
J\ ;'.I'ﬂ WA AN 170 bp
142 bp
Alected K 2] I P 1
C
Esrn 1 28 28 a i 5 & T a a
Sze by = 79 59 190 B2 59 85 130 55 54
N :\/:\'/:\W
S8 () 1013 52 1300 11808 34 427 25840 3851 6197
HIZ2X

@

ARLE v (MM_0B2145: 1,408 bp) CC I T |

ARLS V2 (WM_ITTE7E: 1,368 o [— - EESS—
28

—_—
186 aa

Figure 4. BBS3 mutatioifR122X) detected inlarge Bedouin kindredd, Sequence
from an affectedhdividual from the Bedouifamily and a contradample, showing the
homozygou€£—T change that resulits premature termination abdon 122. Data for the
figure generated by A. FergusoB, Anexample of th@agl restriction enzyme digest
thatwas used to confirtine R122X mutation. Data for the figure generatgdbSearby.
Themutation results in thabolition of aTaql site within exon 7Following Tag|l

digestion ol PCR fragment containimxon 7, the wild-typallele is observed a&o
bands (142 bpnd 170 bp), whereéise uncut mutant allelgoduces a 312-bp fragment.
For the pedigree, tHetched symbols represent B&Sriers, as determined bgnetic
analysis; the filledymbol denotes an individuaith BBS; and thepen symbols are
unaffectedndividuals. The patient-identification terminologythe same asas
published previously (Sheffielt al. 1994), witlthe exception of th@, which denotes a
sample that was npteviously availableC, Thegenomic structure of th&RL6 gene is
shownwith the blue shadingepresenting the translated regidhe twoARL6 isoforms
that are produced kajternative splicing are shoviaelow. The location dhe R122X
mutation withinthe ARL6 gene isndicated in red.

4.4  Mutational analysis identifiesARL6 asBBS3
Mutational screening in all 13 of the BBS3 patigfpisrformed by Amanda

Ferguson of the Sheffield laboratory) detected msease mutation (€ T) that results in
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truncation of the last 65 amino acids (aa) of themal (186 aa) ARL6 protein and
confirms thatARL6 is BBS3 (Chiang et al. 2004). A representative chromaplr
showing the R122X mutation in an affected individgeampared to a control sample is
shown in Figure 4A (data generated by A. Ferguséinjure 4B depicts a restriction
enzyme assay (based on a Tagl site in exon 7Wdsused to confirm the mutation
(data generated by Charles Searby of the Shefabelaratory). AlthoughARL6 has two
isoforms derived from alternative splicing of ex@rthe R122X mutation lies in exon 7

and affects both isoforms (Figure 4C).

4.5 Identification of additional BBS genes using similacomparative genomic
approach

4.5.1 Identification of BBS5

The identification oBBS5 was briefly described above (section 4.3, COP

method 4C). Li et al. (2004) compared the humatgame to the proteomes of
C. reinhardtii asS; andA. thaliana asS with bothTh, andTh. at 1e-10 to
construct the flagellar apparatus-basal body (FAB®B}eome containing 688
proteins. Only two of the 230 proteins that mapjzethe BBSS5 critical interval
were found in FABB: NM_024753 and NM_152384. Cdeigp sequencing of
the coding regions of NM_152384 detected mutatior3BS patients from four
different families, thus identifying NM_152384 BBS5. Unlike the COP
method, in which th@h, andTh. were selected based on previously known BBS

genes (training gene set), the chosen e-valuehibligks (1e-10) of the
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comparative genomic approach employed by Li fLakt al. 2005) was not
based upon a training gene &gt
4.5.2 ldentification of BBS9

Nishimura et al. (Nishimura et al. 2005) choseatdd organisms. cruz
andLeishmania major asS,, Giardia lambia [GL], a flagellated eukaryote
without any of the know BBS orthologs (based onilsirity analysis comparing
the known BBS proteins against the predicted proteof GL), ands. cerevisiae
asS. 239 unique proteins were obtained from the diss@-value of 1e-37 as
both Th, andTh. and a stringency criterion in which proteins weliminated if
similarity analysis fulfilled “greater thanTh. in either GL or SC. By intersecting
these proteins with data from homozygosity mapwith high density [10K]
SNP chips), as well as reduced gene expressiBhsft/- mouse models, they
were able to identify the parathyroid hormone-respee B1 PTHBL) gene as
BBXO.

4.5.3 Identification of BBS5 using an alternative approach

Fan et al. (Fan et al. 2004) employed a differgategy to identifyARL6
asBBS3. Reasoning that the existence of a DAF-19 RaXdcription factor
binding site (X box) is found in the promoters 8f@. elegans bbs genes, they
detected 168 X box-containing genes that have hwrtanlogs. Three of these
mapped to the BBS3 critical interval and completgugencing of all three genes
detected different missense mutations in four sgpdamilies, thus identify

ARLG6 asBBS3.
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4.6 BBS andARL6

ARLG6 was not inGc. aiessinterva] due toTh. of 1e-35. Similarity analysis of
ARLG to SC and AT resulted in e-values of 1e-36 4e86, respectively. While a
decrease in stringency oh. to 1e-37, for instance, would result in eliminataf best
BLAST hit matches of CAA98769 (in SC) and AB87634rLAT), additional analysis
determined that those two proteins are considerbadlogs (i.e. the hits are reciprocal
best hits) and is reflected in the multiple aligminef ARL6 and the top hit (from
BLAST analysis) of various proteomes (Figure S5ptéNthat while the best BLAST hit to
(human) ARL6 in SC (CAA98769), AT (AB87634.1), aAtl (EAA66244) show high
protein sequence identity and conservation, thmiawgat residue 122 is not conserved in
SC, AT, or AN.
Despite the fact it took more than a decade toechdRL6, after an ~11 cM candidate
interval was first defined in 1994 (Sheffield et B994), the identification cARL6 as
BBS3 is considered a story of success. This is bedanserare, autosomal recessive
disorder such as BBS, the number of clinical samffeconjunction with densely-
spaced genetic markers) is crucial. The lack ditemhal families combined with a
reasonable number candidate genes (62) stalledidbevery effort. Only with
additional prioritization wa#&RL6 identified adBBS3. The use of comparative genomics
can be applied to speed up the rate of diseasedigrwery, particularly for BBS. This
is illustrated by a novel application of comparatgenomics in the identifications of
ARL6 asBBS3 using COP, oBBS5 andBBS using similar comparative genomic
methods. However, it is worthwhile to note thatngarative genomics was only one of

many components responsible for successful disees/ar each case. Using tBBS3
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Figure 5. Multiple alignmenbf ARL6 (HS_NP_115522) arttie corresponding best
BLAST hit in 11 othemodel organisms. The mutatii122X) is denoted bgn arrow.

Each sequends denoted by thirst letter of thegenus-species name, followeday
GenBankaccession numbéwhenever possible) orumique identifier (e.g.,
"DM_NP_611421'tefers to the proteirepresented by NP_611421ilre genome of

Drosophila melanogaster). Consensus residues are shamred; conserved residuase

shown in blueNumbers flanking sequences corresptnthe position othe residue

within eachsequence (excluding gaps). Abbreviatiares as follows: H3J1omo sapiens;

MM, Mus musculus; RN, Rattus norvegicus; Cl, Ciona intestinalis; DM, Drosophila

melanogaster; CE, Caenorhabditis elegans,; TB, Trypanosoma brucei; TC, Trypanosoma

cruzi; CR,Chlamydomonas reinhardtii; AN, Aspergillus nidulans;, AT, Arabidopsis

thaliana; and SC Saccharomyces cerevisiae.
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discovery with COP as an example, the COP methadonly successful when applied
to a mapped interval. This reduced the 62 caneliganes to 4. Only with additional
prioritization based on function annotation (GOntracellular transport) and zebrafish
BBS models didARL6 emerge as the best candidate gene. Thus, thevdiyoofBBS3
was made possible by the integration of multiplgrees of functional information.

While the specific function of ARL6 is unknown, ARLs the first BBS gene
with significant functional information. ARLG6 caaihs an ADP-ribosylation factor
(ARF/SAR) domain, which is named after the bestratizrized members of the family
ARF1, ARF6 and SAR1. Members of the ARF/SAR profeimily have been implicated
in the regulation of vesicle assembly and intradetltrafficking (D'Souza-Schorey and
Chavrier 2006). There are at least 50 memberseoARF/SAR protein family in the
human genome, thus ARL6 may perform a specialimadtion related to vesicle
assembly and intracellular trafficking. The fadzwatt ARL6 belongs to a protein family
with a reasonable number of members is consistehttihe seven identified BBS genes.
BBS6 has a weak similarity to chaperonin domairwlich there are many members.
BBS1, BBS3, and BBS7 contain coiled-coil domainjalihs a very common protein
domain. This is also true of TPR containing pregewhich include BBS4 and BBS8S.
Based on protein domain similarity, one generdestant can be made. BBS proteins
contain commonly found domains, perhaps refledtiegspecificity and scope of
phenotypes found in BBS patients. By building &istng studies of other ARF
containing proteins, the study of ARL6 may provileck insights into the

pathophysiology of BBS.
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CHAPTER 5
IDENTIFICATION OF TRIM32 ASBBS11

5.1 BBS11 family and linkage mapping

At the end of 2004, there were no more BBS mappédat intervals. Yet
mutation screening of the eight known genes ind#tat additional BBS genes and
mutations have yet to be identified. This canlpdm attributed to the limited number of
meioses that do not provide strong linkage sigalany single locus). However,
clinical samples of a new BBS family, hereafteeredd to as BBS11 family, was
identified in late 2004, giving rise to the poskipiof an additional BBS interval. The
pedigree of this small family is shown in Figure®his Israeli Arab Bedouin family is

highly consanguineous, as indicated by double bot& bars.
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Figure 6. Pedigree of the BBS11 family. Males are represstby boxes and females
are represented by circles. Affected individuatsshaded. Double horizontal bar
indicate consanguineity, or inbredness.



5.1.1 Clinical features of BBS11 family
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Table 5 lists the clinical phenotypes of the BB&drhily. The affected

individuals have BBS hallmark phenotypes includihgsity (high BMI), polydactyly,

retinitis pigmentosa, mental retardation, and geiefects.

Table 5. Clinical phenotypes of BBS11 family.

Fam | BMI HC BW Polydactyly/ RP/ blindness MR | Genital| Co-
ID (cm) (9) syndacyly defects | morbidity
V-6 2488 | 52.5| 4,500 Polydactyly right Night blindness, | MR | Micro- | s/p asthma
and left feet, RP penis
syndactyly, wide
and short forefeet
V-5 22.77 | 51.0| 3,500 No polydactyly, | Night and day MR
wide short blindness, RP,
forefeet cong. ptosis,
nistagmus,
bilateral
esotropia
V-4 26.78 | 51.5| 4,000 Polydactyly: left MR
hand (bifid %'
finger), right and
left feet.
Brachydactyly,
wide and short
forefeet
V-1 19.15| 52.5| 2,570
V-7 16.58 | 51.0| 3,250
V-8 13.19 | 48.5| 2,500
V-2 19.63 2,750
V-3 19.29 | 52.0| 3,200
V-9 13.87 | 50.0| 3,250 No polydactyly Night blindness MR s/p
RP craniosyno
stosis
surgery
Iv-1 | 27.70 | 51.0
IV-2 | 32.74 | 56.0

Abbreviations: Fam ID, family identifier; BMI, bodyass index; HC, head
circumference; BW, birth weight; RP, retinitis pigntosa; MR, mental retardation.
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5.1.2 Genome-wide linkage mapping

The high degree of consanguineity in the BBS11 fiamikes it a good
candidate for mapping the disease locus by homatygmapping. STRP genotyping
using 400 highlynformative STRP markers was performed by John Bddke
Sheffield laboratory. However, no informative STRKere homozygous in all four
affected individuals.

Reasoning that the density provided by STRPs (geardermarker density of
~10 Mb) was insufficient, the use of high-densityF5{$ingle Nucleotide
Polymorphism) microarrays for application towamkkge mapping was evaluated.
While the informativity of SNPs on the (Affymetrixj)icroarrays (average heterozygosity
of 0.3) as compared to those of genotyping STRR=éage heterozygosity of >0.7), is
much lower, it is anticipated the the SNP arrays@zercome this deficiency by using
large number of markers to achieve greater coveatifjeer resolution. To identify
homozygous regions consistent with linkage, four affected members of the BBS
family were genotyped witthe Affymetrix GeneChip Hindlll array (of the twdvp
100K set) containing7,244 SNPs (average intermarker distance ~47 king¢. SNP
genotyping was performed by John Beck of the Séldffaboratory.

In order to identify regions of homozygosity acraidour affected individuals, a
simple “homozygosity allowing for NoCalls” (HANCYiteria was implemented. As the
SNPs chosen for the SNP arrays are biallelic, tarréhree possible genotype states at
every SNP: AA, AB, or BB. Both genotypes of AA aBB are considered homozygous,
while an AB genotype is not. Additionally, as eagnotype assignment (“call”) is made

based on the detected fluorescence of twenty prabvesets for each allele, each
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genotype call is assigned a confidence value (@#yvéen 0 and 1, with O being the
highest confidence. Thus, for those SNPs, for whiclear SNP genotype (AA, AB, or
BB) cannot be assigned, a fourth “NoCall” statassigned (with high CVs) in its place.
For this additional genotype state, the HANC cig@xcludes any SNP genotypes
assigned with “NoCall” from being considered. ther words, the NoCall genotypes are
merely passive placeholders. Six examples illtisyghe HANC criteria are shown in

Table 6.

Table 6. Six hypothetical SNP genotyping examples (1#63trating the HANC
(homozygous allowing for NoCalls) criteria as apglio four individuals (V-4, V-5, V-6,
and V-9).

Example/ |V-4 V-5 V-6 V-9 Homozygous?
Individual

1 AA AA BB BB No

2 AA AB AA AA No

3 BB BB BB BB Yes

4 NC NC NC NC Yes

5 AA NC NC BB No

6 NC BB NC BB Yes

SNPs fulfilling the HANC criteria are considerednmazygous.

Briefly, SNP example 1 (second row) demonstrataswihile the SNP genotypes
across all four affected individuals (V-4, V-5, V#hd V-9, the identifier correspond to
those in Table 6) are homozygous, they do not sbargical homozygous SNP
genotypes (e.g. V-5 has AA compared with BB genetypV-6) and therefore would not
be classified as a homozygous SNP under the HAN&ier. Example 2 shows that
individual V-5 is not homozygous (SNP genotype &)A&nd thus the SNP would not be

classified as homozygous. Examples 3 and 4 iitsstwo instances in which the SNP
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genotypes would be considered homozygous. Exabhmeforces the idea behind
example 1 (AA in V-4 is not equivalent to the BBhggype in V-9), as well as the
“NoCall” (in individuals V-5 and V-6) exclusion ¢arion. This exclusion is also
demonstrated by the sixth and final example whetlbbySNP genotypes of V-4 and V-6
are ignored. Only the genotypes of V-5 and V-9ear@uated for homozygosity in the
final example and because both share identicaltgpadBB), the SNP genotype is
considered homozygous.

A “slice” of the homozygosity analysis based on HANC criteria can be seen in
Figure 7. First, each individual SNP is evaludtschomozygosity using the HANC
criteria. SNPs that are considered homozygoutharehighlighted in light yellow.
Next, the number of consecutative homozygous SBRS (based on the physical
location of the SNPs) and the total physical distafmucleotides) spanned by the CHS
“blocks” are computed.

Table 7 shows that individually (when including $edSNP genotype calls of
NoCalls), each of the affected individuals is hoggmus for >75% of the SNPs. On
average, the SNP genotype call rate was >96%, alydi@ SNP genotypes: (0.07%)
were found in common across all four affected siggi Not surprisingly, 32,63%

57%) SNP genotypes were homozygous in all fourcegtkindividualsa finding
reflecting the relative lack of informativity of $Nmarkers and the inbred nature of the
pedigree. Moreover, the breakdown for the four $dRotype states and their average
CVs conform to the expectation that the three mggorotype states (AA, AB, and BB)

have lower average confidence values than thobmGalls.
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Row # SNP ID Chr_|Physical Position| V-4 V-5 V-6 V-9 | CHS |Distance
55894 |SNP_A-1750306 | 9 116,488,409| BB BB BB BB 76

55895 |SNP_A-1755333 | 9 116,509,648| AA AA AA AA 77

55896 |SNP_A-1757186 | 9 116,516,683| BB BB BB BB 78

55897 |SNP_A-1667709 | 9 116,588,086 AA AA AA AA 79

55898 |SNP_A-1722169 9 116,696,339 AA AA AA AA 80

55899 |SNP_A-1722367 | 9 116,697,042] AA AA AA AA 81

55900 |SNP_A-1655002 | 9 116,775,274| AA AA AA AA 82

55901 |SNP_A-1663697 | 9 116,826,402| BB BB BB BB 83

55902 |SNP_A-1703674| 9 116,839,267 AA AB AA AA 0 2,417,023
55903 |SNP_A-1703824 | 9 116,839,541| AA AA AA AA 1

55904 |SNP_A-1705248 | 9 116,840,400, BB BB BB BB 2

55905 |SNP_A-1707130| 9 116,844,327| AA AA AA AA 3

55906 |SNP_A-1716030 | 9 116,873,283| AA AA AA AA 4

55907 |SNP_A-1648819 | 9 116,912,554 AA AA AA AA 5

55908 |SNP_A-1650539 | 9 116,922,433| BB BB BB BB 6

55909 |SNP_A-1650763 9 116,922,938 AA AB AA AA 0 82,892
55910 |SNP_A-1651055| 9 116,923,032| BB BB BB BB 1

55911 |SNP_A-1652677 | 9 116,926,080, AA AB AA AA 0 0
55912 |SNP_A-1706754 | 9 117,104,856| AA AB AA AA o]

55913 |SNP_A-1686273 | 9 117,214,464, BB BB BB BB 1

55914 |SNP_A-1686447 | 9 117,215,973| AA AA AA AA 2

55915 |SNP_A-1686587 | 9 117,216,436| AA AA AA AA 3

55916 |SNP_A-1688535| 9 117,240,430, BB BB BB BB 4

55917 |SNP_A-1693736 | 9 117,280,410| AA AA AA AA 5

55918 |SNP_A-1742600| 9 117,322,555| BB BB BB BB 6

55919 |SNP_A-1749396 | 9 117,351,252| BB BB BB BB 7

55920 |SNP_A-1749526 9 117,352,089 AA AA AA AA 8

55921 |SNP_A-1756958 | 9 117,383,760| BB BB BB BB 9

55922 |SNP_A-1647199 | 9 117,540,509 AA AA AA AA 10

55923 |SNP_A-1706304 | 9 117,632,530, BB BB BB BB 11

55924 |SNP_A-1706496 | 9 117,633,299| BB AB BB BB 0 418,066
55925 |SNP_A-1709944 | 9 117,640,621| BB BB BB BB 1

55926 |SNP_A-1710040 | 9 117,640,758| AA AA AA AA 2

55927 |SNP_A-1642730| 9 117,669,953] AA AA AA AA 3

Figure 7. A sample result from the SNP analysis basedentANC criteria. SNPs
fulfilling the homozygosity criteria across all foaffected siblings are highlighted in
yellow. Each row represents a SNP by its uniqeeatifiers (row number [#], SNP
identifier [ID], chromosomal location [Chr], andysical position (in nucleotides) as
well as the genotype calls from the four affectiétiregs (V-4, V-5, V-6, and V-9).
Tabulation of the number of consecutative homozggdhNPs (CHS, highlighted in
yellow) is stored the CHS column and the physicstithce spanned between the CHS
“blocks” is store in the Distance column.

Table 7. Distribution of the genotyping calls and thessaciated confidence values
(CV) in the four affected siblings (V-4, V-5, V-énd V-9).

Fam Genot | % of % of | AvgCV | %of | AvgCV | % of | Avg CV | % of Avg CV
ID yping | homozy | AA of AA BB of BB AB of AB NC of NC

rate gosity calls | calls calls | calls calls | calls calls calls

(%)
V-4 98 76 38 0.0072 | 36 0.0084 24 0.021p 2 0.3815
V-5 92 79 36 0.0150 | 35 0.0181 21 0.0358 8 0.4094
V-6 97 77 38 0.0092 | 36 0.011§ 23 0.0250 3 0.3832
V-9 99 76 38 0.0135| 37 0.0147 24 0.0146 1 0.0151

The consensus row refers to the average or sharedmiage (%) across all four
individuals. Abbreviations: %, percentage; Avgeiage; NC, NoCall.



Table 8 Top autosomal homozygosity regions, as ordeyetid number of consecutative homozygous SNP gpasty
(CHS) in the four affected individuals (V-4, V-5;6/ V-9, cut-off at 80 CHS) as well as the conssrtsamozygous regions
in all four affecteds, cut-off at 25 CHS. The @ise locus is shown in bold. Abbreviations: DISygtal distance

V-4 V-5 V-6 V-9 Consensus
Top Regions | chromosome bar | cHs | DIS Chromosome bar | CHS | DIS Chromosome bar | CHS | DIS | Chromosome bar | CHS | DIS Chromosome bar | CHS | DIS
1 15021.:-026.1 52; | 33.4¢ | 15q21.-q22 33t [ 15.7: | 15¢21.-025.¢ 50€ | 31.¢ | 12p11.2-q13.11 | 406 | 22.3¢ | 9g33.1 83 | 2.4¢
2 8021.1:-022. 35: | 17.6¢ | 4922.-q22 282 [ 10.7¢ | 9931.2q33.2 306 | 17.C | 8q21.1:-q22.2 387 | 18.8¢ | 16q16.: 50 | 0.9¢
3 9031.-q33.2 306 | 17.01 | 13931.-q31.: 241 [ 9.8t | 10922.-023.c 25¢ | 12.2 | 8q12.-q13.1 274 | 11.6¢ | 10q23.: 42| 0.9¢
4 12023.-24.2: 27¢ | 17.3¢ | 4921.2-922.1 216 | 757 | 9922.-q31.1 247 | 14.2 | 9922.3-q31.1 262 | 14.1: | 2p22. 34 | 1.2
5 4422.-q2¢ 261 | 10.1¢ | 8913.0921.1 19¢ | 6.1f | 6921-g22.1 168 | 7.67 | 12933.-q24.2: 237 | 13.9: | 8g13. 34| 0.6¢
6 8021.1-921.1¢ 22¢ | 8.07 | 13922.-931.1 175 | 5.68 | 6922.3-922.3 165 | 6.3¢ | 89143.-g21.1: 22; | 7.01 | 3p26.; 32 | 052
’ 8013.-021.1; 214 | 6.66 | 6q14.-q14. 17 | 6.1 | 622.-022.3 162 | 5.61 | 6g14.4916.1 216 | 7.8¢ | 2g21.: 30 | 2.9¢
8 6014.-q1E 205 | 7.8¢ | 8p21.:12 17¢ | 7.5¢ | 12913.1-q13.2 12¢ | 111 | 6916.-g13.c 21 | 7.9 | 2q24. 30 | 1.0
9 6p25.:-p24.¢ 19¢ | 6.51 | 8g21.1-g21.1¢ 16¢ | 5.5 | 8p23.; 114 | 1.1¢ | 9932-933.2 191 | 10.0C | 4gz1.27 30 | 0.67
10 15021 90 |3.1f | 6q16. 161 | 5.2¢ | 1p36.32p36.2: 104|104 | 12p12.:-p11.2: 191 | 6.8¢ | 9g31.: 29 | 0.98
1 13¢21.-032. 155 | 6.44 | 6p24.:-p22.: 105 | 4.2¢ | 8g21.1-g21.1: 191 | 6.6C | 6g16.: 28 | 0.6¢
12 1333.-033. 15: | 2.8 | 12q14.. 92 | 3.7€ | 10922.-q23.2 17¢ | 7.5¢ | 4p15.: 26 | 1.24
13 12023.-023. 152 | 7.0¢ | 15¢21.. oc_ | 3.1 | 6q14.-q14. 157 | 501 | 9g31.: 26 | 1.14
14 13g31.. 147 | 4.1€ 12p11.2:p11.2. | 13c [ 3.7z | 7q11: 25 | 1.6
15 3p14.-917 13z | 4.8¢ 6p24.:-p22.7 105 | 4.2¢
16 6p24.:p22.2 12€ | 5.0¢ 12q14.: 03 |3.7¢
17 1023.1-q23.2 115 | 4.91
18 10923.31 109 | 3.08
19 6014.-01¢ o8 4.1¢
20 2024.3 95 3.42
21 7015012 94 | a6:
22 9032-g33.1 93 3.41
23 15024.1-q25.2 |88 |8.78
24 9931.2-q31.3 88 |4.60

1%
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Due to the uninformativity of the SNP markers amel high degree of
consanguineity in the family, additional prioritian based on the number of
consecutative homozygous SNPs (across all fouctaffiendividuals) was performed to
yield consensus homozygous regions. Table 8 surn@saihe homozygous regions of
all four affected individuals as well as the cormenhomozygous regions. Fourteen
autosomategions were consistent with linkage based on hggusty of25 CHS in the
four affected siblings. The largest consensus lzygmus region (as defined by the
number of CHS) is a 2.4 Mb region in 9933.1 thatpanned by 83 CHS across all four
affected siblings. The next biggest consensus kgguous region is a much smaller
region (0.96 Mb) that falls in 16g16.3 and is spathby 50 CHS. Notably, three regions
(15921.3, 89g21.11, and 6q14.1) were highly homoaggn three of the four affected
siblings but failed to be prioritized as a consan®gion as a result of the fourth sibling
not sharing the region of homozygosity.

Next, in order to reduce cost associated with #eeaf high-density SNP
genotyping and to exclude homozygosity regions doarphenotypically normal
individuals, genotyping was performed (by J. Bemk)}the the four affected patients,
their unaffectediblings, and their parents with STRP markers inapped withirthe
fourteen regions of apparent homozygosity idertifig the SNRenotyping.
Genotyping with informative STRPs excluded all ¢ region as being linked to the
disease phenotype, a 2.4-kgion containing 83 consecutive homozygous SNPE(C
on chromosom®q33.1 (Figure 8). Of interest, this region caomég no STRPgom the
original 400 STRPs that were used for linkage asisly.ogarithm of the odds score

analysis (performed by Val Sheffield) using comglginformativemarkers within the
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2.4-Mb region reveals highly significdittkage with a maximum logarithm of the odds

score of 3.7®= 0).

V-1 IV-2 V-1 V2 V3 V4 V5 V6 VT
GATA163E04 i 2[7] 12 12 1 i 1t 1|1 1
GATA27B07 2|1 11 21 21 2f 11 il 11 2
GGAA16D02 1ls 15 11 11 1 s 55 5l5 1
D9S177 23 13 21 I 2 3 33 33 2
GGAT11B01 2p 1P 21 21 2 D b Wil 2
GGAT2B03 1P 1p 11 11 1 D b Wil 1
ATA42G04 2|1 201 22 22 2) 11 11 11 2
GATAG61E12 2|1 61 26 26 2|1 i1 11 1|1 2
D9S1802 33 13 31 31 3 3 33 33 3
D9S1811 23 13 21 21 2 3 33 33 5
GT(23) 117 517 15 15 1 7 du Y 1
GATA116F11 144 3l 13 13 1 4 43 B4 1
GGAA23B10 1P 1p 11 11 1 D b|1 bl 1
D9S103 13 13 11 11 1 3 31 33 1
D9S116 1 - 16 16 1 4 ale [ 1
D9S123 2p) 1R 21 21 2 R b|1 wl 2
GATA154A06  2[3| 303 2% 23 2 3] 33 O 2

Figure 8. Haplotype of 9933.1 in the nuclear BBS11 familthe haplotype segregating
with the disease phenotype is boxed in affectetvidals. Data for the figure generated
by J. Beck.

5.1.3 9033.1 Candidate genes and mutational analysis

Analysis of the 2.4-Mb homozygous region on chroomos 9 reveal®ur RefSeq
genes [pregnhancy-associated plasma proteiRA®PA, NM_002581), astrotactin 2
isoform a ASTN2, NM_014010), tripartitenotif (TRIM)-containing protein 32TRIM32,
NM_012210), andoll-like receptor 4 precursoflLR4, NM_138554)] and two
placental-specifigenes DIPLA andDIPLAS). No gene within the linked interval

showed sequence similarity to the proteomes ofahial eukaryotes such as CR or TB.
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Manylines of evidence suggeBRIM32 as the best BBS candidate genthe 2.4-
Mb interval. First, the expression patternfédM32is similar to the other known BBS
genes (Reymond et al. 2001; Frosk et al. 2002; ldbat. 2004). Seconthere are three
relevant knockout mouse models for genes withénlinked interval (no mouse model
exists forTrim32): Pappa (Conover et al. 2004Astnl (a paralog ofAstn2) (Adams et al.
2002), andrlr4 (Hoshino et al. 1999). The phenotypes of the mousdels of the three
genes are summarized in Table 9. Briefly, micénWappa’ show developmental
delays but are fertile, this is in constrast todbeence of flagella in the spermatozoa
observed in mouse modelsBBS2, BB, andBBS5. Similarly, mice withAstn1”
exhibit primarily neuronal defects which have neeb observed in the three BBS mouse
models. Finally, there are three transgene andkonoekout mouse models ofr4.
These models display general immunological defebish are not found in mouse BBS
models. In short, these three models do not hheagiypes thaesemble BBS mouse
models (Mykytyn et al. 2004; Nishimura et al. 20B64th et al. 2005). Third, functional
characterization of other TRIM proteins indicategalvementvith components of the

cytoskeleton, a finding consistent witte function of other BBS proteins (Kim et al.

Table 9. Summary table outlining the phenotypes obsenmvedouse models
of three of the four candidate genes inBBS11 candidate interval: Pappa,
Astnl, and TIr4.

Target Knockout/transgene model(s) phenotypes

gene

Pappa Smaller embryo size , slow growth, fertildaged bone
ossification

Astnl Reduced cerebellum size, abnormal Purkirje ce
morphology, reduced coordination performance oraRak

Tird Hyporesponsive to bacterial liposaccharide
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2004; Kulaga et al. 2004; Blacque et al. 2004)urffg in terms of being members of
protein families, both PAPPA and ASTN2 have onlg ather paralog (PAPP2 and
ASTNL1, respectively) while TLR4 has ~14 paralogs.cdntrast, TRIM32 belongs to a
relatively large protein family consisting of ~70 migers. TRIM32 membership in a
relatively large protein family fits well with thecent identification oARL6 asBBS3,
which itself belongs to the ~50-member ARF/SAR protamily. In protein families
with many members, it is generally believed thahemember performs functionally
similar but somewhat specialized role. Examplespefcializations are differences in
spatial (e.g. different cellular localizations) &ndtemporal expression (e.g. different
developmental stages). Given the specific yet+ongan system defects observed in
BBS patients, some of whom live past their sixtbadke, it seems to reason that genes
that belonging to large protein families (with sofuectional redundancies) may be
better candidates. Additionally, TRIM32 has bemplicated in apoptosis (Horn et al.
2004) which has been observed in the three BBS enamslels in which photoreceptors
degenerate as a result of apoptosis (Mykytyn étGf)4; Nishimura et al. 2004; Fath et
al. 2005). The observation of webbing of fingand goes in BBS patients may also
indicate incomplete apoptotic process that involE&dubiquitin ligases (which is a
predicted function of TRIM32). While any singlenfttional information described above
may not be sufficient to prioritize the four canaliel genes alone, however, based on the
combination of various functional informatiofiRIM32 was selected as the best
candidate gene.

DNA sequencing of the entire coding sequence andartsus splicgtes of the

six genes within the 2.4-Mb interval (performedAyFerguson and J. Beck) revealed a
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single potential disease-causing variant in the &fectedsiblings, a homozygous
transition (C388T) resulting in a prolite serine substitution at codon 130 (P130S) in
TRIM32 (Figure 9).The parents were heterozygous for the P130S adietkalfive
unaffected siblings were either heterozygous f@@&br homozygous for the normal
allele. No P130S alleles were detecatedi84 control individuals, including 94 Bedouin
Arab controindividuals and 90 ethnic diversity controls. Tgreline residuat position

130 was found in a conserved B-box domain of TRINBGure 10).
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Figure 9. RepresentativeRIM32 sequence A) Normal proline homozygote at position
130 (CCT). B) Heterozygous sequenc€) (Mutant serine homozygote (TCT). Data for
the figure generated by A. Ferguson and J. Beck.
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Figure 10. Schematic diagram of TRIM32 (653 residues). iMateal tripartite motif
(zinc RING finger, zinc B-box, and coiled-coil doms) and five NHL repeats (solid
boxes) are shown.

Mutation screening using single-straswhformational polymorphism analysis of

the coding sequence (dRIM32) in a panel of 90 BBS probands (performed by JkBec
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failed to detect any additional mutant alleles.didnal studies, described below, were

performedo validateTRIM32 as a BBS gene.

5.2 TRIM32 expression is strongly correlated with expressioaf other BBS genes
The tissue expression patternTéiM32 has been reported (Reymond et al. 2001,
Frosk et al. 2002; Horn et al. 20@#)d is similar to the pattern of expression of bthe
BBS genesExpression off RIM32 in the mammalian eye and hypothalamusnots
been previously evaluated. Northern blot analgaifRNA isolated from multiple mouse
tissuesncluding whole eye and hypothalamus with a 3' UIfRn32 probe was
performed by Ruth Swiderski of the Sheffield laltorg. The northern blot results
confirm an expression pattern similarother BBS genes, including expression in the eye
and hypothalamus.
Recent studies in humans and animal models havkmgeoarrayexpression
data from thousands of genes in combination getmome-wide polymorphism data to
search for loci controllingariation in gene expression (Brem et al. 2002;a8tkt al.
2003; Morley et al. 2004). This approach, kn@srexpression guantitative trait loci
(eQTL) mapping, demonstratéee correlation of expression of specific genefiwit
specificgenetic loci. A large-scale eQThapping study was performed by other
members of the Sheffield and Stone laboratory withoss of 120 Frats genotyped with
400STRPs across the rat genome to identify loci in@dlin regulatioof thousands of
genes expressed in the eye. In addition to e@&pping analysis, pairwise gene
expression correlaticamalysis of the microarray expression data wapedd by Todd

Scheetz and Kwan-Youn Kim of the Sheffield labomato identify genesvhose
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expression levels are highly correlated among ##1 animals. The pairwise
correlation analysis was performed to explore yyothesis that the genetic
permutations creatday the mapping cross would allow the detectionuoictional
relationships among genes because the regulatargansmshared by related genes
would likely cause their expressitmrespond to biological variations in a coordinate
fashion.

The Affymetrix rat 230.20 chip containing31,000 probe setgas used for the
experiments, and 19,000 probe sets, includitite nine known BBS genes amdm32,
were shown to be expressadhe eye and exhibit enough expression variadimong the
120 F, animals to allow for detection of significantlyreelatedexpression. Evaluation
of pairwise gene expression correlationthe eyes from the 12Q Fats revealed that the
expressiotevels of the nine known BBS genes were positizelyelatedvith one
another. Specifically, of the 36 possible pairvasmparisons of expression correlations
among the nine BBS genadl, displayed positive correlation and 21 of the 36
comparisonsvere individually statistically significant (Tabld®). The correlatioamong
the nine known BBS genes was determined by compénemean multiple correlation
coefficient of each gene individually the other eight, and the significance of thisiga
was assessdxry comparing it to 10,000 randomly selected setsid genesThe result
is highly significant P = 0.0027). This findinteads to the hypothesis that expression of
novel BBS genes shoub@ positively correlated with the known BBS gened suggests
an approach for prioritizing candidate BBS gengle pairwise gene expression
variation correlation of each gemmethe 2.4-Mb 9g33.1 candidate interval with theeni

known BBSgenes was examined. The only gene demonstragingisant positive
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correlation ofTrim32 was determined to H@< 0.0001based on a multiple correlation

coefficient of 0.72 betweéelrim32 and the nine known BBS genes and after correcting

forassessment of the multiple genes in the interval.

Table 10 Pairwise (Pearson's) correlation expression salaeong the 120 F2 rats
analyzed with Affymetrix expression arrays) betwésmnnine known BBS genes and
four genes in the 9933.1 candidate interval.

Gene | BBSl | BB | BBS3 | BBS4 | BBSS | BBSS | BBS/ | BBSS BBS | TRI PAPP | ASTN | TLR
Name 9 M32 | A 2 4

BBS1 1 0.59 0.44 0.41 0.47 0.43] 0.53 0.40 047 0.4®.36 -0.29 0.22
BBS2 1 0.71 0.41 0.69 0.55 0.73 0.72 0.68 0/58 30-0{ -0.38 0.35
BBS3 1 0.31 0.82 0.34 0.78 0.77 0.7 0.0 -0.170.18 | 0.28
BBS4 1 0.54 0.25 0.62 0.23 031 0.23 -0.08 -0.29.23
BBS5 1 0.34 0.79 0.65 052 063 -0.22 -0.28 00.3
BBS6 1 0.46 0.35 0.30 0.4p -0.24 -0.35 0.52
BBS7 1 0.65 0.57] 0.53 -0.16 -0.32 0.38
BBS8 1 0.58| 0.62 -0.25 -0.14 0.24
BBS9 1 0.49| -0.37 -0.30 0.14
TRIM 1 -0.44 -0.34 0.43
32

PAPP 1 0.27 -0.29
A

ASTN 1 -0.50
2

TLR4 1

Empirically, correlation values >0.48 are significatP < 0.05, and correlation values
>0.64 are significant & < 0.01. Data for the table generated by T. Sehaed K. Kim.

5.3

Knockdown of TRIM32 in zebrafish reveals BBS phenotpes

Recently, zebrafish BBS models have been develapedantisense morpholino

oligonucleotides (MOs) to knock down tlepression of BBS genes in developing

zebrafish embryos (Yen et al. 2006Wwo specific phenotypes were observed in common

with individualknockdown of known BBS zebrafish orthologs (bbsk&)h(i)

disruption of Kupffer's vesicle (KV), a transienliatedorgan involved in left-right
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40%
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15%
10%
5%
0% -

with KV defects

Control trim32 trim32 trim32 trim32
(n=45) MO MO + WT MO + MO +
(n=58) TRIM32 P130S D487N

rescue TRIM32 TRIM32

(n=49) rescue rescue

(n=78) (n=37)

MO / RNA treatment(s)

Percentage (%) of embryos

Figure 11 Representative KV phenotypes and summary ofafishitrim32

knockdown. A-D) Photographs of live zebrafish embryos at thetdd-3-somite stage.
(A) KV (dashed box) located in the posterior taillime representative control-injected
embryo. B) Control KV (arrowhead).Q) trim32 MO-injected embryo with a reduced
KV (arrowhead). D) trim32 MO-injected embryo with no morphologically visihé/
(arrowhead). (Magnificationg, x5; B-D, x10.) (E) Percentage of zebrafish with altered
KV (reduced or absent). MO refers to zebrafisim32 antisense MO-injected embryos.
In rescue experiments, WT, P130S, or D487N comgifull-lengthtrim32 mRNA was
coinjected with thérim32 MO. Controls were injected with an MO containing
mismatched bases to threm32 sequence. Thirty-six percenttofm32 MO-injected
embryos displayed KV defects, whereas only 2% atrod-injected embryos exhibited
KV defects P < 0.0001). Both WT humahRIM32 (4%) and the D487N allele (11%)
rescued the KV phenotype (not significantly diffgr&om controls); however, the P130S
allele (30%) failed to rescue the KV phenotype<(0.0001 compared with controls).
Data for the figures generated by J. Beck, Hsan¥&m and Marwan Tayeh.
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Control trim32 MO trim32 MO trim32 MO trim32 MO

(n=20) (n=65) + WT + P130S + D487N
hsTrim32 hsTrim32 hsTrim32
rescue rescue rescue
(n=36) (n=22) (n=20)

MO / RNA treatment(s)

Figure 12. Summary of the melanosome transport assay in Zelanafish embryos
injected withtrim32 MO with and without mRNA rescue. Control MO- amnan32 MO-
injected embryos were observed for melanosomepoahsesponse time after
epinephrine treatment. Embryos treated witim32 MO alone showed an average
response time of 178 s compared with an averager8dponse time for embryos treated
with the control MO P < 0.0001). Both WT humafRIM32 (103 s) and the D487N

allele mRNA (103 s) rescued the melanosome trahsigbect (not significantly different
from controls). The P130S allele (158 s) faileddscue the transport defeBt€< 0.0001
compared with controls). Data for the figure geted by J. Beck.

patterning, andii) delayof intracellular transport as determined by meagytine
intracellularrate of retrograde melanosome transport (Yen 0fl6). To determine
whetheknockdown of zebrafistrim32 results in similar defects, the zebrafish trim32
sequence was first identified by BLAST analysisigdiuman TRIM32 as the query
sequence and subsequently sequenced by J. Beekzebhafistirim32 is 62% identical
and 75% similar to the human proteiinockdown of zebrafisktrim32 with an antisense
MO flankingthe initiator methionine resulted in 36% of fishvimg abnormakV as

defined by a reduced KV diameter compared with rodimjectedembryos P < 0.0001)
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(Figure 11). This finding is consistemith those observed with knockdown of other
zebrafish BBS orthologuésange 25-40%) (Yen et al. 2006). In addition,ikinto
knockdowrof other BBS genesrim32-MO injected fish showed a delaynmelanosome
transport compared with controB € 0.0001)Figure 12). Both the KV and
melanosome transport phenotypes weseued when MOs were coinjected with normal
humanTRIM32 mMRNA(P < 0.0001) (Figures 11 and 12).

Of interest, a singl&@RIM32 missense variant (D487N) has begported to cause
limb-girdle muscular dystrophy ty@# (LGMD2H) (Figure 10) (Frosk et al. 2002). To
evaluate the known humdiRIM32 variants as BBS-causing mutations, expression
constructsndividually containing the BBS P130S allele and ttGMD2HD487N allele
were individually generated by C. Searby (Figure X0oinjection of the variant human
mRNAswith thetrim32 MO was performed by J. Beck to determine whethetamt
variants could functionally rescue both the KV dtfeand thenelanosome transport
delay. HumamRIM32 mRNA containing th€130S variant failed to rescue both the KV
defect and melanosortransport, indicating that the P130S variant resalian abnormal
protein. HumamRIM32 mRNA containing the D487N variant successfuflgcued both
phenotypes (Figures 11 and 12). In short, twotional analyses (pairwise correlation
in the eye eQTL study and zebrafish knockdown &sdue experiments) further support

thatTRIM32 is a BBS gene.

5.4 TRIM32 and BBS
TRIM32 was first characterized in a yeast two-hglstudy screenini@r proteins

that bind to the Tat protein, a protein that a¢egthe transcription of lentiviruses
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(Fridell et al. 1995). As a member of the TRIM taia family (of which there ~70
members in the human genome), TRIM32 containshheesl N-terminal domain
structurecomposed of a zinc RING finger, a zinc B-box, armbiged-coil domain found
in all TRIM proteins.The C-terminal of TRIM32 consists five C-terminaHN repeats
and is only found in one other TRIM protein, TRIM&hich also contains a filamin
protein domain. The BBS mutation (P130S) in TRIMBcts the N-terminal B-box
domain. The B-box domain is composed of ~40 aaspadned by eight ligands of
cysteines and histidines in the highly conserved-EH]-x7.12C-Xo-[CH]-X 4-C-Xo-C-X3.
6-H-X2.4-H motif. The proline mutated in the BBS11 fari#ythe 29 (of 4) residue
between the final two ligands. With their non-pplaydrophobic ring-based structure
(no free amino group), prolines are known for idtroing a ‘bend’ ini-helices. Thus, it
seems likely that a substitution by a polar, hytirlip serine residue (in place of proline)
may cause a change in the conformation of TRIM3&t&r its activity. Members of the
TRIM proteinfamily participates in a variety of cellular proses, including@poptosis,
cell growth, differentiation, transcriptional regtibn,and ubiquitination. Recent studies
show that TRIM32 has E3 ubiquitigase activity and binds to the head and necloregi
of myosinand ubiquitinates actin (Kudryashova et al. 2006plicating TRIM32 in
regulatingcomponents of the cytoskeleton, a function thatviell withthe observed
zebrafish knockdown phenotypes (Yen et al. 2006).

Of note is a previous report that a single TRIM32g®anse variarfD487N) is
associated with autosomal recessive LGMD (Frosk.€2002). Therare many
examples where different mutations in the same ganeesult in different disorders

(Bonne et al. 1999; Cao and Hegele 2000; Muchait.2000; Speckman et al. 2000;
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Eriksson et al. 2003). The TRIMBEBMD2H mutation lies in a different domain (C-
terminal NHL domainjhan the BBS mutation (N-terminal B-box domain).stédy of37
members of the TRIM protein family has shown thaatonor disruption of N-terminal
domains have differential subcellulacalization effects than those observed with
disruption ofC-terminal domains (Reymond et al. 2001). A recstmty determined that
theLGMD2H allele D487N did not affect the E3 ubiquitigase activitywhereas
disruption of TRIM32 coiled-coil domain reduced thiding affinity to myosin
(Kudryashova et al. 2005). The hypothesis thdedhtdomains of TRIM32 may be
involved in different processessspported by our study of the two different mutagiin
thezebrafish model system. Although the LGMD2H D48YiRNA is abldo rescue the
zebrafishtrim32 knockdown phenotypes, the P130QBNA does not rescue the zebrafish
knockdown phenotypes, indicatititat the P130S mutation disrupts aspects of thieipro
functionthat are not affected by the D487N variant.

Similar to the identification dBBS3, the discovery oTRIM32 asBBSL11 resulted
from the integration of multiple sources of funct@ information. The combined use of
the linkage interval (9933.1) from the high-den$StyP genotyping, the elimination of
candidate genes based on animal models and exgprgssifile of all the genes in the
BBS11 candidate interval, as well as existing fiomal information oriTRIM32 helped
to prioritize TRIM32 as the best candidate gene in the interval.

TRIM32 is the first BBS gene identified b involved in the
ubiquitin/proteasome system. This syst#rprotein degradation is a multistep cascade
that relies om series of enzymes to tag substrates with mudjuiton fordegradation

(Ciechanover 2005a; Ciechanover 2005b; Hershko;ZR05e 2005). The third enzyme
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in this seriesan E3 ubiquitin-protein ligase, of which there arany in thehuman
genome, is involved in the recognition and tranefemiquitin to the protein substrate.
Determination of substragpecificity provided by TRIM32 may help to expldire

highly specialized and multiorgagstem defects observed in BBS patients. Additiona

BBS genesnay be either direct or downstream targets of TRAM3
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CHAPTER 6
PHYLOGENETIC PROFILES OF SOME DISEASE PROTEINS

6.1 Introduction

The development of a novel application of compaeatjenomic approach (COP)
toward candidate gene prioritization has beenmedlin Chapter 3. This comparative
genomic approach has been shown to be powerftihéoidentification of BBS genes
(Chapter 4; Chiang et al. 2004; Li et al. 2004;hwisura et al. 2005). This chapter
explores the possibility of utilizing the COP matifor more general disorders. That is,
perhaps disease genes (proteins) causing disgasedhmn BBS have similar (though
not identical) phylogenetic profiles. To explohe tanswer to this question, the
phylogenetic profiles of several genetically hegenoeous diseases that involve ciliated
and nonciliated structures were chosen. In omleonhstruct the phylogenetic profile of
those disease proteins, the proteomes of 28 orgartlsat were available were selected.

These 28 organisms are listed in Table 11. Innessehe primary goal is to determine if

Table 11 The list of 28 organisms along with two-lettebeeviations used for
phylogenetic profile construction.

Pan troglodytes (PT) Daniorerio (DR) Caenorhabditiselegans  Trypanosoma cruzi
(CE) (TC)
Bos Taurus (BT) Takifugu rubripes (FR) Arabidopsisthaliana Tetrahymena
(AT) thermophila (TT)
Canis familiaris (CF) Tetraodon nigroviridis Aspergillus nidulans (AN) Chlamydomonas
(TN) reinhardtii (CR)
Mus musculus (MM) Cionaintestinalis (CI) Neurospora crassa (NC)  Entamoeba histolytica
(EH)
Rattus norvegicus (RN) Drosophila Saccharomyces cerevisiae  Dictyostelium
melanogaster (DM) (SC) discoideum (DD)
Gallus gallus (GG) Anopheles gambiae Leishmania major (LM) Phytophthora ramorum
(AG) (PR)

Xenopus tropicalis (XT) Apis mellifera (AM) Trypanosoma brucei (TB) Girardia lambia (GL)
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there exist conservation pattern(s) that can bectlsd through the phylogenetic profiles
of cilia related proteins. By extension, if suchaitern exists, then to assess if the COP
method could have contributed toward the discoeéthe disesase proteins (genes)

examined.

6.2  Cilial diseases

As the connection between BBS and cilia is somewvithatect (and unclear), an
obvious question to ask is whether those diseasesgencoding proteins (hereafter
referred to as disease proteins) that play a roédiated structures in humans have
similar phylogenetic profiles as BBS proteins. Thetile cilia from primary ciliary
dyskinesia (PCD) patients have been observed Wwithranal dynein arms (required for
normal motile functions) and irregular cilia besgduencies (Eley et al. 2005). Defects
in three proteins (DNAH11, DNAH5, and DNAIL) havedn identified to cause PCD.
Moreover, defects in additional proteins causentlest common hereditary kidney
diseases. The proteins causing nephronophthisisitN,, NPHP2, NPHP3, NPHP4,
NPHP5) and polycystic kidneys (PKD1, PKD2) haverbfeeind to localize to the renal
primary cilium (Menezes et al. 2004; Otto et ald20Wang et al. 2004; Yoder et al.
2002; Zhang et al. 2004). It is believed that edltbm that is generated by the principal
cell of the nephron extends into the tubule luneepdrform chemo- or mechano-sensor
functions. These principal cells play an importané and are responsible for water and
salt absorption. Thus, one would expect that tippsteins that cause PCD, NPHP, and
PKD to be highly conserved in ciliated organismd aat in nonciliated organisms.
However, this is not the case, as seen from FigjBreThe phylogenetic profiles of the
three proteins that cause PCD are somewhat unepéddtese three proteins show
overall high conservation (e-val9e-35, shown in pink in Figure 13) to all 28 pmtees,

even nonciliated organisms (e.g. NC and SC). Ngptalone of the three proteins are
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pt eval bt eVal |cf eval |mm_eVal | _eVal |gg_eVal |« eval dr_eval |fr_eVal tn_eval
DNAH11 0 0 0 1] 0 1] 0 0 0 0
DNAHS 0 0 0 1] 0 1] 0 0 0 0
DNAI1 0 0 0 1] 0 0| 2 00E-43|1.00E-143 0| B.00E-42
NPHP1 0 0 0 1] 0 0| 2.00E-152) 1.00E-155[1.00E-116| 2.00E-113
NPHP2 0 0 0 1] 0 1] 0 0 0 0
NPHP3 0 0 0 1] 0 1] 0 0 0 0
NPHP4 J.00E-28] 2.00E-34 0 1] 0[8.00E-149 0[5.00E-122 0 0
NPHP% 0 0 0 1] 0[5.00E-163| 3.00E-138| 5.00E-74 0.02 0.004
PKD1 0 0 0 ] 0 ] 0| 3.00E-8F 0 0
PKD2 o o o ] o ] o o o o

ci_eval creval  |dm_eval |ag_eVal |am_eval |ce eVal |at eval |an_eVal |nc_eval |sc_eVal
DNAH11 0 0 0 1] 0 0.02 0 0 0 0
DNAHS 0 0 0 1] 0 0.0s8 0 0 0| 2.00E-112
DNAI1 0] 1.00E-151|2 D0E-154|3.00E-133| 7.00E-17| 2 00DE-06] 3.00E-17| 2.00E-20] 3.00E-19| 8.00E-08

NPHP1 6.00E-08) 3.00E-06| 1.00E-05| 2.00E-05] 3.00E-19 0.042| 1.00E-04] 1.00E-04 500E-05| 1.00E-04
NPHP2 | 1.00E-142] 1.00E-52| 500E-52| 1.00E-44| 1.00E-47| 1.00E-200 2.00E-47| 1.00E-51| 3.00E-23| 3.00E-18
NPHP3 1.00E-36( 4.00E-35| 8.00E-35| 200E-35| 1.00E-36] 9.00E-17| 400E-25) 1.00E-48( Z200E-12) 2.00E-04

NPHP4 0 6.1 25 0.002) 1.00E-36 28 1 1.3 0.84|NOHITH

NPHP% H.00E-56 0.005 0.008 0.1a 0.0549 0.007| 2.00E-04 0.52 0.014 2
PKD1 2.00E-18) 9.00E-13| 2.00E-10{ 2.00E-10{ 2.00E-13 0.011] 2.00E-04 0.002 0.1& 1.3
PKD2 0] 2.00E-BS 043 0.007| 1.00E-87¢ 0.13] 3.00E-22 5.5 14 0.02

Im_eval |th eval |tc_eval |t eval eh_eval |dd_eVal |preVal |gl_eval

DNAH11 0.003 0 0 1] 0 1] 0 0
DNAHS 7.00E-05 0 0 0 0 0 0 0
DNAI1 4.00E-06) 3.00E-164| 2.00E-120| 8.00E-153| 9.00E-120| 8.00E-122| 1.00E-117| 8.00E-B2
NPHP1 4.00E-08 0.075| B.00E-08| 8.00E-04 0.063] 2.00E-04] 3.00E-04 0.28
NPHP2 1.00E-24 2.00E-40) 2.00E-19| 8.00E-36) 1.00E-19| 500E-20) 9.00E-21| 2.00E-58
NPHP3 0.001( 1.00E-16] 1.00E-36| Z00E-23] 3.00E-18| 1.00E-18) 1.00E-15| 1.00E-07
NPHP4 7.5 5.00E-43| 200E-33| 1.00E-80| 3.00E-04] 9.00E-06] 2.00E-05 0.58
NPHP% 048 0.028 1.3 0.003 0.091] 9.00E-05 0.013 1.8
PKD1 0.002( 5.00E-08 0.18] 3.00E-11 0.003 0.024 0.06 0.12
PKD2 1.7] 2.00E-32| 2.00E-07] 5.00E-08 0.25 0.44 0.063 0.1

Figure 13. Phylogenetic profiles of 10 proteins the caubal disorders, including PCD,
NPHP and PKD, against 28 proteomes that are frdéi@reint branches of the tree of life.
Each protein is represented by a row and each@raes presented by a column. The
conservation match between the human protein anddiresponding proteome is
measured by BLAST e-val (e.g. tb_eVal shows thaleesgmparison result to proteome
of TB). High conservation matches with e-g¥aé@e-35 is shown in pink.

conserved in proteomes of CE or LM. This may &gy attributed to incomplete
proteome annotation. In addition, DNAI1 orthol@ge not found in the proteomes of
AM, AT, AN, NC, and SC. This suggests that thection of DNAI1 is more cilia

related, as DNAI1 is not found in nonciliated orgams. Similarly, the high conservation
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(e-val of 0) of DNAH11 and DNAHS5 in nonciliated @gisms AT, AN, NC, and SC
indicate that the proteins may either be multifioral, that is, these proteins likely
perform non-cilia related functions in nonciliategjanisms, or that these proteins are not
tightly linked to cilia function.

The phylogenetic profiles of the seven known pgnst¢hat cause common
hereditary kidney diseases are somewhat randofinsedén proteins are found in
vertebrate proteomes (the lack of detectable astimle.g. NPHP4 in proteomes of PT
and BT are likely due to incomplete annotationas&d on the phylogenetic profiles of
the five proteins that cause NPHP, at least twogsar clusters can be made. NPHPL1 is
not found in the proteomes of invertebrates orquoans, indicating that the protein is
not an essential eukaryotic protein. The remaifong proteins exhibit intermittent
conservation to the proteomes of invertebratespaobzoans. Thus, there is no
conserved pattern among the phylogenetic profilth@$e four proteins. A similar non-
conservation pattern is also observed in the twteprs causing PKD. Like NPHP1,
PKD1 orthologs are only found in the proteomeseatebrates while PKD2 show only
partial conservation to proteomes of some invedatest

In light of the phylogenetic profiles of ten prwte involved in cilial diseases
evaluated above, the conservation patterns of BB®ips seem even more remarkable.
Overall, the three proteins involved in PCD exhgtrbng conservation to the proteomes
of the 28 organisms surveyed. This is in conti@$ihe conservation pattern observed for
those proteins involved in NPHP and PKD, which dmye intermittent conservation to

the proteomes of invertebrates and protozoans.

6.3  Retinal diseases
Retinis pigmentosa (RP) is caused by progressigerdeation of
photoreceptors. Photoreceptor cells are photasemsieurons that transduce light

signals into electrical signals so that these $&gcan be transmitted to the brain. Each
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photoreceptor cell is composed of four major congmbsr an outer segment that is
responsible for light absorption and electricahsiggeneration; an inner segment that
produces energy and synthesizes proteins; a c#yl (smma); and an axon for
transmitting electrical signals. Within the inrsgment lies a connecting cilium that
connects to the outer segment. It is throughrthrsow cilium that all the proteins (e.g.
visual pigments such as rhodopsins) needed byutes segment are transported.

It is estimated that the outer segment, whichfiised modified cilium,
experiences a high rate (10%) of protein turnovidrus, given the importance of cilia to
photoreceptors, phylogenetic profiles of diseas¢gums causing retinal disease were
constructed. The retinal phylogenetic profileseveonstructed based on disease proteins
annotated in the Retinal Information Network agathe proteomes of the 28 organisms
listed in Table 11. The Retinal Information NetWw@RetNet,
http://www.sph.uth.tmc.edu/Retnet/ ) is a comprehanresource that assembles all
disease genes (proteins) causing inherited redisatders. Figure 14 shows the
phylogenetic profiles of 114 unique retinal proteordered by their degree of
conservation with the highest conserved protein®pn High conservation matches
(sequence alignments at an e=v&le-35) are highlighted in pink.

Overall, some proteins (e.g. ABCC6, PEX1) seenetedsential for all
eukaryotes while other proteins are only founchim pproteomes of vertebrates (e.g.
RBP4, RP1). Clearly, no distinct conservationgrativas observed in the phylogenetic
profiles of the 114 proteins. However, thinkingttthese retinal phylogenetic profiles
are made up of many separate disorders, a cloagrsanof the phylogenetic profiles of
Usher Syndrome and Leber congenital amaurosis (&g performed. Usher
Syndrome is the most common inherited disorderrémilts in combined deafness and
RP. Individuals diagnosed with LCA suffer from eex vision loss at birth. The
phylogenetic profiles Usher Syndrome and LCA pregeare shown in Figures 15 and 16.

For Usher Syndrome disease proteins, all are coedén vertebrate proteomes (low
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Figure 14. Phylogenetic profiles of 114 proteins that cawdmal disorders, including
RP, Usher Syndrome, and Leber congenital amauagasnst 28 proteomes that are
from different branches of the tree of life. Egebtein is represented by a row and each
proteome is presented by a column. The conservatetch between the human protein
and the corresponding proteome is measured by BL&S4l (e.g. tb_eVal shows the e-
val comparison result to proteome of TB). High®emation matches with e-val9e-35

is shown in pink.

conservation matches of USH3A to RN and TN ardyikieie to incomplete proteome
annotation. Most are conserved in invertebratéspraes and only myosin 7 is

conserved in all 28 proteomes. The LCA diseasteepr® are conserved in all vertebrate
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and most invertebrate proteomes. Intermittent @magion is observed in the proteomes
of microbial eukaryotes. In sum, no disease-spegtiylogenetic conservation patterns
were detected in these diseases. Additional negeraent of the phylogenetic profiles
based on disease classification (e.g. Usher Syr&lronmode of inheritance (e.qg.
recessive) did not yield any conservation patternlzsserved for BBS proteins. Thus,
similar to the phylogenetic profiles of proteinsatved in PCD, PKD, and NPH, the
retinal phylogenetic profiles failed to yield “unig”’ conservation pattern(s) based on

either disease or mode of inheritance classifiaatio

pt eVal bt eval | cf eval | mm eVval| rn eval | gg eval | xt eval | dr eval fr eVval tn_eVal

USH1B 0 0 0 0 0 0 0 0 0 0
USH1C 0 0 0 0 0 0 3.00E-81 | 3.00E-35 0 1.00E-121
USH1D 0 0 0 0 0 0 0 0 0 0
USHI1F 0 0 0 0 0 0 0 0 0 0
USH1G 0 0 0 0 0 2.00E-172]4.00E-149| 1.00E-129]6.00E-142| 1.00E-143
USH2A 0 0 0 0 0 0 0 0 0 0
USH2C 0 0 0 0 0 0 0 0 0 0

USH3A 19.00E-123]5.00E-115|2.00E-114|2.00E-112| 5.00E-34 | 9.00E-93 | 8.00E-87 | 4.00E-77 | 1.00E-67 | 9.00E-16

ci_eval cr evVal | dm eval| ag eval [ am eval| ce eval | at eval | an eVal | nc eVal | sc eVal

USH1B 0 0 0 0 0 2.00E-160 0 1.00E-151]|9.00E-149| 7.00E-147
USH1C | 1.00E-14 | 1.00E-36 | 3.00E-30 | 3.00E-21 | 1.00E-15] 0.001 0.019 0.12 0.023 1.3
USH1D 0 0 0 0 2.00E-121 8.8 0.5 14 4.9 0.095
USH1F | 4.00E-65 | 7.00E-108| 2.00E-81 |2.00E-123| 3.00E-53 | 0.054 0.02 1 0.57 0.024
USH1G | 4.00E-44 | 2.00E-41 | 2.00E-41 | 5.00E-57 | 7.00E-10 | 1.00E-10 | 9.00E-14 | 1.00E-10 | 3.00E-08 | 6.00E-07
USH2A 0 3.00E-104|2.00E-112|2.00E-111|4.00E-111] 0.19 1.00E-19 0.15 7.00E-06 0.15
USH2C | 1.00E-18 | 2.00E-11 | 9.00E-10 | 3.00E-11 | 8.00E-12 3.3 6.00E-09 0.53 4.2 0.23
USH3A 0.79 11 6.9 3.5 3.2 2 3.6 2.7 3.3 4.6

Im eval | tb eval | tc eVval tt eval | eh eval | dd eval | pr eval
USH1B |9.00E-136|3.00E-147|1.00E-116{7.00E-141|8.00E-121]|4.00E-119{2.00E-103

USH1C 0.92 7.00E-06 1.1 0.06 0.51 0.53 0.64
USH1D 0.43 0.23 0.71 5.9 4.5 0.14 2
USHI1F 0.32 0.034 0.24 9.9 2.6 2.7 5.6

USH1G [ 1.00E-09 | 2.00E-11 | 3.00E-07 | 8.00E-13 | 3.00E-08 | 3.00E-08 | 7.00E-08
USH2A | 2.00E-19 | 2.00E-06 | 3.00E-26 | 7.00E-24 | 8.00E-09 | 3.00E-06 | 4.00E-15
USH2C 14 0.086 0.071 | 2.00E-13 0.27 1.8 4.8
USH3A 1.5 1.7 4.9 NOHIT!! 0.073 0.61 2.9

Figure 15. Phylogenetic profiles of 8 proteins that causbdét Syndrome against 28
proteomes that are from different branches of the of life. Each protein is represented
by a row and each proteome is presented by a colurha conservation match between
the human protein and the corresponding proteome&sured by BLAST e-val (e.g.
tb_eVal shows the e-val comparison result to proof TB). High conservation
matches with e-vat 9e-35 is shown in pink.
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If nothing else, the retinal phylogenetic profileghlight the effectiveness of
BBS candidate gene prioritization. Of the ten girtd that are highly conserved in
protozoans (e.g. TB, CR) and are not conservedngif(e.g. AN, NC) or the land plant
AT, six of them are BBS proteins (BBS1, BBS2, BBBBS5, BBS7, BBS8). Notably
BBS3 is considered highly conserved in nonciliadeganisms, based on e-val threshold
of 9e-35, and thus was not included in this groluixewise, this group excluded BBS6,

BBS10, and BBS11 as these proteins appear to lebvate-specific.

pt_eVal bt_eVal cf eVal mm_eVal |m_eVal gg_eVal |d_eVal dr_eVal |fr_eVal tn_eWal

RFE10 6.00E-129 0 0 0 0 0 0 0 0 0
RDH12 LCA4.00E-165| 2.00E-148| 9.00E-113|4.00E-142| 2.00E-142| 6.00E-105| 2.00E-67|7.00E-102| 4.00E-91| 2.00E-94
TULP1,RP1 0] 5.00E-113 0 0 0 1.00E-121]|2.00E-112| 2.00E-120| 6.00E-112| 5.00E-106
GUCY2D,G 0 0 0 0 0 0 0] 7.00E-119 0 0
CRB1.RF13 0 0 0 0 0 0 0 0 0 0
RPE65.RPZ 2.00E-126 0 0 0 0 0 0 0 0 0
AIPL1,LCAS 0| 3.00E-132| 3.00E-163| 2 00E-165| 2.00E-166| 3 00E-111] 9.00E-144| 2.00E-128| 5.00E-132| 4.00E-131
RPGRIP1.L 0 0 0 0 0| 3.00E-90(400E-122| 2.00E-06, 500E-89|1.00E-114
CR¥,CORD| 7.00E-68| 6.00E-93|4.00E-113| 3.00E-84|3.00E-113| 500E-17| 8.00E-57| 5.00E-56| 2.00E-49| 1.00E-46
LRAT 1.00E-121| 2.00E-102| 3.00E-106] 1.00E-91| 5£.00E-91) 6.00E-76| 400E-11| 1.00E-66] 500E-67| 2.00E-E7

ci_eval cr_eval dm_eval |ag_eVal |am_evVal |ce_eVal |at eVal an_eval |nc_eVal |sc_eVal

RP10 0 0 0 0|3.00E-161|1.00E-124|5.00E-176 0.007|6.00E-164 0
RDH12LCA 100E-63| 3.00E-76 500E-77| 3.00E-68| 400E-41| 3.00E-46| 200E-30| 200E-28 1.00E-31| 9.00E-19
TULP1RP1] 1.00E-93| 200E-90| 3.00E-88| 2.00E-36| 3.00E-83] 2.00E-41 046 0.03 0.017 0.051
GUCY2D,GY8.00E-121| 1.00E-148| 2.00E-150| 2.00E-123| 200E-113| 2.00E-21| 2.00E-37| 7.00E-10| 7.OOE-12| 2.00E-10
CRE1.RP13 0 0 0 0] 1.00E-126| 2.00E-05| 6.00E-38 02 0.082 015
RPEGSRPZY 1.00E-70| 3.00E-63] 2.00E-87| 8.00E-78| 7.00E-81| 3.00E-39 1.7] 2.00E-26| 6.00E-07 033
AIPL1LCA4 G.O0E-61| 8.00E-57| 1.00E-60| 2.00E-21| 6.00E-46| 400E-11| 2.00E-08] 4.00E-05 0.004 002
RFGRIP1,.LOT.00E-114| 5.00E-06] 500E-07| 2.00E-08] 3.00E-15| 3.00E-07| 5.00E-08] Z2.00E-04| 6.00E-10| 7.00E-08
CR¥,CORD| 6.00E-27| 8.00E-24| 300E-19| 800E-27| 3.00E-20| 800E-06| 3.00E-07 0.001] 4.00E-07| 1.00E-04
LRAT 5.1 0.076 4 59 0.17] 8.00E-04 0.19 Sk 086 16

Im_eVal [th_eVal |tc_eVal tt_eval eh_eVal |dd_eVal |pr_eVal [gl_eVal

RFE10 026|6.00E-162| 5.00E-66| S.00E-56|5.00E-137|6.00E-152|3.00E-155 0.66
RDH1Z2LCA 9.00E-39| 2.00E-40] 1.00E-49| 2.00E-253| 3.00E-19] 1.00E-16| 5.00E-28| 1.00E-04
TULF1,RP1 052| 6.00E-63] 1.00E-62| 1.00E-58 0.38 0027 2.00E-15 012

GUCY2D,G| 200E-14| 9.00E-34| 200E-22| 7OOE-50| 200E-10] 900E-09| 2.00E-07| 2.00E-09
CRB1.RP14 200E-08| 6.00E-12) 200E-17| 400E-13| 4.00E-06 0002 400E-11] 1.00E-26
RPEES RP2 19 0.07 1.1 9.00E-29 022 32 3 0.98
AIPL1 LCAS 0.024] 1.00E-07) 500E-09] 900E-07| 1.00E-04) 6.00E-06| 500E-04| 9.00E-08
RPGRIP1,.L( 7.00E-08| 1.00E-05| 4.00E-18 0.008| 2.00E-06) 3.00E-09| 400E-06| §.00E-05
CRX.CORD| 1.2 013 95 023 57 75 54 24
LRAT 0.85| 9.00E-07 057 6.4 061 079 g2 043

Figure 16. Phylogenetic profiles of 10 proteins that causker congenital amaurosis
against 28 proteomes that are from different braadi the tree of life. Each protein is
represented by a row and each proteome is preseynt@dolumn. The conservation
match between the human protein and the correspgmioteome is measured by
BLAST e-val (e.g. tb_eVal shows the e-val comparisgsult to proteome of TB). High
conservation matches with e-vabe-35 is shown in pink.
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6.4  Charcot-Marie Tooth Disease

The evaluation of phylogenetic profiles of cilidated disease proteins (sections
6.2 and 6.3) failed to identify any conservatiottgra(s) based on disease, disease
subtype, and mode of inheritance. Thinking thabhaps ciliated structures are
evolutionarily highly conserved, an evaluationlod phylogenetic profiles of disease
proteins affecting non-ciliated structure was perfed. Charcot-Marie Tooth (CMT) is
the most commonly inherited neurological disordéMT is characterized by
progressive deterioriation of muscles in the limibis is due to lack of (electrical)
signal (conduction) preservation in the axons afroes as a result of loss of myelin
shealth (insulation) or components of axon. Th@gquenetic profiles of CMT proteins
arranged by the disease subtype is shown in FiguréeMost CMT proteins are
conserved in vertebrate proteomes. Two proteingskn family member 1B (CMT2A)
and Glycyl-tRNA synthetase (CMT2D), are conservedli 28 organisms. Interestingly,
Ras-associated protein RAB7 (CMT2B) is only foundiumans. Thus, similar to the
phylogenetic profiles of the cilia-related proteexsamined in Sections 6.2 and 6.3, the
phylogenetic profiles of CMT proteins do not shemaservation pattern(s) based on

disease, disease subtype or mode of inheritance.

6.5 Conclusions

By examining the phylogenetic profiles of 124 pnose(including BBS proteins)

involved in cilia function, only a subset of BBSofeins (BBS1, BBS2, BBS4, BBS5,
BBs7, BBS8) exhibit a ‘specialized’ conservatiott@an. This pattern of conservation in
ciliated organisms, particularly those of microl@akaryotes (e.g. CR, TB), and non-
conservation in nonciliated organisms was not oleskm other disease proteins
evaluated. This can be attributed to several fact&irst, the number of genes (proteins)

that cause any particular disease may not be girffifor conservation pattern



Figure 17.

match between the human protein and the correspgmioteome is measured by

pt eval [bt_eval |gg eVal |cf eval |mm_eVal [rn_eVal |xt eVal |dr eval |fr_eval tn_eVal |ci_eVal
CMT1A 7.00E-69| 1.00E-62| 9.00E-49] 9.00E-65| 1.00E-60] 7.00E-61| 1.00E-47| 4.00E-35| 1.00E-29| 2.00E-35 0.037,
CMT1B |1.00E-106| 3.00E-99| 3.00E-25| 3.00E-90|7.00E-101]|3.00E-100| 9.00E-66|] 8.00E-39| 2.00E-17| 1.00E-39 0.72
CMT1C 5.00E-47| 5.00E-40] 5.00E-21] 3.00E-57| 8.00E-40| 1.00E-40| 4.2] 6.00E-08 0.27, 0.056 3.8
CMT1D 0| 0] 1.00E-56 (] 0| 0]5.00E-130] 3.00E-124| 8.00E-83| 4.00E-83| 7.00E-34
CMT1E 7.00E-69| 1.00E-62| 9.00E-49] 9.00E-65| 1.00E-60] 7.00E-61| 1.00E-47| 4.00E-35| 1.00E-29| 2.00E-35 0.037,
CMT1F 0| 0] 8.00E-167| 1.00E-174; 0| 0]3.00E-131]2.00E-109| 2.00E-98| 1.00E-94| 2.00E-59|
CMT2A 0] 0| 0| 0] 0] 0| 0] 0] 0| 0| 0]
CMT2A 0] 1.00E-175 0| 0] 0| 0| 0] 0| 0| 0| 0]
CMT2B 4.4|NOHIT!! |NOHIT! 8.8 3.5 7.AINOHIT!! 0.92 0.8 7 3
CMT2B1 |8.00E-141 0] 3.00E-129 0| 0| 0| 0] 1.00E-130|5.00E-158] 1.00E-156] 7.00E-49
CMT2D__ |3.00E-109| 0| 0| 0] 0| 0| 0] 0.007 0| 0| 0]
CMT2E 0| 0] 8.00E-167| 1.00E-174; 0| 0]3.00E-131]2.00E-109| 2.00E-98| 1.00E-94]| 2.00E-59|
CMT2F 2.00E-59| 5.00E-51| 1.00E-73| 2.00E-98| 1.00E-93] 1.00E-90| 3.00E-77| 2.00E-66| 2.00E-62| 4.00E-60| 3.00E-32|
CMT2I 1.00E-106| 3.00E-99| 3.00E-25| 3.00E-90|7.00E-101|3.00E-100| 9.00E-66| 8.00E-39| 2.00E-17| 1.00E-39 0.72
CMT2J 1.00E-106] 3.00E-99| 3.00E-25| 3.00E-90|7.00E-101]|3.00E-100| 9.00E-66] 8.00E-39| 2.00E-17| 1.00E-39 0.72
CMT2K 0]5.00E-126{1.00E-161 (o] 0| 0]4.00E-159|1.00E-141| 2.00E-96{5.00E-130| 6.00E-04
CMT2L 2.00E-105| 2.00E-100] 1.00E-69| 3.00E-67| 4.00E-99|4.00E-100] 2.00E-21]| 3.00E-50| 3.00E-46| 4.00E-48| 4.00E-20
CMT4A 0]5.00E-126{1.00E-161 (o] 0| 0]4.00E-159|1.00E-141| 2.00E-96{5.00E-130| 6.00E-04
CMT4B1 0| 0| 0| 0] 0| 0| (] 0| 0| 0| 0]
CMT4B2 0| 0| 0| (o] 0| 0| (o] 0| 0| 0| (o]
CMT4D__ |2.00E-117 0| 0| 0] 0] 0] 9.00E-165] 1.00E-130] 1.00E-146]2.00E-138|_8.00E-67
CMT4E 0| 0] 1.00E-56 (o] 0| 0]5.00E-130| 3.00E-124| 8.00E-83| 4.00E-83| 7.00E-34
CMT4F 3.00E-57 0] 2.00E-43 0] 0] 0| 5.00E-54] 8.00E-59| 2.00E-32| 9.00E-41| 7.00E-16|
CMTX 4.00E-159| 2.00E-144]3.00E-101| 5.00E-157] 5.00E-157| 5.00E-157| 2.00E-68] 2.00E-96/5.00E-101|1.00E-101| 3.00E-40
ci_eVal dm_eVal |ag_eVal |am_eVal |ce_eVal |at eval |eh eVal |dd_eval [an_eVal |nc_eVal |sc_eVal
CMT1A 0.037 4.9 0.43 0.82 13 5| 2.3 15 7.1INOHIT!! 7.4
CMT1B 0.72 0.45 0.086 0.076 0.011 4 2.9 25 2.4 3.9 5.4
CMTI1C 3.8 0.13 0.004|NOHIT!! 0.29 3.3| 2.00E-04 0.008 0.69 2.5 2.6]
CMT1D 7.00E-34| 1.00E-52| 7.00E-53| 1.00E-51| 7.00E-45| 1.00E-09| 2.00E-16|] 3.00E-19| 2.00E-16 1.00E-17| 9.00E-19|
CMTI1E 0.037 4.9 0.43 0.82 13 5| 2.3 15 7.1INOHIT!! 7.4
CMT1F 2.00E-59| 9.00E-28| 1.00E-21| 1.00E-22| 2.00E-31]| 4.00E-06| 2.00E-06|] 3.00E-04| 7.00E-05| 2.00E-04]| 4.00E-04
CMT2A 0| 0| 0| (] 0] 1.00E-65| 1.00E-54|3.00E-162|3.00E-129]2.00E-126] 2.00E-55
CMT2A 0| 0| 0| 0]2.00E-113| 6.00E-05| 5.00E-05| 0.006 0.012 0.001 0.009]
CMT2B 3 1.1 3.1|NOHIT!! 3.2 9.7 7.2|NOHIT!! [NOHIT!! 3.3 4.6
CMT2B1 7.00E-49| 1.00E-76] 5.00E-63| 5.00E-47| 3.00E-44]| 4.00E-06| 3.00E-08] 2.00E-07| 9.00E-08| 2.00E-07| 1.00E-06|
CMT2D 0| 0| 0| 1.00E-80 0| 0] 1.00E-156 0| 0| 0]2.00E-171
CMT2E 2.00E-59| 9.00E-28| 1.00E-21] 1.00E-22| 2.00E-31] 4.00E-06| 2.00E-06|] 3.00E-04| 7.00E-05| 2.00E-04]| 4.00E-04
CMT2F 3.00E-32| 5.00E-24| 1.00E-26] 1.00E-23| 6.00E-14 0.017 0.037, 0.35 0.12 0.42 0.092
CMT2I 0.72 0.45 0.086 0.076 0.011 4 2.9 25 2.4 3.9 5.4
CMT2J 0.72 0.45 0.086 0.076 0.011 4 2.9 25 2.4 3.9 5.4
CMT2K 6.00E-04| 3.00E-28| 1.00E-24 0.002] 3.00E-04| 1.00E-16 0.006 0.011]| 4.00E-04 0.065] 4.00E-04
CMT2L 4.00E-20| 1.00E-17| 5.00E-14| 2.00E-13] 1.00E-08 0.18 0.51 0.19 0.7 0.1 4.7
CMT4A 6.00E-04| 3.00E-28| 1.00E-24 0.002] 3.00E-04| 1.00E-16 0.006 0.011]| 4.00E-04 0.065] 4.00E-04
CMT4B1 0| 0| 0| 0]2.00E-135| 5.00E-84| 6.00E-80|1.00E-112 1.3] 1.5] 2.00E-69
CMT4B2 0| 0| 0| 0]/8.00E-119| 6.00E-25| 2.00E-32| 2.00E-36] 5.00E-13| 3.00E-13| 5.00E-15
CMT4D 8.00E-67| 8.00E-62| 1.00E-58| 2.00E-63| 1.00E-42| 7.00E-32 0.16] 6.00E-42 0.003 0.074 0.005]
CMT4AE 7.00E-34| 1.00E-52| 7.00E-53| 1.00E-51| 7.00E-45| 1.00E-09| 2.00E-16] 3.00E-19| 2.00E-16{ 1.00E-17| 9.00E-19|
CMT4F 7.00E-16] 9.00E-18| 1.00E-16| 2.00E-25| 1.00E-23| 1.00E-57| 4.00E-08| 5.00E-06| 7.00E-07| 8.00E-24]| 9.00E-10|
CMTX 3.00E-40|NOHIT!! 2.4] 0.96 1.2 0.14 1.1] 17 1.2] 0.89 1.2]
eh_eval |dd_eval [pr eval |Im_eVal |[tb eVal |tc_eval |tt eVal cr_eval _|gl_eval
CMT1A 2.3 1.5 0.51 15 1.2 7.8 0.64, 0.89 3.4
CMT1B 29 2.5 0.13|NOHIT!! 4.6 8| 7.6 5.9 5.7
CMT1C 2.00E-04 0.008 4.7 4.7 1INOHIT!! 0.03 0.57|NOHIT!!
CMT1D 2.00E-16] 3.00E-19| 6.00E-16 0.25 0.004 0.16/ 1.00E-18 0.002| 7.00E-04
CMT1E 2.3 1.5 0.51 15 1.2 7.8 0.64 0.89 3.4
CMT1F 2.00E-06] 3.00E-04| 1.00E-04| 3.00E-04| 1.00E-07]| 8.00E-07| 5.00E-06] 3.00E-06| 4.00E-05
CMT2A 1.00E-54|3.00E-162| 1.00E-95| 3.00E-89| 2.00E-82]| 2.00E-79| 1.00E-86] 1.00E-77| 5.00E-90
CMT2A 5.00E-05 0.006 0.25 0.023 0.04 0.2 0.024 0.031 0.048
CMT2B 7.2[NOHIT!! INOHIT!! 1.3[NOHIT!! 5.1 1.7 4.9|NOHIT!!
CMT2B1 | 3.00E-08| 2.00E-07| 5.00E-06| 1.00E-08| 6.00E-08| 2.00E-06] 7.00E-09| 4.00E-08| 4.00E-06
CMT2D 1.00E-156 0] 7.00E-176{2.00E-143| 6.00E-1447.00E-145] 1.00E-167[ 9.00E-76|8.00E-143|
CMT2E 2.00E-06] 3.00E-04| 1.00E-04| 3.00E-04| 1.00E-07| 8.00E-07| 5.00E-06| 3.00E-06| 4.00E-05
CMT2F 0.037 0.35 0.27 0.62 15 0.059 1 0.005 0.47
CMT2| 29 2.5 0.13|NOHIT!! 4.6 8| 7.6 5.9 5.7
CMT2J 29 2.5 0.13|NOHIT!! 4.6 8| 7.6 5.9 5.7]
CMT2K 0.006 0.011 0.007 0.019 0.009 0.021] 4.00E-05 0.076 0.47
CMT2L 0.51 0.19 0.03 0.44 0.072 0.042 2.1 0.006 0.98
CMT4A 0.006 0.011 0.007 0.019 0.009 0.021]| 4.00E-05 0.076 0.47
CMT4B1 | 6.00E-80|1.00E-112|1.00E-106| 3.00E-47| 3.00E-46] 4.00E-54| 7.00E-93 2.4 6.00E-49
CMT4B2 | 2.00E-32| 2.00E-36| 1.00E-36| 8.00E-28| 3.00E-24] 1.00E-27| 7.00E-35| 1.00E-12| 2.00E-26
CMT4D 0.16] 6.00E-42| 0.028| 1.00E-04 0.023 0.2 0.039| 3.00E-05 0.4]
CMT4E 2.00E-16] 3.00E-19] 6.00E-16 0.25 0.004 0.16/ 1.00E-18 0.002| 7.00E-04
CMT4F 4.00E-08| 5.00E-06] 2.00E-12 0.002| 4.00E-25| 7.00E-27| 6.00E-07| 1.00E-06| 8.00E-06
CMTX 1.1 1.7] 5 0.27 3.1 1.4] 13 8.8 2.2
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Phylogenetic profiles of the proteins that cabkarcot-Marie Tooth disease
against 28 proteomes that are from different braadi the tree of life. Each protein is
represented by a row and each proteome is presept@dolumn. The conservation

BLAST e-val (e.g. tb_eVal shows the e-val comparisssult to proteome of TB). High
conservation matches with e-vabe-35 is shown in pink.
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evaluation. The comparative genomic approach db BBndidate gene prioritizations
relied on at least six pre-existing BBS genes @)t Diseases such as PCD and PKD
have less than four genes identified to date. #althl disease gene discoveries may
allow for better conservation pattern detectioecdd, the exact functions of BBS
proteins remain poorly understood. Thus, the piphetic profile of BBS proteins may
reflect a property (e.g. clinical, mechanistic)tthas not yet been uncovered. A better
understanding of why a subset of BBS proteins gsueh striking conservation pattern
may also aid the analysis of phylogenetic profiésther disease proteins. Third, the
phylogenetic profiles were constructed based oarg@8nisms that were available at the
start of the study. The incorporation of additigm@teomes that have since been
completed (updated) may provide additional insightts other disease proteins. Finally,
the phylogenetic profiles constructed here prowdly a partial glimpse of the disease
proteins. Specifically, it relied on primary seqae conservation. It is well-known that
the sequence conservation among members of thenglalitein family member can be
rather low but that the globins share similar thdeeensional structural conformations.
So, the lack of conservation patterns for the otlezase proteins (based on phylogenetic
profiles) does not demonstrate that the COP mathodt generalizable. It simply
requires additional investigations into why thistmalar approach worked so well for

BBS before it can be applied toward other diseases.
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CHAPTER 7
CONCLUSIONS AND FUTURE WORK

7.1  Conclusions

In the last half century, many scientific discoesrand technological advances
have helped to pave the way toward greater undhelisig of the genetic components of
human diseases. One of the first steps towardghire identification of those genes or
genetic elements, that cause human disorders. pfbigss is also known as disease gene
discovery. There are two major strategies towarmktjc dissection of human disorders:
(1) knowledge-dependent candidate gene approadh(2atknowledge-independent
positional cloning approach.

This thesis addressed disease gene discoverpeagatns to a genetically
heterogeneous disorder known as Bardet-Biedl syne@BS). Utilizing (1) positional
cloning, (2) a new comparative genomic methodold@yymnputational Orthologous
Prioritization (COP), developed to prioritize castatie genes, and (3) functional
annotation, only one gene was prioritized inBBS3 critical interval. Mutational
analysis determined that this candidate géaRk 6, was mutated in all BBS3 patients.
Similarly, the identification oBBSL1 was the result of the integration of multiple st
of functional information. Based on (1) genetitkihge mapping from high-density SNP
arrays, (2) known animal models of candidate gamése the critical interval, (3) gene
expression profile of the candidate genes, (4)tfanal studies indicating BBS
involvement in apoptosis, and (5) additional sosrm@efunctional information to together

determinedlRIM32 as the best candidate gene. Indeed, a misseriadanun TRIM32
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was detected in all BBS11 patients. This BBS norefell in the N-terminal B-box
domain of the TRIM32 protein, which is differentfn the missense mutation in the C-
terminal NHL domain that has been shown to causklD@H. Together, the
identification ofBBS3 andBBSL11 described here emphasizes the importance of
integration of multiple sources of functional infeations toward disease gene discovery.

While the identification 0BBS3 andBBS11 have occurred only in the last two
years, of the eleven BBS genes identified to das8BS10 was identified during the
publication ofBBS11 [Stoetzel et al. 2006]ARL6 andTRIM32 are considered to be
more functionally well-characterized than the othie. This can be attributed to the
fact that botPARL6 andTRIM32 belong to moderate-size protein families. Thussteng
knowledge about the ARF/SAR protein family and M protein family can be
quickly extrapolated to aid the functional disseetof the pathophysiology of BBS.
Furthermore, the existence of common protein dom@ry. coiled-coil, tetratricopeptide
repeats, and chaperonin doamins) in the eleven kiBBS genes may also provide
additional clues as to other BBS genes, as therstdir30% of BBS patients, of which
no genetic defects have been determined.

The phylogenetic profile of the eleven BBS genesents an intriguing piece of
the puzzle toward understanding BBS pathophysioldgjght BBS proteins (BBS1,
BBS2, BBS3, BBS4, BBS5, BBS7, BBS8, and BBS9) agélly conserved in the
proteomes of microbial eukaryotic organisms, atlept GL, while the other three BBS
proteomes (BBS6, BBS10, and BBS11) are only comskivthe proteomes of vertebrate
organisms. One hypothesis can be proposed toiexpRuniqueness of the

phylogenetic profiles of all eleven BBS proteinEhis hypothesis takes advantage of the
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fact that BBS patients exhibit a very specializad progressive set of phenotypes. Thus,
the phylogenetic profiles may indicate that BBSteirts play very specialized roles. To
date, ARLG represents an interesting outlier, &sabnserved both in ciliated and
nonciliated organisms. It is likely that this ot plays a broader or more
multifunctional role than the other BBS proteinsiem the high conservation in
nonciliated organisms. This role is somewhatfgtconsidering that other ARF/SAR
protein family members have been implicated inrdgilation of vesicle assembly and
intracellular trafficking. The six BBS proteins trehow high conservation in microbial
ciliated eukaryotes and not in nonciliated orgasismggest that their functions are
tightly linked to ciliated structures but not ahgely essential for ciliogenesis. This idea
is supported by several BBS mouse models. Norioabkgciliogenesis was observed in
all mouse models, the lone exception being thedbsse flagellum found in the
spermatozoa. Finally, the three vertebrate-speprfteins indicate that these proteins
are newly-evolved proteins that likely functionrggulatory roles, perhaps in vertebrate
ciliation. This is supported by protein sequenioglarity of BBS6 and BBS10 to
chaperonin domains and BBS11 to E3 ubiqutin ligas&ger a short span of sixteen
years, eleven genes have been discovered to dausarme disease — BBS. The
phylogenetic profiles of the BBS proteins providgyoone viewpoint of BBS. It is
anticipated that additional functional studies aVer next sixteen years (and beyond) will

provide a clearer picture of the true pathophysgjglof BBS.
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7.2  Future work

The development of a novel application of compaeatjenomic approach
(Computational Orthologous Prioritization — CORy&nd candidate gene prioritization
has been outlined in this thesis and shown to beefdal for the identification of BBS
genes. The examination of phylogenetic profile&@d+ proteins involved in cilia
related diseases such as PCD and RP and a naediissorder (CMT) failed to detect
any conserved phylogenetic pattern. Thus, theagwation of the six BBS proteins to
the proteomes of microbial ciliated eukaryotes aotto the proteomes of nonciliated
eukaryotes seem to be a specialized feature netteetin the phylogenetic profiles of
the other cilia related disease proteins. Addélyn it is worthwhile to note that the
COP approach was unable to prioritize the recestioshery efforts o0BBS10 andBBS11
as both genes are only found in vertebrate orgamism

The lack of a conservation pattern in the othea célated proteins does not
suggest that the COP method is not generalizaMeat it does highlight is that without
the incorporation of multiple sources of (diseageedic) functional information, disease
gene discovery can be very challenging. The pami#re COP approach toward the
identification ofBBS3 relied primarily on three major sources of functibmformation:
1) the phylogenetic profiles of previously idergdigenes; 2) the functional connection to
cilia; and 3) additional information from functidreources such as phenotypes of animal
models. The pathophysiologies of different disosdearies from disease to disease,
therefore, it is plausible that disease gene desgowef other diseases may not rely on

conserved phylogenetic profiles.
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There are several ways that can perhaps fine-hen€OP method to explore
other biological questions and even to extend fpdi@ability of the method toward other
diseases. First, the parameters used for the C&Rochshould be evaluated for its
usefulness and importance. These include altéh@dghresholds, establishing species-
specific thresholds, or doing away with thresh@dd instead focus on a rank order. By
analyzing the different (sub-) sets of genes obthiinom the various parameters and
correlating these genes with functional informatigmecialized properties may be
uncovered. Additionally, the COP method currentiplement a one-way BLAST as its
measure of conservation, this may lead to falsé@ipes as paralogs may give the false
impression that a true ortholog exists. One wagddress this deficiency is to implement
reciprocal BLAST analysis. Second, one unique erypof the COP method is the
utilization of either a training gene set (e.g.vowesly known genes) and/or a functional
feature (e.g. cilia) from which to select the pwesitand/or negative filter set(s) as well as
to establish similarity analysis thresholds. Ppsgide exploration of different training
gene sets and/or functional features may revealqusly undetectable pattern. Third,
the COP method stresses the inclusion of multigdamsms in the selection of positive
and/or negative filter set(s) to increase the seitgiof the approach. By examining the
inclusion and/or exclusion of genes based on diffecombinations of species, one can
achieve additional enrichment. For instance, #redate gene prioritization of the
BBS3 interval relied on the use of two trypanosome otes (TB and TC). The
evolutionary distance between these two organisrtess than 100 million years apart.
One would expect that the use of just one orgamsioid be sufficient, yet additional

enrichment is obtained with the use of both. Thay be partly explained by the



79

incomplete proteome annotation during the courdbebtudy, as the genome sequence
of the trypanosomes were still unpublished thenotAer explanation is that the
proteomes of the two species were sufficientlyaddht to attain enrichment. Thus,
additional analysis of the gene set(s) that rdsuth the inclusion of closely related
species may aid future use of the COP method. llf7inlae success of the COP method
for the prioritization of candidate BBS genes réle sequence comparisons at the
protein level. However, as protein-coding geneshents account for only ~2% of the
entire human genome, the expansion of the COP métiveard the detection of non-
protein-coding genetic elements may augment theepoivthe COP method. This may
require more efforts as sequence conservatiomeatucleotide level are required. The
primary difference lies in the the alphabet sizeMeen nucleotides (4) and amino acids
(20). A larger alphabet may be more sensitivie aldows for some degeneracy (e.g.
substitution of one polar amino acid for anoth&ne potential approach would be to
use closely related organisms, such as those afyth@nosomes (TB and TC) in
combination with a more stringent sequence sintyldool (e.g. BLAT) in order to

identify high conservation regions at the nucleatelel.
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APPENDIX A
GENOMEWIDE CILIA SET

Appendix A lists the “cilia” set of gene&{:, 1,588), including the Ensembl gene

identifier (ID), gene symbol, and gene descriptibvat is highly conserved in all four
ciliated organisms CI, TB, TC, and Cl. Those 1&Aeap G...), “restricted cilia set”, that

are highly conserved in all four ciliated organisf@$ TB, TC, and CIl) and not

conserved in two nonciliated organisms SC and Aliated in bold.

Ensembl Gene Gene Description

GenelD Symbol

ENSG0000 | CFTR Cystic fibrosis transmembrane conductancelagguCFTR) (cCAMP- dependent chloride channel).
0001626 [Source:Uniprot/SWISSPROT;Acc:P13569]

ENSG0000 | MYH16 "myosin, heavy polypeptide 16 (MYH16) on chrosome 7 [Source:RefSeq_dna;Acc:NR_002147]"
0002079

ENSG0000 | HECW1 | NEDDA4-like ubiquitin-protein ligase 1 [SourBefSeq_peptide;Acc:NP_055867]
0002746

ENSGO0000 | SLC7A2 | Low-affinity cationic amino acid transpoH2(CAT-2) (CAT2). [Source:Uniprot/SWISSPROT;Acc P69]
0003989

ENSGO0000 | ARF5 ADP-ribosylation factor 5. [Source:Uniprot/S88PROT;Acc:P84085]

0004059

ENSGO0000

0004272

ENSGO0000 | CAMK Calcium/calmodulin-dependent protein kinase kina$EC 2.7.1.37) (Calcium/calmodulin-dependent prokénase
0004660 K1 kinase alpha) (CaM-kinase kinase alpha) (CaM-Kkha)pCaMKK alpha) (CaMKK 1) (CaM-kinase IV kinase).

[Source:Uniprot/SWISSPROT;Acc:Q8N5S9]

ENSGO0000 | RECQL ATP-dependent DNA helicase Q1 (DNA-depend€rRase Q1). [Source:Uniprot/SWISSPROT;Acc:P46063]
0004700

ENSGO0000 | ABCB5 "ATP-binding cassette, sub-family B, membdBburce:RefSeq_peptide;Acc:NP_848654]"
0004846

ENSG0000 | RENT1 Regulator of nonsense transcripts 1 (EC 3)§ATP-dependent helicase RENT1) (Nonsense mR&dicing factor 1)

0005007 (NORF1) (Up- frameshift suppressor 1 homolog) (HL)pfSource:Uniprot/SWISSPROT;Acc:Q92900]

ENSGO0000 | SLC25A | "ADP/ATP translocase 2 (Adenine nucleotide transfoc2) (ANT 2) (ADP,ATP carrier protein 2) (Solutarrier family
0005022 5 25 member 5) (ADP,ATP carrier protein, fibroblasiform). [Source:Uniprot/SWISSPROT;Acc:P05141]"
ENSG0000 | DHX33 Putative ATP-dependent RNA helicase DHX33 (E6.1.-) (DEAH box protein 33).

0005100 [Source:Uniprot/SWISSPROT;Acc:Q9H6RO0]

ENSGO0000 | LIG3 DNA ligase Ill (EC 6.5.1.1) (Polydeoxyribonedtide synthase [ATP]). [Source:Uniprot/SWISSPRCEEA49916]
0005156

ENSGO0000 | ACSM3 SA hypertension-associated homolog isoforf8durce:RefSeq_peptide;Acc:NP_005613]
0005187

ENSGO0000 | ABCB4 Multidrug resistance protein 3 (P-glycoprat&). [Source:Uniprot/SWISSPROT;Acc:P21439]
0005471

ENSGO0000 | ABCC8 Sulfonylurea receptor 1. [Source:Uniprot/SWRROT;Acc:Q09428]

0006071

ENSGO0000 | UBA52 Ubiquitin. [Source:Uniprot/SWISSPROT;Acc:P&3)

0006717

ENSG0000 | MYH13 "Myosin-13 (Myosin heavy chain, skeletal mlesextraocular) (MyHC- eo).

0006788 [Source:Uniprot/SWISSPROT;Acc:Q9UKX3]"

ENSGO0000 | ADIPO Adiponectin receptor protein 2 (Progestin and a@ipeceptor family member ).

0006831 R2 [Source:Uniprot/SWISSPROT;Acc:Q86V24]

ENSGO0000 | CDKL3 Cyclin-dependent kinase-like 3 (EC 2.7.1.83¢rine/threonine protein kinase NKIAMRE).

0006837 [Source:Uniprot/SWISSPROT,;Acc:Q8IVW4]

ENSGO0000 | MARK4 | MAP/microtubule affinity-regulating kinase(#C 2.7.1.37) (MAP/microtubule affinity-regulatihgnase-like 1).
0007047 [Source:Uniprot/SWISSPROT,;Acc:Q96L34]

ENSGO0000 | PAFAH Platelet-activating factor acetylhydrolase IB alié@unit (PAF acetylhydrolase 45 kDa subunit) (P45 kDa
0007168 1B1 subunit) (PAF-AH alpha) (PAFAH alpha) (Lissencephalprotein) (LIS-1). [Source:Uniprot/SWISSPROT;ARd3034]
ENSG0000 | NOS2A "Nitric oxide synthase, inducible (EC 1.143%9 (NOS type II) (Inducible NO synthase) (IndueiblOS) (iNOS)
0007171 (Hepatocyte NOS) (HEP- NOS). [Source:Uniprot/SWIBSH ;Acc:P35228]"

ENSG0000 DNAH9 Ciliary dynein heavy chain 9 (Axondinata dynein heavy chain 9). [Source:Uniprot/SWRE®T;Acc:QINYC9]
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0007174

ENSGO0000 | SCN4A "Sodium channel protein type IV alpha subunit(Voltage-gated sodium channel alpha subunit Nav1)4Sodium

0007314 channel protein, skeletal muscle alpha-subunit) (SW1). [Source:Uniprot/SWISSPROT;Acc:P35499]"

ENSGO0000 | WDR46 | WD-repeat protein 46 (WD-repeat protein BING&ource:Uniprot/SWISSPROT;Acc:015213]

0007816

ENSGO0000

0007869

ENSGO0000 | CDKL5 Cyclin-dependent kinase-like 5 (EC 2.7.1.83¢rine/threonine-protein kinase 9).

0008086 [Source:Uniprot/SWISSPROT;Acc:076039]

ENSGO0000 | CAMK1 | Calcium/calmodulin-dependent protein kinase typeg(EG 2.7.1.123) (CaM kinase 1G) (CaM kinase | gam(@aMKI

0008118 G gamma) (CaMKI-gamma) (CaM- KI gamma) (CaMKIG) (CaNike CREB kinase Ill) (CLICK III).
[Source:Uniprot/SWISSPROT;Acc:Q96NX5]

ENSGO0000 | CDC2L PITSLRE serine/threonine-protein kinase CDC2L2 ET.1.37) (Galactosyltransferase-associated prétaase

0008128 2 p58/GTA) (Cell division cycle 2-like protein kinag (CDK11). [Source:Uniprot/SWISSPROT;Acc:Q9UQ88]

ENSGO0000

0008177

ENSGO0000

0008364

ENSGO0000 | UBE3C Ubiquitin-protein ligase E3C (EC 6.3.2.-)o[Bce:Uniprot/SWISSPROT;Acc:Q15386]

0009335

ENSG0000 | REV3L DNA polymerase zeta catalytic subunit (EC.2.7) (hREV3). [Source:Uniprot/SWISSPROT;Acc:060p73

0009413

ENSGO0000 | DYRK4 Dual specificity tyrosine-phosphorylation téated kinase 4 (EC 2.7.1.-). [Source:Uniprot/SWRE®T;Acc:QINR20]

0010219

ENSGO0000 | UQCRC | "Ubiquinol-cytochrome-c reductase complex core girot, mitochondrial precursor (EC 1.10.2.2).

0010256 1 [Source:Uniprot/SWISSPROT;Acc:P31930]"

ENSGO0000 | CLCN6 Chloride channel protein 6 (CIC-6). [Sourceijaufot/SWISSPROT;Acc:P51797]

0011021

ENSG0000 | NME1 Nucleoside diphosphate kinase A (EC 2.7.0E)K A) (NDP kinase A) (Tumor metastatic processeassted protein)

0011052 (Metastasis inhibition factor n m23) (nm23-H1) (Gzgme A-activated DNase) (GAAD).
[Source:Uniprot/SWISSPROT;Acc:P15531]

ENSGO0000 | PPP5C Serine/threonine protein phosphatase 5 (EG.86) (PP5) (Protein phosphatase T) (PP-T) (PPT).

0011485 [Source:Uniprot/SWISSPROT;Acc:P53041]

ENSGO0000 | MAP4K | Mitogen-activated protein kinase kinase kinase dena (EC 2.7.1.37) (MAPK/ERK kinase kinase kinas@VEK kinase

0011566 3 kinase 3) (MEKKK 3) (Germinal center kinase-relapedtein kinase) (GLK).
[Source:Uniprot/SWISSPROT;Acc:Q8IVH8]

ENSGO0000 | MAP4K | Mitogen-activated protein kinase kinase kinase dena (EC 2.7.1.37) (MAPK/ERK kinase kinase kinas@VEEK kinase

0012983 5 kinase 5) (MEKKK 5) (Kinase homologous to SPS1/STHXKHS). [Source:Uniprot/SWISSPROT;Acc:Q9Y4K4]

ENSGO0000 | PSMC4 26S protease regulatory subunit 6B (MIP2R¥B&7-interacting protein) (TAT-binding protein 7JBP-7).

0013275 [Source:Uniprot/SWISSPROT;Acc:P43686]

ENSGO0000 | SLC7A1 | "solute carrier family 7 (cationic amino acid trposter, y+ system), member 14

0013293 4 [Source:RefSeq_peptide;Acc:NP_066000]"

ENSG0000 | PGM3 Phosphoacetylglucosamine mutase (EC 5.4R8FM) (Acetylglucosamine phosphomutase) (N-acetydgbamine-

0013375 phosphate mutase) (Phosphoglucomutase 3). [Sounipedt/ SWISSPROT;Acc:095394]

ENSGO0000 | CLK1 Dual specificity protein kinase CLK1 (EC 2.73T) (EC 2.7.1.112) (CDC-like kinase 1).

0013441 [Source:Uniprot/SWISSPROT;Acc:P49759]

ENSG0000 | POLR3 DNA-directed RNA polymerase Il subunit 127.6 kDalypeptide (EC 2.7.7.6) (RNA polymerase Il subu)ifRPC2).

0013503 B [Source:Uniprot/SWISSPROT;Acc:QINWO08]

ENSGO0000 | MDH1 "Malate dehydrogenase, cytoplasmic (EC 1.T7.)1.BSource:Uniprot/SWISSPROT;Acc:P40925]"

0014641

ENSGO0000 | COX15 Cytochrome c oxidase assembly protein COXdrfidiog. [Source:Uniprot/SWISSPROT;Acc:Q7KZN9]

0014919

ENSGO0000 | ATP2C1 | Calcium-transporting ATPase type 2C memb@&d 3.6.3.8) (ATPase 2C1) (ATP-dependent Ca(2m)pBMR1).

0017260 [Source:Uniprot/SWISSPROT;Acc:P98194]

ENSG0000 | ATP1A Sodium/potassium-transporting ATPase alpha-2 ghioursor (EC 3.6.3.9) (Sodium pump 2) (Na+/K+ A3@a).

0018625 2 [Source:Uniprot/SWISSPROT;Acc:P50993]

ENSG0000 | MRE11 Double-strand break repair protein MRE11A (MRE1iatog 1) (MRE11 meiotic recombination 11 homolog A)

0020922 A [Source:Uniprot/SWISSPROT;Acc:P49959]

ENSGO0000

0021374

ENSGO0000 | SPAST Spastin. [Source:Uniprot/SWISSPROT;Acc:Q9UBPO

0021574

ENSGO0000 | CPS1 "Carbamoyl-phosphate synthase [ammonia], hotedrial precursor (EC 6.3.4.16) (Carbamoyl-phogpbkgnthetase I)

0021826 (CPSase ). [Source:Uniprot/SWISSPROT;Acc:P31327]"

ENSGO0000 | NDUFS | "NADH-ubiquinone oxidoreductase 75 kDa subunit,acitondrial precursor (EC 1.6.5.3) (EC 1.6.99.3)n(Pkx I-

0023228 1 75Kd) (CI-75Kd). [Source:Uniprot/ SWISSPROT;Acc:P283'

ENSGO0000 | STRAP Serine-threonine kinase receptor-associatgeip (UNR-interacting protein) (WD-40 repeat @iotPT-WD) (MAP

0023734 activator with WD repeats). [Source:Uniprot/SWISSPRAcc:Q9Y3F4]

ENSG0000 | ABCC2 Canalicular multispecific organic anion trpagter 1 (ATP-binding cassette sub-family C men®efMultidrug

0023839 resistance-associated protein 2) (Canalicular duig resistance protein). [Source:Uniprot/SWISSPR@E:Q92887]

ENSGO0000

0023957

ENSG0000 | KPNA6 Importin alpha-7 subunit (Karyopherin alpha{Source:Uniprot/SWISSPROT;Acc:060684]

0025800

ENSGO0000 | RTEL1 Tumor necrosis factor receptor superfamilynber 6B precursor (Decoy receptor for Fas ligaBi#cpy receptor 3)

0026036 (DcR3) (M68). [Source:Uniprot/SWISSPROT;Acc:095407]

ENSGO0000 | MIPEP "Mitochondrial intermediate peptidase, mitoetrial precursor (EC 3.4.24.59) (MIP).

0027001 [Source:Uniprot/SWISSPROT;Acc:Q99797]"
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ENSGO0000 | PRKCH "Protein kinase C, eta type (EC 2.7.1.-) (6P#ta) (PKC-L). [Source:Uniprot/SWISSPROT;Acc:P23JF2

0027075

ENSGO0000

0029514

ENSGO0000 | SARS Seryl-tRNA synthetase (EC 6.1.1.11) (SeriRNA ligase) (SerRS). [Source:Uniprot/SWISSPROT;R9591]

0031698

ENSGO0000 | ERCC6 DNA excision repair protein ERCC-6 (EC 3.4.(ATP-dependent helicase ERCC6) (Cockayne syndrpratein CSB).

0032514 [Source:Uniprot/SWISSPROT;Acc:Q03468]

ENSGO0000 | IFT88 Intraflagellar transport 88 homolog (Tetratri copeptide repeat protein 10) (TPR repeat protein J)0(Recessive

0032742 polycystic kidney disease protein Tg737 homolog)Spurce:Uniprot/SWISSPROT;Acc:Q13099]

ENSGO0000 | ABCF2 ATP-binding cassette sub-family F memben@r{iinhibited ABC transporter 2).

0033050 [Source:Uniprot/SWISSPROT;Acc:Q9UG63]

ENSGO0000 | NP_060

0033178 697.3

ENSGO0000 | ATP6V Vacuolar proton translocating ATPase 116 kDa sutaigoform 1 (V- ATPase 116-kDa isoform al) (Ctatkcoated

0033627 0A1 vesicle/synaptic vesicle proton pump 116 kDa sufpacuolar proton pump subunit 1) (Vacuolar adene
triphosphatase subunit Ac116). [Source:Uniprot/SBREOT;Acc:Q93050]

ENSGO0000

0034827

ENSGO0000 | DAPK2 Death-associated protein kinase 2 (EC 2.7)(BAP kinase 2) (DAP- kinase-related protein@RP-1).

0035664 [Source:Uniprot/SWISSPROT;Acc:Q9UIK4]

ENSGO0000 | NSMAF | Protein FAN (Factor associated with N-SMastvation) (Factor associated with neutral sphingelimase activation).

0035681 [Source:Uniprot/SWISSPROT;Acc:Q92636]

ENSGO0000 | RFC1 Activator 1 140 kDa subunit (Replication fadilarge subunit) (A1 140 kDa subunit) (RF-C 14Baksubunit) (Activator

0035928 1 large subunit) (DNA-binding protein PO-GA). [SoerUniprot/SWISSPROT;Acc:P35251]

ENSGO0000 | CUL3 Cullin-3 (CUL-3). [Source:Uniprot/SWISSPROT;&Q13618]

0036257

ENSGO0000 | USP2 Ubiquitin carboxyl-terminal hydrolase 2 (EQ.2.15) (Ubiquitin thiolesterase 2) (Ubiquitin-sfiEcprocessing protease

0036672 2) (Deubiquitinating enzyme 2) (41 kDa ubiquitiresffic protease). [Source:Uniprot/SWISSPROT;Acc:604

ENSGO0000 | TUBG2 Tubulin gamma-2 chain (Gamma-2 tubulin). [®euUniprot/SWISSPROT;Acc:QINRH3]

0037042

ENSGO0000 | METTL | tRNA (guanine-N(7)-)-methyltransferase (EC 2.1.) . @BNA(m7G46)- methyltransferase) (Methyltransterdike

0037897 1 protein 1). [Source:Uniprot/SWISSPROT;Acc:Q9UBP6]

ENSGO0000 | SKIV2L | Superkiller viralicidic activity 2-like 2 (EC 3.6.9 (ATP-dependent helicase SKIV2L2).

0039123 2 [Source:Uniprot/SWISSPROT;Acc:P42285]

ENSGO0000 | DNAHS5 Ciliary dynein heavy chain 5 (Axonemal betmdin heavy chain 5) (HL1). [Source:Uniprot/SWISSPRAcCc:Q8TE73]

0039139

ENSG0000 | RAB27 Ras-related protein Rab-27B (C25KG). [Source:Urtiig/ISSPROT;Acc:000194]

0041353 B

ENSG0000 | PSMA4 Proteasome subunit alpha type 4 (EC 3.4.ZBrbteasome component C9) (Macropain subunit R8jticatalytic

0041357 endopeptidase complex subunit C9) (Proteasome #ubufSource:Uniprot/SWISSPROT;Acc:P25789]

ENSGO0000 | NP_055 | myosin heavy chain Myr 8 [Source:RefSeq_peptide;NEc 055826]

0041515 826.1

ENSGO0000 | LSG1

0041802

ENSGO0000 | AP2S1 Clathrin coat assembly protein AP17 (Clathdat-associated protein AP17) (Plasma membrang@daP-2 17 kDa

0042753 protein) (HA2 17 kDa subunit) (Clathrin assemblgtgin 2 small chain). [Source:Uniprot/SWISSPROT,;A&&3680]

ENSGO0000 | HSPA5 78 kDa glucose-regulated protein precurs®RG8) (Immunoglobulin heavy chain binding protgiiP) (Endoplasmic

0044574 reticulum lumenal Ca(2+) binding protein grp78)o{ce:Uniprot/SWISSPROT;Acc:P11021]

ENSGO0000 | YTHDC | YTH domain containing 2 [Source:RefSeq_peptide; Nét:073739]

0047188 2

ENSG0000 | CTPS2 cytidine triphosphate synthase Il [SourceSRgf peptide;Acc:NP_062831]

0047230

ENSGO0000 | ATP6V Vacuolar ATP synthase subunit H (EC 3.6.3.14) (VPa%e H subunit) (Vacuolar proton pump H subunitA(MPase

0047249 1H 50/57 kDa subunits) (Vacuolar proton pump subuRDB(VMA13) (Nef binding protein 1) (NBP1).
[Source:Uniprot/SWISSPROT;Acc:Q9UI12]

ENSG0000 | POLR2 DNA-directed RNA polymerase Il 140 kDa polypepti@C 2.7.7.6) (RNA polymerase Il subunit 2) (RPB2).

0047315 B [Source:Uniprot/SWISSPROT;Acc:P30876]

ENSGO0000

0047343

ENSGO0000

0048152

ENSGO0000

0049496

ENSGO0000 | RFC2 Activator 1 40 kDa subunit (Replication fac®#0 kDa subunit) (A1 40 kDa subunit) (RF-C 40 kdddunit) (RFC40).

0049541 [Source:Uniprot/SWISSPROT;Acc:P35250]

ENSGO0000 | NP_110 | cisplatin resistance related protein CRR9p [So&etSeq_peptide;Acc:NP_110409]

0049656 409.2

ENSG0000 | NEDD4 E3 ubiquitin-protein ligase NEDD4-like protein (BZ3.2.-) (Nedd4-2) (NEDD4.2).

0049759 L [Source:Uniprot/SWISSPROT;Acc:Q96PU5]

ENSG0000 | MAPK9 Mitogen-activated protein kinase 9 (EC 2.37).(Stress-activated protein kinase JNK2) (c-Jtbekhinal kinase 2)

0050748 (JNK-55). [Source:Uniprot/SWISSPROT;Acc:P45984]

ENSG0000 | RAD51 DNA repair protein RAD51 homolog 1 (hnRAD5HYRAD51). [Source:Uniprot/SWISSPROT;Acc:Q06609]

0051180

ENSGO0000 | POLQ DNA polymerase theta (EC 2.7.7.7) (DNA polyass eta). [Source:Uniprot/SWISSPROT;Acc:075417]

0051341

ENSGO0000

0053059
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ENSGO0000 | MRT4_ | mRNA turnover protein 4 homolog. [Source:Uniprot/B88PROT;Acc:Q9UKD2]
0053372 HUMA
N
ENSG0000 | KIF1B Kinesin-like protein KIF1B (Klp). [Source:Upiot/SWISSPROT;Acc:060333]
0054523
ENSGO0000 | ATP9A Probable phospholipid-transporting ATPase (B 3.6.3.1) (ATPase class Il type 9A) (ATPase)llA
0054793 [Source:Uniprot/SWISSPROT;Acc:075110]
ENSGO0000 | NOP5_ Nucleolar protein NOP5 (Nucleolar protein 5) (NORg8ource:Uniprot/SWISSPROT;Acc:Q9Y2X3]
0055044 HUMA
N
ENSGO0000 | CUL1 Cullin-1 (CUL-1). [Source:Uniprot/SWISSPROT;&Q13616]
0055130
ENSGO0000
0055468
ENSGO0000 | PUM2 Pumilio homolog 2 (Pumilio-2). [Source:Unipi$¥VISSPROT;Acc:Q8TB72]
0055917
ENSGO0000 | KIFC1 Kinesin-like protein KIFC1 (Kinesin-like prein 2) (Kinesin-related protein HSET).
0056678 [Source:Uniprot/SWISSPROT;Acc:Q9BW19]
ENSGO0000 | GDI2 Rab GDP dissociation inhibitor beta (Rab GBt&) (Guanosine diphosphate dissociation inhil@qGDI-2).
0057608 [Source:Uniprot/SWISSPROT;Acc:P50395]
ENSG0000 | USP13 Ubiquitin carboxyl-terminal hydrolase 13 (BQ.2.15) (Ubiquitin thiolesterase 13) (Ubiquitipegific processing
0058056 protease 13) (Deubiquitinating enzyme 13) (Isoplgste T-3) (ISOT-3). [Source:Uniprot/SWISSPROT;A2995]
ENSGO0000 | ATP11B | Probable phospholipid-transporting ATPas€HE 3.6.3.1) (ATPase class | type 11B) (ATPase IR)
0058063 [Source:Uniprot/SWISSPROT;Acc:Q9Y2G3]
ENSGO0000 | PFTK1 Serine/threonine-protein kinase PFTAIRE-1 (ET.1.37). [Source:Uniprot/SWISSPROT;Acc:094921]
0058091
ENSGO0000 | SEC61A | Protein transport protein Sec61 alpha subunit isofb (Sec61 alpha- 1). [Source:Uniprot/SWISSPROT;R61619]
0058262 1
ENSGO0000 | CAMK2 | Calcium/calmodulin-dependent protein kinase typeelia chain (EC 2.7.1.123) (CaM-kinase Il betarch@@aM kinase
0058404 B Il beta subunit) (CaMK-II beta subunit). [Sourceiphot/SWISSPROT;Acc:Q13554]
ENSGO0000 | ATP2B4 | Plasma membrane calcium-transporting ATRaE&C 3.6.3.8) (PMCA4) (Plasma membrane calciumppisaform 4)
0058668 (Plasma membrane calcium ATPase isoform 4). [Souriprot/SWISSPROT;Acc:P23634]
ENSGO0000
0059133
ENSG0000 | PCTK2 Serine/threonine-protein kinase PCTAIRE-2 (ET.1.37) (PCTAIRE-motif protein kinase 2).
0059758 [Source:Uniprot/SWISSPROT;Acc:Q00537]
ENSGO0000 | DGAT2 diacylglycerol O-acyltransferase homolog (& e:RefSeq_peptide;Acc:NP_115953]
0062282
ENSGO0000 | POLD1 DNA polymerase delta catalytic subunit (EZ.2.7) (DNA polymerase delta subunit p125).
0062822 [Source:Uniprot/SWISSPROT;Acc:P28340]
ENSGO0000 | RPL18 60S ribosomal protein L18. [Source:UniprotiISBPROT;Acc:Q07020]
0063177
ENSG0000 | ADCK1 aarF domain containing kinase 1 [Source:Ref®eptide;Acc:NP_065154]
0063761
ENSGO0000 | AT2C2_ | Probable calcium-transporting ATPase KIAA0703 (E6.3.8). [Source:Uniprot/SWISSPROT;Acc:075185]
0064270 HUMA
N
ENSGO0000 | HIPK2 Homeodomain-interacting protein kinase 2 (EZ.1.37) (hHIPk2). [Source:Uniprot/SWISSPROT;Ac@t2X6]
0064393
ENSG0000 | PPGB Lysosomal protective protein precursor (EC1B.&) (Cathepsin A) (Carboxypeptidase C) (Protegpirotein for beta-
0064601 galactosidase) [Contains: Lysosomal protectivegind82 kDa chain; Lysosomal protective protein Balchain].
[Source:Uniprot/SWISSPROT;Acc:P10619]
ENSGO0000 | ABCA7 "ATP-binding cassette, sub-family A, membeis@form a [Source:RefSeq_peptide;Acc:NP_061985]"
0064687
ENSGO0000 | DDX20 Probable ATP-dependent RNA helicase DDX20 &€ 1.-) (DEAD box protein 20) (DEAD box proteirP[103)
0064703 (Component of gems 3) (Gemin-3). [Source:UniprotISBPROT;Acc:Q9UHI6]
ENSG0000 | WDR3 WD-repeat protein 3. [Source:Uniprot/SWISSPR&EE:Q9UNX4]
0065183
ENSGO0000 | PKN2 Protein kinase N2 (EC 2.7.1.37) (Protein kin@slike 2) (Protein- kinase C-related kinase 2).
0065243 [Source:Uniprot/SWISSPROT;Acc:Q16513]
ENSGO0000 | KARS Lysyl-tRNA synthetase (EC 6.1.1.6) (LysineNR ligase) (LysRS). [Source:Uniprot/SWISSPROT;Actt8D46]
0065427
ENSGO0000 | SLK serine/threonine kinase 2 [Source:RefSeq_pephitt:NP_055535]
0065613
ENSGO0000 | SEC61A | Protein transport protein Sec61 alpha subunit is0f (Sec61 alpha- 2). [Source:Uniprot/SWISSPROT;@9H9S3]
0065665 2
ENSGO0000 | PRKCQ "Protein kinase C, theta type (EC 2.7.1 PKE-theta). [Source:Uniprot/SWISSPROT;Acc:Q04759]"
0065675
ENSG0000 | CDC2L Cell division cycle 2-like protein kinase 5 (EC 2B7) (CDC2- related protein kinase 5) (Cholineste-related cell
0065883 5 division controller). [Source:Uniprot/SWISSPROT;AQ4.4004]
ENSG0000 | MTHFD | "Bifunctional methylenetetrahydrofolate dehydrogeeiayclohydrolase, mitochondrial precursor [Inckidg¢AD-
0065911 2 dependent methylenetetrahydrofolate dehydrogef&3e (5.1.15); Methenyltetrahydrofolate cyclohydssldEC
3.5.4.9)]. [Source:Uniprot/SWISSPROT;Acc:P13995]"
ENSG0000 | PDE4A "cAMP-specific 3',5'-cyclic phosphodiesterasdA (EC 3.1.4.17) (DPDE2) (PDE46).
0065989 [Source:Uniprot/SWISSPROT;Acc:P27815]"
ENSGO0000 | MYO9A | myosin IXA [Source:RefSeq_peptide;Acc:NP_0638
0066933
ENSG0000 DDX3Y "ATP-dependent RNA helicase DDX3Y (B®.1.-) (DEAD box protein 3, Y- chromosomal).
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0067048 [Source:Uniprot/SWISSPROT;Acc:015523]"

ENSG0000 | PKM2 "Pyruvate kinase, isozymes M1/M2 (EC 2.7.1.@®)ruvate kinase muscle isozyme) (Cytosolic thyfodrmone-binding

0067225 protein) (CTHBP) (THBP1). [Source:Uniprot/SWISSPR®Adc:P14618]"

ENSGO0000 | DHX29 DEAH (Asp-Glu-Ala-His) box polypeptide 29 [Be:RefSeq_peptide;Acc:NP_061903]

0067248

ENSGO0000 | DHX8 ATP-dependent RNA helicase DHX8 (EC 3.6.1DFAH box protein 8) (RNA helicase HRH1).

0067596 [Source:Uniprot/SWISSPROT;Acc:Q14562]

ENSGO0000 | PRKCZ "Protein kinase C, zeta type (EC 2.7.1.3PK@G-zeta). [Source:Uniprot/SWISSPROT;Acc:Q05513]"

0067606

ENSGO0000 | IARS2 mitochondrial isoleucine tRNA synthetase [@euRefSeq_peptide;Acc:NP_060530]

0067704

ENSGO0000 | ATP2B3 | Plasma membrane calcium-transporting ATBaE&LC 3.6.3.8) (PMCA3) (Plasma membrane calciumppisaform 3)

0067842 (Plasma membrane calcium ATPase isoform 3). [Souriprot/SWISSPROT;Acc:Q16720]

ENSG0000 | ROCK1 "Rho-associated protein kinase 1 (EC 2.7)1(RFfo-associated, coiled- coil containing proteimse 1) (0160 ROCK-1)

0067900 (p160ROCK). [Source:Uniprot/SWISSPROT;Acc:Q13464]"

ENSGO0000 | ACSL4 Long-chain-fatty-acid--CoA ligase 4 (EC 6.3)l(Long-chain acyl-CoA synthetase 4) (LACS 4).

0068366 [Source:Uniprot/SWISSPROT;Acc:060488]

ENSGO0000 | FTSJ1 Putative ribosomal RNA methyltransferase@ 2EL.1.-) (rRNA (uridine-2'-O-)-methyltransferase)

0068438 [Source:Uniprot/SWISSPROT;Acc:Q9UET6]

ENSGO0000 | ATP11 Probable phospholipid-transporting ATPase IH (EE31) (ATPase class | type 11A) (ATPase IS).

0068650 A [Source:Uniprot/SWISSPROT;Acc:P98196]

ENSGO0000 | POLR1 DNA-directed RNA polymerase | largest subunit (EZ.2.6) (RNA polymerase | 194 kDa subunit) (RPA194)

0068654 A [Source:Uniprot/SWISSPROT;Acc:095602]

ENSGO0000 | KIF2 Kinesin-like protein KIF2 (Kinesin-2) (HK2)Source:Uniprot/SWISSPROT;Acc:000139]

0068796

ENSGO0000 | IFT80 Intraflagellar transport 80 homolog (WD-repeat protein 56). [Source:Uniprot/SWISSPROT;Acc:Q9P2H3

0068885

ENSGO0000 | MAST4

0069020

ENSGO0000 | DNAJA DnaJ homolog subfamily A member 2 (HIRA-interactjmgtein 4) (Cell cycle progression restorationey8rprotein)

0069345 2 (Dnj3). [Source:Uniprot/ SWISSPROT;Acc:060884]

ENSGO0000 | ABCC9 Sulfonylurea receptor 2. [Source:Uniprot/SWRROT;Acc:060706]

0069431

ENSGO0000 | NEDD4 E3 ubiquitin-protein ligase NEDD4 (EC 6.3)2[Source:Uniprot/SWISSPROT;Acc:P46934]

0069869

ENSG0000 | MAPK6 Mitogen-activated protein kinase 6 (EC 2.37).(Extracellular signal-regulated kinase 3) (EBRKIMAP kinase isoform

0069956 p97) (p97- MAPK). [Source:Uniprot/SWISSPROT;Acc:@58]

ENSG0000 | CECR5 Cat eye syndrome critical region proteinécprsor. [Source:Uniprot/SWISSPROT;Acc:Q9BXW?7]

0069998

ENSGO0000 | CLTCL Clathrin heavy chain 2 (CLH-22). [Source:Uniprot/S88PROT;Acc:P53675]

0070371 1

ENSGO0000 | TUBA8 Tubulin alpha-8 chain (Alpha-tubulin 8). [Swe:Uniprot/SWISSPROT;Acc:QINY65]

0070490

ENSGO0000 | AP3M2 Adapter-related protein complex 3 mu 2 sub(@iathrin coat assembly protein AP47 homolog@&athrin coat-

0070718 associated protein AP47 homolog 2) (Golgi adapt®f1A47 kDa protein homolog 2) (HA1 47 kDa subunitrivlog 2)
(Clathrin assembly protein assemb [Source:Unipi&SSPROT;Acc:P53677]

ENSGO0000 | PABPC Polyadenylate-binding protein 1 (Poly(A)-bindingein 1) (PABP 1). [Source:Uniprot/SWISSPROT;AcctP40]

0070756 1

ENSGO0000 | NP_037 | transcription factor |IB [Source:RefSeq_peptide;Ade_037374]

0070761 374.1

ENSGO0000 | CSNK2 | "Casein kinase I, alpha' chain (CK Il) (EC 2.772).3Source:Uniprot/SWISSPROT;Acc:P19784]"

0070770 A2

ENSGO0000 | CAMK2 | Calcium/calmodulin-dependent protein kinase typ&ipha chain (EC 2.7.1.123) (CaM-kinase Il alphaich(CaM

0070808 A kinase Il alpha subunit) (CaMK-Il alpha subuni§olurce:Uniprot/SWISSPROT;Acc:Q9UQM7]

ENSGO0000 | ATP2B1 | Plasma membrane calcium-transporting ATRaELC 3.6.3.8) (PMCA1) (Plasma membrane calciumppisaform 1)

0070961 (Plasma membrane calcium ATPase isoform 1). [Souriprot/SWISSPROT;Acc:P20020]

ENSG0000 | MAP4K | Mitogen-activated protein kinase kinase kinase deéné (EC 2.7.1.37) (MAPK/ERK kinase kinase kinaséMEK kinase

0071054 4 kinase 4) (MEKKK 4) (HPK/GCK-like kinase HGK) (Ndkteracting kinase).
[Source:Uniprot/SWISSPROT;Acc:095819]

ENSGO0000 | RPS6K Ribosomal protein S6 kinase alpha 2 (EC 2.7.1.88)Kfalpha 2) (90 kDa ribosomal protein S6 kinas@2p-RSK 2)

0071242 A2 (Ribosomal S6 kinase 3) (RSK-3) (pp90RSK3). [Solyo@rot/ SWISSPROT;Acc:Q15349]

ENSGO0000 | TRIP13 Thyroid receptor-interacting protein 13 (Tdig hormone receptor interactor 13) (Trip-13) (Humpapillomavirus type

0071539 16 E1 protein- binding protein) (HPV16 E1 proteinding protein) (L6E1-BP).
[Source:Uniprot/SWISSPROT;Acc:Q15645]

ENSGO0000 | MYO3B | Myosin IlIB (EC 2.7.1.37). [Source:Uniprot/SBSPROT;Acc:Q8WXR4]

0071909

ENSGO0000 | PRKAC | "cAMP-dependent protein kinase, alpha-catalyticusifgEC 2.7.1.37) (PKA C-alpha).

0072062 A [Source:Uniprot/SWISSPROT;Acc:P17612]"

ENSG0000 | RPS6K Ribosomal protein S6 kinase alpha 6 (EC 2.7.1.88K¢alpha 6) (90 kDa ribosomal protein S6 kinasg®©p-RSK 6)

0072133 A6 (Ribosomal S6 kinase 4) (RSK-4) (pp90RSK4). [Solwogrot/SWISSPROT;Acc:Q9UK32]

ENSGO0000 | UBE2D Ubiquitin-conjugating enzyme E2 D1 (EC 6.3.2.19pigbitin-protein ligase D1) (Ubiquitin carrier peth D1) (UbcH5)

0072401 1 (Ubiquitin- conjugating enzyme E2-17 kDa 1) (E2(KB)1). [Source:Uniprot/SWISSPROT;Acc:P51668]

ENSG0000 | SMC1L Structural maintenance of chromosome 1-like 1 mqi®@MC1lalpha protein) (DXS423E protein) (Sh1.8).

0072501 1 [Source:Uniprot/SWISSPROT;Acc:Q14683]

ENSGO0000 | MARK2 | Serine/threonine-protein kinase MARK2 (EC 2.87) (MAP/microtubule affinity-regulating kinag¢ (ELKL motif

0072518 kinase) (EMK1) (PAR1 homolog). [Source:Uniprot/SVBIBROT;Acc:Q7KZI7]

ENSGO0000 | STK10 Serine/threonine-protein kinase 10 (EC 237)L(Lymphocyte-oriented kinase).

0072786 [Source:Uniprot/SWISSPROT;Acc:094804]




85

ENSGO0000 | AP1M1 "Adaptor-related protein complex 1, mu 1 suib@Mu-adaptin 1) (Adaptor protein complex AP-1 +hsubunit) (Golgi

0072958 adaptor HA1/AP1 adaptin mu-1 subunit) (Clathrineasbly protein assembly protein complex 1 mediumrch
(Clathrin coat assembly protein A [Source:Unipri¥ISSPROT;Acc:Q9BXS5]"

ENSG0000 | MCM2 DNA replication licensing factor MCM2 (Minicbmosome maintenance protein 2 homolog) (Nucleaepr®M28).

0073111 [Source:Uniprot/SWISSPROT;Acc:P49736]

ENSG0000 | PDESA "High-affinity cAMP-specific and IBMX-insensitive 3',5'-cyclic phosphodiesterase 8A (EC 3.1.4.17

0073417 [Source:Uniprot/SWISSPROT;Acc:060658]"

ENSGO0000 | NLE1 Notchless homolog 1. [Source:Uniprot/SWISSPR&ZE:QINVX2]

0073536

ENSGO0000 | SDHA "Succinate dehydrogenase [ubiquinone] flavegirosubunit, mitochondrial precursor (EC 1.3.8Hp) (Flavoprotein

0073578 subunit of complex I1). [Source:Uniprot/SWISSPROTAP31040]"

ENSGO0000 | PPP2R3 | "Serine/threonine protein phosphatase 2A, 72/138 tdpulatory subunit B (PP2A, subunit B, B"-PRR1B0) (PP2A,

0073711 A subunit B, B72/B130 isoforms) (PP2A, subunit B, PRPR130 isoforms) (PP2A, subunit B, R3 isoform).
[Source:Uniprot/SWISSPROT;Acc:Q06190]"

ENSGO0000 | ABCB1 Bile salt export pump (ATP-binding cassette subifa® member 11). [Source:Uniprot/SWISSPROT;Acc:383]

0073734 1

ENSGO0000 | NSF Vesicle-fusing ATPase (EC 3.6.4.6) (Vesiculasidn protein NSF) (N- ethylmaleimide sensitiveidasprotein) (NEM-

0073969 sensitive fusion protein). [Source:Uniprot/SWISSPR&Cc:P46459]

ENSGO0000 | ATP2A Sarcoplasmic/endoplasmic reticulum calcium ATPagEQG 3.6.3.8) (Calcium pump 3) (SERCAS3) (SR Ca(ATPase

0074370 3 3). [Source:Uniprot/SWISSPROT;Acc:Q93084]

ENSG0000 | NUAK1 "NUAK family, SNF1-like kinase 1 (EC 2.7.1.3{AMPK-related protein kinase 5).

0074590 [Source:Uniprot/SWISSPROT;Acc:060285]"

ENSG0000 | ENO1 Alpha-enolase (EC 4.2.1.11) (2-phospho-D-glyeehydro-lyase) (Non- neural enolase) (NNE) (Bsell)

0074800 (Phosphopyruvate hydratase) (C-myc promoter-binghogein) (MBP-1) (MPB-1) (Plasminogen-binding pior).
[Source:Uniprot/SWISSPROT;Acc:P06733]

ENSGO0000 | TUBE1 Tubulin epsilon chain (Epsilon tubulin). [Soa:Uniprot/SWISSPROT;Acc:Q9UJTO]

0074935

ENSG0000 | MARK3 | MAP/microtubule affinity-regulating kinase (8C 2.7.1.37) (Cdc25C- associated protein kinageTAK1) (C-TAK1)

0075413 (Serine/threonine protein kinase p78) (Ser/Thrgirokinase PAR-1) (Protein kinase STK10).
[Source:Uniprot/SWISSPROT;Acc:P27448]

ENSGO0000 | SLC25A | "Phosphate carrier protein, mitochondrial precu(garP). [Source:Uniprot/SWISSPROT;Acc:Q00325]"

0075415 3

ENSG0000 | ACTB "Actin, cytoplasmic 1 (Beta-actin). [Source:igrot/SWISSPROT;Acc:P60709]"

0075624

ENSGO0000 | ATP12 Potassium-transporting ATPase alpha chain 2 (EG.3.®) (Proton pump) (Non-gastric H(+)/K(+) ATPadpha

0075673 A subunit). [Source:Uniprot/SWISSPROT;Acc:P54707]

ENSGO0000 | RAB7 Ras-related protein Rab-7. [Source:Uniprot/SBPROT;Acc:P51149]

0075785

ENSGO0000 | TUBA2 Tubulin alpha-2 chain (Alpha-tubulin 2). [See:Uniprot/SWISSPROT;Acc:Q13748]

0075886

ENSGO0000 | MCM6 DNA replication licensing factor MCM6 (P105MOMSource:Uniprot/SWISSPROT;Acc:Q14566]

0076003

ENSGO0000 | MLH1 DNA mismatch repair protein Mlh1 (MutL protelromolog 1). [Source:Uniprot/SWISSPROT;Acc:P40692]

0076242

ENSGO0000 | ACTL6 Actin-like protein 6B (53 kDa BRG1-associated fads) (Actin-related protein Baf53b) (ArpNalpha).

0077080 B [Source:Uniprot/SWISSPROT;Acc:094805]

ENSG0000 | TOP2B "DNA topoisomerase 2-beta (EC 5.99.1.3) (Dipoisomerase I, beta isozyme).

0077097 [Source:Uniprot/SWISSPROT;Acc:Q02880]"

ENSGO0000 | TM9S3_ | Transmembrane 9 superfamily protein member 3 psec{EM-11044 binding protein) (EP70-P-iso).

0077147 HUMA [Source:Uniprot/SWISSPROT;Acc:Q9HD45]

N

ENSGO0000 | PAK3 Serine/threonine-protein kinase PAK 3 (EC 237) (p21-activated kinase 3) (PAK-3) (Beta-PAR)igophrenin-3).

0077264 [Source:Uniprot/SWISSPROT;Acc:075914]

ENSGO0000 | SPAG6 Sperm-associated antigen 6 (PF16 protein hoing) (Sperm flagellar protein) (Repro-SA-1).

0077327 [Source:Uniprot/SWISSPROT;Acc:075602]

ENSG0000 | UBE2A Ubiquitin-conjugating enzyme E2 A (EC 6.3.2) IUbiquitin-protein ligase A) (Ubiquitin carrigarotein A) (HR6A)

0077721 (hHR6A). [Source:Uniprot/SWISSPROT;Acc:P49459]

ENSGO0000 | SMC1L | Structural maintenance of chromosome 1-like 2 md@MC1lbeta protein).

0077935 2 [Source:Uniprot/SWISSPROT;Acc:Q8NDV3]

ENSGO0000 | ITCH Itchy homolog E3 ubiquitin protein ligase (BC3.2.-) (Itch) (Atrophin-1-interacting protein @IP4) (NFE2-associated

0078747 polypeptide 1) (NAPP1). [Source:Uniprot/SWISSPROG;AQ96J02]

ENSGO0000 | MYH7B | "myosin, heavy polypeptide 7B, cardiac mustleta [Source:RefSeq_peptide;Acc:NP_065935]"

0078814

ENSGO0000 | NFS1 "Cysteine desulfurase, mitochondrial precufB@r 2.8.1.7). [Source:Uniprot/SWISSPROT;Acc:Q9YB97

0078872

ENSG0000 | UBE2D ubiquitin-conjugating enzyme E2D 4 (putative) [SmuRefSeq_peptide;Acc:NP_057067]

0078967 4

ENSG0000 | SAR1A GTP-binding protein SAR1a (COPII-associatetdt GTPase). [Source:Uniprot/SWISSPROT;Acc:QINR31]

0079332

ENSGO0000 | CDC14 Dual specificity protein phosphatase CDC14A (EC348) (EC 3.1.3.16) (CDC14 cell division cycle H@molog A).

0079335 A [Source:Uniprot/SWISSPROT;Acc:Q9UNH5]

ENSGO0000 | KIF22 Kinesin-like protein KIF22 (Kinesin-like DNAvinding protein) (Kinesin-like protein 4).

0079616 [Source:Uniprot/SWISSPROT;Acc:Q14807]

ENSGO0000

0079722

ENSG0000 | DNM2 Dynamin-2 (EC 3.6.5.5). [Source:Uniprot/SWIS8PT;Acc:P50570]

0079805

ENSG0000 RABL2 Rab-like protein 2B. [Source:Uniprot/SVISSPROT;Acc:Q9UNT1]
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0079974 B

ENSG0000 | DDX43 Probable ATP-dependent RNA helicase DDX43 &E1.-) (DEAD box protein 43) (DEAD box proteirAGE) (Helical

0080007 antigen). [Source:Uniprot/SWISSPROT;Acc:QINXZ2]

ENSGO0000

0080220

ENSGO0000 | RAB21 Ras-related protein Rab-21. [Source:UnipMt{SSPROT;Acc:Q9UL25]

0080371

ENSGO0000 | TAP2 Antigen peptide transporter 2 (APT2) (Peptid@sporter TAP2) (Peptide transporter PSF2) (Beptupply factor 2)

0080469 (PSF-2) (Peptide transporter involved in antigescpssing 2). [Source:Uniprot/SWISSPROT;Acc:Q03519]

ENSGO0000 | SMARC | Possible global transcription activator SNF2L2 (E6.1.-) (ATP- dependent helicase SMARCA?2) (SNF#ha)

0080503 A2 (SWI/SNF-related matrix associated actin dependsgilator of chromatin subfamily A member 2) (hBRM)
[Source:Uniprot/SWISSPROT;Acc:P51531]

ENSGO0000 | NP_006 | Snf2-related CBP activator protein [Source:RefSeptide;Acc:NP_006653]

0080603 653.1

ENSGO0000 | RAGE MAPK/MAK/MRK overlapping kinase (EC 2.7.1.3@)1OK protein kinase) (Renal tumor antigen 1) (RAGE-

0080823 [Source:Uniprot/SWISSPROT;Acc:Q9UQ07]

ENSG0000 | HSPCA Heat shock protein HSP 90-alpha (HSP 86uf@Uniprot/SWISSPROT;Acc:P07900]

0080824

ENSGO0000 | AP4E1 Adapter-related protein complex 4 epsilonldusit (Epsilon subunit of AP-4) (AP-4 adapter cdempepsilon subunit).

0081014 [Source:Uniprot/SWISSPROT;Acc:Q9UPM8]

ENSGO0000 | CACN "Voltage-dependent L-type calcium channel alpha-1Subunit (Voltage- gated calcium channel alpha subun

0081248 AlS Cavl.1) (Calcium channel, L type, alpha-1 polypeptie, isoform 3, skeletal muscle).
[Source:Uniprot/SWISSPROT;Acc:Q13698]"

ENSG0000 | CDC14 Dual specificity protein phosphatase CDC14B (EC34B) (EC 3.1.3.16) (CDC14 cell division cycle H@molog B).

0081377 B [Source:Uniprot/SWISSPROT;Acc:060729]

ENSGO0000 | ATP8B1 | Probable phospholipid-transporting ATPas¢HC 3.6.3.1) (Familial intrahepatic cholestasjsetyl) (ATPase class | type

0081923 8B member 1). [Source:Uniprot/SWISSPROT;Acc:043520]

ENSG0000 | GSK3B Glycogen synthase kinase-3 beta (EC 2.7.133K-3 beta). [Source:Uniprot/SWISSPROT;Acc:P49841

0082701

ENSGO0000 | XPO1 Exportin-1 (Chromosome region maintenanceotept homolog). [Source:Uniprot/SWISSPROT;Acc:01dP8

0082898

ENSGO0000 | BCKDH | "2-oxoisovalerate dehydrogenase beta subunit, mitadrial precursor (EC 1.2.4.4) (Branched-chaimalgeto acid

0083123 B dehydrogenase E1 component beta chain) (BCKDH Ed)}H&ource:Uniprot/SWISSPROT;Acc:P21953]"

ENSGO0000 | MYST3 "Histone acetyltransferase MYST3 (EC 2.3.1.48C 2.3.1.-) (MYST protein 3) (MOZ, YBF2/SAS3, S& and TIP60

0083168 protein 3) (Runt-related transcription factor bimglprotein 2) (Monocytic leukemia zinc finger priofe(Zinc finger
protein 220). [Source:Uniprot/SWISSPROT;Acc:Q92794]

ENSGO0000 | TNPO1 Transportin-1 (Importin beta-)2 (Karyophevita-2) (M9 region interaction protein) (MIP).

0083312 [Source:Uniprot/SWISSPROT;Acc:Q92973]

ENSGO0000 | KIAAL10 | Exosome complex exonuclease RRP44 (EC 3.1.13bp&Rmal RNA processing protein 44) (DIS3 proteimbtog).

0083520 08 [Source:Uniprot/SWISSPROT;Acc:Q9Y2L1]

ENSGO0000 | RPS5 40S ribosomal protein S5. [Source:Uniprot/SSABOT;Acc:P46782]

0083845

ENSGO0000 | PPIE Peptidyl-prolyl cis-trans isomerase E (ECE8).(PPlase E) (Rotamase E) (Cyclophilin E) (Cgbitn 33).

0084072 [Source:Uniprot/SWISSPROT;Acc:Q9UNP9]

ENSGO0000 | EIF3S2 Eukaryotic translation initiation factor @sinit 2 (elF-3 beta) (elF3 p36) (elF3i) (TGF-betaeptor-interacting protein

0084623 1) (TRIP-1). [Source:Uniprot/SWISSPROT;Acc:Q13347]

ENSGO0000 | KIF3C Kinesin-like protein KIF3C. [Source:Unipro8SSPROT;Acc:014782]

0084731

ENSGO0000 | RAB10 Ras-related protein Rab-10. [Source:UnipMt{SSPROT;Acc:P61026]

0084733

ENSGO0000 | CAD CAD protein [Includes: Glutamine-dependent earpyl-phosphate synthase (EC 6.3.5.5); Aspartate

0084774 carbamoyltransferase (EC 2.1.3.2); Dihydroorot&s® 3.5.2.3)]. [Source:Uniprot/SWISSPROT;Acc:P27708]

ENSGO0000 | ATRX Transcriptional regulator ATRX (EC 3.6.1.-) R-dependent helicase ATRX) (X-linked helicaseg(X)linked nuclear

0085224 protein) (XNP) (Znf- HX). [Source:Uniprot/SWISSPR@Ec:P46100]

ENSG0000 | PREP Prolyl endopeptidase (EC 3.4.21.26) (Posin@aleaving enzyme) (PE). [Source:Uniprot/SWISSHEX@c:P48147]

0085377

ENSG0000 | HACE1 "HECT domain and ankyrin repeat containing,ubiquitin protein ligase 1 [Source:RefSeq_pepAde:NP_065822]"

0085382

ENSG0000 | MAP3K | Mitogen-activated protein kinase kinase kinase@ pE7.1.37) (MAPK/ERK kinase kinase 4) (MEK kina§g(MEKK 4)

0085511 4 (MAP three kinase 1). [Source:Uniprot/SWISSPROT;AZY6R4]

ENSGO0000

0085545

ENSGO0000 | ABCB1 Multidrug resistance protein 1 (P-glycoproté) (CD243 antigen). [Source:Uniprot/SWISSPROT;RE8183]

0085563

ENSGO0000 | AKR1B Aldose reductase (EC 1.1.1.21) (AR) (Aldehyde réakse). [Source:Uniprot/SWISSPROT;Acc:P15121]

0085662 1

ENSGO0000 | RAD54 DNA repair and recombination protein RAD54-like (B®.1.-) (RAD54 homolog) (nRAD54) (hHR54).

0085999 L [Source:Uniprot/SWISSPROT;Acc:Q92698]

ENSG0000 | MAST2 Microtubule-associated serine/threonine-grokénase 2 (EC 2.7.1.37). [Source:Uniprot/SWISSHR&2c:Q6P0Q8]

0086015

ENSGO0000 | DNAJA DnaJ homolog subfamily A member 1 (Heat shock 4@ kibtein 4) (DnaJ protein homolog 2) (HSJ-2) (HsDJ

0086061 1 [Source:Uniprot/SWISSPROT;Acc:P31689]

ENSGO0000 | NFX1 "Transcriptional repressor NF-X1 (EC 6.3.ZN)clear transcription factor, X box-binding, 1).

0086102 [Source:Uniprot/SWISSPROT;Acc:Q12986]"

ENSGO0000

0086117

ENSGO0000 | DIMH_ "Probable dimethyladenosine transferase (EC 2)13--adenosylmethionine-6-N',N'-adenosyl(rRNA)

0086189 HUMA dimethyltransferase) (18S rRNA dimethylase). [Setdniprot/SWISSPROT;Acc:Q9UNQ2]"
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N
ENSGO0000 | PPEF1 Serine/threonine protein phosphatase withdtigs-1 (EC 3.1.3.16) (PPEF-1) (Protein phosphat#tbeEF calcium-
0086717 binding domain) (PPEF) (Serine/threonine proteiogpthatase 7) (PP7). [Source:Uniprot/SWISSPROT;At4829]
ENSGO0000 | HUWE1 | "HECT, UBA and WWE domain containing protdifEC 6.3.2.-) (E3 ubiquitin protein ligase URE-BW)cl-1 ubiquitin
0086758 ligase E3) (Mule) (ARF-binding protein 1) (ARF-BPI$ource:Uniprot/SWISSPROT;Acc:Q726Z7]"
ENSGO0000 | NLK Serine/threonine kinase NLK (EC 2.7.1.37) (Nelike kinase) (LAK1 protein).
0087095 [Source:Uniprot/SWISSPROT;Acc:Q9UBES]
ENSGO0000
0087187
ENSG0000 | PSMC5 26S protease regulatory subunit 8 (Proteasaoimenit p45) (p45/SUG) (Proteasome 26S subunita&€F5) (Thyroid
0087191 hormone receptor interacting protein 1) (TRIP1pJ&e:Uniprot/SWISSPROT;Acc:P62195]
ENSGO0000
0087255
ENSGO0000 | DNM1L | Dynamin-1-like protein (EC 3.6.5.5) (Dynaniiike protein) (Dnm1p/Vpslp-like protein) (DVLP) (Dgmin family
0087470 member proline-rich carboxyl-terminal domain le@3ymple) (Dynamin-related protein 1) (Dynamin-ligeotein 4)

(Dynamin-like protein IV) (HdynIV [Source:Uniprot¥8ISSPROT;Acc:000429]

ENSGO0000 | STK6 Serine/threonine-protein kinase 6 (EC 2.7 Jl(S@rine/threonine kinase 15) (Aurora/IPL1-reldtéthse 1) (Aurora-
0087586 related kinase 1) (hARK1) (Aurora-A) (Breast-tunamplified kinase). [Source:Uniprot/SWISSPROT;Acc4045]
ENSGO0000
0087997
ENSGO0000
0088168
ENSGO0000 | DDX18 ATP-dependent RNA helicase DDX18 (EC 3.6.{D{AD box protein 18) (Myc-regulated DEAD box peat) (MrDb).
0088205 [Source:Uniprot/SWISSPROT;Acc:Q9NVP1]
ENSGO0000 | CTO031_ | Putative alpha-mannosidase C200rf31 precursor (EQ.3). [Source:Uniprot/SWISSPROT;Acc:Q9BV94]
0088298 HUMA

N
ENSGO0000
0088481
ENSGO0000 | KIF9 Kinesin-like protein KIF9. [Source:Uniprot/SWEPROT;Acc:Q9HAQ2]
0088727
ENSGO0000 | XRN2 5'-3' exoribonuclease 2 (EC 3.1.11.-) (DHMelprotein) (DHP protein). [Source:Uniprot/SWISSPRAcc:Q9HOD6]
0088930
ENSGO0000 | CT026_
0089101 HUMA

N
ENSGO0000 | GCN1L | GCN1-like protein 1 (HsGCN1). [Source:Uniprot/SWFSOT;Acc:Q92616]
0089154 1
ENSGO0000 | SNX23_ | Kinesin-like motor protein C200rf23 (Sorting nex8). [Source:Uniprot/SWISSPROT;Acc:Q96L93]
0089177 HUMA

N
ENSG0000 | NOS1 "Nitric-oxide synthase, brain (EC 1.14.13.@9pS type I) (Neuronal NOS) (N-NOS) (nNOS) (Congtite NOS) (NC-
0089250 NOS) (bNOS). [Source:Uniprot/SWISSPROT;Acc:P29475]"
ENSGO0000 | GANAB | Neutral alpha-glucosidase AB precursor (E€.B.84) (Glucosidase Il alpha subunit).
0089597 [Source:Uniprot/SWISSPROT;Acc:Q14697]
ENSGO0000 | DDX24 ATP-dependent RNA helicase DDX24 (EC 3.6.(D{EAD box protein 24).
0089737 [Source:Uniprot/SWISSPROT;Acc:Q9GZR7]
ENSGO0000 | DHX32 DEAD/H (Asp-Glu-Ala-Asp/His) box polypeptide2 [Source:RefSeq_peptide;Acc:NP_060650]
0089876
ENSGO0000 | SPTLC1 | Serine palmitoyltransferase 1 (EC 2.3.1(E6hg chain base biosynthesis protein 1) (LCB Fri8-palmitoyl-CoA
0090054 transferase 1) (SPT 1) (SPT1). [Source:Uniprot/S8AROT;Acc:015269]
ENSG0000 | PAPOL Poly(A) polymerase alpha (EC 2.7.7.19) (PAP) (Pobtleotide adenylyltransferase alpha).
0090060 A [Source:Uniprot/SWISSPROT;Acc:P51003]
ENSG0000 | NUDC Nuclear migration protein nudC (Nuclear distrion protein C homolog). [Source:Uniprot/SWISSPR&Cc:Q9Y266]
0090273
ENSGO0000 | DNAJB DnaJ homolog subfamily B member 11 precursor (Efbeiated dnad protein 3) (ErJ3) (ER-associated Bisp4
0090520 11 chaperone) (hDj9) (PWP1- interacting protein 4pUfe:Uniprot/SWISSPROT;Acc:Q9UBS4]
ENSGO0000 | PABPC | Polyadenylate-binding protein 4 (Poly(A)-bindingein 4) (PABP 4) (Inducible poly(A)-binding protgi(iPABP)
0090621 4 (Activated-platelet protein 1) (APP-1). [Source:pmit/SWISSPROT;Acc:Q13310]
ENSGO0000 | AARS Alanyl-tRNA synthetase (EC 6.1.1.7) (Alanin®NA ligase) (AlaRS). [Source:Uniprot/SWISSPROT; A249588]
0090861
ENSGO0000 | KIF4A Chromosome-associated kinesin KIF4A (Chromelsiin). [Source:Uniprot/SWISSPROT;Acc:095239]
0090889
ENSGO0000 | DLD "Dihydrolipoyl dehydrogenase, mitochondrial poesor (EC 1.8.1.4) (Dihydrolipoamide dehydrogeh&&dycine
0091140 cleavage system L protein). [Source:Uniprot/SWISSPR\cc:P09622]"
ENSG0000 | ABCC6 Multidrug resistance-associated protein 6 RAGinding cassette sub- family C member 6) (Antycée resistance-
0091262 associated protein) (Multi-specific organic anicaniporter-E) (MOAT-E). [Source:Uniprot/SWISSPROTeAD95255]
ENSGO0000 | MYO15 | Myosin-15 (Myosin XV) (Unconventional myosin-155durce:Uniprot/SWISSPROT;Acc:Q9UKN7]
0091536 A
ENSGO0000 | MYH7 "Myosin heavy chain, cardiac muscle beta isof§MyHC-beta). [Source:Uniprot/SWISSPROT;Acc:P12B8
0092054
ENSGO0000 | SCFD1 Secl family domain containing protein 1 (8yirt-binding protein 1- like 2) (Sly1p).
0092108 [Source:Uniprot/SWISSPROT;Acc:Q8WVM8]
ENSGO0000 | SUPT16 | chromatin-specific transcription elongation fadmge subunit [Source:RefSeq_peptide;Acc:NP_009123]
0092201 H
ENSG0000 | CAPN3 Calpain-3 (EC 3.4.22.-) (Calpain L3) (Calppf¥) (Calcium-activated neutral proteinase 3) (BAB® (Muscle-specific
0092529 calcium-activated neutral protease 3) (nCL-1). j8etniprot/SWISSPROT;Acc:P20807]
ENSG0000 ULK4 ULK4 protein. [Source:Uniprot/SPTREMBL ;Acc:Q96C45]
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0093222

ENSGO0000 | NP_659

0094841 489.1

ENSGO0000 | CDC23 Cell division cycle protein 23 homolog (Anapk promoting complex subunit 8) (APC8) (Cyclosuleunit 8).

0094880 [Source:Uniprot/SWISSPROT;Acc:Q9UJX2]

ENSGO0000 | MAP3K | Mitogen-activated protein kinase kinase kinase@ 27.1.37) (MAPK/ERK kinase kinase 1) (MEK kindgg(MEKK 1)

0095015 1 (Fragment). [Source:Uniprot/SWISSPROT;Acc:Q13233]

ENSGO0000 | DHPS Deoxyhypusine synthase (EC 2.5.1.46) (DHS)uf€e:Uniprot/SWISSPROT;Acc:P49366]

0095059

ENSG0000 | ARCN1 Coatomer delta subunit (Delta-coat protegl{a-COP) (Archain). [Source:Uniprot/SWISSPROT;A0t8444]

0095139

ENSGO0000

0095492

ENSG0000 | BTAF1 TATA-binding-protein-associated factor 1720B.6.1.-) (ATP-dependent helicase BTAF1) (TBP-a&ged factor 172)

0095564 (TAF-172) (TAF(I1)170) (B- TFIID transcription faot-associated 170 kDa subunit).
[Source:Uniprot/SWISSPROT;Acc:014981]

ENSGO0000 | MYO3A | Myosin IlIA (EC 2.7.1.37). [Source:Uniprot/SSSSPROT;Acc:Q8NEV4]

0095777

ENSG0000 | NUBP2 Nucleotide binding protein 2 (NBP 2). [Soutgeiprot/SWISSPROT;Acc:Q9Y5Y2]

0095906

ENSG0000 | SRPK1 Serine/threonine-protein kinase SRPK1 (ECLB7) (Serine/arginine- rich protein-specific kdral) (SR-protein-specifig

0096063 kinase 1) (SFRS protein kinase 1). [Source:UniBMtISSPROT;Acc:Q96SB4]

ENSG0000 | EFHC1 EF-hand domain-containing protein 1. [SourceJniprot/SWISSPROT;Acc:Q5JVL4]

0096093

ENSGO0000 | RPS18 40S ribosomal protein S18 (Ke-3) (Ke3). [Bewniprot/SWISSPROT;Acc:P62269]

0096150

ENSGO0000 | VARS Valyl-tRNA synthetase (EC 6.1.1.9) (Valine-MR ligase) (ValRS) (G7a protein).

0096171 [Source:Uniprot/SWISSPROT;Acc:P26640]

ENSG0000 | HSPCB Heat shock protein HSP 90-beta (HSP 84) (8BP[Source:Uniprot/SWISSPROT;Acc:P08238]

0096384

ENSGO0000

0096469

ENSGO0000 | IFT74 Intraflagellar transport 74 homolog (Coiled-coil domain-containing protein 2) (Capillary morphogenesis protein 1)

0096872 (CMG-1). [Source:Uniprot/SWISSPROT;Acc:Q96LB3]

ENSGO0000

0097054

ENSGO0000 | RAB18 Ras-related protein Rab-18. [Source:UnipMt{SSPROT;Acc:QINP72]

0099246

ENSGO0000 | MAST3 Microtubule-associated serine/threonine-prokénase 3 (EC 2.7.1.37). [Source:Uniprot/SWISSHR&2c:060307]

0099308

ENSGO0000 | MYO9B | Myosin-9B (Myosin IXb) (Unconventional myosBb). [Source:Uniprot/SWISSPROT;Acc:Q13459]

0099331

ENSG0000 | PRKY Serine/threonine-protein kinase PRKY (EC 2371 [Source:Uniprot/SWISSPROT;Acc:043930]

0099725

ENSGO0000 | PES1 Pescadillo homolog 1. [Source:Uniprot/SWISSPROc:000541]

0100029

ENSG0000 | MAPK1 Mitogen-activated protein kinase 1 (EC 2.37).(Extracellular signal-regulated kinase 2) (ERKMitogen-activated

0100030 protein kinase 2) (MAP kinase 2) (MAPK 2) (p42-MAP@ERT1). [Source:Uniprot/SWISSPROT;Acc:P28482]

ENSGO0000 | PRODH | "Proline oxidase, mitochondrial precursor (EE.3.-) (Proline dehydrogenase).

0100033 [Source:Uniprot/SWISSPROT;Acc:043272]"

ENSGO0000 | TOP3B DNA topoisomerase Il beta-1 (EC 5.99.1.8pyrce:Uniprot/SWISSPROT;Acc:095985]

0100038

ENSGO0000 | ADRBK | Beta-adrenergic receptor kinase 2 (EC 2.7.1.126)g\RK-2) (G- protein coupled receptor kinase 3).

0100077 2 [Source:Uniprot/SWISSPROT;Acc:P35626]

ENSGO0000

0100171

ENSG0000 | CSNK1 "Casein kinase I, epsilon isoform (EC 2.7.1.-) (&fkilon) (CKle). [Source:Uniprot/SWISSPROT;Acc:B%4]"

0100181 E

ENSGO0000 | KDELR ER lumen protein retaining receptor 3 (KDEL rece@p(KDEL endoplasmic reticulum protein retenti@eeptor 3).

0100196 3 [Source:Uniprot/SWISSPROT;Acc:043731]

ENSGO0000 | DDX17 Probable ATP-dependent RNA helicase DDX17 @&€1.-) (DEAD box protein 17) (RNA-dependent batie p72)

0100201 (DEAD box protein p72). [Source:Uniprot/SWISSPRO¢AQ92841]

ENSGO0000 | DMC1 Meiotic recombination protein DMC1/LIM15 honeg). [Source:Uniprot/SWISSPROT;Acc:Q14565]

0100206

ENSGO0000 | CYB5R NADH-cytochrome b5 reductase (EC 1.6.2.2) (B5R)p(ibiorase-1) (Cytochrome b5 reductase 3) [ConthiA®H-

0100243 3 cytochrome b5 reductase membrane-bound form; NARidetirome b5 reductase soluble form].
[Source:Uniprot/SWISSPROT;Acc:P00387]

ENSG0000 | TTLL1 Tubulin tyrosine ligase-like protein 1. [Source:Uniprot/SWISSPROT;Acc:095922]

0100271

ENSGO0000 | MCM5 DNA replication licensing factor MCM5 (CDC4@®molog) (P1-CDC46). [Source:Uniprot/SWISSPROT; AG3892]

0100297

ENSGO0000 | MYH9 "Myosin-9 (Myosin heavy chain, nonmuscle Ii&onmuscle myosin heavy chain lla) (NMMHC Il-a) (N\MHC-1IA)

0100345 (Cellular myosin heavy chain, type A) (Nonmuscleasiyn heavy chain-A) (NMMHC-A).
[Source:Uniprot/SWISSPROT;Acc:P35579]"

ENSG0000 | CACN Voltage-dependent T-type calcium channel alpha-1lubunit (Voltage- gated calcium channel alpha subuni

0100346 All Cav3.3) (Ca(v)3.3). [Source:Uniprot/SWISSPROT;Acc:QP0X4]

ENSGO0000 | ACO2 "Aconitate hydratase, mitochondrial precur@€t 4.2.1.3) (Citrate hydro-lyase) (Aconitase).

0100412 [Source:Uniprot/SWISSPROT;Acc:Q99798]"
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ENSGO0000 | CDKL1 Cyclin-dependent kinase-like 1 (EC 2.7.1.83¢rine/threonine-protein kinase KKIALRE) (Prot&inase p42

0100490 KKIALRE). [Source:Uniprot/SWISSPROT;Acc:Q00532]

ENSGO0000 | PSMC6 26S protease regulatory subunit S10B (Proteasubunit p42) (Proteasome 26S subunit ATPase 6).

0100519 [Source:Uniprot/SWISSPROT;Acc:P62333]

ENSGO0000 | ATP6V Vacuolar ATP synthase subunit D (EC 3.6.3.14) (VPage D subunit) (Vacuolar proton pump D subunitA(MPase 28

0100554 1D kDa accessory protein). [Source:Uniprot/SWISSPRQTE;Q9Y5K8]

ENSG0000 | PSMA3 Proteasome subunit alpha type 3 (EC 3.4.ZBrbteasome component C8) (Macropain subunit R8jticatalytic

0100567 endopeptidase complex subunit C8). [Source:UnifiSSPROT;Acc:P25788]

ENSG0000 | AHSAl Activator of 90 kDa heat shock protein ATP&senolog 1 (AHA1L) (p38). [Source:Uniprot/SWISSPR®@E¢:095433]

0100591

ENSGO0000 | SPTLC2 | Serine palmitoyltransferase 2 (EC 2.3.1(B0jg chain base biosynthesis protein 2) (LCB 2¥i{&-palmitoyl-CoA

0100596 transferase 2) (SPT 2). [Source:Uniprot/SWISSPR@E;B15270]

ENSGO0000 | PPM1A Protein phosphatase 2C isoform alpha (EGB3.8) (PP2C-alpha) (IA) (Protein phosphatase 1A).

0100614 [Source:Uniprot/SWISSPROT;Acc:P35813]

ENSGO0000

0100654

ENSG0000 | MTHFD | "C-1-tetrahydrofolate synthase, cytoplasmic (C1-TdyRthase) [Includes: Methylenetetrahydrofolateydebgenase (EC

0100714 1 1.5.1.5); Methenyltetrahydrofolate cyclohydrola&€(3.5.4.9); Formyltetrahydrofolate synthetase E&4.3)].
[Source:Uniprot/SWISSPROT;Acc:P11586]"

ENSGO0000 | PSMC1 26S protease regulatory subunit 4 (P26s4yg®some 26S subunit ATPase 1).

0100764 [Source:Uniprot/SWISSPROT;Acc:P62191]

ENSGO0000 | RPS6K Ribosomal protein S6 kinase alpha 5 (EC 2.7.1.Ruéglear mitogen-and stress-activated protein kifd{60 kDa

0100784 A5 ribosomal protein S6 kinase 5) (RSK-like proteinddge) (RLSK). [Source:Uniprot/SWISSPROT;Acc:075582]

ENSG0000 | PSMB5 Proteasome subunit beta type 5 precursoB(EQ@5.1) (Proteasome epsilon chain) (Macropaiil@pshain)

0100804 (Multicatalytic endopeptidase complex epsilon chéifroteasome subunit X) (Proteasome chain 6) ¢Bsatme subunit
MB1). [Source:Uniprot/SWISSPROT;Acc:P28074]

ENSGO0000

0100839

ENSGO0000 | SRP54 Signal recognition particle 54 kDa proteiRPS4). [Source:Uniprot/SWISSPROT;Acc:P61011]

0100883

ENSG0000 | CHD8 Chromodomain-helicase-DNA-binding protein £(B.6.1.-) (ATP- dependent helicase CHD8) (CHDHl{case with

0100888 SNF2 domain 1). [Source:Uniprot/SWISSPROT;Acc:QIHTK

ENSG0000 | TM9SF Transmembrane 9 superfamily protein member 1 psec{hMP70). [Source:Uniprot/SWISSPROT;Acc:015321]

0100926 1

ENSGO0000 | SEC23A | Protein transport protein Sec23A (SEC23tedlarotein A). [Source:Uniprot/SWISSPROT;Acc:Q1643

0100934

ENSGO0000 | GSS Glutathione synthetase (EC 6.3.2.3) (Glutathgymthase) (GSH synthetase) (GSH-S).

0100983 [Source:Uniprot/SWISSPROT;Acc:P48637]

ENSGO0000 | SGK2 Serine/threonine-protein kinase Sgk2 (EC 237)1(Serum/glucocorticoid regulated kinase 2).

0101049 [Source:Uniprot/SWISSPROT;Acc:Q9HBY8]

ENSGO0000 | IFT52 Intraflagellar transport 52 homolog (Protein NGD5 homolog). [Source:Uniprot/SWISSPROT;Acc:Q9Y 366

0101052

ENSGO0000 | STK4 Serine/threonine-protein kinase 4 (EC 2.7 I(STE20-like kinase MST1) (MST-1) (Mammalian STHZ® protein

0101109 kinase 1) (Serine/threonine-protein kinase Krg@purce:Uniprot/SWISSPROT;Acc:Q13043]

ENSGO0000

0101156

ENSG0000 | TUBB1 Tubulin beta-1 chain. [Source:Uniprot/SWISSPRAcc:Q9H4B7]

0101162

ENSGO0000 | GTPBP | Putative GTP-binding protein 5. [Source:Uniprot/S8PROT;Acc:Q9H4K7]

0101181 5

ENSGO0000 | PSMA7 Proteasome subunit alpha type 7 (EC 3.4.ZBrbteasome subunit RC6- 1) (Proteasome suburRG@A.

0101182 [Source:Uniprot/SWISSPROT;Acc:014818]

ENSGO0000 | EEF1A2 | Elongation factor 1-alpha 2 (EF-1-alphaBptgation factor 1 A-2) (eEF1A-2) (Statin S1).

0101210 [Source:Uniprot/SWISSPROT;Acc:Q05639]

ENSGO0000 | SPTLC2 | "CDNA FLJ90790 fis, clone THYRO1001529, moderatgiyilar to Serine palmitoyltransferase 2 (EC 250].

0101229 L [Source:Uniprot/SPTREMBL;Acc:Q8N2H1]"

ENSGO0000 | NP_077

0101247 025.2

ENSG0000 | CSNK2 "Casein kinase Il, alpha chain (EC 2.7.1.37) (OK[Bource:Uniprot/SWISSPROT;Acc:P68400]"

0101266 Al

ENSG0000 | CDS2 Phosphatidate cytidylyltransferase 2 (EC 241)7/(CDP-diglyceride synthetase 2) (CDP-diglycenyrophosphorylase

0101290 2) (CDP- diacylglycerol synthase 2) (CDS 2) (CTRgphatidate cytidylyltransferase 2) (CDP-DAG systha) (CDP-
DG synthetase 2). [Source:Uniprot/SWISSPROT;Acc 795

ENSG0000 | HM13 Minor histocompatibility antigen H13 (EC 3.8.9) (Signal peptide peptidase) (Presenilin-liketein 3) (hIMP1 protein).

0101294 [Source:Uniprot/SWISSPROT;Acc:Q8TCT9]

ENSGO0000 | SEC23B | Protein transport protein Sec23B (SEC23eglprotein B). [Source:Uniprot/SWISSPROT;Acc:Q1B43

0101310

ENSGO0000 | TM9SF | Transmembrane 9 superfamily protein member 4. [SoUmniprot/SWISSPROT;Acc:Q92544]

0101337 4

ENSGO0000 | CRNKL | Crooked neck-like protein 1 (Crooked neck homol@gjrn). [Source:Uniprot/SWISSPROT;Acc:Q9BZJ0]

0101343 1

ENSGO0000 | SAMH SAM domain and HD domain-containing protein 1 (Detizicell-derived IFNG-induced protein) (DCIP) (Mocyte

0101347 D1 protein 5) (MOP-5). [Source:Uniprot/SWISSPROT;Ac8X3Z3]

ENSGO0000 | PAK7 Serine/threonine-protein kinase PAK 7 (EC 2.37) (p21-activated kinase 7) (PAK-7) (PAK-5).

0101349 [Source:Uniprot/SWISSPROT;Acc:Q9P286]

ENSGO0000 | KIF3B Kinesin-like protein KIF3B (Microtubule plusnd-directed kinesin motor 3B) (HH0048).

0101350 [Source:Uniprot/SWISSPROT;Acc:015066]

ENSG0000 NOL5A Nucleolar protein Nop56 (Nucleolantgin 5A). [Source:Uniprot/SWISSPROT;Acc:000567]
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0101361

ENSG0000 | AHCY Adenosylhomocysteinase (EC 3.3.1.1) (S-adelbsyomocysteine hydrolase) (AdoHcyase).

0101444 [Source:Uniprot/SWISSPROT;Acc:P23526]

ENSGO0000 | DHX35 Probable ATP-dependent RNA helicase DHX35 &€ 1.-) (DEAH box protein 35).

0101452 [Source:Uniprot/SWISSPROT;Acc:Q9H5Z1]

ENSGO0000 | USP14 Ubiquitin carboxyl-terminal hydrolase 14 (BQ.2.15) (Ubiquitin thiolesterase 14) (Ubiquitipesific processing

0101557 protease 14) (Deubiquitinating enzyme 14). [Soltogrot/SWISSPROT;Acc:P54578]

ENSGO0000 | LPIN2 Lipin-2. [Source:Uniprot/SWISSPROT;Acc:Q92539

0101577

ENSG0000 | POLA DNA polymerase alpha catalytic subunit (EC.2.7). [Source:Uniprot/SWISSPROT;Acc:P09884]

0101868

ENSGO0000 | PRPS2 Ribose-phosphate pyrophosphokinase Il (E6.2){Phosphoribosyl pyrophosphate synthetad@R)S-11) (PPRibP).

0101911 [Source:Uniprot/SWISSPROT;Acc:P11908]

ENSGO0000 | ATP11C | Probable phospholipid-transporting ATPas€BG 3.6.3.1) (ATPase class | type 11C) (ATPase(K3)Pase Q)

0101974 (ATPase class VI type 11C). [Source:Uniprot/SWISSAEAcc:Q8NB49]

ENSGO0000 | CACN Voltage-dependent L-type calcium channel alpha-1Fubunit (Voltage- gated calcium channel alpha subuni

0102001 AlF Cavl.4). [Source:Uniprot/SWISSPROT;Acc:060840]

ENSGO0000 | SMARC | Possible global transcription activator SNF2L1 (E6.1.-) (ATP- dependent helicase SMARCAL) (SWI/SieRted

0102038 Al matrix associated actin dependent regulator ofroatm subfamily A member 1).
[Source:Uniprot/SWISSPROT;Acc:P28370]

ENSGO0000 | UBE2N

0102069 L

ENSGO0000

0102129

ENSGO0000 | PGK1 Phosphoglycerate kinase 1 (EC 2.7.2.3) (Priemognition protein 2) (PRP 2).

0102144 [Source:Uniprot/SWISSPROT;Acc:P00558]

ENSGO0000 | PCTK1 Serine/threonine-protein kinase PCTAIRE-1 (EZ.1.37) (PCTAIRE-motif protein kinase 1).

0102225 [Source:Uniprot/SWISSPROT;Acc:Q00536]

ENSGO0000

0102314

ENSGO0000 | STK24 Serine/threonine-protein kinase 24 (EC 237.1(STE20-like kinase MST3) (MST-3) (Mammalian SDHike protein

0102572 kinase 3). [Source:Uniprot/SWISSPROT;Acc:Q9Y6EOQ]

ENSG0000 | KPNA3 Importin alpha-3 subunit (Karyopherin alphabunit) (SRP1-gamma). [Source:Uniprot/SWISSPRQ@T;200505]

0102753

ENSGO0000 | KATNA Katanin p60 ATPase-containing subunit A-like 1 (B6.4.3) (Katanin p60 subunit A-like 1) (p60 katadike 1).

0102781 L1 [Source:Uniprot/SWISSPROT;Acc:Q9BW62]

ENSGO0000 | MAPK3 | Mitogen-activated protein kinase 3 (EC 2.37).(Extracellular signal-regulated kinase 1) (ERKdnsulin-stimulated

0102882 MAP?2 kinase) (MAP kinase 1) (MAPK 1) (p44-ERK1) (ER (p44-MAPK) (Microtubule- associated proteiniddse).
[Source:Uniprot/SWISSPROT;Acc:P27361]

ENSG0000 | NME3 Nucleoside diphosphate kinase 3 (EC 2.7.0N6)K 3) (NDP kinase 3) (Nucleoside diphosphate kin@3 (NDPKC)

0103024 (nm23-H3) (DR-nm23). [Source:Uniprot/SWISSPROT;Agt3232]

ENSGO0000 | NME4 "Nucleoside diphosphate kinase, mitochongriatursor (EC 2.7.4.6) (NDP kinase, mitochondii@IpK) (nm23-H4)

0103200 (Nucleoside diphosphate kinase D) (NDPKD). [Soudcgprot/SWISSPROT;Acc:000746]"

ENSGO0000 | ABCC1 Multidrug resistance-associated protein 1 RPAdinding cassette sub- family C member 1).

0103222 [Source:Uniprot/SWISSPROT;Acc:P33527]

ENSGO0000 | NARFL nuclear prelamin A recognition factor-liked@ce:RefSeq_peptide;Acc:NP_071938]

0103245

ENSGO0000 | CLCN7 Chloride channel protein 7 (CIC-7). [Sourceijatfot/SWISSPROT;Acc:P51798]

0103249

ENSG0000 | NUBP1 Nucleotide-binding protein 1 (NBP 1). [Soutdeiprot/SWISSPROT;Acc:P53384]

0103274

ENSGO0000 | UBE2I Ubiquitin-conjugating enzyme E2 | (EC 6.3.2) IUbiquitin-protein ligase I) (Ubiquitin carri@rotein I) (SUMO-1-

0103275 protein ligase) (SUMO- 1-conjugating enzyme) (Uliiucarrier protein 9) (p18).
[Source:Uniprot/SWISSPROT;Acc:P63279]

ENSG0000 | GSPT1 G1 to S phase transition protein 1 homoloER@®inding protein GST1- HS).

0103342 [Source:Uniprot/SWISSPROT;Acc:P15170]

ENSGO0000 | CLUAP | clusterin associated protein 1 isoform 2 [Source:R8eq_peptide;Acc:NP_079069]

0103351 1

ENSG0000 | MYST1 "Probable histone acetyltransferase MYST1 EE1.48) (MYST protein 1) (MOZ, YBF2/SAS3, SAS2daTIP60

0103510 protein 1) (h(MOF). [Source:Uniprot/SWISSPROT;AcckZ6]"

ENSG0000 | RAB11 Ras-related protein Rab-11A (Rab-11) (YL8). [Soudzeprot/SWISSPROT;Acc:P62491]

0103769 A

ENSGO0000 | CTSH Cathepsin H precursor (EC 3.4.22.16) [Conta@ahepsin H mini chain; Cathepsin H heavy ch@ithepsin H light

0103811 chain]. [Source:Uniprot/SWISSPROT;Acc:P09668]

ENSGO0000 | ATP8B4 | Probable phospholipid-transporting ATPase(BZ 3.6.3.1) (ATPase class | type 8B member 4).

0104043 [Source:Uniprot/SWISSPROT;Acc:Q8TF62]

ENSGO0000 | SGK3 Serine/threonine-protein kinase Sgk3 (EC 237)1(Serum/glucocorticoid regulated kinase 3) (&#glucocorticoid

0104205 regulated kinase-like). [Source:Uniprot/SWISSPROSGRQ96BR1]

ENSGO0000 | STK3 Serine/threonine-protein kinase 3 (EC 2.7 I(STE20-like kinase MST2) (MST-2) (Mammalian STH2® protein

0104375 kinase 2) (Serine/threonine-protein kinase Krg8gurce:Uniprot/SWISSPROT;Acc:Q13188]

ENSG0000 | RAB2 Ras-related protein Rab-2A. [Source:UniprotdS8PROT;Acc:P61019]

0104388

ENSGO0000 | GSR "Glutathione reductase, mitochondrial precufBa@ 1.8.1.7) (GR) (GRase). [Source:Uniprot/SWISSREAcc:P00390]"

0104687

ENSGO0000 | PPP2CB | "Serine/threonine protein phosphatase 2Alytia subunit, beta isoform (EC 3.1.3.16) (PP2#td).

0104695 [Source:Uniprot/SWISSPROT;Acc:P62714]"

ENSGO0000 | KLHDC | kelch domain containing 4 [Source:RefSeq_peptide;}NE_060036]

0104731 4
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ENSGO0000
0104732
ENSGO0000 | MCM4 DNA replication licensing factor MCM4 (CDC2bmolog) (P1-CDC21). [Source:Uniprot/SWISSPROT;AG3891]
0104738
ENSGO0000 | MAP4K | Mitogen-activated protein kinase kinase kinase dena (EC 2.7.1.37) (MAPK/ERK kinase kinase kinagéMEK kinase
0104814 1 kinase 1) (MEKKK 1) (Hematopoietic progenitor kieds[Source:Uniprot/SWISSPROT;Acc:Q92918]
ENSG0000 | TUBB4 Tubulin beta-4 chain (Tubulin 5 beta). [Satdniprot/SWISSPROT;Acc:P04350]
0104833
ENSG0000 | CLPTM cleft lip and palate associated transmembrane ipratESource:RefSeq_peptide;Acc:NP_001285]
0104853 1
ENSGO0000 | ERCC2 TFIIH basal transcription factor complex tadie subunit (EC 3.6.1.-) (DNA-repair protein coempénting XP-D cells)
0104884 (Xeroderma pigmentosum group D complementing pndpt@XPD) (DNA excision repair protein ERCC-2).
[Source:Uniprot/SWISSPROT;Acc:P18074]
ENSGO0000 | RNASE | Ribonuclease HI large subunit (EC 3.1.26.4) (RNdkkarge subunit) (Ribonuclease H2) (RNase H2) (BNEI(35)).
0104889 H2A [Source:Uniprot/SWISSPROT;Acc:075792]
ENSG0000 | DMPK Myotonin-protein kinase (EC 2.7.1.37) (Myotomlystrophy protein kinase) (MDPK) (DM-kinase) (DM{DMPK) (MT-
0104936 PK). [Source:Uniprot/SWISSPROT;Acc:Q09013]
ENSGO0000 | TBC1D TBC1 domain family member 17. [Source:Uniprot/SWPR®T;Acc:QIHAB5]
0104946 17
ENSGO0000 | AURKC | Serine/threonine-protein kinase 13 (EC 237} (Aurora/lpl1/Eg2 protein 2) (Aurora/lpll-relat&inase 3) (Aurora-C).
0105146 [Source:Uniprot/SWISSPROT;Acc:Q9UQB9]
ENSGO0000 | FBL Fibrillarin (34 kDa nucleolar scleroderma aetig. [Source:Uniprot/SWISSPROT;Acc:P22087]
0105202
ENSG0000 | DYRK1 Dual specificity tyrosine-phosphorylation regulatédase 1B (EC 2.7.1.37) (EC 2.7.1.112) (Mirk pioteinase)
0105204 B (Minibrain-related kinase). [Source:Uniprot/SWISSPRAcc:Q9Y463]
ENSGO0000 | AKT2 "RAC-beta serine/threonine-protein kinase (EC.1.37) (RAC-PK-beta) (Protein kinase Akt-2) (o kinase B, beta)
0105221 (PKB beta). [Source:Uniprot/SWISSPROT;Acc:P31751]"
ENSG0000 | PRKD2 "Protein kinase C, D2 type (EC 2.7.1.-) (nPE2) (Protein kinase D2). [Source:Uniprot/SWISSPRACE:Q9BZL6]"
0105287
ENSGO0000 | MYH14 "Myosin-14 (Myosin heavy chain, nonmuscle)l{Blonmuscle myosin heavy chain Iic) (NMHC 1I-C).
0105357 [Source:Uniprot/SWISSPROT;Acc:Q7Z406]"
ENSGO0000 | ETFB Electron transfer flavoprotein beta-subunig@®ETF). [Source:Uniprot/SWISSPROT;Acc:P38117]
0105379
ENSGO0000 | ATP1A Sodium/potassium-transporting ATPase alpha-3 cfi&th3.6.3.9) (Sodium pump 3) (Na+/K+ ATPase 3) ().
0105409 3 [Source:Uniprot/SWISSPROT;Acc:P13637]
ENSGO0000 | KDELR ER lumen protein retaining receptor 1 (KDEL recedp(KDEL endoplasmic reticulum protein retenti@eceptor 1).
0105438 1 [Source:Uniprot/SWISSPROT;Acc:P24390]
ENSGO0000 | GRWD1 | Glutamate-rich WD repeat-containing proteifiSburce:Uniprot/SWISSPROT;Acc:Q9BQ67]
0105447
ENSGO0000 | LIG1 DNA ligase | (EC 6.5.1.1) (Polydeoxyribonuctiete synthase [ATP]). [Source:Uniprot/SWISSPROT,; &R48858]
0105486
ENSGO0000 | RAB3D Ras-related protein Rab-3D. [Source:UniprdtISSPROT;Acc:095716]
0105514
ENSGO0000 | TNPO2 Transportin-2 (Karyopherin beta-2b). [Soudreprot/SWISSPROT;Acc:014787]
0105576
ENSGO0000 | MAST1 Microtubule-associated serine/threonine-prokénase 1 (EC 2.7.1.37) (Syntrophin-associatethe&hreonine-protein
0105613 kinase). [Source:Uniprot/SWISSPROT;Acc:Q9Y2H9]
ENSGO0000 | RAB3A Ras-related protein Rab-3A. [Source:Unipr@¥/SSPROT;Acc:P20336]
0105649
ENSGO0000 | PDE4C "cAMP-specific 3',5'-cyclic phosphodiesterasdC (EC 3.1.4.17) (DPDE1) (PDE21).
0105650 [Source:Uniprot/SWISSPROT;Acc:Q08493]"
ENSG0000 | DDX49 Probable ATP-dependent RNA helicase DDX49 @&E1.-) (DEAD box protein 49).
0105671 [Source:Uniprot/SWISSPROT;Acc:Q9Y6V7]
ENSGO0000 | ATP4A Potassium-transporting ATPase alpha chale 3.6.3.10) (Proton pump) (Gastric H+/K+ ATPagghalsubunit).
0105675 [Source:Uniprot/SWISSPROT;Acc:P20648]
ENSGO0000 | GAPDH | "Glyceraldehyde-3-phosphate dehydrogenase, tgstisific (EC 1.2.1.12) (Spermatogenic cell-spedifigceraldehyde 3-
0105679 S phosphate dehydrogenase 2) (GAPDH-2). [Source:0tipWISSPROT;Acc:014556]"
ENSGO0000 | GSK3A Glycogen synthase kinase-3 alpha (EC 2.7)1@23K-3 alpha). [Source:Uniprot/SWISSPROT;Acc: P48
0105723
ENSGO0000 | Q8TEG
0105726 5_HUM
AN
ENSGO0000 | CDK6 Cell division protein kinase 6 (EC 2.7.1.38p(ine/threonine-protein kinase PLSTIRE).
0105810 [Source:Uniprot/SWISSPROT;Acc:Q00534]
ENSGO0000 | PMPCB | "Mitochondrial processing peptidase beta sitbmitochondrial precursor (EC 3.4.24.64) (Bet®&R) (P-52).
0105819 [Source:Uniprot/SWISSPROT;Acc:075439]"
ENSGO0000 | DUS4L dihydrouridine synthase 4-like [Source:RefSeeptide;Acc:NP_853559]
0105865
ENSGO0000 | DNAH1 | Ciliary dynein heavy chain 11 (Axonemal beta dyneimeavy chain 11).
0105877 1 [Source:Uniprot/SWISSPROT;Acc:Q96DT5]
ENSGO0000 | ATP6V Vacuolar proton translocating ATPase 116 kDa sutauigoform 4 (V- ATPase 116-kDa isoform a4) (Vaeungroton
0105929 0A4 translocating ATPase 116 kDa subunit a kidney isnjo[Source:Uniprot/SWISSPROT;Acc:Q9HBG4]
ENSGO0000 | NP_079
0105948 202.1
ENSGO0000 | OGDH "2-oxoglutarate dehydrogenase E1 componemocimbndrial precursor (EC 1.2.4.2) (Alpha-ketogltate
0105953 dehydrogenase). [Source:Uniprot/SWISSPROT;Acc:Q8P21
ENSGO0000 | CPVL "Probable serine carboxypeptidase CPVL presyisC 3.4.16.-) (Carboxypeptidase, vitellogenie)i (Vitellogenic
0106066 carboxypeptidase- like protein) (VCP-like proteif§ource:Uniprot/SWISSPROT;Acc:Q9H3G5]"
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ENSGO0000 | GARS Glycyl-tRNA synthetase (EC 6.1.1.14) (GlychBNA ligase) (GlyRS). [Source:Uniprot/SWISSPROT¢AR41250]

0106105

ENSGO0000 | IMPDH Inosine-5'-monophosphate dehydrogenase 1 (EC 20B)JL(IMP dehydrogenase 1) (IMPDH-I) (IMPD 1).

0106348 1 [Source:Uniprot/SWISSPROT;Acc:P20839]

ENSGO0000 | NP_835 | monoacylglycerol O-acyltransferase 3 [Source:RefBeqtide;Acc:NP_835470]

0106384 470.1

ENSGO0000

0106580

ENSG0000 | PSMA2 Proteasome subunit alpha type 2 (EC 3.4.ZBrbteasome component C3) (Macropain subunit R8jticatalytic

0106588 endopeptidase complex subunit C3). [Source:UnifiSSPROT;Acc:P25787]

ENSGO0000 | DNM1 Dynamin-1 (EC 3.6.5.5). [Source:Uniprot/SWIS8PT;Acc:Q05193]

0106976

ENSGO0000 | SETX Probable helicase senataxin (EC 3.6.1.-) (SEd\holog). [Source:Uniprot/SWISSPROT;Acc:Q72333]

0107290

ENSGO0000 | ABCA2 ATP-binding cassette sub-family A member Z'@binding cassette transporter 2) (ATP-bindingsetts 2).

0107331 [Source:Uniprot/SWISSPROT;Acc:Q9BZC7]

ENSG0000 | DDX50 ATP-dependent RNA helicase DDX50 (EC 3.6.(DEAD box protein 50) (Nucleolar protein Gu2) (®ata).

0107625 [Source:Uniprot/SWISSPROT;Acc:Q9BQ39]

ENSG0000 | MAPK8 Mitogen-activated protein kinase 8 (EC 2.37).(Stress-activated protein kinase JNK1) (c-Jtbekhinal kinase 1)

0107643 (JNK-46). [Source:Uniprot/SWISSPROT;Acc:P45983]

ENSGO0000

0107671

ENSGO0000 | PPP3CB | "Serine/threonine protein phosphatase 2Bytiatsubunit, beta isoform (EC 3.1.3.16) (Calmiathdependent calcineurin

0107758 A subunit, beta isoform) (CAM-PRP catalytic subpuriBource:Uniprot/SWISSPROT;Acc:P16298]"

ENSGO0000 | ACTA2 "Actin, aortic smooth muscle (Alpha-actin-2$ource:Uniprot/SWISSPROT;Acc:P62736]"

0107796

ENSGO0000 | GTPBP | Nucleolar GTP-binding protein 1 (Chronic renaléad gene protein) (GTP-binding protein NGB).

0107937 4 [Source:Uniprot/SWISSPROT;Acc:Q9BZE4]

ENSGO0000

0107987

ENSG0000 | CSPG6 Structural maintenance of chromosome 3 (Gbdmdsulfate proteoglycan 6) (Chromosome-assedigtolypeptide)

0108055 (hCAP) (Bamacan) (Basement membrane-associatedlasitn proteoglycan).
[Source:Uniprot/SWISSPROT;Acc:Q9UQET7]

ENSGO0000 | CUL2 Cullin-2 (CUL-2). [Source:Uniprot/SWISSPROT;&€13617]

0108094

ENSG0000 | UBE2S Ubiquitin-conjugating enzyme E2S (EC 6.3.2 (Lbiquitin-conjugating enzyme E2-24 kDa) (Ubidmiprotein ligase)

0108106 (Ubiquitin carrier protein) (E2-EPF5). [Source:UripSWISSPROT;Acc:Q16763]

ENSGO0000 | PPIF "Peptidyl-prolyl cis-trans isomerase, mitocthoal precursor (EC 5.2.1.8) (PPlase) (Rotamasggl@@hilin F).

0108179 [Source:Uniprot/SWISSPROT;Acc:P30405]"

ENSG0000 | RPL19 60S ribosomal protein L19. [Source:UniprotiSBPROT;Acc:P84098]

0108298

ENSGO0000 | PSMD3 26S proteasome non-ATPase regulatory suBy@®6S proteasome regulatory subunit S3) (Proteasuiunit p58).

0108344 [Source:Uniprot/SWISSPROT;Acc:043242]

ENSGO0000 | DHX40 DEAH (Asp-Glu-Ala-His) box polypeptide 40 [Be:RefSeq_peptide;Acc:NP_078888]

0108406

ENSGO0000 | TUBD1 Tubulin delta chain (Delta tubulin). [Sourceiprot/SWISSPROT;Acc:Q9UJT1]

0108423

ENSGO0000 | KPNB1 Importin beta-1 subunit (Karyopherin betaubusnit) (Nuclear factor P97) (Importin 90).

0108424 [Source:Uniprot/SWISSPROT;Acc:Q14974]

ENSGO0000 | RPS6K Ribosomal protein S6 kinase 1 (EC 2.7.1.37) (S@6K1) (70 kDa ribosomal protein S6 kinase 1) (pBkBase alpha)

0108443 B1 (p70(S6K)-alpha) (p70-S6K) (p70-alpha). [Sourcelot/SWISSPROT;Acc:P23443]

ENSG0000 | RECQL | ATP-dependent DNA helicase Q5 (EC 3.6.1.-) (RecQgin-like 5) (RecQ5).

0108469 5 [Source:Uniprot/SWISSPROT;Acc:094762]

ENSGO0000 | CDK3 Cell division protein kinase 3 (EC 2.7.1.3Bource:Uniprot/SWISSPROT;Acc:Q00526]

0108504

ENSGO0000 | ENO3 Beta-enolase (EC 4.2.1.11) (2-phospho-D-gateehydro-lyase) (Muscle-specific enolase) (MSEKe(Stal muscle

0108515 enolase) (Enolase 3). [Source:Uniprot/SWISSPROT;At8929]

ENSGO0000 | DRG2 Developmentally regulated GTP-binding pro@ifbRG 2). [Source:Uniprot/SWISSPROT;Acc:P55039]

0108591

ENSGO0000 | DDX5 Probable ATP-dependent RNA helicase DDX5 (EE13-) (DEAD box protein 5) (RNA helicase p68).

0108654 [Source:Uniprot/SWISSPROT;Acc:P17844]

ENSGO0000 | PSMD1 | 26S proteasome non-ATPase regulatory subunit 13 (26teasome regulatory subunit S9) (26S proteasegudatory

0108671 1 subunit p44.5). [Source:Uniprot/SWISSPROT;Acc:00023

ENSG0000 | RAB5C Ras-related protein Rab-5C (RAB5L) (L188@®of{irce:Uniprot/SWISSPROT;Acc:P51148]

0108774

ENSG0000 | ABCC3 Canalicular multispecific organic anion trpager 2 (Multidrug resistance-associated protgi(Mallti-specific organic

0108846 anion tranporter-D) (MOAT-D). [Source:Uniprot/SWIBBOT;Acc:015438]

ENSGO0000 | SMURF | Smad ubiquitination regulatory factor 2 (EC 6.3.RUbiquitin-- protein ligase SMURF2) (Smad-specifi3 ubiquitin

0108854 2 ligase 2) (WSMURF2). [Source:Uniprot/SWISSPROT; ReHAU4]

ENSGO0000 | EFTUD | "116 kDa U5 small nuclear ribonucleoprotein compur(e)5 snRNP- specific protein, 116 kDa) (U5-116a§D

0108883 2 (Elongation factor Tu GTP binding domain protein[&ource:Uniprot/SWISSPROT;Acc:Q15029]"

ENSGO0000 | PRKAR | cAMP-dependent protein kinase type I-alpha regujesabunit (Tissue- specific extinguisher 1) (TSE1)

0108946 1A [Source:Uniprot/SWISSPROT;Acc:P10644]

ENSG0000 | YWHA 14-3-3 protein epsilon (14-3-3E). [Source:Unipri¥SSPROT;Acc:P62258]

0108953 E

ENSG0000 | MYH1 "Myosin-1 (Myosin heavy chain, skeletal muscelult 1) (Myosin heavy chain lIx/d) (MyHC-1Ix/d).

0109061 [Source:Uniprot/SWISSPROT;Acc:P12882]"

ENSG0000 MYH3 "Myosin heavy chain, fast skeletal mlesembryonic (Muscle embryonic myosin heavy ch§@MHCE).
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0109063 [Source:Uniprot/SWISSPROT;Acc:P11055]"

ENSGO0000 | UNC11 Unc-119 protein homolog (Retinal protein 4) (HRG4)[Source:Uniprot/SWISSPROT;Acc:Q13432]

0109103 9

ENSGO0000 | ALDOC | Fructose-bisphosphate aldolase C (EC 4.1)ZB#&in-type aldolase). [Source:Uniprot/SWISSPRAXK;:P09972]

0109107

ENSGO0000 | UBE2D Ubiquitin-conjugating enzyme E2 D3 (EC 6.3.2.19piiitin-protein ligase D3) (Ubiquitin carrier pet D3)

0109332 3 (Ubiquitin-conjugating enzyme E2-17 kDa 3) (E2(1B)R). [Source:Uniprot/SWISSPROT;Acc:P61077]

ENSGO0000 | MAPK1 | Mitogen-activated protein kinase 10 (EC 2.7.1.&tjgss-activated protein kinase JNK3) (c-Jun N-teahkinase 3)

0109339 0 (MAP kinase p49 3F12). [Source:Uniprot/SWISSPROERE3779]

ENSGO0000 | DHX15 Putative pre-mRNA splicing factor ATP-depentBNA helicase DHX15 (EC 3.6.1.-) (DEAH box pratdi5) (ATP-

0109606 dependent RNA helicase #46). [Source:Uniprot/SWESP;Acc:043143]

ENSGO0000 | FBXW7 F-box/WD-repeat protein 7 (F-box and WD-40vdon protein 7) (F-box protein FBX30) (hCdc4) (Aipdlago homolog)

0109670 (hAgo) (SEL-10). [Source:Uniprot/SWISSPROT;Acc: Q89

ENSGO0000 | NP_060

0109775 829.1

ENSG0000 | DDX25 ATP-dependent RNA helicase DDX25 (EC 3.6.IDEAD box protein 25) (Gonadotropin-regulated irdar RNA

0109832 helicase). [Source:Uniprot/SWISSPROT;Acc:Q9UHLO0]

ENSGO0000 | HSPA8 Heat shock cognate 71 kDa protein (Heat si6dkDa protein 8). [Source:Uniprot/SWISSPROT;AdP42]

0109971

ENSGO0000 | SNX15 Sorting nexin-15. [Source:Uniprot/SWISSPROGGAQINRSE]

0110025

ENSGO0000 | PUS3 tRNA pseudouridine synthase 3 (EC 5.4.9R)&-uridine isomerase 3) (tRNA pseudouridylate sgse 3).

0110060 [Source:Uniprot/SWISSPROT;Acc:Q9BZE2]

ENSGO0000 | DDX6 Probable ATP-dependent RNA helicase DDX6 (EE B-) (DEAD box protein 6) (ATP-dependent RNAibate p54)

0110367 (Oncogene RCK). [Source:Uniprot/SWISSPROT;Acc:P#319

ENSGO0000 | HIPK3 Homeodomain-interacting protein kinase 3 (ET.1.37) (Homolog of protein kinase YAK1) (Faseirgcting

0110422 serine/threonine-protein kinase) (FIST) (Androgeceptor-interacting nuclear protein kinase) (ANPK).
[Source:Uniprot/SWISSPROT;Acc:Q9H422]

ENSG0000 | PDHX "Pyruvate dehydrogenase protein X componeitgahnondrial precursor (Dihydrolipoamide dehydroaserbinding

0110435 protein of pyruvate dehydrogenase complex) (Lipmitaining pyruvate dehydrogenase complex compoXp(iE3-
binding protein) (E3BP) (proX). [Source:Uniprot/SB8PROT;Acc:000330]"

ENSGO0000 | CARS Cysteinyl-tRNA synthetase (EC 6.1.1.16) (CiystetRNA ligase) (CysRS). [Source:Uniprot/SWISSPRAcc:P49589]

0110619

ENSGO0000 | TCIRG1 | Vacuolar proton translocating ATPase 116 kDlunit a isoform 3 (V- ATPase 116-kDa isoform @33teoclastic proton

0110719 pump 116 kDa subunit) (OC-116 kDa) (OC116) (T-gelnune regulator 1) (T cell immune response cDNAatein)
(TIRCY). [Source:Uniprot/SWISSPROT;Acc:Q13488]

ENSGO0000 | NP_115

0110871 690.2

ENSGO0000 | CAMK Calcium/calmodulin-dependent protein kinase kifa$EC 2.7.1.37) (Calcium/calmodulin-dependent prokénase

0110931 K2 kinase beta) (CaM-kinase kinase beta) (CaM-KK b@@aMKK beta). [Source:Uniprot/SWISSPROT;Acc:Q96RR4

ENSGO0000 | ATP5B "ATP synthase beta chain, mitochondrial precu(EC 3.6.3.14). [Source:Uniprot/SWISSPROT;A66576]"

0110955

ENSGO0000 | NP_078

0111058 836.1

ENSGO0000 | METAP | Methionine aminopeptidase 2 (EC 3.4.11.18) (MetAPP2ptidase M 2) (Initiation factor 2-associat@dk®a

0111142 2 glycoprotein) (p67) (p67elF2). [Source:Uniprot/SVBFROT;Acc:P50579]

ENSG0000 | MGN2_ | Mago nashi protein homolog 2. [Source:Uniprot/SWRB®T;Acc:Q96A72]

0111196 HUMA

N

ENSG0000 | HRMT1 | Protein arginine N-methyltransferase 4 (EC 2.1(Heterogeneous nuclear ribonucleoprotein methydfierase-like

0111218 L4 protein 4). [Source:Uniprot/SWISSPROT;Acc:QINR22]

ENSGO0000 | ATPBD "ATP binding domain 1 family, member C [Source:RefSpeptide;Acc:NP_057385]"

0111231 1c

ENSGO0000 | VPS29 Vacuolar protein sorting 29 (Vesicle protsanting 29) (hVPS29) (PEP11).

0111237 [Source:Uniprot/SWISSPROT;Acc:Q9UBQO]

ENSGO0000 | ALDH2 "Aldehyde dehydrogenase, mitochondrial precu(EC 1.2.1.3) (ALDH class 2) (ALDHI) (ALDH-E2).

0111275 [Source:Uniprot/SWISSPROT;Acc:P05091]"

ENSGO0000

0111278

ENSGO0000 | DDX55 DEAD (Asp-Glu-Ala-Asp) box polypeptide 55 [Bme:RefSeq_peptide;Acc:NP_065987]

0111364

ENSG0000 | RFC5 Activator 1 36 kDa subunit (Replication fac®B6 kDa subunit) (A1 36 kDa subunit) (RF-C 36 ldddunit) (RFC36)

0111445 (Replication factor C subunit 5). [Source:UnipraW/EBSSPROT;Acc:P40937]

ENSG0000 | RAB5B Ras-related protein Rab-5B. [Source:UniprdtiISSPROT;Acc:P61020]

0111540

ENSG0000 | HRB2 HIV-1 Rev-binding protein 2 (Rev-interactingppein 1) (Rip-1). [Source:Uniprot/SWISSPROT;Acc38D1]

0111615

ENSGO0000 | GAPDH | Glyceraldehyde-3-phosphate dehydrogenasel(EQ.12) (GAPDH). [Source:Uniprot/SWISSPROT;AccR06]

0111640

ENSGO0000 | NOL1 Proliferating-cell nucleolar antigen p120 (Fesation-associated nucleolar protein p120).

0111641 [Source:Uniprot/SWISSPROT;Acc:P46087]

ENSGO0000 | CHD4 Chromodomain helicase-DNA-binding protein £(&6.1.-) (ATP- dependent helicase CHD4) (CHDMj-2

0111642 autoantigen 218 kDa protein) (Mi2-beta). [Sourcepuot/SWISSPROT;Acc:Q14839]

ENSGO0000 | USP5 Ubiquitin carboxyl-terminal hydrolase 5 (EQ.2.15) (Ubiquitin thiolesterase 5) (Ubiquitin-sfgiEcprocessing protease

0111667 5) (Deubiquitinating enzyme 5) (Isopeptidase Tpyfe:Uniprot/SWISSPROT;Acc:P45974]

ENSGO0000 | TPI1 Triosephosphate isomerase (EC 5.3.1.1) (TINipée-phosphate isomerase). [Source:Uniprot/SWRESPAcc:P60174]

0111669

ENSG0000 ENO2 Gamma-enolase (EC 4.2.1.11) (2-pheBpblycerate hydro-lyase) (Neural enolase) (Newpeeific enolase) (NSE)
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0111674 (Enolase 2). [Source:Uniprot/SWISSPROT;R08104]

ENSG0000 | RAB35 Ras-related protein Rab-35 (Rab-1C) (GTP-bipgrotein RAY). [Source:Uniprot/SWISSPROT;Acc:QBb]

0111737

ENSGO0000 | MAK Serine/threonine-protein kinase MAK (EC 2.7.7)3Male germ cell- associated kinase).

0111837 [Source:Uniprot/SWISSPROT;Acc:P20794]

ENSGO0000

0111838

ENSGO0000 | MCMD minichromosome maintenance protein domain contgififSource:RefSeq_peptide;Acc:NP_694987]

0111877 Cl

ENSGO0000 | MAN1A | "Mannosyl-oligosaccharide 1,2-alpha-mannosidaséd® 3.2.1.113) (Processing alpha-1,2-mannosidas¢Aifha-1,2-

0111885 1 mannosidase IA) (Mannosidase alpha class 1A mefjb@lan(9)-alpha-mannosidase) (Man9-mannosidase).
[Source:Uniprot/SWISSPROT;Acc:P33908]"

ENSGO0000 | CSNK2 | Casein kinase Il beta subunit (CK Il beta) (Phasy{G5a). [Source:Uniprot/SWISSPROT;Acc:P67870]

0111968 B

ENSGO0000 | MTRF1 | mitochondrial translational release factor 1-lis®{rce:RefSeq_peptide;Acc:NP_061914]

0112031 L

ENSG0000 | MAPK1 Mitogen-activated protein kinase 14 (EC 2.7.1.37tdgen-activated protein kinase p38 alpha) (MARase p38 alpha)

0112062 4 (Cytokine suppressive anti-inflammatory drug birgdprotein) (CSAID-binding protein) (CSBP) (MAX-irr&cting
protein 2) (MAP kinase MXI2 [Source:Uniprot/SWISSBR;Acc:Q16539]

ENSGO0000 | STK38 Serine/threonine-protein kinase 38 (EC 237)JL(NDR1 protein kinase) (Nuclear Dbf2-relateddsa 1).

0112079 [Source:Uniprot/SWISSPROT;Acc:Q15208]

ENSGO0000 | PSMB9 Proteasome subunit beta type 9 precursoB3(EQ@5.1) (Proteasome chain 7) (Macropain chaifMijticatalytic

0112082 endopeptidase complex chain 7) (RING12 protein)(lmolecular mass protein 2).
[Source:Uniprot/SWISSPROT;Acc:P28065]

ENSGO0000 | SOD2 "Superoxide dismutase [Mn], mitochondrial prsor (EC 1.15.1.1). [Source:Uniprot/SWISSPROT,; R€2t179]"

0112096

ENSGO0000 | MCM3 DNA replication licensing factor MCM3 (DNA pyinerase alpha holoenzyme-associated protein P15 (Rta subunit)

0112118 (P102 protein) (P1-MCM3). [Source:Uniprot/SWISSPRAJ:P25205]

ENSGO0000 | ICK Serine/threonine-protein kinase ICK (EC 2.77).@ntestinal cell kinase) (hICK) (MAK-related lise) (MRK)

0112144 (Laryngeal cancer kinase 2) (LCK2). [Source:UnifBd¥ISSPROT;Acc:Q9UPZ9]

ENSG0000 | MDN1 Midasin (MIDAS-containing protein). [Source:ipnot/SWISSPROT;Acc:Q9NU22]

0112159

ENSG0000 | ASCC3 "Activating signal cointegrator 1 complex solt 3 (EC 3.6.1.-) (ASC-1 complex subunit p200)i§# complex subunit

0112249 p200) (Helicase, ATP binding 1). [Source:Uniprot/B8PROT;Acc:Q8N3C0]"

ENSGO0000 | ALDH5 "Succinate semialdehyde dehydrogenase, mitochdmmtgaursor (EC 1.2.1.24) (NAD(+)-dependent suecini

0112294 Al semialdehyde dehydrogenase). [Source:Uniprot/SWRESPAcc:P51649]"

ENSGO0000 | HBS1L HBS1-like protein (ERFS). [Source:Uniprot/SSEPROT;Acc:Q9Y450]

0112339

ENSGO0000 | PEX7 Peroxisomal targeting signal 2 receptor (Pes2ptor) (Peroxin-7). [Source:Uniprot/SWISSPROTAX00628]

0112357

ENSGO0000 | BYSL Bystin. [Source:Uniprot/SWISSPROT;Acc:Q13895]

0112578

ENSGO0000

0112698

ENSGO0000 | PRPF4B | Serine/threonine-protein kinase PRP4 hom(@6g2.7.1.37) (PRP4 pre- mRNA processing factborholog) (PRP4

0112739 kinase). [Source:Uniprot/SWISSPROT;Acc:Q13523]

ENSGO0000 | POLS DNA polymerase sigma (EC 2.7.7.7) (Topoisosealated function protein 4-1) (TRF4-1) (LAK-DNA polymerase

0112941 kappa). [Source:Uniprot/SWISSPROT;Acc:Q5XG87]

ENSGO0000 | HSPA9 "Stress-70 protein, mitochondrial precursor (75 kfacose regulated protein) (GRP 75) (Peptide-bigdhirotein 74)

0113013 B (PBP74) (Mortalin) (MOT). [Source:Uniprot/SWISSPR@Ec:P38646]"

ENSG0000 | PDE8B "High-affinity cAMP-specific and IBMX-insensitive 3',5'-cyclic phosphodiesterase 8B (EC 3.1.41{HSPDES8B).

0113231 [Source:Uniprot/SWISSPROT;Acc:095263]"

ENSGO0000 | CLK4 Dual specificity protein kinase CLK4 (EC 2.BT) (EC 2.7.1.112) (CDC-like kinase 4).

0113240 [Source:Uniprot/SWISSPROT;Acc:Q9HAZ1]

ENSGO0000 | TARS "Threonyl-tRNA synthetase, cytoplasmic (EC.6.3) (Threonine--tRNA ligase) (ThrRS).

0113407 [Source:Uniprot/SWISSPROT;Acc:P26639]"

ENSGO0000 | PDE4D "cAMP-specific 3',5'-cyclic phosphodiesterasdD (EC 3.1.4.17) (DPDE3) (PDE43).

0113448 [Source:Uniprot/SWISSPROT;Acc:Q08499]"

ENSGO0000 | BXDC2 Brix domain containing protein 2 (Ribosomedgnesis protein Brix). [Source:Uniprot/SWISSPROIGAQ8TDNG]

0113460

ENSGO0000 | PPP2CA | "Serine/threonine protein phosphatase 2|yt subunit, alpha isoform (EC 3.1.3.16) (PP&lpha) (Replication

0113575 protein C) (RP-C). [Source:Uniprot/SWISSPROT;AccPB5]"

ENSGO0000 | TRIM23 | GTP-binding protein ARD-1 (ADP-ribosylatidactor domain protein 1) (Tripartite motif prote2B) (RING finger

0113595 protein 46). [Source:Uniprot/SWISSPROT;Acc:P36406]

ENSGO0000 | SEC24A | Protein transport protein Sec24A (SEC24tedlarotein A) (Fragment). [Source:Uniprot/SWISSPR&Cc:095486]

0113615

ENSGO0000 | RARS Arginyl-tRNA synthetase (EC 6.1.1.19) (ArgieitRNA ligase) (ArgRS). [Source:Uniprot/SWISSPR®Adc:P54136]

0113643

ENSG0000 | CSNK1 "Casein kinase I, alpha isoform (EC 2.7.1.-) (Ckika) (CK1). [Source:Uniprot/SWISSPROT;Acc:P48729]"

0113712 Al

ENSGO0000 | SMC4L Structural maintenance of chromosomes 4-like 1gimmgiChromosome- associated polypeptide C) (h\CARXCAP-C

0113810 1 homolog). [Source:Uniprot/SWISSPROT;Acc:QINTJ3]

ENSGO0000 | ARL6 ADP-ribosylation factor-like protein 6. [SowtJniprot/SWISSPROT;Acc:Q9HOF7]

0113966

ENSGO0000 | NIT2 "nitrilase family, member 2 [Source:RefSeq_txdgsAcc:NP_064587]"

0114021

ENSGO0000 | KPNA1 Importin alpha-1 subunit (Karyopherin alphabunit) (SRP1-beta) (RAG cohort protein 2) (Nopi®tein interactor 1)

0114030 (NPI-1). [Source:Uniprot/SWISSPROT;Acc:P52294]
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ENSGO0000 | PCCB "Propionyl-CoA carboxylase beta chain, mitowhéal precursor (EC 6.4.1.3) (PCCase beta sub(figpanoyl-
0114054 CoA:carbon dioxide ligase beta subunit). [Sourcéptht/SWISSPROT;Acc:P05166]"
ENSGO0000 | UBE3A Ubiquitin-protein ligase E3A (EC 6.3.2.-) (BB ubiquitin-protein ligase) (Oncogenic protein@sated protein E6-AP)
0114062 (Human papillomavirus E6-associated protein). [8eldniprot/SWISSPROT;Acc:Q05086]
ENSGO0000
0114064
ENSGO0000 | XRN1 5'-3' exoribonuclease 1 (EC 3.1.11.-) (Stramdhange protein 1 homolog). [Source:Uniprot/SWIBSF;Acc:Q81ZH2]
0114127
ENSGO0000 | PFKFB4 | "6-phosphofructo-2-kinase/fructose-2,6-bgptatase 4 (6PF-2-K/Fru- 2,6-P2ASE testis-typeyise) [Includes: 6-
0114268 phosphofructo-2-kinase (EC 2.7.1.105); Fructosebisphosphatase (EC 3.1.3.46)].
[Source:Uniprot/SWISSPROT;Acc:Q16877]"
ENSGO0000 | IFT57 estrogen-related receptor beta like 1 [Sourc®efSeq_peptide;Acc:NP_060480]
0114446
ENSGO0000 | ATP6V "Vacuolar ATP synthase catalytic subunit A, ubiqui isoform (EC 3.6.3.14) (V-ATPase A subunit 1a¢Jolar proton
0114573 1A pump alpha subunit 1) (V-ATPase 69 kDa subunitsgférm VA68). [Source:Uniprot/SWISSPROT;Acc:P38p06
ENSG0000 | NEK11 Serine/threonine-protein kinase Nek11 (EC12377) (NimA-related protein kinase 11) (Never iitasis A-related kinase
0114670 11). [Source:Uniprot/SWISSPROT;Acc:Q8NG66]
ENSGO0000 | ABCC5 Multidrug resistance-associated protein 5 (Mapecific organic anion tranporter-C) (MOAT-Q)JABC11) (SMRP).
0114770 [Source:Uniprot/SWISSPROT;Acc:015440]
ENSGO0000 | DNAH1 | "dynein, axonemal, heavy polypeptide 1 [SeuRefSeq_peptide;Acc:NP_056327]"
0114841
ENSGO0000 | NEK4 Serine/threonine-protein kinase Nek4 (EC 2371 (NimA-related protein kinase 4) (Serine/thrieerprotein kinase 2)
0114904 (Serine/threonine-protein kinase NRK?2). [Sourcepdol/ SWISSPROT;Acc:P51957]
ENSGO0000 | MOBK1 | Mps one binder kinase activator-like 1B (Mob1 hoogplB) (Mobl alpha) (Mob1A) (Protein Mob4B).
0114978 B [Source:Uniprot/SWISSPROT;Acc:Q9H8S9]
ENSG0000 | ACTR1 Beta-centractin (Actin-related protein 1B) (ARP1[ource:Uniprot/SWISSPROT;Acc:P42025]
0115073 B
ENSG0000 | ACTR3 Actin-like protein 3 (Actin-related proteir).3Source:Uniprot/SWISSPROT;Acc:P61158]
0115091
ENSG0000 | NP_057 | Ras-associated protein Rapl [Source:RefSeq_peptidesc:NP_057628]
0115137 628.1
ENSGO0000 | PSMD1 | 26S proteasome non-ATPase regulatory subunit 18 (@6teasome regulatory subunit rpn1l) (26S proteas
0115233 4 associated PAD1 homolog 1). [Source:Uniprot/SWISSPRcc:000487]
ENSG0000 | PDE1A "Calcium/calmodulin-dependent 3',5'-cyclic nicleotide phosphodiesterase 1A (EC 3.1.4.17) (Cam-B1A) (61 kDa
0115252 Cam-PDE) (hCam-1). [Source:Uniprot/SWISSPROT;Acc:P8750]"
ENSGO0000 | XAB1 XPA-binding protein 1. [Source:Uniprot/SWISSBR;Acc:Q9HCN4]
0115254
ENSGO0000
0115373
ENSGO0000
0115404
ENSGO0000 | PAPOL | Poly(A) polymerase gamma (EC 2.7.7.19) (PAP gan(alynucleotide adenylyltransferase gamma) (SRP RNA
0115421 G adenylating enzyme). [Source:Uniprot/SWISSPROT;88BWT3]
ENSGO0000 | Q9H5E1
0115423 _HUMA
N
ENSGO0000 | CCT4 "T-complex protein 1, delta subunit (TCP-1tdp(CCT-delta) (Stimulator of TAR RNA binding).
0115484 [Source:Uniprot/SWISSPROT;Acc:P50991]"
ENSGO0000 | SF3B1 Splicing factor 3B subunit 1 (Spliceosomepaisded protein 155) (SAP 155) (SF3b155) (Pre-mRdghcing factor SF3b
0115524 155 kDa subunit). [Source:Uniprot/SWISSPROT,;Acc:633]
ENSGO0000 | ABCB6 "ATP-binding cassette sub-family B membenfitochondrial precursor (Mitochondrial ABC transgor3) (Mt-ABC
0115657 transporter 3) (ABC transporter umat). [Source:Woti{SWISSPROT;Acc:QINP58]"
ENSGO0000 | STK25 Serine/threonine-protein kinase 25 (EC 237)1(Sterile 20/oxidant stress-response kinas&tER0/oxidant stress
0115694 response kinase 1) (SOK-1) (Ste20-like kinase)ufSzUniprot/SWISSPROT;Acc:000506]
ENSGO0000 | NOL10 Nucleolar protein 10. [Source:Uniprot/SWISSPRAcc:Q9BSC4]
0115761
ENSG0000 | CEBPZ CCAAT/enhancer binding protein zeta (CCAAT«mnding transcription factor) (CCAAT-binding faw) (CBF).
0115816 [Source:Uniprot/SWISSPROT;Acc:Q03701]
ENSG0000 | PRKD3 "Protein kinase C, nu type (EC 2.7.1.-) (nP#@ (Protein kinase EPK2). [Source:Uniprot/SWISEARAcc:094806]"
0115825
ENSG0000 | DARS Aspartyl-tRNA synthetase (EC 6.1.1.12) (Aspt-tRNA ligase) (AspRS). [Source:Uniprot/SWISSPR&cc:P14868]
0115866
ENSGO0000 | PLCL1 phospholipase C-like 1 [Source:RefSeq_pepiceNP_006217]
0115896
ENSGO0000 | NP_064 | putatative 28 kDa protein [Source:RefSeq_peptide;}NE_064528]
0115946 528.1
ENSGO0000 | ATP6V "Vacuolar ATP synthase subunit B, kidney isofornC(&6.3.14) (V- ATPase B1 subunit) (Vacuolar propoimp B
0116039 1B1 isoform 1) (Endomembrane proton pump 58 kDa supy&iource:Uniprot/SWISSPROT;Acc:P15313]"
ENSG0000 | MSH6 DNA mismatch repair protein MSH6 (MutS-alpl&0XkDa subunit) (G/T mismatch binding protein) (G)RGTMBP)
0116062 (p160). [Source:Uniprot/SWISSPROT;Acc:P52701]
ENSGO0000 | MARK1 | Serine/threonine-protein kinase MARK1 (EC 2.87) (MAP/microtubule affinity-regulating kinagg.
0116141 [Source:Uniprot/SWISSPROT;Acc:Q9P0L2]
ENSGO0000 | KO0562_
0116198 HUMA
N
ENSG0000 | CHD5 Chromodomain helicase-DNA-binding protein £(&6.1.-) (ATP- dependent helicase CHD5) (CHD-5).
0116254 [Source:Uniprot/SWISSPROT;Acc:Q8TDIO0]
ENSG0000 AMPD2 | AMP deaminase 2 (EC 3.5.4.6) (AMPndiease isoform L). [Source:Uniprot/SWISSPROT;Accl@83]
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0116337
ENSGO0000 | CA022_ | Putative alpha-mannosidase Clorf22 (EC 3.2.1.6uf&:Uniprot/SWISSPROT;Acc:Q9BZQ6]
0116406 HUMA
N

ENSG0000 | HDAC1 Histone deacetylase 1 (HD1). [Source:UniiB@ISSPROT;Acc:Q13547]
0116478
ENSG0000 | SRM Spermidine synthase (EC 2.5.1.16) (Putresaimeapropyltransferase) (SPDSY).
0116649 [Source:Uniprot/SWISSPROT;Acc:P19623]
ENSG0000 | AMPD1 | AMP deaminase 1 (EC 3.5.4.6) (Myoadenylatemi@ase) (AMP deaminase isoform M).
0116748 [Source:Uniprot/SWISSPROT;Acc:P23109]
ENSGO0000 | CTH Cystathionine gamma-lyase (EC 4.4.1.1) (Gamystathionase). [Source:Uniprot/SWISSPROT;Acc:P32929
0116761
ENSGO0000 | AKT3 "RAC-gamma serine/threonine-protein kinase (EZ.1.37) (RAC-PK-gamma) (Protein kinase Akt-3)otein kinase B,
0117020 gamma) (PKB gamma) (STK-2). [Source:Uniprot/SWISSHRAcc:Q9Y243]"
ENSGO0000 | BXDC5 Ribosome production factor 1 (Ribosome biage®s protein RPF1) (Brix domain containing prot&jn
0117133 [Source:Uniprot/SWISSPROT;Acc:Q9H9Y?2]
ENSGO0000 | UAP1 UDP-N-acetylhexosamine pyrophosphorylase @entiX) (AGX) (Sperm- associated antigen 2) [InchidéDP-N-
0117143 acetylgalactosamine pyrophosphorylase (EC 2. 4&AGX-1); UDP-N-acetylglucosamine pyrophosphoryl¢4g€

2.7.7.23) (AGX-2)]. [Source:Uniprot/SWISSPROT;Acd:6222]
ENSGO0000 | ACTL8 actin like protein [Source:RefSeq_peptide;Atle_110439]
0117148
ENSGO0000
0117238
ENSGO0000 | NP_997 | PCTAIRE protein kinase 3 isoform a [Source:RefSegptide;Acc:NP_997668]
0117266 668.1
ENSGO0000 | GALE UDP-glucose 4-epimerase (EC 5.1.3.2) (Galaatdenase) (UDP-galactose 4-epimerase).
0117308 [Source:Uniprot/SWISSPROT;Acc:Q14376]
ENSGO0000 | ATP6V Vacuolar ATP synthase 21 kDa proteolipid subun@ E6.3.14) (HATPL). [Source:Uniprot/SWISSPROT;AQ89437]
0117410 0B
ENSGO0000 | AKR1A | Alcohol dehydrogenase [NADP+] (EC 1.1.1.2) (Aldebyeductase) (Aldo- keto reductase family 1 menidgr
0117448 1 [Source:Uniprot/SWISSPROT;Acc:P14550]
ENSGO0000 | PRDX1 Peroxiredoxin 1 (EC 1.11.1.15) (Thioredoxa@rgxidase 2) (Thioredoxin-dependent peroxide rexhec?) (Proliferation-
0117450 associated protein PAG) (Natural killer cell-enhiagdactor A) (NKEF-A). [Source:Uniprot/SWISSPROTc&Q06830]
ENSGO0000 | MAN1C | "Mannosyl-oligosaccharide 1,2-alpha-mannosidas¢EiC 3.2.1.113) (Processing alpha-1,2-mannosidas@ipha-1,2-
0117643 1 mannosidase IC) (Mannosidase alpha class 1C mehifEIMIC). [Source:Uniprot/SWISSPROT;Acc:QINR34]"
ENSGO0000 | NEK2 Serine/threonine-protein kinase Nek2 (EC 237L(NimA-related protein kinase 2) (NimA-like pein kinase 1) (HSPK
0117650 21). [Source:Uniprot/SWISSPROT;Acc:P51955]
ENSGO0000 | RPS6K Ribosomal protein S6 kinase alpha 1 (EC 2.7.1.88K¢alpha 1) (90 kDa ribosomal protein S6 kinas@®p-RSK 1)
0117676 Al (Ribosomal S6 kinase 1) (RSK-1) (pp90RSK1). [Solwogrot/SWISSPROT;Acc:Q15418]
ENSGO0000 | NP_064
0118096 538.2
ENSGO0000 | KIF14 Kinesin-like protein KIF14. [Source:Uniprof8SSPROT;Acc:Q15058]
0118193
ENSGO0000 | DDX59 DEAD (Asp-Glu-Ala-Asp) box polypeptide 59 fsom 2 [Source:RefSeq_peptide;Acc:NP_112596]
0118197
ENSGO0000
0118226
ENSGO0000 | ATP10B | Probable phospholipid-transporting ATPase(EB 3.6.3.1). [Source:Uniprot/SWISSPROT;Acc:094823
0118322
ENSGO0000 | ALDH8 aldehyde dehydrogenase 8A1 isoform 1 [Source:RefSgufide;Acc:NP_072090]
0118514 Al
ENSGO0000 | SGK Serine/threonine-protein kinase Sgkl (EC 237)1(Serum/glucocorticoid-regulated kinase 1).
0118515 [Source:Uniprot/SWISSPROT;Acc:000141]
ENSGO0000 | ABCG2 ATP-binding cassette sub-family G member [2¢enta-specific ATP- binding cassette transpo(@mast cancer
0118777 resistance protein) (Mitoxantrone resistance-aasetiprotein) (CDw338 antigen).

[Source:Uniprot/SWISSPROT;Acc:Q9UNQOQ]
ENSGO0000 | WDR35 | WD-repeat protein 35. [Source:Uniprot/SWISSPROT;Acc:Q9P2L0]
0118965
ENSG0000 | DNAH7 axonemal dynein heavy chain 7 [Source:RefPeqtide;Acc:NP_061720]
0118997
ENSG0000 | UBE2B Ubiquitin-conjugating enzyme E2 B (EC 6.39).{Ubiquitin-protein ligase B) (Ubiquitin carrig@rotein B) (HR6B)
0119048 (hHR6B) (E2-17 kDa). [Source:Uniprot/SWISSPROT; AR63146]
ENSGO0000 | CPSF3 "Cleavage and polyadenylation specificitydiac’3 kDa subunit (CPSF 73 kDa subunit).
0119203 [Source:Uniprot/SWISSPROT;Acc:Q9UKF6]"
ENSGO0000 | RAB14 Ras-related protein Rab-14. [Source:UnipMt{SSPROT;Acc:P61106]
0119396
ENSGO0000 | NEK6 Serine/threonine-protein kinase Nek6 (EC 2371 (NimA-related protein kinase 6) (Protein kie&&iD6-1512).
0119408 [Source:Uniprot/SWISSPROT;Acc:Q9HC98]
ENSGO0000 | PPP6C Serine/threonine protein phosphatase 6 (EG.386) (PP6). [Source:Uniprot/SWISSPROT;Acc:00Q743
0119414
ENSGO0000 | ALG2 "Alpha-1,3-mannosyltransferase ALG2 (EC 2.9.1GDP- Man:Man(1)GIcNAc(2)-PP-dolichol mannosgltsferase).
0119523 [Source:Uniprot/SWISSPROT;Acc:Q9H553]"
ENSGO0000 | VPS4B Vacuolar sorting protein 4b (SKD1 proteir§ofirce:Uniprot/SWISSPROT;Acc:075351]
0119541
ENSGO0000 | CN111_
0119616 HUMA

N

ENSG0000 NEK9 Serine/threonine-protein kinase N&® 2.7.1.37) (NimA-related protein kinase 9) (Ndr&mnase) (NIMA-related
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0119638 kinase 8) (Nek8). [Source:Uniprot/SWISSPR@T:Q8TD19]
ENSGO0000 | KIAA03
0119682 17
ENSG0000 | TTLL5 "tubulin tyrosine ligase-like family, member 5 [Source:RefSeq_peptide;Acc:NP_055887]"
0119685
ENSGO0000 | DLST "Dihydrolipoyllysine-residue succinyltransfeecomponent of 2- oxoglutarate dehydrogenase exmpiitochondrial
0119689 precursor (EC 2.3.1.61) (Dihydrolipoamide succirfisferase component of 2- oxoglutarate dehydrasgeoamplex)
(E2) (E2K). [Source:Uniprot/SWISSPROT;Acc:P36957]"
ENSGO0000 | ALDH6 "Methylmalonate-semialdehyde dehydrogenase [acghtmitochondrial precursor (EC 1.2.1.27) (MMSD({)alonate-
0119711 Al semialdehyde dehydrogenase [acylating]) (EC 1.8)1[$ource:Uniprot/SWISSPROT;Acc:Q02252]"
ENSGO0000 | IDE Insulin-degrading enzyme (EC 3.4.24.56) (Insiry (Insulinase) (Insulin protease).
0119912 [Source:Uniprot/SWISSPROT;Acc:P14735]
ENSGO0000 | NP_060 | "helicase, lymphoid-specific [Source:RefSeq_pepade:NP_060533]"
0119969 533.2
ENSGO0000 | NP_001
0120051 008723.
1
ENSGO0000 | GOT1 "Aspartate aminotransferase, cytoplasmic (EBC121) (Transaminase A) (Glutamate oxaloacetatesaminase 1).
0120053 [Source:Uniprot/SWISSPROT;Acc:P17174]"
ENSGO0000 | RCL1 RNA 3'-terminal phosphate cyclase-like prat¢Bource:Uniprot/SWISSPROT;Acc:Q9Y2P8]
0120158
ENSGO0000 | MOBK Mps one binder kinase activator-like 2B (Mob1 hoogp2b) (Protein Mob3B).
0120162 L2B [Source:Uniprot/SWISSPROT;Acc:Q86TA1]
ENSGO0000 | TCP1 "T-complex protein 1, alpha subunit (TCP-1hkalp(CCT-alpha). [Source:Uniprot/SWISSPROT;Acc:Fa719
0120438
ENSGO0000 | TTLL2 Tubulin tyrosine ligase-like protein 2 (Testis-specific protein NYD- TSPG).
0120440 [Source:Uniprot/SWISSPROT;Acc:Q9BWV7]
ENSG0000 | HSPH1 Heat-shock protein 105 kDa (Heat shock 118 kidtein) (Antigen NY- CO-25).
0120694 [Source:Uniprot/SWISSPROT;Acc:Q92598]
ENSGO0000 | ETF1 Eukaryotic peptide chain release factor sutLi@RF1) (Eukaryotic release factor 1) (TB3-1)(frotein).
0120705 [Source:Uniprot/SWISSPROT;Acc:P62495]
ENSGO0000 | ARL1 ADP-ribosylation factor-like protein 1. [SowtJniprot/SWISSPROT;Acc:P40616]
0120805
ENSGO0000 | PPP3CC| "Serinel/threonine protein phosphatase 2Bytatsubunit, gamma isoform (EC 3.1.3.16) (Calmoddependent
0120910 calcineurin A subunit, gamma isoform) (Calcineutestis-specific catalytic subunit) (CAM- PRP cgtil subunit).
[Source:Uniprot/SWISSPROT;Acc:P48454]"
ENSGO0000 | NME2 Nucleoside diphosphate kinase B (EC 2.7.AN®K B) (NDP kinase B) (nm23-H2) (C-myc purine-binditranscription
0121054 factor PUF). [Source:Uniprot/SWISSPROT;Acc:P22392]
ENSGO0000 | ABCC1 | "ATP-binding cassette, sub-family C, member 11adsof a [Source:RefSeq_peptide;Acc:NP_115972]"
0121270 1
ENSGO0000 | NP_079
0121316 105.3
ENSGO0000
0121495
ENSGO0000 | KIF18A Kinesin family member 18A. [Source:Uniprotd8SSPROT;Acc:Q8NI77]
0121621
ENSG0000 | AP4M1 Adapter-related protein complex 4 mu 1 sub(u subunit of AP-4) (AP-4 adapter complex musuib) (Mu-adaptin-
0121722 related protein 2) (mu- ARP2) (mu4). [Source:UnifBaVISSPROT;Acc:000189]
ENSGO0000 | TBC1D TBC1 domain family member 15. [Source:Uniprot/SWPR®T;Acc:Q8TCO07]
0121749 15
ENSGO0000 | COPA Coatomer alpha subunit (Alpha-coat proteiriplia-COP) (HEPCOP) (HEP- COP) [Contains: Xenin (&{&sin-related
0122218 peptide); Proxenin]. [Source:Uniprot/SWISSPROT,; R&3621]
ENSGO0000 | RPL5 60S ribosomal protein L5. [Source:Uniprot/SWPROT;Acc:P46777]
0122406
ENSG0000 | ACO1 Iron-responsive element binding protein 1 (BE 1) (Iron regulatory protein 1) (IRP1) (Ferritiepressor protein)
0122729 (Aconitate hydratase) (EC 4.2.1.3) (Citrate hydrask) (Aconitase). [Source:Uniprot/SWISSPROT;Act 398]
ENSGO0000 | DNAI1 "Dynein intermediate chain 1, axonemal (Axonenal dynein intermediate chain 1).
0122735 [Source:Uniprot/SWISSPROT;Acc:Q9UI146]"
ENSG0000 | AKR1D 3-o0x0-5-beta-steroid 4-dehydrogenase (EC 1.3.9D6€lta(4)-3- ketosteroid 5-beta-reductase) (Aldtekeductase
0122787 1 family 1 member D1). [Source:Uniprot/SWISSPROT;R%1857]
ENSGO0000 | VPS26A | Vacuolar protein sorting 26 (Vesicle proteanting 26) (hVPS26). [Source:Uniprot/SWISSPROTGAX75436]
0122958
ENSGO0000 | RBM19 Probable RNA-binding protein 19 (RNA-bindinwtif protein 19). [Source:Uniprot/SWISSPROT;Acc8C8]
0122965
ENSGO0000 | CIT "Citron Rho-interacting kinase (EC 2.7.1.37R(IK) (Rho-interacting, serine/threonine-proteindse 21).
0122966 [Source:Uniprot/SWISSPROT;Acc:014578]"
ENSG0000 | IFT81 Intraflagellar transport 81 (Carnitine defici ency-associated protein expressed in ventricle IFDV-1 protein).
0122970 [Source:Uniprot/SWISSPROT;Acc:Q8WYAQ]
ENSGO0000 | NME2P | Putative nucleoside diphosphate kinase (EC 2.7(MBK) (NDP kinase). [Source:Uniprot/SWISSPROT;A060361]
0123009 1
ENSG0000 | DDX54 ATP-dependent RNA helicase DDX54 (EC 3.6.IDEAD box protein 54) (ATP-dependent RNA helic&f@97).
0123064 [Source:Uniprot/SWISSPROT;Acc:Q8TDD1]
ENSG0000 | WWP1 NEDDA4-like E3 ubiquitin-protein ligase WWP1GHB.3.2.-) (WW domain- containing protein 1) (Atmofl interacting
0123124 protein 5) (AIP5). [Source:Uniprot/SWISSPROT;AcciiMO0]
ENSGO0000 | PRDX4 Peroxiredoxin 4 (EC 1.11.1.15) (Prx-1V) (Ttedoxin peroxidase AO372) (Thioredoxin-dependenvxide reductase
0123131 A0372) (Antioxidant enzyme AOE372) (AOE37-2). [SoeUniprot/SWISSPROT;Acc:Q13162]
ENSGO0000 | DDX39 ATP-dependent RNA helicase DDX39 (EC 3.6.(DAD box protein 39) (Nuclear RNA helicase URH49)
0123136 [Source:Uniprot/SWISSPROT;Acc:000148]
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ENSGO0000 | PKN1 Protein kinase N1 (EC 2.7.1.37) (Protein kén@slike 1) (Protein- kinase C-related kinase 1p{€in kinase C-like PKN)
0123143 (Serine- threonine protein kinase N) (Protein kinB&N-alpha). [Source:Uniprot/SWISSPROT;Acc:Q16512]
ENSGO0000 | ACTRT | actin-related protein T1 [Source:RefSeq_peptide;NEc 612146]
0123165 1
ENSGO0000 | ATP7B Copper-transporting ATPase 2 (EC 3.6.3.4)pft&s pump 2) (Wilson disease-associated protein).
0123191 [Source:Uniprot/SWISSPROT;Acc:P35670]
ENSGO0000 | NLN "Neurolysin, mitochondrial precursor (EC 3.4.28) (Neurotensin endopeptidase) (Mitochondriajapieptidase M)
0123213 (Microsomal endopeptidase) (MEP). [Source:UniprdtISSPROT;Acc:Q9BYT8]"
ENSGO0000 | PDE1B "Calcium/calmodulin-dependent 3',5'-cyclic nicleotide phosphodiesterase 1B (EC 3.1.4.17) (Cam-B0B) (63 kDa
0123360 Cam-PDE). [Source:Uniprot/SWISSPROT;Acc:Q01064]"
ENSGO0000 | CDK2 Cell division protein kinase 2 (EC 2.7.1.3@38 protein kinase). [Source:Uniprot/SWISSPROT;R@%941]
0123374
ENSGO0000 | TBAK_ Tubulin alpha-ubiquitous chain (Alpha-tubulin ubipus) (Tubulin K- alpha-1).
0123416 HUMA [Source:Uniprot/SWISSPROT;Acc:P68363]
N
ENSGO0000
0123510
ENSGO0000 | RAB9B Ras-related protein Rab-9B (Rab-9L) (RAB%ljsrotein). [Source:Uniprot/SWISSPROT;Acc:QINP90]
0123570
ENSGO0000 | NRK Nik related kinase [Source:RefSeq_peptide;A¢t:840867]
0123572
ENSGO0000 | RABY9A Ras-related protein Rab-9A (Rab-9). [Sourecepdot/SWISSPROT;Acc:P51151]
0123595
ENSGO0000 | TTC21 tetratricopeptide repeat domain 21B [Source:RefSeqeptide;Acc:NP_079029]
0123607 B ** one of two genes that mapped t@BS5 critical interval **
ENSG0000 | ADCK4 aarF domain containing kinase 4 [Source:Ref®eptide;Acc:NP_079152]
0123815
ENSGO0000 | PFKFB2 | "6-phosphofructo-2-kinase/fructose-2,6-bitmatase 2 (6PF-2-K/Fru- 2,6-P2ASE heart-type is@)y(PFK-2/FBPase-
0123836 2) [Includes: 6- phosphofructo-2-kinase (EC 2.705)1 Fructose-2,6-bisphosphatase (EC 3.1.3.46)].
[Source:Uniprot/SWISSPROT;Acc:060825]"
ENSGO0000 | WDR69
0123977
ENSG0000 | ACSL3 Long-chain-fatty-acid--CoA ligase 3 (EC 6.3)l(Long-chain acyl-CoA synthetase 3) (LACS 3).
0123983 [Source:Uniprot/SWISSPROT;Acc:095573]
ENSGO0000 | DNPEP Aspartyl aminopeptidase (EC 3.4.11.21). [Geiniprot/SWISSPROT;Acc:Q9ULAQ]
0123992
ENSGO0000 | MOGA monoacylglycerol O-acyltransferase 1 [Source:Reffeqtide;Acc:NP_477513]
0124003 T1
ENSGO0000 | CHD6 Chromodomain-helicase-DNA-binding protein €(8.6.1.-) (ATP- dependent helicase CHD6) (CHDF&diation-
0124177 induced gene B protein). [Source:Uniprot/SWISSPRXT;Q8TD26]
ENSGO0000
0124183
ENSGO0000
0124201
ENSG0000 | RAB22 Ras-related protein Rab-22A (Rab-22). [Source:UnigWISSPROT;Acc:Q9UL26]
0124209 A
ENSG0000 | DDX27 Probable ATP-dependent RNA helicase DDX27 @&E1.-) (DEAD box protein 27).
0124228 [Source:Uniprot/SWISSPROT;Acc:Q96GQ7]
ENSGO0000
0124255
ENSGO0000 | MTRR "Methionine synthase reductase, mitochongrniatursor (EC 1.16.1.8) (MSR).
0124275 [Source:Uniprot/SWISSPROT;Acc:Q9UBK8]"
ENSGO0000 | ATP8A Probable phospholipid-transporting ATPase IA (EE&1) (Chromaffin granule ATPase Il) (ATPase clasgpe 8A
0124406 1 member 1). [Source:Uniprot/SWISSPROT;Acc:Q9Y2Q0]
ENSG0000 | DDX3X "ATP-dependent RNA helicase DDX3X (EC 3.6)XDEAD box protein 3, X- chromosomal) (Helicaskeliprotein 2)
0124487 (HLP2) (DEAD box, X isoform). [Source:Uniprot/SWISROT;Acc:000571]"
ENSGO0000
0124567
ENSGO0000 | ABCC1 "ATP-binding cassette, sub-family C, member 10 [8etRefSeq_peptide;Acc:NP_258261]"
0124574 0
ENSGO0000 | PEX6 Peroxisome assembly factor 2 (PAF-2) (Peram@etype ATPase 1) (Peroxin-6) (Peroxisomal biogénéactor 6).
0124587 [Source:Uniprot/SWISSPROT;Acc:Q13608]
ENSGO0000 | AARSL alanyl-tRNA synthetase like [Source:RefSemtfue;Acc:NP_065796]
0124608
ENSGO0000
0124670
ENSGO0000 | DNAH8 | "dynein, axonemal, heavy polypeptide 8 [SeuRefSeq_peptide;Acc:NP_001362]"
0124721
ENSG0000 | CNOT1 "CCR4-NOT transcription complex, subunit dfe@m a [Source:RefSeq_peptide;Acc:NP_057368]"
0125107
ENSGO0000 | BBS2 Bardet-Biedl syndrome 2 protein. [Source:Unipot/SWISSPROT;Acc:Q9BXC9]
0125124
ENSG0000 | GOT2 "Aspartate aminotransferase, mitochondriatymsor (EC 2.6.1.1) (Transaminase A) (Glutamatdomaetate
0125166 transaminase 2). [Source:Uniprot/SWISSPROT;Acc:R8D5
ENSGO0000 | ABCC4 Multidrug resistance-associated protein 4 (MEMOAT-related ABC transporter) (Multi-specificgamic anion
0125257 tranporter-B) (MOAT-B). [Source:Uniprot/SWISSPROTA015439]
ENSGO0000 | TM9SF | Transmembrane 9 superfamily protein member 2 psecp76). [Source:Uniprot/SWISSPROT;Acc:Q99805]
0125304 2
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ENSGO0000 | MYH2 "Myosin heavy chain, skeletal muscle, adu(®®osin heavy chain lla) (MyHC-lla).

0125414 [Source:Uniprot/SWISSPROT;Acc:Q9UKX2]"

ENSGO0000 | DDX31 Probable ATP-dependent RNA helicase DDX31 @&€1.-) (DEAD box protein 31) (Helicain).

0125485 [Source:Uniprot/SWISSPROT;Acc:Q9H8H2]

ENSG0000 | POLR1 DNA-directed RNA polymerase | 135 kDa polypepti@(2.7.7.6) (RNA polymerase | subunit 2) (RPA135).

0125630 B [Source:Uniprot/SWISSPROT;Acc:Q9HIY6]

ENSGO0000

0125822

ENSG0000 | MCM8 DNA replication licensing factor MCM8 (Minicbmosome maintenance 8). [Source:Uniprot/SWISSPROF@9UJA3]

0125885

ENSGO0000 | ITGB4B | Eukaryotic translation initiation factor 6 (elF{B4 integrin interactor) (CAB) (p27(BBP)) (B(2)GCidmolog).

0126005 P [Source:Uniprot/SWISSPROT;Acc:P56537]

ENSGO0000 | TUBGC | Gamma-tubulin complex component 3 (GCP-3) (Spipadle body protein Spc98 homolog) (hSpc98) (hGCR2D4p).

0126216 P3 [Source:Uniprot/SWISSPROT;Acc:Q96CWS5]

ENSGO0000 | HRMT1 | Protein arginine N-methyltransferase 1 (EC 2.1 (In{erferon receptor 1-bound protein 4).

0126457 L2 [Source:Uniprot/SWISSPROT;Acc:Q99873]

ENSGO0000 | SBDS Shwachman-Bodian-Diamond syndrome proteinuf@oUniprot/SWISSPROT;Acc:Q9Y3A5]

0126524

ENSG0000 | PRKCG "Protein kinase C, gamma type (EC 2.7.1.BRQ-gamma). [Source:Uniprot/SWISSPROT;Acc:P05129]"

0126583

ENSG0000 | TRAP1 "Heat shock protein 75 kDa, mitochondrialgumsor (HSP 75) (Tumor necrosis factor type 1 rearegssociated protein)

0126602 (TRAP-1) (TNFR- associated protein 1). [Source:WoifSWISSPROT;Acc:Q12931]"

ENSGO0000

0126740

ENSGO0000 | HSPA2 Heat shock-related 70 kDa protein 2 (Heatlsfi® kDa protein 2). [Source:Uniprot/SWISSPROT ;R%4652]

0126803

ENSGO0000 | TRMT5 tRNA-(N1G37) methyltransferase [Source:RefSeptide;Acc:NP_065861]

0126814

ENSG0000 | MAP2K | Dual specificity mitogen-activated protein kinasedse 2 (EC 2.7.1.-) (MAP kinase kinase 2) (MAPKKERK

0126934 2 activator kinase 2) (MAPK/ERK kinase 2) (MEK2). [8oe:Uniprot/SWISSPROT;Acc:P36507]

ENSG0000 | CANX Calnexin precursor (Major histocompatibilitprmplex class | antigen- binding protein p88) (p@8p0).

0127022 [Source:Uniprot/SWISSPROT;Acc:P27824]

ENSGO0000 | CPSF3L | related to CPSF subunits 68 kDa isoformolif&:RefSeq_peptide;Acc:NP_060341]

0127054

ENSG0000 | ATP13 ATPase type 13A4 [Source:RefSeq_peptide;Acc:NP_83F6

0127249 A4

ENSGO0000 | DYRK2 Dual specificity tyrosine-phosphorylation téated kinase 2 (EC 2.7.1.112) (EC 2.7.1.37).

0127334 [Source:Uniprot/SWISSPROT;Acc:Q92630]

ENSGO0000 | TUBB4 Tubulin beta-4q chain. [Source:Uniprot/SWISSPROT;&A99867]

0127589 Q

ENSGO0000 | SMARC | Possible global transcription activator SNF2L4 (E6.1.-) (ATP- dependent helicase SMARCA4) (SNF&pBRG-1

0127616 A4 protein) (Mitotic growth and transcription activet¢Brahma protein homolog 1) (SWI/SNF-related rixatissociated
actin dependent regulator [Source:Uniprot/SWISSPR©T:P51532]

ENSGO0000 | TUBA1 Tubulin alpha-1 chain (Alpha-tubulin 1) (Tisspecific alpha- tubulin) (Tubulin H2-alpha).

0127824 [Source:Uniprot/SWISSPROT;Acc:P68366]

ENSG0000 | ECHS1 "Enoyl-CoA hydratase, mitochondrial precursor (EC 4.2.1.17) (Short chain enoyl-CoA hydratase) (SEH) (Enoyl-

0127884 CoA hydratase 1). [Source:Uniprot/SWISSPROT;Acc:P3084]"

ENSGO0000 | ARF1P1 | DJ133P16.1 (ADP-ribosylation factor 1). [B@uUniprot/SPTREMBL;Acc:Q9H516]

0127917

ENSGO0000 | POR NADPH--cytochrome P450 reductase (EC 1.6.ZRR) (P450R). [Source:Uniprot/SWISSPROT;Acc:P16435]

0127948

ENSGO0000 | PEX1 Peroxisome biogenesis factor 1 (Peroxin-1jqEsome biogenesis disorder protein 1).

0127980 [Source:Uniprot/SWISSPROT;Acc:043933]

ENSG0000 | YWHA 14-3-3 protein eta (Protein AS1). [Source:UniprétiSSPROT;Acc:Q04917]

0128245 H

ENSGO0000 | MYO5C | Myosin-5C (Myosin Vc). [Source:Uniprot/SWISBPT;Acc:QINQX4]

0128833

ENSGO0000 | TTBK2 tau tubulin kinase 2 [Source:RefSeq_peptide;NP_775771]

0128881

ENSGO0000 | INOC1 yeast INO80-like protein [Source:RefSeq_pthcc:NP_060023]

0128908

ENSG0000 | ALDH1 Retinal dehydrogenase 2 (EC 1.2.1.36) (RalDH2) (RAL2) (RALDH(II)) (Retinaldehyde-specific dehydraggse type

0128918 A2 2) (Aldehyde dehydrogenase family 1 member A2)uf8e:Uniprot/SWISSPROT;Acc:094788]

ENSG0000 | COPB Coatomer beta subunit (Beta-coat protein)g®8¥DP). [Source:Uniprot/SWISSPROT;Acc:P53618]

0129083

ENSG0000 | PSMAl Proteasome subunit alpha type 1 (EC 3.4.ZBrbteasome component C2) (Macropain subunit R2jticatalytic

0129084 endopeptidase complex subunit C2) (Proteasome a@in)c{80 kDa prosomal protein) (PROS-30).
[Source:Uniprot/SWISSPROT;Acc:P25786]

ENSGO0000 | KIF1C Kinesin-like protein KIF1C. [Source:Uniprof8SSPROT;Acc:043896]

0129250

ENSGO0000 | LRRC6 Leucine-rich repeat-containing protein 6 (Lecine-rich testis-specific protein) (Testis-specifiteucine-rich repeat

0129295 protein). [Source:Uniprot/SWISSPROT;Acc:Q86X45]

ENSGO0000 | QTRT1 | Queuine tRNA-ribosyltransferase (EC 2.4.2.29ftRNA-guanine transglycosylase) (Guanine insertioenzyme).

0129348 [Source:Uniprot/SWISSPROT;Acc:Q9BXRO0]

ENSGO0000 | AP1M2 "Adaptor-related protein complex 1, mu 2 suib@Mu-adaptin 2) (Adaptor protein complex AP-1 +2subunit) (Golgi

0129354 adaptor HA1/AP1 adaptin mu-2 subunit) (Clathrineasbly protein assembly protein complex 1 mediumrcBi (AP-mu
chain family member mulB). [Source:Uniprot/SWISSPR&c:Q9Y6Q5]"

ENSG0000 RAB2B Ras-related protein Rab-2B. [Sourngtdt/SWISSPROT;Acc:Q8WUD1]
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0129472
ENSGO0000
0129543
ENSGO0000 | RPS4Y1 | "40S ribosomal protein S4, Y isoform 1. [@euUniprot/SWISSPROT;Acc:P22090]"
0129824
ENSGO0000 | HLRC1 HEAT-like (PBS lyase) repeat containing 1 (iB®:RefSeq_peptide;Acc:NP_112594]
0129932
ENSGO0000 | GNL3L guanine nucleotide binding protein-like 3 ¢feplar)-like [Source:RefSeq_peptide;Acc:NP_061940]
0130119
ENSGO0000 | ATP8B3 | Probable phospholipid-transporting ATPas€HK 3.6.3.1) (ATPase class | type 8B member 3).
0130270 [Source:Uniprot/SWISSPROT;Acc:060423]
ENSGO0000 | KIF1A Kinesin-like protein KIF1A (Axonal transport@f synaptic vesicles). [Source:Uniprot/SWISSPRAXE;:Q12756]
0130294
ENSGO0000 | RSHL2 radial spokehead-like 2 [Source:RefSeq_pept&Acc:NP_114130]
0130363
ENSGO0000 | STK33 serine/threonine kinase 33 [Source:RefSedidepcc:NP_112168]
0130413
ENSGO0000 | PR285_ | Peroxisomal proliferator-activated receptor A iating complex 285 kDa protein (EC 3.6.1.-) (ATRpeledent helicase
0130589 HUMA PRIC285) (PPAR-alpha interacting complex proteif)28Source:Uniprot/SWISSPROT;Acc:Q9BYKS]
N
ENSGO0000 | PAK4 Serine/threonine-protein kinase PAK 4 (EC 2.37) (p21-activated kinase 4) (PAK-4).
0130669 [Source:Uniprot/SWISSPROT;Acc:096013]
ENSGO0000 | CHMP2 | Charged multivesicular body protein 2a (Chromatidifying protein 2a) (CHMP2a) (Vacuolar protein tsog 2-1)
0130724 A (Vps2-1) (hVps2-1) (Putative breast adenocarcinamaeker BC-2). [Source:Uniprot/SWISSPROT;Acc:043633]
ENSGO0000 | EIF2S3 Eukaryotic translation initiation factor @bsinit 3 (Eukaryotic translation initiation factdgamma subunit) (elF-2-
0130741 gamma). [Source:Uniprot/SWISSPROT;Acc:P41091]
ENSGO0000 | DKC1 H/ACA ribonucleoprotein complex subunit 4 (B&.99.-) (Dyskerin) (Nucleolar protein family A meer 4) (snoRNP
0130826 protein DKC1) (Nopp140- associated protein of 5ak[Nucleolar protein NAP57) (CBF5 homolog).
[Source:Uniprot/SWISSPROT;Acc:060832]
ENSGO0000 | FBP2 "Fructose-1,6-bisphosphatase isozyme 2 (EG.31) (D-fructose-1,6- bisphosphate 1-phosphoHgdeo?2) (FBPase 2).
0130957 [Source:Uniprot/SWISSPROT;Acc:000757]"
ENSGO0000 | UBE1 Ubiquitin-activating enzyme E1 (A1S9 proteif§ource:Uniprot/SWISSPROT;Acc:P22314]
0130985
ENSGO0000 | POLN polymerase (DNA directed) nu [Source:RefSegqtife;Acc:NP_861524]
0130997
ENSGO0000 | LATS1 Serine/threonine-protein kinase LATS1 (EC.2.37) (Large tumor suppressor homolog 1) (WART&qin kinase) (h-
0131023 warts). [Source:Uniprot/SWISSPROT;Acc:095835]
ENSGO0000 | Q5VX4 OTTHUMPO00000030566 (Fragment). [Source:Uniprot/SPTEMBL;Acc:Q9BR18]
0131044 8_HUM
AN
ENSGO0000 | ACSS2 "Acetyl-coenzyme A synthetase, cytoplasmic (£2.1.1) (Acetate--CoA ligase) (Acyl-activatingzgme) (Acetyl-CoA
0131069 synthetase) (ACS) (AceCS) (Acyl-CoA synthetase tsbbain family member 2).
[Source:Uniprot/SWISSPROT;Acc:QINR19]"
ENSGO0000 | ABCB7 "ATP-binding cassette sub-family B membemitochondrial precursor (ATP-binding cassette tpanter 7) (ABC
0131269 transporter 7 protein). [Source:Uniprot/SWISSPRQI;®75027]"
ENSGO0000 | KIF3A Kinesin-like protein KIF3A (Microtubule plusnd-directed kinesin motor 3A).
0131437 [Source:Uniprot/SWISSPROT;Acc:Q9Y496]
ENSGO0000 | GFPT2 Glucosamine--fructose-6-phosphate aminoteaasé [isomerizing] 2 (EC 2.6.1.16) (Hexosephosphatinotransferase
0131459 2) (D-fructose-6- phosphate amidotransferase 2AIGE) (GFAT?2). [Source:Uniprot/SWISSPROT;Acc:094808
ENSG0000 | TUBG1 Tubulin gamma-1 chain (Gamma-1 tubulin) (Gaartbulin complex component 1) (GCP-1).
0131462 [Source:Uniprot/SWISSPROT;Acc:P23258]
ENSG0000 | UBE2D Ubiquitin-conjugating enzyme E2 D2 (EC 6.3.2.19pigbitin-protein ligase D2) (Ubiquitin carrier peh D2)
0131508 2 (Ubiquitin-conjugating enzyme E2-17 kDa 2) (E2(1B)R). [Source:Uniprot/SWISSPROT;Acc:P62837]
ENSGO0000 | Q71UQ | Topoisomerase Il alpha (Fragment). [Source:UniS®7REMBL;Acc:Q71UQ5]
0131747 5_HUM
AN
ENSG0000 | CHD1L chromodomain helicase DNA binding proteinkel[Source:RefSeq_peptide;Acc:NP_004275]
0131778
ENSG0000 | MCCC2 | "Methylcrotonoyl-CoA carboxylase beta chamtochondrial precursor (EC 6.4.1.4) (3-MethylcmotbCoA carboxylase
0131844 2) (MCCase beta subunit) (3-methylcrotonyl-CoA:carllioxide ligase beta subunit) (3- Methylcroto@dA
carboxylase non-biotin-containing [Source:Unipra¥ISSPROT;Acc:Q9HCCO]"
ENSGO0000 | DNAJB DnaJ homolog subfamily B member 1 (Heat shock 4@ gitein 1) (Heat shock protein 40) (HSP40) (Dmadein
0132002 1 homolog 1) (HDJ-1). [Source:Uniprot/SWISSPROT;A@5B85]
ENSG0000 | CCT6B "T-complex protein 1, zeta-2 subunit (TCPetaz2) (CCT-zeta-2) (TCP- 1-zeta-like) (CCT-zela)i(Testis-specific
0132141 Tcp20) (Testis-specific protein TSA303). [Sourceifat/SWISSPROT;Acc:Q92526]"
ENSG0000 | DHX30 DEAH (Asp-Glu-Ala-His) box polypeptide 30 fam 1 [Source:RefSeq_peptide;Acc:NP_619520]
0132153
ENSGO0000
0132183
ENSGO0000 | SCLY selenocysteine lyase [Source:RefSeq_peptidee_057594]
0132330
ENSGO0000 | RAN GTP-binding nuclear protein Ran (GTPase Ram)s(Rke protein TC4) (Androgen receptor-associatedein 24).
0132341 [Source:Uniprot/SWISSPROT;Acc:P62826]
ENSGO0000 | PRKAA | "5-AMP-activated protein kinase, catalytic alphakkin (EC 2.7.1.-) (AMPK alpha-1 chain).
0132356 1 [Source:Uniprot/SWISSPROT;Acc:Q13131]"
ENSGO0000 | RPA1 Replication protein A 70 kDa DNA-binding sulituiRP-A) (RF-A) (Replication factor-A protein 1pingle-stranded
0132383 DNA-binding protein). [Source:Uniprot/SWISSPROT;Ae27694]
ENSG0000 FIGNL1 | fidgetin-like 1 [Source:RefSeq_péetAcc:NP_071399]
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0132436
ENSGO0000 | NIP7 60S ribosome subunit biogenesis protein Ni®mdiog (KD93). [Source:Uniprot/SWISSPROT;Acc:Q9Y221
0132603
ENSGO0000 | VPS4A Vacuolar sorting protein 4a (SKD2 proteiny #84) (VPS4-1). [Source:Uniprot/SWISSPROT;Acc:Q9UN3
0132612
ENSGO0000 | PCNA Proliferating cell nuclear antigen (PCNA) (Gg¥ [Source:Uniprot/SWISSPROT;Acc:P12004]
0132646
ENSGO0000 | ATP1A Sodium/potassium-transporting ATPase alpha-4 cft&th3.6.3.9) (Sodium pump 4) (Na+/K+ ATPase 4).
0132681 4 [Source:Uniprot/SWISSPROT;Acc:Q13733]
ENSGO0000 | RAB25 Ras-related protein Rab-25 (CATX-8). [Soutr@prot/SWISSPROT;Acc:P57735]
0132698
ENSG0000 | MUTY A/G-specific adenine DNA glycosylase (EC 3.2.2Mu¢Y homolog) (hMYH).
0132781 H [Source:Uniprot/SWISSPROT;Acc:Q9UIF7]
ENSGO0000 | Q4VXU Chromsome 20 open reading frame 119. [Source:Uti§Pd REMBL;Acc:Q4VXU1]
0132786 1_HUM

AN
ENSGO0000
0132793
ENSGO0000
0132826
ENSGO0000 | ATP8A Probable phospholipid-transporting ATPase IB (EE3®1) (ATPase class | type 8A member 2) (ML-1).
0132932 2 [Source:Uniprot/SWISSPROT;Acc:QINTI2]
ENSGO0000 | CDK8 Cell division protein kinase 8 (EC 2.7.1.3P)dtein kinase K35). [Source:Uniprot/SWISSPROT; Re9336]
0132964
ENSGO0000 | MYH8 "Myosin-8 (Myosin heavy chain, skeletal musgberinatal) (MyHC- perinatal).
0133020 [Source:Uniprot/SWISSPROT;Acc:P13535]"
ENSGO0000 | MYH10 "Myosin-10 (Myosin heavy chain, nonmuscle)l{blonmuscle myosin heavy chain llb) (NMMHC II-BYlMMHC-1IB)
0133026 (Cellular myosin heavy chain, type B) (Nonmuscleosip heavy chain-B) (NMMHC-B).

[Source:Uniprot/SWISSPROT;Acc:P35580]"

ENSGO0000 | DCAM Serine/threonine-protein kinase DCAMKL1 (EC 2.77).@oublecortin- like and CAM kinase-like 1).
0133083 KL1 [Source:Uniprot/SWISSPROT;Acc:015075]
ENSGO0000 | RFC3 Activator 1 38 kDa subunit (Replication fac®B88 kDa subunit) (A1 38 kDa subunit) (RF-C 38 kdddunit) (RFC38)
0133119 (Replication factor C subunit 3). [Source:UniprdWEBSPROT;Acc:P40938]
ENSGO0000 | CSNK1 | "Casein kinase |, gamma 2 isoform (EC 2.7.1.-) (@Kima 2). [Source:Uniprot/SWISSPROT;Acc:P78368]"
0133275 G2
ENSG0000 | MYH11 "Myosin-11 (Myosin heavy chain, smooth musisleform) (SMMHC). [Source:Uniprot/SWISSPROT;AccH¥39]"
0133392
ENSGO0000 | PIKACA | Phosphatidylinositol 4-kinase alpha (EC 2.87) (Pl4-kinase) (PtdIins-4-kinase) (Pl4K-alpha).
0133511 [Source:Uniprot/SWISSPROT;Acc:P42356]
ENSG0000 | ACTR3 actin-related protein 3-beta [Source:RefSeq_pepticteNP_065178]
0133627 B
ENSGO0000 | ATP13 Probable cation-transporting ATPase 13A3 (EC 3.5(BTPase family homolog up-regulated in seneseeargls 1).
0133657 A3 [Source:Uniprot/SWISSPROT;Acc:Q9H7FQ]
ENSGO0000 | AMPD3 | AMP deaminase 3 (EC 3.5.4.6) (AMP deaminaséorm E) (Erythrocyte AMP deaminase).
0133805 [Source:Uniprot/SWISSPROT;Acc:Q01432]
ENSGO0000
0133879
ENSGO0000 | EIF2S1 Eukaryotic translation initiation factor @bsinit 1 (Eukaryotic translation initiation fact®rlpha subunit) (elF-2-alpha)
0134001 (EIF- 2alpha) (EIF-2A). [Source:Uniprot/SWISSPROTpAP05198]
ENSGO0000 | CDK7 Cell division protein kinase 7 (EC 2.7.1.3C€DK-activating kinase) (CAK) (TFIIH basal transdign factor complex
0134058 kinase subunit) (39 kDa protein kinase) (P39 Md83)K1) (CAK1). [Source:Uniprot/SWISSPROT;Acc:P50$13
ENSG0000 | CAMK1 | Calcium/calmodulin-dependent protein kinageet 1 (EC 2.7.1.123) (CaM kinase 1) (CaM-KI) (CaMadse | alpha)
0134072 (CaMKiI-alpha). [Source:Uniprot/SWISSPROT;Acc:Q14p12
ENSG0000 | EDEM1 ER degradation-enhancing alpha-mannosidase{source:Uniprot/SWISSPROT;Acc:Q92611]
0134109
ENSGO0000
0134257
ENSGO0000 | ARF3 ADP-ribosylation factor 3. [Source:Uniprot/S88PROT;Acc:P61204]
0134287
ENSGO0000 | YWHA 14-3-3 protein theta (14-3-3 protein tau) (14-3r8tein T-cell) (HS1 protein).
0134308 Q [Source:Uniprot/SWISSPROT;Acc:P27348]
ENSG0000 | ROCK2 "Rho-associated protein kinase 2 (EC 2.7)1(RFfo-associated, coiled- coil containing proteimse 2) (0164 ROCK-2)
0134318 (Rho kinase 2). [Source:Uniprot/SWISSPROT;Acc:0&11
ENSGO0000 | LPIN1 Lipin-1. [Source:Uniprot/SWISSPROT;Acc:Q14493
0134324
ENSGO0000 | RPS15A | 40S ribosomal protein S15a. [Source:UniSMISSPROT;Acc:P62244]
0134419
ENSGO0000 | RAB33 Ras-related protein Rab-33A (Small GTP-binding @inS10). [Source:Uniprot/SWISSPROT;Acc:Q14088]
0134594 A
ENSGO0000 | MST4_ Serine/threonine-protein kinase MST4 (EC 2.7.1(8$ME20-like kinase MST4) (MST-4) (Mammalian STE#e|
0134602 HUMA protein kinase 4) (Serine/threonine-protein kinsl#SK) (Mst3 and SOK1-related kinase).

N [Source:Uniprot/SWISSPROT;Acc:Q9P289]
ENSG0000 | PUM1 Pumilio homolog 1 (Pumilio-1) (HsPUM). [Sourcaiprot/SWISSPROT;Acc:Q14671]
0134644
ENSGO0000 | GNL2 Nucleolar GTP-binding protein 2 (Autoantige®R-1). [Source:Uniprot/SWISSPROT;Acc:Q13823]
0134697
ENSGO0000 | DHX34 Probable ATP-dependent RNA helicase DHX34 &€ 1.-) (DEAH box protein 34).
0134815 [Source:Uniprot/SWISSPROT;Acc:Q14147]
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ENSGO0000 | NP_078

0134905 813.1

ENSGO0000 | ITM1 Oligosaccharyl transferase STT3 subunit homdB5) (Integral membrane protein 1) (TMC).

0134910 [Source:Uniprot/SWISSPROT;Acc:P46977]

ENSGO0000 | CTSL Cathepsin L precursor (EC 3.4.22.15) (Majareted protein) (MEP) [Contains: Cathepsin L heelvgin; Cathepsin L

0135047 light chain]. [Source:Uniprot/SWISSPROT;Acc:P07711]

ENSGO0000 | AGTPB | ATP/GTP binding protein 1 [Source:RefSeq_peptide;Ac:NP_056054]

0135049 P1

ENSG0000 | TAOK3 Serine/threonine-protein kinase TAO3 (EC 2.37) (Thousand and one amino acid protein 3) kinase-inhibitory

0135090 kinase) (JNK/SAPK- inhibitory kinase) (Dendriticicderived protein kinase) (Cutaneous T-cell lympteotumor antigen|
HD-CL-09) (CTCL tumor [Source:Uniprot/SWISSPROT; AQOH2K8]

ENSGO0000 | NP_065

0135205 930.1

ENSG0000 | SRPK2 Serine/threonine-protein kinase SRPK2 (ECLB7) (Serine/arginine- rich protein-specific kdra2) (SR-protein-specifig

0135250 kinase 2) (SFRS protein kinase 2). [Source:UniBMtISSPROT;Acc:P78362]

ENSGO0000 | ALP_H N-acetyltransferase-like protein (EC 2.3.1.-). [ReuUniprot/SWISSPROT;Acc:Q9HO0AO]

0135372 UMAN

ENSGO0000 | CDK4 Cell division protein kinase 4 (EC 2.7.1.3Cy¢lin-dependent kinase 4) (PSK-J3).

0135446 [Source:Uniprot/SWISSPROT;Acc:P11802]

ENSGO0000 | CCT7 "T-complex protein 1, eta subunit (TCP-1-¢@f T-eta) (HIV-1 Nef interacting protein).

0135624 [Source:Uniprot/SWISSPROT;Acc:Q99832]"

ENSGO0000 | ABCB1 "ATP-binding cassette sub-family B member 10, nfimedrial precursor (ATP-binding cassette transpdify (ABC

0135776 0 transporter 10 protein) (Mitochondrial ATP-bindiogssette 2) (M-ABC2).
[Source:Uniprot/SWISSPROT;Acc:QINRKE]"

ENSGO0000 | GLUL Glutamine synthetase (EC 6.3.1.2) (Glutamatewmonia ligase) (GS). [Source:Uniprot/SWISSPROT;R&6104]

0135821

ENSGO0000 | DHX9 ATP-dependent RNA helicase A (EC 3.6.1.-) (Mac DNA helicase I1) (NDH Il) (DEAH box protein 9)

0135829 [Source:Uniprot/SWISSPROT;Acc:Q08211]

ENSG0000 | TTLL4 Tubulin tyrosine ligase-like protein 4. [Source:Uniprot/SWISSPROT;Acc:Q14679]

0135912

ENSGO0000 | NIFUN "NifU-like N-terminal domain containing prate mitochondrial precursor (NifU-like protein) @n-sulfur cluster

0136003 assembly enzyme ISCU). [Source:Uniprot/SWISSPROT;@0H1K1]"

ENSG0000 | ALDH1 "aldehyde dehydrogenase 1 family, member L2 [SoRefSeq_peptide;Acc:NP_001029345]"

0136010 L2

ENSGO0000

0136013

ENSGO0000 | PWP1 Periodic tryptophan protein 1 homolog (Keatirie protein IEF SSP 9502). [Source:Uniprot/SWIRSH;Acc:Q13610]

0136045

ENSGO0000 | NEK3 Serine/threonine-protein kinase Nek3 (EC 2371 (NimA-related protein kinase 3) (HSPK 36).

0136098 [Source:Uniprot/SWISSPROT;Acc:P51956]

ENSGO0000 | SUCLA | "Succinyl-CoA ligase [ADP-forming] beta-chain, nitwondrial precursor (EC 6.2.1.5) (Succinyl-CoA $wiase, betaA

0136143 2 chain) (SCS-betaA) (ATP- specific succinyl-CoA dyetase beta subunit). [Source:Uniprot/SWISSPROT.@8B2R7]"

ENSGO0000 | KDELR ER lumen protein retaining receptor 2 (KDEL rece@p(KDEL endoplasmic reticulum protein retenti@eeptor 2)

0136240 2 (ERD2-like protein 1) (ELP-1). [Source:Uniprot/SVBBROT;Acc:P33947]

ENSGO0000 | DDX56 Probable ATP-dependent RNA helicase DDX56 @&E1.-) (DEAD box protein 56) (ATP-dependent &laknucleolar

0136271 RNA helicase) (DEAD-box protein 21). [Source:Unig8WVNISSPROT;Acc:QINY93]

ENSG0000 | NM_03 "myosin IG (MYO1G), mRNA [Source:RefSeq_dna;Acc:N083054]"

0136286 3054.1

ENSGO0000 | IREB2 Iron-responsive element binding protein 2EiBP 2) (Iron regulatory protein 2) (IRP2).

0136381 [Source:Uniprot/SWISSPROT;Acc:P48200]

ENSGO0000 | NMT1 Glycylpeptide N-tetradecanoyltransferase 1 E81.97) (Peptide N- myristoyltransferase 1) (Mtyyl-CoA:protein N-

0136448 myristoyltransferase 1) (NMT 1) (Type | N-myristaynsferase). [Source:Uniprot/SWISSPROT;Acc:P30419]

ENSGO0000 | BRIP1 Fanconi anemia group J protein (EC 3.6. AT)R-dependent RNA helicase BRIP1) (Protein FACR\1-interacting

0136492 protein C-terminal helicase 1) (BRCALl-interactingtgin 1) (BRCAl-associated C-terminal helicase 1).
[Source:Uniprot/SWISSPROT;Acc:Q9BX63]

ENSGO0000 | MYST2 "Histone acetyltransferase MYST2 (EC 2.3.1.48YST protein 2) (MOZ, YBF2/SAS3, SAS2 and TIPpfbtein 2)

0136504 (Histone acetyltransferase binding to hORC1). [8eWwniprot/SWISSPROT;Acc:095251]"

ENSGO0000 | ACTL6 Actin-like protein 6A (53 kDa BRG1-associated fact) (Actin-related protein Baf53a) (ArpNbeta).

0136518 A [Source:Uniprot/SWISSPROT;Acc:096019]

ENSG0000 | SCN2A "Sodium channel protein type Il alpha subunit (Voltage-gated sodium channel alpha subunit Nav1.2) (Sath

0136531 2 channel protein, brain Il alpha subunit) (HBSC I1). [Source:Uniprot/SWISSPROT;Acc:Q99250]"

ENSGO0000 | SCN7A "Sodium channel protein type VIl alpha subunt (Putative voltage-gated sodium channel alpha sulmit Nax)

0136546 (Sodium channel protein, cardiac and skeletal muselalpha-subunit).
[Source:Uniprot/SWISSPROT;Acc:Q01118]"

ENSGO0000 | EPRS Bifunctional aminoacyl-tRNA synthetase [In@sdGlutamyl-tRNA synthetase (EC 6.1.1.17) (Glutem#RNA ligase);

0136628 Prolyl-tRNA synthetase (EC 6.1.1.15) (Proline--tRhNdase)]. [Source:Uniprot/SWISSPROT;Acc:P07814]

ENSGO0000 | VPS45A | Vacuolar protein sorting-associated prot&ir(h-VPS45) (hlVps45). [Source:Uniprot/SWISSPROGCARQINRW7]

0136631

ENSGO0000 | WDR33 WD-repeat protein 33 (WD-repeat protein WDE)14Source:Uniprot/SWISSPROT;Acc:Q9C0J8]

0136709

ENSGO0000 | IMP4 U3 small nucleolar ribonucleoprotein proteihR4 (U3 snoRNP protein IMP4).

0136718 [Source:Uniprot/SWISSPROT;Acc:Q96G21]

ENSG0000 | YME1L ATP-dependent metalloprotease YME1L1 (EC 3.4.2¥ME1-like protein 1) (ATP-dependent metalloproteddsH1)

0136758 1 (Meg-4) (Presenilin- associated metalloproteas@MP). [Source:Uniprot/SWISSPROT;Acc:Q96TA2]

ENSGO0000 | CDK9 Cell division protein kinase 9 (EC 2.7.1.3Cy¢lin-dependent kinase 9) (Serine/threonine-pnot@iase PITALRE) (C-

0136807 2K) (Cell division cycle 2-like protein kinase 4Bource:Uniprot/SWISSPROT;Acc:P50750]

ENSGO0000 | SMC2L | Structural maintenance of chromosome 2-like 1 jmd@hromosome- associated protein E) (hCAP-E) (RCRA

0136824 1 homolog). [Source:Uniprot/SWISSPROT;Acc:095347]
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ENSGO0000 | ALDOB | Fructose-bisphosphate aldolase B (EC 4.1)Xi8er-type aldolase). [Source:Uniprot/SWISSPRAdc:P05062]

0136872

ENSGO0000 | KIF12 Kinesin-like protein KIF12. [Source:Unipro¥8SSPROT;Acc:Q96FN5]

0136883

ENSG0000 | PSMB7 Proteasome subunit beta type 7 precurso3(ER5.1) (Proteasome subunit Z) (Macropain chaifMdlticatalytic

0136930 endopeptidase complex chain Z). [Source:Uniprot/SBRROT;Acc:Q99436]

ENSGO0000 | CTSL2 Cathepsin L2 precursor (EC 3.4.22.43) (Catimey) (Cathepsin U). [Source:Uniprot/SWISSPROT,;A260911]

0136943

ENSGO0000 | PLAA Phospholipase A-2-activating protein (PLAPLA2P). [Source:Uniprot/SWISSPROT;Acc:Q9Y263]

0137055

ENSGO0000 | DNAJB DnaJ homolog subfamily B member 5 (Heat shock jpnd#sp40-3) (Heat shock protein cognate 40) (Hs¢#8p40-2).

0137094 5 [Source:Uniprot/SWISSPROT;Acc:075953]

ENSGO0000 | ALDH1 "Aldehyde dehydrogenase X, mitochondrial precu(& 1.2.1.3) (ALDH class 2).

0137124 Bl [Source:Uniprot/SWISSPROT;Acc:P30837]"

ENSGO0000 | KIF13A Kinesin-like protein KIF13A (Kinesin-like ptein RBKIN). [Source:Uniprot/SWISSPROT;Acc:Q9H1H9]

0137177

ENSGO0000 | TUBB2 "tubulin, beta 2 [Source:RefSeq_peptide;Acc:NP_@&D]10

0137267 A

ENSG0000 | TUBB2 "tubulin, beta polypeptide paralog [Source:RefSeptiode;Acc:NP_821080]"

0137285 B

ENSGO0000

0137328

ENSGO0000 | DHX16 Putative pre-mRNA splicing factor ATP-depentdBNA helicase DHX16 (EC 3.6.1.-) (DEAH-box pratei6) (ATP-

0137333 dependent RNA helicase #3). [Source:Uniprot/SWISSPRcc:060231]

ENSGO0000 | ABCF1 ATP-binding cassette sub-family F member TRAinding cassette 50) (TNF-alpha-stimulated ABGtgin).

0137335 [Source:Uniprot/SWISSPROT;Acc:Q8NE71]

ENSGO0000 | TUBB Tubulin beta-2 chain. [Source:Uniprot/SWISSPR&cc:P07437]

0137379

ENSG0000 | VARSL valyl-tRNA synthetase 2-like [Source:RefSegppide;Acc:NP_065175]

0137411

ENSG0000 | MYO7A | Myosin-7A (Myosin Vlla). [Source:Uniprot/SWISPROT;Acc:Q13402]

0137474

ENSG0000 | RAB30 Ras-related protein Rab-30. [Source:UnipMt{SSPROT;Acc:Q15771]

0137502

ENSGO0000 | NEK1 Serine/threonine-protein kinase Nek1 (EC 2371 (NimA-related protein kinase 1) (NY-REN-55 igeh).

0137601 [Source:Uniprot/SWISSPROT;Acc:Q96PY6]

ENSGO0000 | MAP2K | Dual specificity mitogen-activated protein kinasedse 5 (EC 2.7.1.37) (MAP kinase kinase 5) (MAPKK

0137764 5 (MAPK/ERK kinase 5). [Source:Uniprot/SWISSPROT;AQ¢3163]

ENSGO0000 | KIF23 Kinesin-like protein KIF23 (Mitotic kinesinke protein 1) (Kinesin- like protein 5).

0137807 [Source:Uniprot/SWISSPROT;Acc:Q02241]

ENSGO0000 | PAK6 Serine/threonine-protein kinase PAK 6 (EC 2.37) (p21-activated kinase 6) (PAK-6) (PAK-5).

0137843 [Source:Uniprot/SWISSPROT;Acc:QINQUS5]

ENSGO0000 | TTLL7 Tubulin tyrosine ligase-like protein 7 (Protein NYD-SP30). [Source:Uniprot/SWISSPROT;Acc:Q6ZT98]

0137941

ENSGO0000 | RABGG | Geranylgeranyl transferase type Il beta subunit 2E821.60) (Rab geranylgeranyltransferase betarspi®ab geranyl-

0137955 B geranyltransferase beta subunit) (Rab GG transfdret) (Rab GGTase beta).
[Source:Uniprot/SWISSPROT;Acc:P53611]

ENSGO0000 | IFT172 selective LIM binding factor homolog [SourceRefSeq_peptide;Acc:NP_056477]

0138002

ENSG0000 | PPM1B Protein phosphatase 2C isoform beta (EC .36).8PP2C-beta). [Source:Uniprot/SWISSPROT;Acc:6€8H

0138032

ENSG0000 | RAB1A Ras-related protein Rab-1A (YPT1-related pna). [Source:Uniprot/SWISSPROT;Acc:P62820]

0138069

ENSG0000 | ACTR2 Actin-like protein 2 (Actin-related proteir).ZSource:Uniprot/SWISSPROT;Acc:P61160]

0138071

ENSGO0000 | ABCG5 ATP-binding cassette sub-family G member ®i@in-1). [Source:Uniprot/SWISSPROT;Acc:Q9H222]

0138075

ENSGO0000 | ACTR1 Alpha-centractin (Centractin) (Centrosome-assodiatgin homolog) (Actin-RPV) (ARP1).

0138107 A [Source:Uniprot/SWISSPROT;Acc:P61163]

ENSGO0000 | ATAD1 ATPase family AAA domain containing protein [Bource:Uniprot/SWISSPROT;Acc:Q8NBU5]

0138138

ENSGO0000 | KIF11 Kinesin-like protein KIF11 (Kinesin-relatedotor protein Eg5) (Kinesin-like spindle protein HRBS(Thyroid receptor

0138160 interacting protein 5) (TRIP5) (Kinesin-like pratel). [Source:Uniprot/SWISSPROT;Acc:P52732]

ENSGO0000 | ARL3 ADP-ribosylation factor-like protein 3. [SowtJniprot/SWISSPROT;Acc:P36405]

0138175

ENSG0000 | DNA2L DNAZ2-like homolog (EC 3.6.1.-) (DNA replicath ATP-dependent helicase-like homolog) (Fragment).

0138346 [Source:Uniprot/SWISSPROT;Acc:P51530]

ENSGO0000 | ALS2C Serine/threonine-protein kinase ALS2CR7 (EC 2.7)l(Bmyotrophic lateral sclerosis 2 chromosomalesagandidate

0138395 R7 gene 7 protein). [Source:Uniprot/SWISSPROT;Acc:Q861Q

ENSGO0000 | PPIG Peptidyl-prolyl cis-trans isomerase G (ECE8&). (Peptidyl-prolyl isomerase G) (PPlase G) (Rase G) (Cyclophilin

0138398 G) (Clk-associating RS-cyclophilin) (CARS-cyclophjl (CARS-Cyp) (SR-cyclophilin) (SRcyp) (SR-cyp)ASP10).
[Source:Uniprot/SWISSPROT;Acc:Q13427]

ENSG0000 | HECW2 | "HECT, C2 and WW domain containing E3 ubigugirotein ligase 2 [Source:RefSeq_peptide;Acc:NgB811]"

0138411

ENSGO0000 | IDH1 Isocitrate dehydrogenase [NADP] cytoplasmi€(E1.1.42) (Oxalosuccinate decarboxylase) (IDH)\D¥ (+)-specific

0138413 ICDH) (IDP). [Source:Uniprot/SWISSPROT;Acc:075874]

ENSGO0000 | PTD4_ Putative GTP-binding protein PTD004. [Source:Unif88/ISSPROT;Acc:QINTKS5]

0138430 HUMA
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ENSGO0000 | USP8 Ubiquitin carboxyl-terminal hydrolase 8 (EQ.2.15) (Ubiquitin thiolesterase 8) (Ubiquitin-sfiEcprocessing protease
0138592 8) (Deubiquitinating enzyme 8) (hUBPY). [Source:phoit/SWISSPROT;Acc:P40818]
ENSGO0000 | PRKG2 cGMP-dependent protein kinase 2 (EC 2.7.G®BK 2) (cGKiIl) (Type Il cGMP-dependent proteimise).
0138669 [Source:Uniprot/SWISSPROT;Acc:Q13237]
ENSG0000 | BBS7 Bardet-Biedl syndrome 7 protein (BBS2-like prtein 1). [Source:Uniprot/SWISSPROT;Acc:Q8IWZ6]
0138686
ENSGO0000 | CDKL2 Cyclin-dependent kinase-like 2 (EC 2.7.1.83¢rine/threonine-protein kinase KKIAMRE) (Prot&inase p56
0138769 KKIAMRE). [Source:Uniprot/SWISSPROT;Acc:Q92772]
ENSG0000 | CENPE Centromeric protein E (CENP-E protein). [$eudniprot/SWISSPROT;Acc:Q02224]
0138778
ENSGO0000 | SEC24B | Protein transport protein Sec24B (SEC24eglprotein B). [Source:Uniprot/SWISSPROT;Acc:09848
0138802
ENSGO0000 | PPP3CA | "Serine/threonine protein phosphatase 2Bytatsubunit, alpha isoform (EC 3.1.3.16) (Calmlia-dependent
0138814 calcineurin A subunit, alpha isoform) (CAM-PRP dyiia subunit). [Source:Uniprot/SWISSPROT;Acc:Q0820
ENSGO0000 | KIF21A Kinesin family member 21A (Kinesin-like pein KIF2) (NY-REN-62 antigen).
0139116 [Source:Uniprot/SWISSPROT;Acc:Q7Z4S6]
ENSGO0000 | PLCZ1 "phospholipase C, zeta 1 [Source:RefSeq_gepicc:NP_149114]"
0139151
ENSGO0000 | PEX5 Peroxisomal targeting signal 1 receptor (Fiermare receptor 1) (Peroxisomal C-terminal targesignal import
0139197 receptor) (PTS1-BP) (Peroxin-5) (PTS1 receptonujBe:Uniprot/SWISSPROT;Acc:P50542]
ENSG0000 | WDR51 | WD repeat domain 51B [Source:RefSeq_peptide;Acc:NF58440]
0139323 B
ENSGO0000 | SLC7A1 | High-affinity cationic amino acid transparte (CAT-1) (CAT1) (System Y+ basic amino acid tsaorter) (Ecotropic
0139514 retroviral leukemia receptor homolog) (ERR) (Ecpteooretrovirus receptor homolog).
[Source:Uniprot/SWISSPROT;Acc:P30825]
ENSGO0000 | MYG1_ | MYGLI protein. [Source:Uniprot/SWISSPROT;Acc:Q9HBO07]
0139637 HUMA
N
ENSGO0000 | VPS33A | Vacuolar protein sorting 33A (hVPS33A). [8m1Uniprot/SWISSPROT;Acc:Q96AX1]
0139719
ENSGO0000 | CUL4A Cullin-4A (CUL-4A). [Source:Uniprot/SWISSPRGAcc:Q13619]
0139842
ENSGO0000 | WARS Tryptophanyl-tRNA synthetase (EC 6.1.1.2) (fophan--tRNA ligase) (TrpRS) (IFP53) (hWRS).
0140105 [Source:Uniprot/SWISSPROT;Acc:P23381]
ENSG0000 | DNAJA DnaJ homolog subfamily A member 4. [Source:Uni8@¥SSPROT;Acc:Q8WW22]
0140403 4
ENSGO0000 | EFTUD elongation factor Tu GTP binding domain containingsource:RefSeq_peptide;Acc:NP_078856]
0140598 1
ENSGO0000 | ABCC1 "ATP-binding cassette, sub-family C, member 12asofb [Source:RefSeq_peptide;Acc:NP_660189]"
0140798 2
ENSGO0000 | DHX38 Pre-mRNA splicing factor ATP-dependent RNAitese PRP16 (EC 3.6.1.-) (ATP-dependent RNA heédaHX38)
0140829 (DEAH box protein 38). [Source:Uniprot/SWISSPROT¢AR92620]
ENSGO0000 | KATNB Katanin p80 WD40-containing subunit B1 (Katanin g8®unit B1) (p80 katanin).
0140854 1 [Source:Uniprot/SWISSPROT;Acc:Q9BVAQ]
ENSGO0000 | KIFC3 Kinesin-like protein KIFC3. [Source:UniproBSSPROT;Acc:Q9BVG8]
0140859
ENSGO0000 | RPL3L 60S ribosomal protein L3-like. [Source:Unig8NVISSPROT;Acc:Q92901]
0140986
ENSG0000 | PDPK1 3-phosphoinositide dependent protein kinadeC12.7.1.37) (hPDK1). [Source:Uniprot/SWISSPROdc215530]
0140992
ENSGO0000 | GAS8 Growth-arrest-specific protein 8 (Growth arreg-specific 11). [Source:Uniprot/SWISSPROT;Acc:09598]
0141013
ENSGO0000 | Q6ZSU
0141018 8_HUM
AN
ENSGO0000
0141037
ENSG0000 | MYH4 "Myosin-4 (Myosin heavy chain, skeletal musdietal) (Myosin heavy chain IIb) (MyHC-IIb).
0141048 [Source:Uniprot/SWISSPROT;Acc:Q9Y623]"
ENSG0000 | MYOH myosin head domain containing 1 isoform 1 [SoureéSRq_peptide;Acc:NP_079385]
0141140 D1
ENSGO0000 | DDX52 Probable ATP-dependent RNA helicase DDX52 @&€1.-) (DEAD box protein 52) (ATP-dependent RNélicase
0141141 ROK1-like). [Source:Uniprot/SWISSPROT;Acc:Q9Y2R4]
ENSGO0000 | KIF2B kinesin protein [Source:RefSeq_peptide;Acc:NP5948]
0141200
ENSGO0000 | ABCA8 "ATP-binding cassette, sub-family A membeiS®urce:RefSeq_peptide;Acc:NP_009099]"
0141338
ENSGO0000 | CLTC Clathrin heavy chain 1 (CLH-17). [Source:UmigBWISSPROT;Acc:Q00610]
0141367
ENSG0000 | AFG3L AFG3-like protein 2 (EC 3.4.24.-) (Paraplegin-ligotein). [Source:Uniprot/SWISSPROT;Acc:Q9Y4We6]
0141385 2
ENSGO0000 | IMPA2 Inositol monophosphatase 2 (EC 3.1.3.25) @e€2) (IMP 2) (Inositol- 1(or 4)-monophosphatasévB/o-inositol
0141401 monophosphatase A2). [Source:Uniprot/SWISSPROT@&4732]
ENSGO0000 | MINK1 Misshapen-like kinase 1 (EC 2.7.1.37) (Mitogactivated protein kinase kinase kinase kinag®@PK/ERK kinase
0141503 kinase kinase 6) (MEK kinase kinase 6) (MEKKK 6)i¢shapen/NIK-related kinase) (GCK family kinase M)N
[Source:Uniprot/SWISSPROT;Acc:Q8N4C8]
ENSG0000 DDX48 Probable ATP-dependent RNA helicaB48 (EC 3.6.1.-) (DEAD box protein 48) (Eukaryotigtiation factor 4A-like
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0141543 NUK-34) (Nuclear matrix protein 265) (hNMB5) (Eukaryotic translation initiation factor 48oform 3).
[Source:Uniprot/SWISSPROT;Acc:P38919]

ENSGO0000 | CSNK1 | "Casein kinase I, delta isoform (EC 2.7.1.-) (CKltd) (CKIld). [Source:Uniprot/SWISSPROT;Acc:P48730]

0141551 D

ENSG0000 | MAPK4 Mitogen-activated protein kinase 4 (EC 2.37).(Extracellular signal-regulated kinase 4) (ERKIMAP kinase isoform

0141639 p63) (p63- MAPK). [Source:Uniprot/SWISSPROT;Acc:R32]

ENSGO0000

0141748

ENSGO0000 | CACN "Voltage-dependent P/Q-type calcium channel alphaA subunit (Voltage- gated calcium channel alpha suimit

0141837 AlA Cav2.1) (Calcium channel, L type, alpha-1 polypeptie isoform 4) (Brain calcium channel I) (BI).
[Source:Uniprot/SWISSPROT;Acc:000555]"

ENSG0000 | CALR3 Calreticulin-3 precursor (Calreticulin-2).d&rce:Uniprot/SWISSPROT;Acc:Q96L12]

0141979

ENSG0000 | HUNK Hormonally up-regulated neu tumor-associatedige (EC 2.7.1.37) (Serine/threonine-protein lend#\K-V) (B19).

0142149 [Source:Uniprot/SWISSPROT;Acc:P57058]

ENSGO0000 | SNF1L Serine/threonine-protein kinase SNF1-like kinageQ 2.7.1.37) (Serine/threonine-protein kinase SNg1

0142178 K [Source:Uniprot/SWISSPROT;Acc:P57059]

ENSGO0000 | SCYL1 SCYL1 protein (Fragment). [Source:Uniprot/SfEMBL;Acc:Q96G50]

0142186

ENSGO0000 | AKT1 RAC-alpha serine/threonine-protein kinase (ET.1.37) (RAC-PK-alpha) (Protein kinase B) (PKB}AKT).

0142208 [Source:Uniprot/SWISSPROT;Acc:P31749]

ENSGO0000 | MYO1F | Myosin If (Myosin-IE). [Source:Uniprot/SWIS&OT;Acc:000160]

0142347

ENSG0000 | PSMB6 Proteasome subunit beta type 6 precurso3(ER5.1) (Proteasome delta chain) (Macropain digan) (Multicatalytic

0142507 endopeptidase complex delta chain) (Proteasomenguiu [Source:Uniprot/SWISSPROT;Acc:P28072]

ENSG0000 | RPS11 40S ribosomal protein S11. [Source:UniprotSSSPROT;Acc:P62280]

0142534

ENSGO0000 | RPL13A | 60S ribosomal protein L13a (23 kDa highlgibgrotein). [Source:Uniprot/SWISSPROT;Acc:P40429]

0142541

ENSGO0000 | ATPBD | ATP binding domain 3 [Source:RefSeq_peptide;Acc:660275]

0142544 3

ENSGO0000 | PGD "6-phosphogluconate dehydrogenase, decarbmy/EC 1.1.1.44). [Source:Uniprot/SWISSPROT;Ac@PE9]"

0142657

ENSGO0000 | RPL11 60S ribosomal protein L11 (CLL-associatedgent KW-12). [Source:Uniprot/SWISSPROT;Acc:P62913]

0142676

ENSGO0000 | PLK4 Serine/threonine-protein kinase PLK4 (EC 237} (Polo-like kinase 4) (PLK-4) (Serine/threonjm®tein kinase Sak)

0142731 (Serine/threonine- protein kinase 18). [Source:iiBWISSPROT;Acc:000444]

ENSG0000 | MAP3K | Mitogen-activated protein kinase kinase kinase® PE7.1.37). [Source:Uniprot/SWISSPROT;Acc:095382]

0142733 6

ENSG0000 | PRKAC | "cAMP-dependent protein kinase, beta-catalytic sithEC 2.7.1.37) (PKA C-beta).

0142875 B [Source:Uniprot/SWISSPROT;Acc:P22694]"

ENSGO0000 | PIGK "GPl-anchor transamidase precursor (EC 3.{GPI transamidase) (Phosphatidylinositol-glycaspnthesis, class K

0142892 protein) (P1G-K) (hGPI8). [Source:Uniprot/SWISSPR@@c:Q92643]"

ENSGO0000 | RPS8 40S ribosomal protein S8. [Source:Uniprot/SSABOT;Acc:P62241]

0142937

ENSGO0000 | KIF2C Kinesin-like protein KIF2C (Mitotic centromerassociated kinesin) (MCAK) (Kinesin-like protéij

0142945 [Source:Uniprot/SWISSPROT;Acc:Q99661]

ENSGO0000 | MOBK Mps one binder kinase activator-like 2C (Mob1 howmgoBC) (Protein Mob3C).

0142961 L2C [Source:Uniprot/SWISSPROT;Acc:Q70IA8]

ENSG0000 | PSMA5 Proteasome subunit alpha type 5 (EC 3.4.ZBrbfeasome zeta chain) (Macropain zeta chain)t{patalytic

0143106 endopeptidase complex zeta chain). [Source:UnBWtSSPROT;Acc:P28066]

ENSG0000 | ALDH9 4-trimethylaminobutyraldehyde dehydrogenase (ECL14Z) (TMABADH) (Aldehyde dehydrogenase 9A1) (EQ.1.3)

0143149 Al (Aldehyde dehydrogenase E3 isozyme) (Gamma-amigodddehyde dehydrogenase) (EC 1.2.1.19) (R-
aminobutyraldehyde dehydrogenase). [Source:UnBWitSSPROT;Acc:P49189]

ENSGO0000 | NME7 Nucleoside diphosphate kinase 7 (EC 2.7.4.8YPK 7) (NDP kinase 7) (nm23-H7).

0143156 [Source:Uniprot/SWISSPROT;Acc:Q9Y5B8]

ENSG0000 | UFC1 Ufm1-conjugating enzyme 1 (Ubiquitin-fold mfei-conjugating enzyme 1).

0143222 [Source:Uniprot/SWISSPROT;Acc:Q9Y3C8]

ENSGO0000 | USP21 Ubiquitin carboxyl-terminal hydrolase 21 (BQ.2.15) (Ubiquitin thiolesterase 21) (Ubiquitipegific processing

0143258 protease 21) (Deubiquitinating enzyme 21) (NEDD8esfic protease). [Source:Uniprot/SWISSPROT,;Acc:@®0]

ENSG0000 | TARSL threonyl-tRNA synthetase-like 1 [Source:RefSeq_jlepfcc:NP_079426]

0143374 1

ENSGO0000 | CTSK Cathepsin K precursor (EC 3.4.22.38) (Catlre@i(Cathepsin X) (Cathepsin O2).

0143387 [Source:Uniprot/SWISSPROT;Acc:P43235]

ENSGO0000 | PIK4CB | Phosphatidylinositol 4-kinase beta (EC 267} (Ptdins 4-kinase) (Pl4Kbeta) (Pl4K-beta) (NP(RI4K92).

0143393 [Source:Uniprot/SWISSPROT;Acc:Q9UBF8]

ENSGO0000 | DYRK3 Dual specificity tyrosine-phosphorylation tégted kinase 3 (EC 2.7.1.-). [Source:Uniprot/SWRE®T;Acc:043781]

0143479

ENSGO0000 | ATP8B2 | Probable phospholipid-transporting ATPas€HD 3.6.3.1) (ATPase class | type 8B member 2).

0143515 [Source:Uniprot/SWISSPROT;Acc:P98198]

ENSG0000 | RAB13 Ras-related protein Rab-13. [Source:UnipMt{SSPROT;Acc:P51153]

0143545

ENSGO0000 | PKLR "Pyruvate kinase, isozymes R/L (EC 2.7.1.480}ype/L-type pyruvate kinase) (Red cell/liver pyate kinase).

0143627 [Source:Uniprot/SWISSPROT;Acc:P30613]"

ENSGO0000 | ACTAl "Actin, alpha skeletal muscle (Alpha-actin-[$ource:Uniprot/SWISSPROT;Acc:P68133]"

0143632

ENSGO0000

0143700
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ENSGO0000 | NVL Nuclear valosin-containing protein-like (NuctedCP-like protein) (NVLp). [Source:Uniprot/SWISSPR;Acc:015381]

0143748

ENSGO0000 | ARF1 ADP-ribosylation factor 1. [Source:Uniprot/S88PROT;Acc:P84077]

0143761

ENSGO0000

0143763

ENSG0000 | CDC42 Serine/threonine-protein kinase MRCK alpha (EC1237) (CDC42- binding protein kinase alpha) (Myatoaystrophy

0143776 BPA kinase-related CDC42-binding kinase alpha) (Myatatjstrophy protein kinase-like alpha) (MRCK alpf@MPK-like
alpha). [Source:Uniprot/SWISSPROT;Acc:Q5VT25]

ENSGO0000 | LBR Lamin-B receptor (Integral nuclear envelopeeinmembrane protein) (LMN2R).

0143815 [Source:Uniprot/SWISSPROT;Acc:Q14739]

ENSGO0000 | ATP6V "ATPase, H+ transporting, lysosomal 42kDa, V1 subGrisoform 2 [Source:RefSeq_peptide;Acc:NP_653184

0143882 1C2

ENSG0000 | ABCG8 ATP-binding cassette sub-family G member ®1(@&in-2). [Source:Uniprot/SWISSPROT;Acc:Q9H221]

0143921

ENSGO0000 | CALM1 Calmodulin (CaM). [Source:Uniprot/SWISSPROT#P62158]

0143933

ENSGO0000 | CHAC2

0143942

ENSGO0000 | ASCC3 U5 small nuclear ribonucleoprotein 200 kDa helic@&€ 3.6.1.-) (U5 snRNP-specific 200 kDa proteldb{200KD)

0144028 L1 (Activating signal cointegrator 1 complex subuniik® 1). [Source:Uniprot/SWISSPROT;Acc:075643]

ENSGO0000 | DQX1 DEAQ box polypeptide 1 (RNA-dependent ATPdSe)urce:RefSeq_peptide;Acc:NP_598376]

0144045

ENSGO0000 | RABL2 Rab-like protein 2A. [Source:Uniprot/SWISSPROT;Acc:Q9UBK?7]

0144134 A

ENSGO0000 | SLC20A | Sodium-dependent phosphate transporter 1 (Solatieictamily 20 member 1) (Phosphate transportgiP1}-1) (Gibbon

0144136 1 ape leukemia virus receptor 1) (GLVR-1) (Leukemia receptor 1 homolog).
[Source:Uniprot/SWISSPROT;Acc:Q8WUM9]

ENSG0000 | SCN1A "Sodium channel protein type | alpha subunit(Voltage-gated sodium channel alpha subunit Nav1l.1Bodium

0144285 channel protein, brain | alpha subunit). [Source:Urprot/SWISSPROT;Acc:P35498]"

ENSGO0000 | HSPD1 "60 kDa heat shock protein, mitochondriatprsor (Hsp60) (60 kDa chaperonin) (CPN60) (Heatklprotein 60)

0144381 (HSP-60) (Mitochondrial matrix protein P1) (P60 phocyte protein) (HUCHAG0).
[Source:Uniprot/SWISSPROT;Acc:P10809]"

ENSGO0000

0144440

ENSGO0000 | ABCA1l ATP-binding cassette sub-family A member 12 (ATReing cassette transporter 12) (ATP-binding cassis).

0144452 2 [Source:Uniprot/SWISSPROT;Acc:Q86UKO0]

ENSGO0000 | NP_689

0144535 596.3

ENSG0000 | RAB5A Ras-related protein Rab-5A. [Source:Unipri!lSSPROT;Acc:P20339]

0144566

ENSGO0000 | CTDSP | Carboxy-terminal domain RNA polymerase Il polypdptA small phosphatase 1 (EC 3.1.3.16) (Nuclear lritdractor-

0144579 1 interacting factor 3) (NLI-interacting factor 3) NIF). [Source:Uniprot/SWISSPROT;Acc:Q9GZU7]

ENSGO0000 | RQCD1 RCD1 required for cell differentiation1 homgl[Source:RefSeq_peptide;Acc:NP_005435]

0144580

ENSGO0000 | GMPPA | GDP-mannose pyrophosphorylase A [Source:RefSeptide;Acc:NP_995319]

0144591

ENSGO0000 | CTDSP | CTD small phosphatase-like protein (CTDSP-like) &8r6-terminal domain phosphatase 3) (Small CTDspihatase 3)

0144677 L (SCP3) (Nuclear LIM interactor-interacting factgr(NLI-interacting factor 1) (NIF-like protein) (REP3) (YA22
protein) (HYA22). [Source:Uniprot/SWISSPROT;Acc: B8]

ENSGO0000 | UBE1C NEDDB8-activating enzyme E1 catalytic sub@Bi€ 6.3.2.-) (Ubiquitin- activating enzyme 3) (NEBfactivating enzyme

0144744 E1C) (Ubiquitin- activating enzyme E1C). [Sourceiint/SWISSPROT;Acc:Q8TBC4]

ENSGO0000 | MYH15

0144821

ENSGO0000 | ATG3 Autophagy protein 3-like (APG3-like) (hApg3€3-96 protein). [Source:Uniprot/SWISSPROT;Acc: Q&=

0144848

ENSGO0000 | ALDH1 10-formyltetrahydrofolate dehydrogenase (EC 1.5.116-FTHFDH) (Aldehyde dehydrogenase 1 family membl).

0144908 L1 [Source:Uniprot/SWISSPROT;Acc:075891]

ENSGO0000

0144975

ENSGO0000

0145017

ENSGO0000 | AMT "Aminomethyltransferase, mitochondrial precur$gC 2.1.2.10) (Glycine cleavage system T protéB8gVT).

0145020 [Source:Uniprot/SWISSPROT;Acc:P48728]"

ENSGO0000 | CCDC3

0145075 9

ENSGO0000

0145234

ENSGO0000 | ATP10 Probable phospholipid-transporting ATPase VD (EE31) (ATPVD). [Source:Uniprot/SWISSPROT;Acc:Q9RP4

0145246 D

ENSGO0000

0145268

ENSGO0000 | CAMK2 | Calcium/calmodulin-dependent protein kinase typeelta chain (EC 2.7.1.123) (CaM-kinase Il deltainh(CaM kinase

0145349 D Il delta subunit) (CaMK-II delta subunit). [Sourtkriprot/SWISSPROT;Acc:Q13557]

ENSGO0000 | SPATA | spermatogenesis associated factor SPAF [SourceeRef@ptide;Acc:NP_660208]

0145375 5

ENSGO0000 | PLK2 Serine/threonine-protein kinase PLK2 (EC 237} (Polo-like kinase 1) (PLK-2) (Serine/threonim®tein kinase SNK)

0145632 (Serum inducible kinase). [Source:Uniprot/SWISSPREGT:QINYY3]




ENSGO0000
0145654
ENSGO0000 | DDX46 Probable ATP-dependent RNA helicase DDX46 &€ 1.-) (DEAD box protein 46) (PRP5 homolog).
0145833 [Source:Uniprot/SWISSPROT;Acc:Q7L014]
ENSGO0000
0145987
ENSG0000 | CDKAL CDKS regulatory subunit associated protein 1-li{Sadurce:RefSeq_peptide;Acc:NP_060244]
0145996 1
ENSGO0000
0146092
ENSGO0000
0146305
ENSGO0000
0146372
ENSGO0000
0146679
ENSGO0000
0146695
ENSG0000 | MDH2 "Malate dehydrogenase, mitochondrial precu(&st 1.1.1.37). [Source:Uniprot/SWISSPROT;Acc:P4]92
0146701
ENSG0000 | CCT6A "T-complex protein 1, zeta subunit (TCP-1a34CCT-zeta) (CCT-zeta-1) (Tcp20) (HTR3) (Acuterpione dependence
0146731 related protein 2). [Source:Uniprot/SWISSPROT;Ad@P27]"
ENSG0000 | AGBL3 ATP/GTP binding protein-like 3 [Source:RefSeq peptide;Acc:NP_848658]
0146856
ENSGO0000 | NP_001 | GTP-binding protein RAB19B [Source:RefSeq_peptide;AIP_001008749]
0146955 008749.
1
ENSG0000 | CASK Peripheral plasma membrane protein CASK (EC12-) (hCASK) (Calcium/calmodulin-dependent sernetein kinase)
0147044 (Lin-2 homolog). [Source:Uniprot/SWISSPROT;Acc:0 349
ENSGO0000 | RAB41 "RAB41, member RAS homolog family [Source:Bef|_peptide;Acc:NP_001027898]"
0147127
ENSGO0000 | DGAT2 | diacylglycerol O-acyltransferase 2-like 4 [Sourcef&eq_peptide;Acc:NP_001002254]
0147160 L4
ENSGO0000 | PRPS1 Ribose-phosphate pyrophosphokinase | (E6.2){Phosphoribosyl pyrophosphate synthetaseRB(P (PPRibP).
0147224 [Source:Uniprot/SWISSPROT;Acc:P60891]
ENSG0000 | CETN2 Centrin-2 (Caltractin isoform 1). [Source:prut/SWISSPROT;Acc:P41208]
0147400
ENSGO0000 | RPL10 60S ribosomal protein L10 (QM protein) (Tursappressor QM) (Laminin receptor homolog).
0147403 [Source:Uniprot/SWISSPROT;Acc:P27635]
ENSGO0000 | ATP6V "Vacuolar ATP synthase subunit B, brain isoform (E6.3.14) (V-ATPase B2 subunit) (Vacuolar protemp B
0147416 1B2 isoform 2) (Endomembrane proton pump 58 kDa sup{AiD57). [Source:Uniprot/SWISSPROT;Acc:P21281]"
ENSGO0000 | CCDC2 | coiled-coil domain containing 25 isoform 2 [SouRRefSeq_peptide;Acc:NP_060716]
0147419 5
ENSGO0000 | PSKH2 Serine/threonine-protein kinase H2 (EC 237JL(PSK-H2). [Source:Uniprot/SWISSPROT;Acc:Q96QS6]
0147613
ENSGO0000 | ATP6V "ATPase, H+ transporting, lysosomal 38kDa, VO stubdimsoform 2 [Source:RefSeq_peptide;Acc:NP_689778
0147614 0D2
ENSGO0000 | TATDN | TatD DNase domain containing 1 [Source:RefSeq_gepiicc:NP_114415]
0147687 1
ENSGO0000
0148075
ENSG0000 | AUH "Methylglutaconyl-CoA hydratase, mitochondrfakcursor (EC 4.2.1.18) (AU-specific RNA-bindingoghCoA
0148090 hydratase) (AU-binding protein/enoyl-CoA hydratag€purce:Uniprot/SWISSPROT;Acc:Q13825]"
ENSGO0000 | ACTL7 Actin-like protein 7B (Actin-like-7-beta) (Actinfie 7B). [Source:Uniprot/SWISSPROT;Acc:Q9Y614]
0148156 B
ENSGO0000 | CACNA | "Voltage-dependent N-type calcium channel alphastBunit (Voltage- gated calcium channel alpha siilfiew2.2)
0148408 1B (Calcium channel, L type, alpha-1 polypeptide isnf&) (Brain calcium channel 111) (BIII).
[Source:Uniprot/SWISSPROT;Acc:Q00975]"
ENSG0000 | TPRT trans-prenyltransferase [Source:RefSeq_pepideNP_055132]
0148459
ENSGO0000
0148571
ENSGO0000 | POLR3 DNA-directed RNA polymerase Il largest subunit (E@.7.6) (RPC155) (RPC1).
0148606 A [Source:Uniprot/SWISSPROT;Acc:014802]
ENSGO0000 | HERC4 hect domain and RLD 4 isoform b [Source:Refpeptide;Acc:NP_056416]
0148634
ENSGO0000 | CAMK2 | Calcium/calmodulin-dependent protein kinase typgaiinma chain (EC 2.7.1.123) (CaM-kinase Il gamna@m{CaM
0148660 G kinase Il gamma subunit) (CaMK-I1I gamma subunipiirce:Uniprot/SWISSPROT;Acc:Q13555]
ENSGO0000
0148760
ENSG0000 | PDCD1 RRP5 protein homolog (Programmed cell death prdté)n [Source:Uniprot/SWISSPROT;Acc:Q14690]
0148843 1
ENSGO0000 | PAK1 Serine/threonine-protein kinase PAK 1 (EC 237) (p21-activated kinase 1) (PAK-1) (P65-PAK)f##a-PAK).
0149269 [Source:Uniprot/SWISSPROT;Acc:Q13153]
ENSGO0000 | RPS3 40S ribosomal protein S3. [Source:Uniprot/SSABOT;Acc:P23396]
0149273
ENSGO0000 | QONTT | OTTHUMPO00000030191. [Source:Uniprot/SPTREMBL;AcchEr1]
0149345 1_HUM
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AN

ENSG0000 | HYOU1 150 kDa oxygen-regulated protein precursap(B0) (Hypoxia up- regulated 1).

0149428 [Source:Uniprot/SWISSPROT;Acc:Q9Y4L1]

ENSGO0000 | CHEK1 Serine/threonine-protein kinase Chk1 (EC1237). [Source:Uniprot/SWISSPROT;Acc:014757]

0149554

ENSGO0000 | TM7SF Delta(14)-sterol reductase (EC 1.3.1.70) (C-14osteductase) (Sterol C14-reductase) (Deltal4-SRyrismembrane 7

0149809 2 superfamily member 2) (Another new gene 1 prot@itative sterol reductase SR- 1).
[Source:Uniprot/SWISSPROT;Acc:076062]

ENSGO0000 | PPP4C Serine/threonine protein phosphatase 4 tatslpunit (EC 3.1.3.16) (PP4C) (Pp4) (Proteinggimtase X) (PP-X).

0149923 [Source:Uniprot/SWISSPROT;Acc:P60510]

ENSGO0000 | ALDOA | Fructose-bisphosphate aldolase A (EC 4.1.2(Miscle-type aldolase) (Lung cancer antigen NY-LJJ

0149925 [Source:Uniprot/SWISSPROT;Acc:P04075]

ENSGO0000 | TAOK2 Serine/threonine-protein kinase TAO2 (EC 2.37) (Thousand and one amino acid protein 2) (Rteslerived STE20-

0149930 like kinase 1) (PSK-1) (Kinase from chicken homo@g(hKFC-C). [Source:Uniprot/SWISSPROT;Acc:Q9UL54]

ENSGO0000

0150276

ENSGO0000 | LATS2 Serine/threonine-protein kinase LATS2 (EC.2.37) (Large tumor suppressor homolog 2) (Setinednine-protein

0150457 kinase kpm) (Kinase phosphorylated during mitosigen) (Warts-like kinase).
[Source:Uniprot/SWISSPROT;Acc:QINRM7]

ENSG0000 | WDR17 | WD-repeat protein 17. [Source:Uniprot/SWISSPROT;Acc:Q81ZU2]

0150627

ENSGO0000 | CCT5 "T-complex protein 1, epsilon subunit (TCPgsi#on) (CCT-epsilon). [Source:Uniprot/SWISSPROTcARA8643]"

0150753

ENSGO0000 | DLAT "Dihydrolipoyllysine-residue acetyltransferasemponent of pyruvate dehydrogenase complex, fnitedrial precursor

0150768 (EC 2.3.1.12) (Pyruvate dehydrogenase complex Barst) (PDCE2) (E2) (Dihydrolipoamide S- acetyltségrase
component of pyruvate dehydrog [Source:Uniprot/SBRROT;Acc:P10515]"

ENSGO0000 | SEC24D | Protein transport protein Sec24D (SEC24eelprotein D). [Source:Uniprot/SWISSPROT;Acc:09%B5

0150961

ENSGO0000 | ABCB9 ATP-binding cassette sub-family B member 8gursor (ATP-binding cassette transporter 9) (ABDdporter 9 protein)

0150967 (TAP-like protein) (TAPL) (hABCB9). [Source:Unipi@WISSPROT;Acc:QINP78]

ENSGO0000 | 095495 | "Axonemal dynein, heavy chain (Fragment). [Source:diprot/SPTREMBL;Acc:095495]"

0150980 _HUM

AN

ENSGO0000 | DHX37 Probable ATP-dependent RNA helicase DHX37 @&€1.-) (DEAH box protein 37).

0150990 [Source:Uniprot/SWISSPROT;Acc:Q81Y37]

ENSGO0000 | UBC Ubiquitin. [Source:Uniprot/SWISSPROT;Acc:P62988

0150991

ENSG0000 | OXSM "3-oxoacyl-ACP synthase, mitochondrial [SouRefSeq_peptide;Acc:NP_060367]"

0151093

ENSG0000 | UBE3B ubiquitin protein ligase E3B isoform b [SoenRefSeq_peptide;Acc:NP_904323]

0151148

ENSGO0000 | NP_775

0151176 813.1

ENSGO0000 | MAT1A | S-adenosylmethionine synthetase alpha and foems (EC 2.5.1.6) (Methionine adenosyltransfeygadoMet

0151224 synthetase) (MAT-I/1lI). [Source:Uniprot/SWISSPR@&Er:Q00266]

ENSGO0000 | CSNK1 | "Casein kinase |, gamma 3 isoform (EC 2.7.1.-) (@Kima 3). [Source:Uniprot/SWISSPROT;Acc:Q9Y6EM4]"

0151292 G3

ENSGO0000 | NUBPL

0151413

ENSGO0000 | NEK7 Serine/threonine-protein kinase Nek7 (EC 2371 (NimA-related protein kinase 7).

0151414 [Source:Uniprot/SWISSPROT;Acc:Q8TDX7]

ENSGO0000 | SLC25A | "solute carrier family 25 (mitochondrial carriedemine nucleotide translocator), member 31

0151475 31 [Source:RefSeq_peptide;Acc:NP_112581]"

ENSGO0000 | VPS26B

0151502

ENSGO0000 | AKR1C | "Aldo-keto reductase family 1 member C2 (EC 1) (Trans-1,2- dihydrobenzene-1,2-diol dehydrogenés€ 1.3.1.20)

0151632 2 (Type Ill 3- alpha-hydroxysteroid dehydrogenase} (E1.1.213) (3-alpha-HSD3) (Chlordecone reducteseolog
HAKRD) (Dihydrodiol dehydrog [Source:Uniprot/SWISBBPT;Acc:P52895]"

ENSG0000 | ACSL1 Long-chain-fatty-acid--CoA ligase 1 (EC 6.3)l(Long-chain acyl-CoA synthetase 1) (LACS 1)I(Rtoyl-CoA ligase

0151726 1) (Long-chain fatty acid CoA ligase 2) (Long-chaityl-CoA synthetase 2) (LACS 2) (Acyl-CoA synthetdl) (ACS1)
(Palmitoyl-CoA ligase 2). [Source:Uniprot/SWISSPRAdc:P33121]

ENSGO0000 | SLC25A | "ADP/ATP translocase 1 (Adenine nucleotide transfoc1) (ANT 1) (ADP,ATP carrier protein 1) (Soluterrier family

0151729 4 25 member 4) (ADP,ATP carrier protein, heart/skalatuscle isoform T1). [Source:Uniprot/SWISSPROTcAR12235]"

ENSGO0000 | NP_068

0151806 746.1

ENSG0000 | PABPC Polyadenylate-binding protein 3 (Poly(A)-bindingtein 3) (PABP 3) (Testis-specific poly(A)-bindipgotein).

0151846 3 [Source:Uniprot/SWISSPROT;Acc:Q9H361]

ENSGO0000 | NP_997

0152086 195.1

ENSG0000 | PDE3B "cGMP-inhibited 3',5'-cyclic phosphodiesterag B (EC 3.1.4.17) (Cyclic GMP-inhibited phosphodigerase B) (CGI-

0152270 PDE B) (CGIPDE1) (CGIP1). [Source:Uniprot/SWISSPROTAcc:Q13370]"

ENSGO0000 | NMT2 Glycylpeptide N-tetradecanoyltransferase 2 E81.97) (Peptide N- myristoyltransferase 2) (Mtyyl-CoA:protein N-

0152465 myristoyltransferase 2) (NMT 2) (Type Il N-myrisitnansferase). [Source:Uniprot/SWISSPROT;Acc:06Q551

ENSGO0000 | CAMK4 | Calcium/calmodulin-dependent protein kinageet IV (EC 2.7.1.123) (CAM kinase-GR) (CaMK V).

0152495 [Source:Uniprot/SWISSPROT;Acc:Q16566]

ENSGO0000 | DDX4 Probable ATP-dependent RNA helicase DDX4 (EE B-) (DEAD box protein 4) (VASA homolog).

0152670 [Source:Uniprot/SWISSPROT;Acc:QINQIO]

ENSGO0000 | SAR1B | GTP-binding protein SAR1b (GTBPBpU&e:Uniprot/SWISSPROT;Acc:Q9Y6B6]
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0152700
ENSGO0000 | WDR78 | WD repeat domain 78 isoform 1 [Source:RefSegeptide;Acc:NP_079039]
0152763
ENSGO0000 | RAB3C Ras-related protein Rab-3C. [Source:UnipMWISSPROT;Acc:Q96E17]
0152932
ENSGO0000 | STK38L | Serine/threonine-protein kinase 38-like (EZ.1.37) (NDR2 protein kinase) (Nuclear Dbf2-rethkinase 2).
0152945 [Source:Uniprot/SWISSPROT;Acc:Q9Y2H1]
ENSGO0000 | CLGN Calmegin precursor. [Source:Uniprot/SWISSPRAEE;014967]
0153132
ENSG0000 | SMARC | SWI/SNF-related matrix associated actin dependsmilator of chromatin subfamily A member 5 (EC B.4.
0153147 A5 (SWI/SNF-related matrix- associated actin-dependeguilator of chromatin A5) (Sucrose nonfermenpngtein 2
homolog) (hSNF2H). [Source:Uniprot/SWISSPROT;Accd264]
ENSG0000 | SCN3A "Sodium channel protein type Il alpha subunt (Voltage-gated sodium channel alpha subunit Nav) (Sodium
0153253 channel protein, brain Il alpha subunit) (Voltage-gated sodium channel subtype IIl).
[Source:Uniprot/SWISSPROT;Acc:Q9NY46]"
ENSGO0000 | PRPSI1L | Ribose-phosphate pyrophosphokinase Il (EC 2.7 @kpsphoribosyl pyrophosphate synthetase Ill) GARS
0153287 1 (Phosphoribosyl pyrophosphate synthetase 1-likgSburce:Uniprot/SWISSPROT;Acc:P21108]
ENSGO0000 | TRIP12 Thyroid receptor interacting protein 12 (PR2). [Source:Uniprot/SWISSPROT;Acc:Q14669]
0153827
ENSGO0000 | CHD1 Chromodomain-helicase-DNA-binding protein T(8.6.1.-) (ATP- dependent helicase CHD1) (CHD-1).
0153922 [Source:Uniprot/SWISSPROT;Acc:014646]
ENSG0000 | LRRC5 leucine rich repeat containing 50 [Source:RefSeq_pé&de;Acc:NP_848547]
0154099 0
ENSGO0000 | PRKCA "Protein kinase C, alpha type (EC 2.7.1.PKC-alpha) (PKC-A). [Source:Uniprot/SWISSPROT;ActTR52]"
0154229
ENSG0000 | ABCA9 "ATP-binding cassette, sub-family A, membes8form a [Source:RefSeq_peptide;Acc:NP_525022]"
0154258
ENSG0000 | ABCA6 "ATP-binding cassette, sub-family A, membeséform a [Source:RefSeq_peptide;Acc:NP_525023]"
0154262
ENSGO0000 | ABCA1l "ATP-binding cassette, sub-family A, member 10 [@etRefSeq_peptide;Acc:NP_525021]"
0154263 0
ENSGO0000 | ABCA5 "ATP-binding cassette, sub-family A , memeiSource:RefSeq_peptide;Acc:NP_758424]"
0154265
ENSGO0000 | TNIK TRAF2 and NCK-interacting kinase (EC 2.7.1.3[Bource:Uniprot/SWISSPROT;Acc:Q9UKES5]
0154310
ENSGO0000
0154427
ENSG0000 | PSMA8 Proteasome subunit alpha type 7-like (EC23.4). [Source:Uniprot/SWISSPROT;Acc:Q8TAA3]
0154611
ENSGO0000
0154650
ENSG0000 | PDE1C "Calcium/calmodulin-dependent 3',5'-cyclic nicleotide phosphodiesterase 1C (EC 3.1.4.17) (Cam-B2C) (hCam-
0154678 3). [Source:Uniprot/SWISSPROT;Acc:Q14123]"
ENSGO0000 | PLCL2 phospholipase C-like 2 [Source:RefSeq_pepiiceNP_055999]
0154822
ENSGO0000 | RAB6B Ras-related protein Rab-6B. [Source:UniprdtiISSPROT;Acc:QINRW1]
0154917
ENSGO0000 | ACSS1 "Acetyl-coenzyme A synthetase 2-like, mitautdal precursor (EC 6.2.1.1) (Acetate--CoA lig@3éAcetyl-CoA
0154930 synthetase 2) (Acyl- CoA synthetase short-chainilfamember 1). [Source:Uniprot/SWISSPROT;Acc:QINUB1
ENSGO0000 | Q86ST9
0155026 _HUM
AN
ENSGO0000 | ATP6V Vacuolar ATP synthase subunit C (EC 3.6.3.14) (WA$e C subunit) (Vacuolar proton pump C subunit).
0155097 1C1 [Source:Uniprot/SWISSPROT;Acc:P21283]
ENSG0000 | CDC2L Cell division cycle 2-like protein kinase 6 (EC 2B7) (CDC2- related protein kinase 6) (Death-preng kinase)
0155111 6 (Cyclin-dependent kinase 11). [Source:Uniprot/SWARBST;Acc:Q9BWU1]
ENSG0000 | ABCC1 Putative ATP-binding cassette transporter C13. [SaWniprot/SWISSPROT;Acc:QINSE7]
0155288 3
ENSGO0000 | STCH Stress 70 protein chaperone microsome-asedd@® kDa protein precursor (Microsomal stressrofen ATPase core).
0155304 [Source:Uniprot/SWISSPROT;Acc:P48723]
ENSG0000 | CNOT8 CCRA4-NOT transcription complex subunit 8 (Qlcdssociated factor 8) (CAF1-like protein) (CALIRRAF2).
0155508 [Source:Uniprot/SWISSPROT;Acc:Q9UFF9]
ENSGO0000
0155624
ENSGO0000 | PDIA4 Protein disulfide-isomerase A4 precursor &8.4.1) (Protein ERp-72) (ERp72).
0155660 [Source:Uniprot/SWISSPROT;Acc:P13667]
ENSGO0000 | RAB39 Ras-related protein Rab-39B. [Source:Uniprot/SWIBSF;Acc:Q96DA2]
0155961 B
ENSGO0000 | KIF5A Neuronal kinesin heavy chain (NKHC) (Kinegieavy chain isoform 5A) (Kinesin heavy chain neuspecific 1).
0155980 [Source:Uniprot/SWISSPROT;Acc:Q12840]
ENSGO0000 | Cl041_
0156017 HUMA
N
ENSGO0000 | PPEF2 Serine/threonine protein phosphatase withdtfes-2 (EC 3.1.3.16) (PPEF-2).
0156194 [Source:Uniprot/SWISSPROT;Acc:014830]
ENSGO0000 | CCT8 "T-complex protein 1, theta subunit (TCP-1tah¢CCT-theta). [Source:Uniprot/SWISSPROT;Acc:PHI]9
0156261
ENSG0000 CCRK Cell cycle-related kinase (EC 2.7 J1(B¥clin-kinase activating kinase p42) (CDK-acting kinase p42) (CAK-kinase
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0156345 p42). [Source:Uniprot/SWISSPROT;Acc:Q8I1ZL9]

ENSGO0000

0156367

ENSGO0000 | TDRD9 tudor domain containing 9 [Source:RefSeq_idepAcc:NP_694591]

0156414

ENSGO0000 | EEF1A1 | Elongation factor 1-alpha 1 (EF-1-alphaBlptgation factor 1 A-1) (eEF1A-1) (Elongation facfu) (EF-Tu).

0156508 [Source:Uniprot/SWISSPROT;Acc:P68104]

ENSGO0000

0156582

ENSG0000 | MYST4 "Histone acetyltransferase MYST4 (EC 2.3.1.d8C 2.3.1.-) (MYST protein 4) (MOZ, YBF2/SAS3, S& and TIP60

0156650 protein 4) (Histone acetyltransferase MOZ2) (Mortackeukemia zinc finger protein- related factarigtone
acetyltransferase MORF). [Source:Uniprot/SWISSPR®T;Q8WYB5]"

ENSGO0000 | MAPK1 | Mitogen-activated protein kinase 13 (EC 2.7.1.&tjgss-activated protein kinase 4) (Mitogen-acéglgirotein kinase

0156711 3 p38 delta) (MAP kinase p38 delta). [Source:UniBWISSPROT;Acc:015264]

ENSGO0000 | ATAD2 ATPase family AAA domain containing protein [Source:Uniprot/SWISSPROT;Acc:Q6PL18]

0156802

ENSGO0000 | PHKG2 "Phosphorylase b kinase gamma catalytic ¢ledtis/liver isoform (EC 2.7.1.38) (PHK-gammafPhosphorylase kinasg

0156873 gamma subunit 2) (PSK-C3). [Source:Uniprot/SWISSFR®@c:P15735]"

ENSGO0000 | EIF4A2 Eukaryotic initiation factor 4A-11 (EC 3.6-) (ATP-dependent RNA helicase elF4A-2) (elFAA{B)F-4A-11).

0156976 [Source:Uniprot/SWISSPROT;Acc:Q14240]

ENSGO0000 | SEC13L | SEC13-related protein (SEC13-like protein 1). [$eudniprot/SWISSPROT;Acc:P55735]

0157020 1

ENSGO0000 | ATP2B2 | Plasma membrane calcium-transporting ATRa&C 3.6.3.8) (PMCA2) (Plasma membrane calciumpisoform 2)

0157087 (Plasma membrane calcium ATPase isoform 2). [Souriprot/SWISSPROT;Acc:Q01814]

ENSGO0000 | NP_055 | PI-3-kinase-related kinase SMG-1 [Source:RefSeqtigepcc:NP_055907]

0157106 907.3

ENSGO0000 | DDX19 ATP-dependent RNA helicase DDX19B (EC 3.6.1.-) (lEBox protein 19B) (DEAD box RNA helicase DEADS).

0157349 B [Source:Uniprot/SWISSPROT;Acc:Q9UMR2]

ENSGO0000 | CACN "Voltage-dependent L-type calcium channel alpha-1Bubunit (Voltage- gated calcium channel alpha subtin

0157388 A1D Cav1.3) (Calcium channel, L type, alpha-1 polypeptie, isoform 2). [Source:Uniprot/SWISSPROT;Acc:Q0168]"

ENSGO0000 | NP_060 | hydrocephalus inducing [Source:RefSeq_peptide;Acc:R_060028]

0157423 028.2

ENSG0000 | MYO1E | Myosin le (Myosin Ic). [Source:Uniprot/SWISBPT;Acc:Q12965]

0157483

ENSG0000 | DYRK1 Dual specificity tyrosine-phosphorylation regulatédase 1A (EC 2.7.1.-) (Protein kinase minibraimiolog) (MNBH)

0157540 A (HP86) (Dual specificity YAK1-related kinase). [Soa:Uniprot/SWISSPROT;Acc:Q13627]

ENSGO0000 | MX1 Interferon-induced GTP-binding protein Mx1 (@nteron-regulated resistance GTP-binding proteirAMnterferon-

0157601 induced protein p78) (IFI-78K). [Source:Uniprot/S88PROT;Acc:P20591]

ENSG0000 | WDR19 | WD repeat domain 19 [Source:RefSeq_peptide;AINP_079408]

0157796

ENSGO0000 | RPS4Y2 | "40S ribosomal protein S4, Y isoform 2. [Sourceint/SWISSPROT;Acc:Q8TD47]"

0157828 P

ENSGO0000 | WDR66 | WD repeat domain 66 [Source:RefSeq_peptide;AdNP_653269]

0158023

ENSGO0000

0158066

ENSGO0000 | CUL4B | Cullin-4B (CUL-4B). [Source:Uniprot/SWISSPRONcc:Q13620]

0158290

ENSGO0000 | EIF5B Eukaryotic translation initiation factor 5BIF-5B) (Translation initiation factor IF-2).

0158417 [Source:Uniprot/SWISSPROT;Acc:060841]

ENSGO0000 | SAHH3 Putative adenosylhomocysteinase 3 (EC 3.3.1.1j¢®@syl-L- homocysteine hydrolase) (AdoHcyase).

0158467 _HUMA | [Source:Uniprot/SWISSPROT;Acc:Q96HN2]

N

ENSG0000 | DNAH3 "dynein, axonemal, heavy polypeptide 3 [SeuRefSeq_peptide;Acc:NP_060009]"

0158486

ENSGO0000 | PFKFB1 | "6-phosphofructo-2-kinase/fructose-2,6-bipttatase 1 (6PF-2-K/Fru- 2,6-P2ASE liver isozynegl{ides: 6-

0158571 phosphofructo-2-kinase (EC 2.7.1.105); Fructosebphosphatase (EC 3.1.3.46)].
[Source:Uniprot/SWISSPROT;Acc:P16118]"

ENSGO0000

0159247

ENSG0000 | ACTC "Actin, alpha cardiac (Alpha-cardiac actirource:Uniprot/SWISSPROT;Acc:P68032]"

0159251

ENSGO0000 | CYB5R "NAD(P)H:quinone oxidoreductase type 3, polypeptid[Source:RefSeq_peptide;Acc:NP_057327]"

0159348 1

ENSGO0000 | PSMD4 26S proteasome non-ATPase regulatory suBuy@e6S proteasome regulatory subunit S5A) (RpnQjit{ubiquitin

0159352 chain binding protein) (Antisecretory factor 1) (AASF). [Source:Uniprot/SWISSPROT;Acc:P55036]

ENSGO0000 | ATP13 Probable cation-transporting ATPase 13A2 (EC 3.6.[Source:Uniprot/SWISSPROT;Acc:QINQ11]

0159363 A2

ENSG0000 | PSMB4 Proteasome subunit beta type 4 precurso3(E@5.1) (Proteasome beta chain) (Macropain ety (Multicatalytic

0159377 endopeptidase complex beta chain) (Proteasome 8h&iSN3) (HSBPROS26).
[Source:Uniprot/SWISSPROT;Acc:P28070]

ENSGO0000 | ATP6V Vacuolar ATP synthase subunit d (EC 3.6.3.14) (WA3e d subunit) (Vacuolar proton pump d subunitpfWPase

0159720 0oD1 AC39 subunit) (V-ATPase 40 kDa accessory proté®®9) (32 kDa accessory protein).
[Source:Uniprot/SWISSPROT;Acc:P61421]

ENSGO0000 | PSKH1 Serine/threonine-protein kinase H1 (EC 237)1(PSK-H1). [Source:Uniprot/SWISSPROT;Acc:P11801]

0159792

ENSGO0000 | UBE2J2 | Ubiquitin-conjugating enzyme E2 J2 (EC 612 (Non-canonical ubiquitin-conjugating enzymeISCUBE?2).

0160087 [Source:Uniprot/SWISSPROT;Acc:Q8N2K1]
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ENSGO0000 | ABCG1 ATP-binding cassette sub-family G member hié/protein homolog) (ATP-binding cassette tramsgd).
0160179 [Source:Uniprot/SWISSPROT;Acc:P45844]
ENSG0000 | PDE9A "High-affinity cGMP-specific 3',5'-cyclic phosphodiesterase 9A (EC 3.1.4.35).
0160191 [Source:Uniprot/SWISSPROT;Acc:076083]"
ENSGO0000 | CBS Cystathionine beta-synthase (EC 4.2.1.22)t8enilfhydrase) (Beta- thionase).
0160200 [Source:Uniprot/SWISSPROT;Acc:P35520]
ENSG0000 | PWP2H Periodic tryptophan protein 2 homolog. [Seudaiprot/SWISSPROT;Acc:Q15269]
0160220
ENSG0000 | HRMT1 | Protein arginine N-methyltransferase 2 (EC 2.1.1S¢urce:Uniprot/SWISSPROT;Acc:P55345]
0160310 L1
ENSGO0000 | HIPK4 homeodomain interacting protein kinase 4 [8etRefSeq_peptide;Acc:NP_653286]
0160396
ENSGO0000 | PKN3 Protein kinase N3 (EC 2.7.1.37) (Protein kenB&N-beta) (Protein- kinase C-related kinase 3).
0160447 [Source:Uniprot/SWISSPROT;Acc:Q6P5Z72]
ENSGO0000 | BRSK1 BR serine/threonine-protein kinase 1 (EC1237) (SAD1 kinase) (SAD1A).
0160469 [Source:Uniprot/SWISSPROT;Acc:Q8TDC3]
ENSG0000 | TAOK1 Serine/threonine-protein kinase TAO1 (EC 2.37) (Thousand and one amino acid protein 1) (9HIk2 kinase PSK2)
0160551 (Kinase from chicken homolog B) (hKFC-B). [Sourceiptot/SWISSPROT;Acc:Q7L7X3]
ENSGO0000 | NP_079
0160584 440.2
ENSGO0000 | NEKS8 Serine/threonine-protein kinase Nek8 (EC 2371 (NimA-related protein kinase 8) (NIMA-relatkthase 12a).
0160602 [Source:Uniprot/SWISSPROT;Acc:Q86SG6]
ENSGO0000 | FDPS Farnesyl pyrophosphate synthetase (FPP sgs#)dFPS) (Farnesyl diphosphate synthetase) fleslu
0160752 Dimethylallyltranstransferase (EC 2.5.1.1); Gertmayistransferase (EC 2.5.1.10)].
[Source:Uniprot/SWISSPROT;Acc:P14324]
ENSGO0000 | RPL8 60S ribosomal protein L8. [Source:Uniprot/SWIFROT;Acc:P62917]
0161016
ENSGO0000 | PSMC2 26S protease regulatory subunit 7 (MSS1 imjotSource:Uniprot/SWISSPROT;Acc:P35998]
0161057
ENSGO0000 | NP_659
0161149 479.2
ENSGO0000 | AP2M1 Clathrin coat assembly protein AP50 (Clatloirat-associated protein AP50) (Plasma membrarg@daP-2 50 kDa
0161203 protein) (HA2 50 kDa subunit) (Clathrin assemblgtgin complex 2 medium chain) (AP-2 mu 2 chain).
[Source:Uniprot/SWISSPROT;Acc:Q96CW1]
ENSGO0000 | ABCF3 "ATP-binding cassette, sub-family F (GCN2@gmber 3 [Source:RefSeq_peptide;Acc:NP_060828]"
0161204
ENSGO0000 | FDXR "NADPH:adrenodoxin oxidoreductase, mitochoatprecursor (EC 1.18.1.2) (Adrenodoxin reduct#8®) (Ferredoxin-
0161513 -NADP(+) reductase). [Source:Uniprot/SWISSPROT,; R&2570]"
ENSGO0000 | EIF4Al Eukaryotic initiation factor 4A-1 (EC 3.6-1(ATP-dependent RNA helicase elF4A-1) (elF4AAd)R-4A-1).
0161960 [Source:Uniprot/SWISSPROT;Acc:P60842]
ENSGO0000 | CLPB Suppressor of potassium transport defect DEprotein). [Source:Uniprot/SWISSPROT;Acc:Q9HO78]
0162129
ENSGO0000 | RPS6K Ribosomal protein S6 kinase alpha 4 (EC 2.7.1.Ruglear mitogen-and stress-activated protein ki2d$80 kDa
0162302 A4 ribosomal protein S6 kinase 4) (Ribosomal proteirage B) (RSKB). [Source:Uniprot/SWISSPROT;Acc:O76b
ENSG0000 | MAGO Mago nashi protein homolog. [Source:Uniprot/SWISSHFAcc:P61326]
0162385 H
ENSG0000 | PRKAA | "5'-AMP-activated protein kinase, catalytic alphat&in (EC 2.7.1.-) (AMPK alpha-2 chain).
0162409 2 [Source:Uniprot/SWISSPROT;Acc:P54646]"
ENSGO0000 | TSSK3 Testis-specific serine/threonine-protein k@& (EC 2.7.1.37) (TSSK- 3) (Testis-specific kend} (TSK-3)
0162526 (Serine/threonine-protein kinase 22C). [Source:thiiBWISSPROT;Acc:Q96PN8]
ENSGO0000 | DNAJB DnaJ homolog subfamily B member 4 (Heat shock 48 gidtein 1 homolog) (Heat shock protein 40 homp(6t5P40
0162616 4 homolog). [Source:Uniprot/SWISSPROT;Acc:Q9UDY4]
ENSG0000 | WDR63 | testis development protein NYD-SP29 [Source#Seq_peptide;Acc:NP_660155]
0162643
ENSG0000 | ARL5A ADP-ribosylation factor-like protein 5A. [Soce:Uniprot/SWISSPROT;Acc:Q9Y689]
0162980
ENSGO0000
0163004
ENSG0000 | ACTG2 "Actin, gamma-enteric smooth muscle (Smootlscfe gamma actin) (Alpha- actin-3).
0163017 [Source:Uniprot/SWISSPROT;Acc:P63267]"
ENSGO0000 | Q8N9E7
0163019 _HUMA
N
ENSG0000 | CABC1 "Chaperone-activity of bcl complex-like, nutmndrial precursor (Chaperone-ABC1-like).
0163050 [Source:Uniprot/SWISSPROT;Acc:Q8NI60]"
ENSGO0000 | BBS5 Bardet-Biedl syndrome 5 [Source:RefSeq_peptigkcc:NP_689597]
0163093 ** one of the two genes that mapped t8BS5 critical interval **
ENSGO0000 | SMARC | "SWI/SNF-related, matrix associated, actin-depehdegulator of chromatin subfamily A containing DEA box 1 (EC
0163104 AD1 3.6.1.-) (ATP- dependent helicase 1) (hHEL1). [$eudniprot/SWISSPROT;Acc:Q9H4L7]"
ENSGO0000 | CTSS Cathepsin S precursor (EC 3.4.22.27). [Sdurgprot/SWISSPROT;Acc:P25774]
0163131
ENSGO0000 | DHX57 DEAH (Asp-Glu-Ala-Asp/His) box polypeptide 58oform 1 [Source:RefSeq_peptide;Acc:NP_945314]
0163214
ENSGO0000 | NP_598 | DNA helicase HEL308 [Source:RefSeq_peptide;Acc:NIB3EH 5]
0163312 375.1
ENSGO0000 | ATP1A Sodium/potassium-transporting ATPase alpha-1 ghinursor (EC 3.6.3.9) (Sodium pump 1) (Na+/K+ A3@a).
0163399 1 [Source:Uniprot/SWISSPROT;Acc:P05023]
ENSG0000 CCT3 "T-complex protein 1, gamma subur@RI1l-gamma) (CCT-gamma) (hTRIC5).
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0163468 [Source:Uniprot/SWISSPROT;Acc:P49368]"

ENSGO0000 | STK36 "serine/threonine kinase 36 (fused homologsbphila) [Source:RefSeq_peptide;Acc:NP_056505]"
0163482

ENSGO0000 | NP_065
0163510 994.1

ENSGO0000 | TUBA4 "tubulin, alpha 4 [Source:RefSeq_peptide;Ade; 079295]"
0163526

ENSGO0000 | NP_849 | source of immunodominant MHC-associated peptidesii&:RefSeq_peptide;Acc:NP_849193]
0163527 193.1

ENSGO0000 | SUCLG | "Succinyl-CoA ligase [GDP-forming] alpha-chain, oghondrial precursor (EC 6.2.1.4) (Succinyl-CoAtbgtase, alpha

0163541 1 chain) (SCS-alpha). [Source:Uniprot/SWISSPROT;AB8HD7]"
ENSGO0000 | Q96BL6
0163544 _HUMA
N
ENSGO0000 | NUAK2 | "NUAK family, SNF1-like kinase, 2 [Source:Reéq_peptide;Acc:NP_112214]"
0163545
ENSGO0000 | PRKCI "Protein kinase C, iota type (EC 2.7.1.3BKC-iota) (Atypical protein kinase C-lambda/iotaPKC-lambda/iota)
0163558 (PRKC-lambda/iota). [Source:Uniprot/SWISSPROT,;AetP43]"
ENSG0000 | CDS1 Phosphatidate cytidylyltransferase 1 (EC 241)7/(CDP-diglyceride synthetase 1) (CDP-diglyceniyrophosphorylase
0163624 1) (CDP- diacylglycerol synthase 1) (CDS 1) (CTRgphatidate cytidylyltransferase 1) (CDP-DAG systha) (CDP-

DG synthetase 1). [Source:Uniprot/SWISSPROT;Acc 90&2

ENSGO0000 | PSMD6 26S proteasome non-ATPase regulatory suBy@6S proteasome regulatory subunit S10) (p42AjtéRsome
0163636 regulatory particle subunit p44S10) (Phosphonoféenmamuno-associated protein 4) (Breast cancercésed protein
SGA-113M). [Source:Uniprot/SWISSPROT;Acc:Q15008]

ENSGO0000 | GMPS GMP synthase [glutamine-hydrolyzing] (EC 6.3)%Glutamine amidotransferase) (GMP synthetase).
0163655 [Source:Uniprot/SWISSPROT;Acc:P49915]

ENSGO0000 | DNHD2
0163669

ENSGO0000 | DCAM
0163673 KL3

ENSGO0000 | SNRK SNF related kinase [Source:RefSeq_peptideMec060189]

0163788

ENSGO0000 | PPP1CB | Serine/threonine protein phosphatase PRlchttlytic subunit (EC 3.1.3.16) (PP-1B).

0163806 [Source:Uniprot/SWISSPROT;Acc:P62140]

ENSGO0000 | KIF15 kinesin family member 15 [Source:RefSeq_pptcc:NP_064627]

0163808

ENSGO0000 | DNALI "Axonemal dynein light intermediate polypeptide 1 (nner dynein arm light chain, axonemal) (hp28).
0163879 1 [Source:Uniprot/SWISSPROT;Acc:014645]"

ENSGO0000 | IFT122 Intraflagellar transport 122 homolog (WD-repeat protein 10). [Source:Uniprot/SWISSPROT;Acc:Q9HB56]
0163913

ENSGO0000 | RFC4 Activator 1 37 kDa subunit (Replication fac®B87 kDa subunit) (A1 37 kDa subunit) (RF-C 37 kdddunit) (RFC37).
0163918 [Source:Uniprot/SWISSPROT;Acc:P35249]

ENSG0000 | PRKCD "Protein kinase C, delta type (EC 2.7.1.DKE-delta). [Source:Uniprot/SWISSPROT;Acc:Q05655]"
0163932

ENSGO0000 | WDR65

0164012
ENSG0000 | METAP | Methionine aminopeptidase 1 (EC 3.4.11.18) (MetARMAP 1) (Peptidase M 1).
0164024 1 [Source:Uniprot/SWISSPROT;Acc:P53582]

ENSGO0000 | HSPA4 Heat shock 70 kDa protein 4L (Osmotic stress pndddi) (Heat shock 70-related protein APG-1).
0164070 L [Source:Uniprot/SWISSPROT;Acc:095757]

ENSGO0000 | NP_055
0164080 921.1

ENSG0000 | WDR51 | WD repeat domain 51A [Source:RefSeq_peptide;Acc:NR56241]

0164087 A
ENSG0000 | ABCE1l ATP-binding cassette sub-family E member N¢RBe L inhibitor) (Ribonuclease 4 inhibitor) (RNp@'-5'
0164163 oligoadenylate-binding protein) (HUHP68). [Sourceitot/SWISSPROT;Acc:P61221]

ENSGO0000 | TIP1_H | TGF beta-inducible nuclear protein 1 (Hairy celldkemia protein 1). [Source:Uniprot/SWISSPROT;Acc3@83]
0164346 UMAN

ENSG0000 | GFM2 "Elongation factor G 2, mitochondrial precurémEF-G 2) (Elongation factor G2).

0164347 [Source:Uniprot/SWISSPROT;Acc:Q969S9]"

ENSGO0000 | STK17 Serine/threonine-protein kinase 17A (EC 2.7.1.BAR kinase-related apoptosis-inducing protein kinag
0164543 A [Source:Uniprot/SWISSPROT;Acc:Q9UEES5]

ENSGO0000 | RPS14 40S ribosomal protein S14. [Source:Uniprot&SSPROT;Acc:P62263]

0164587

ENSGO0000 | PHKG1 "Phosphorylase b kinase gamma catalytic ¢lskigletal muscle isoform (EC 2.7.1.38) (Phosplasglkinase gamma
0164776 subunit 1). [Source:Uniprot/SWISSPROT;Acc:Q16816]"

ENSGO0000 | NOS3 "Nitric-oxide synthase, endothelial (EC 1.B843P) (EC-NOS) (NOS type IIl) (NOSIII) (EndothelidiOS) (eNOS)
0164867 (Constitutive NOS) (cNOS). [Source:Uniprot/SWISSPRAcc:P29474]"

ENSGO0000

0164873

ENSGO0000 | CDK5 Cell division protein kinase 5 (EC 2.7.1.3Taq protein kinase Il catalytic subunit) (TPKII abtic subunit)
0164885 (Serine/threonine-protein kinase PSSALRE). [Solwtogrot/SWISSPROT;Acc:Q00535]

ENSG0000 | YWHA 14-3-3 protein zeta/delta (Protein kinase C inbibjtrotein 1) (KCIP-1). [Source:Uniprot/SWISSPROTAP63104]
0164924 z

ENSGO0000
0164947

ENSGO0000 | ABCA1l ATP-binding cassette sub-family A member I'@Abinding cassette transporter 1) (ATP-bindingsette 1) (ABC-1)
0165029 (Cholesterol efflux regulatory protein). [Sourceiphot/SWISSPROT;Acc:095477]
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ENSGO0000 | PRKAC | "cAMP-dependent protein kinase, gamma-catalytiagith(EC 2.7.1.37) (PKA C-gamma).

0165059 G [Source:Uniprot/SWISSPROT;Acc:P22612]"

ENSGO0000 | ALDH1 "Retinal dehydrogenase 1 (EC 1.2.1.36) (RalDH1)I(RA 1) (Aldehyde dehydrogenase family 1 member Al)
0165092 Al (Aldehyde dehydrogenase, cytosolic) (ALHDII) (ALDEL). [Source:Uniprot/SWISSPROT;Acc:P00352]"
ENSGO0000 | KIF27 kinesin family member 27 [Source:RefSeq_pptcc:NP_060046]

0165115

ENSGO0000 | FBP1 "Fructose-1,6-bisphosphatase 1 (EC 3.1.30-f)uctose-1,6- bisphosphate 1-phosphohydrolagEBPase 1).
0165140 [Source:Uniprot/SWISSPROT;Acc:P09467]"

ENSGO0000 | ATP7A Copper-transporting ATPase 1 (EC 3.6.3.4)pi@w pump 1) (Menkes disease-associated protein).

0165240 [Source:Uniprot/SWISSPROT;Acc:Q04656]

ENSGO0000 | VCP Transitional endoplasmic reticulum ATPase (T&ERPase) (15S Mg(2+)- ATPase p97 subunit) (Valosintaining
0165280 protein) (VCP). [Source:Uniprot/SWISSPROT;Acc:P53D7

ENSGO0000 | MELK Maternal embryonic leucine zipper kinase (EC.2.37) (hnMELK) (Protein kinase PK38) (hPK38).

0165304 [Source:Uniprot/SWISSPROT;Acc:Q14680]

ENSGO0000

0165324

ENSG0000 | HECTD | HECT domain containing 2 isoform a [Source:RefSegptie;Acc:NP_877497]

0165338 2

ENSGO0000 | SLC7A3 | Cationic amino acid transporter 3 (CAT-3)l(8e carrier family 7 member 3) (Cationic aminadatansporter y+).
0165349 [Source:Uniprot/SWISSPROT;Acc:Q8WY07]

ENSG0000 | WRN Werner syndrome ATP-dependent helicase (EQ 3)6[Source:Uniprot/SWISSPROT;Acc:Q14191]

0165392

ENSGO0000 | RPL10L | 60S ribosomal protein L10-like. [Source:UnoigSWISSPROT;Acc:Q96L21]

0165496

ENSGO0000 | ARF6 ADP-ribosylation factor 6. [Source:Uniprot/S88PROT;Acc:P62330]

0165527

ENSG0000 | TTC8 Tetratricopeptide repeat protein 8 (TPR repeatprotein 8) (Bardet- Biedl syndrome 8 protein).

0165533 [Source:Uniprot/SWISSPROT;Acc:Q8TAM2]

ENSG0000 | PRDX3 "Thioredoxin-dependent peroxide reductaséchondrial precursor (EC 1.11.1.15) (Peroxired@®jifAntioxidant
0165672 protein 1) (AOP-1) (MERS5 protein homolog) (HBC1&®RX IlI). [Source:Uniprot/SWISSPROT;Acc:P30048]"
ENSG0000 | DDX21 Nucleolar RNA helicase 2 (EC 3.6.1.-) (Nudt&gdRNA helicase Il) (Nucleolar RNA helicase GuHR/Gu) (Gu-alpha)
0165732 (DEAD box protein 21). [Source:Uniprot/SWISSPROT¢AQINR30]

ENSGO0000 | BMS1L Ribosome biogenesis protein BMS1 homologuiSe:Uniprot/SWISSPROT;Acc:Q14692]

0165733

ENSGO0000 | STK32C | serine/threonine kinase 32C [Source:RefSegutige;Acc:NP_775846]

0165752

ENSGO0000 | PSMC3 26S protease regulatory subunit 6A (TAT-bigdirotein 1) (TBP-1) (Proteasome subunit P50).

0165916 [Source:Uniprot/SWISSPROT;Acc:P17980]

ENSG0000 | AGBL2 ATP/GTP binding protein-like 2 [Source:RefSeq peptide;Acc:NP_079059]

0165923

ENSGO0000 | ARL5B ADP-ribosylation factor-like protein 5B (ADRbosylation factor-like protein 8).

0165997 [Source:Uniprot/SWISSPROT;Acc:Q96KC2]

ENSGO0000

0166094

ENSGO0000 | GPT2 alanine aminotransferase 2 [Source:RefSeqideefitc:NP_597700]

0166123

ENSG0000 | RAB8B Ras-related protein Rab-8B. [Source:UniprdtiISSPROT;Acc:Q92930]

0166128

ENSGO0000 | NP_689

0166166 520.1

ENSGO0000 | COPS2 COP9 signalosome complex subunit 2 (Signalesubunit 2) (SGN2) (JAB1-containing signalosonreusiit 2)
0166200 (Thyroid receptor interacting protein 15) (Alienrholog). [Source:Uniprot/SWISSPROT;Acc:P61201]
ENSGO0000 | CCT2 "T-complex protein 1, beta subunit (TCP-1-pé&CT-beta). [Source:Uniprot/SWISSPROT;Acc:P78371]
0166226

ENSGO0000 | ARIH1 Ariadne-1 protein homolog (ARI-1) (Ubiquitioenjugating enzyme E2- binding protein 1) (UbcHfieing protein)
0166233 (UbcM4-interacting protein) (HHARI) (H7-AP2) (MOPrgSource:Uniprot/SWISSPROT;Acc:Q9Y4X5]
ENSGO0000

0166291

ENSGO0000 | ATP9B Probable phospholipid-transporting ATPase(EH& 3.6.3.1). [Source:Uniprot/SWISSPROT;Acc:043861
0166377

ENSGO0000 | MOGA monoacylglycerol O-acyltransferase 2 [Source:Refeqtide;Acc:NP_079374]

0166391 T2

ENSGO0000 | CYB5R cytochrome b5 reductase b5R.2 isoform 1 [Sourc&Bgfpeptide;Acc:NP_057313]

0166394 2

ENSGO0000 | MAPK7 | Mitogen-activated protein kinase 7 (EC 2.37).(Extracellular signal-regulated kinase 5) (ERKERK4) (BMK1
0166484 kinase). [Source:Uniprot/SWISSPROT;Acc:Q13164]

ENSGO0000 | PRKCB | "Protein kinase C, beta type (EC 2.7.1.37) (PKGpERKC-B). [Source:Uniprot/SWISSPROT;Acc:P05771]"
0166501 1

ENSG0000 | MCM7 DNA replication licensing factor MCM7 (CDC4dmolog) (P1.1-MCM3). [Source:Uniprot/SWISSPROT;A283993]
0166508

ENSG0000 | FAM96 Protein FAM96B. [Source:Uniprot/SWISSPROT;Acc:Q9Y3D

0166595 B

ENSG0000 | WDR16 | WDA40-repeat protein upregulated in HCC isofom b [Source:RefSeq_peptide;Acc:NP_001032383]
0166596

ENSGO0000 | TRA1 Endoplasmin precursor (94 kDa glucose-regdigtetein) (GRP94) (gp96 homolog) (Tumor rejectomigen 1).
0166598 [Source:Uniprot/SWISSPROT;Acc:P14625]

ENSGO0000 | 000432 | Cytoplasmic dynein heavy chain (Fragment). [Soltogrot/SPTREMBL;Acc:000432]

0166648 _HUMA
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ENSG0000 | AP1G1 Adapter-related protein complex 1 gamma lisitifGamma-adaptin) (Adaptor protein complex ABalnma-1 subunit)
0166747 (Golgi adaptor HA1/AP1 adaptin gamma-1 subunitjp¢fiin assembly protein complex 1 gamma-1 largéengha
[Source:Uniprot/SWISSPROT;Acc:043747]
ENSGO0000 | PPIB Peptidyl-prolyl cis-trans isomerase B precu(&t 5.2.1.8) (PPlase) (Rotamase) (Cyclophilif®xyclophilin)
0166794 (SCYLP) (CYP-S1). [Source:Uniprot/SWISSPROT;Acc:P23|
ENSG0000 | MYO1A | Myosin la (Brush border myosin I) (BBM-I) (BBI) (Myosin | heavy chain) (MIHC).
0166866 [Source:Uniprot/SWISSPROT;Acc:Q9UBCS5]
ENSG0000 | YWHA 14-3-3 protein beta/alpha (Protein kinase C inbityirotein 1) (KCIP-1) (Protein 1054).
0166913 B [Source:Uniprot/SWISSPROT;Acc:P31946]
ENSGO0000 | NP_588
0166938 616.1
ENSGO0000 | PDIA3 Protein disulfide-isomerase A3 precursor &8.4.1) (Disulfide isomerase ER-60) (ERp60) (5&kbicrosomal protein)
0167004 (p58) (ERp57) (58 kDa glucose regulated protef@purce:Uniprot/SWISSPROT;Acc:P30101]
ENSGO0000 | PHB Prohibitin. [Source:Uniprot/SWISSPROT;Acc:P338p3
0167085
ENSGO0000 | KATNA
0167216 L2
ENSG0000 | CRKRS "Cell division cycle 2-related protein kinad€EC 2.7.1.37) (CDC2- related protein kinaseCjq2-related kinase,
0167258 arginine/serine-rich) (CrkRS). [Source:Uniprot/SVBFROT;Acc:QINYV4]"
ENSG0000 | RRM1 Ribonucleoside-diphosphate reductase largersufEC 1.17.4.1) (Ribonucleoside-diphosphate céake M1 subunit)
0167325 (Ribonucleotide reductase large chain). [SourceptdtiSWISSPROT;Acc:P23921]
ENSGO0000 | PPP2R3 | "Serine/threonine protein phosphatase 2A, 48 kalagory subunit B (PP2A, subunit B, PR48 isoform).
0167393 B [Source:Uniprot/SWISSPROT;Acc:Q9Y5P8]"
ENSGO0000 | RAB8A Ras-related protein Rab-8A (Oncogene c-nj8Rurce:Uniprot/SWISSPROT;Acc:P61006]
0167461
ENSGO0000 | TBA3_ Tubulin alpha-3 chain (Alpha-tubulin 3) (Tubulind@pha-1). [Source:Uniprot/SWISSPROT;Acc:Q71U36]
0167552 HUMA
N
ENSGO0000 | TUBA6 Tubulin alpha-6 chain (Alpha-tubulin 6). [See:Uniprot/SWISSPROT;Acc:Q9BQE3]
0167553
ENSGO0000 | RAB4B Ras-related protein Rab-4B. [Source:UniprdtiISSPROT;Acc:P61018]
0167578
ENSGO0000 | DAPK3 Death-associated protein kinase 3 (EC 2.7)BAP kinase 3) (DAP- like kinase) (DIk) (ZIP-kise).
0167657 [Source:Uniprot/SWISSPROT;Acc:043293]
ENSGO0000 | EEF2 Elongation factor 2 (EF-2). [Source:Uniprot/S8PROT;Acc:P13639]
0167658
ENSGO0000 | GPT Alanine aminotransferase (EC 2.6.1.2) (Glutaspicuvic transaminase) (GPT) (Glutamic--alanirentaminase).
0167701 [Source:Uniprot/SWISSPROT;Acc:P24298]
ENSGO0000 | KIFC2 Kinesin-like protein KIFC2. [Source:Uniprof8SSPROT;Acc:Q96ACH6]
0167702
ENSGO0000 | TSR1
0167721
ENSGO0000 | NDUFV | "NADH-ubiquinone oxidoreductase 51 kDa subunit,avitondrial precursor (EC 1.6.5.3) (EC 1.6.99.3)n(Pkex I-
0167792 1 51KD) (CI-51KD) (NADH dehydrogenase flavoprotein [Source:Uniprot/SWISSPROT;Acc:P49821]"
ENSGO0000 | PRDX2 Peroxiredoxin 2 (EC 1.11.1.15) (Thioredoxa@rgxidase 1) (Thioredoxin-dependent peroxide rexhgct) (Thiol-specific
0167815 antioxidant protein) (TSA) (PRP) (Natural killerlleenhancing factor B) (NKEF-B).
[Source:Uniprot/SWISSPROT;Acc:P32119]
ENSGO0000 | RAB26 Ras-related protein Rab-26. [Source:UnipMt{SSPROT;Acc:Q9ULWS5]
0167964
ENSGO0000 | ABCA3 ATP-binding cassette sub-family A member 3'@binding cassette transporter 3) (ATP-bindingsette 3) (ABC-C
0167972 transporter). [Source:Uniprot/SWISSPROT;Acc:Q99758]
ENSG0000 | TTC21 tetratricopeptide repeat domain 21A [Source:RefSeqeptide;Acc:NP_665698]
0168026 A
ENSGO0000 | MAP4K | Mitogen-activated protein kinase kinase kinase $ena (EC 2.7.1.37) (MAPK/ERK kinase kinase kinaséMEK kinase
0168067 2 kinase 2) (MEKKK 2) (Germinal center kinase) (G@ase) (Rab8 interacting protein) (B lymphocytersgthreonine-
protein kinase). [Source:Uniprot/SWISSPROT;Acc:CATI8
ENSGO0000
0168069
ENSGO0000 | DNAJC DnaJ homolog subfamily C member 7 (Tetratricopeptibeat protein 2) (TPR repeat protein 2).
0168259 7 [Source:Uniprot/SWISSPROT;Acc:Q99615]
ENSGO0000 | Q57YV
0168280 5_HUM
AN
ENSGO0000 | PDHB "Pyruvate dehydrogenase E1 component betangumitochondrial precursor (EC 1.2.4.1) (PDHE1-B)
0168291 [Source:Uniprot/SWISSPROT;Acc:P11177]"
ENSG0000 | SCN11 Sodium channel protein type Xl alpha subunit (Voltaye-gated sodium channel alpha subunit Nav1.9) (Semyg
0168356 A neuron sodium channel 2) (Peripheral nerve sodiumhannel 5) (hNaN).
[Source:Uniprot/SWISSPROT;Acc:Q9UI33]
ENSGO0000 | ARF4 ADP-ribosylation factor 4. [Source:Uniprot/S88PROT;Acc:P18085]
0168374
ENSGO0000 | TAP1 Antigen peptide transporter 1 (APT1) (Peptid@sporter TAP1) (ATP- binding cassette sub-farBilpnember 2)
0168394 (Peptide transporter PSF1) (Peptide supply fagt¢éP3$F-1) (Peptide transporter involved in antigescessing 1).
[Source:Uniprot/SWISSPROT;Acc:Q03518]
ENSG0000 | PSMB8 Proteasome subunit beta type 8 precurso3(ER5.1) (Proteasome component C13) (Macropainrgtig13)
0168396 (Multicatalytic endopeptidase complex subunit CISpurce:Uniprot/SWISSPROT;Acc:P28062]
ENSGO0000 | STIP1 Stress-induced-phosphoprotein 1 (STI1) (H&¢51800-organizing protein) (Hop) (Transformatiomsiéve protein IEF
0168439 SSP 3521). [Source:Uniprot/SWISSPROT;Acc:P31948]
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ENSGO0000 | FEN1 Flap endonuclease-1 (EC 3.-.-.-) (Maturat@stdr 1) (MF1). [Source:Uniprot/SWISSPROT;Acc:P38[74
0168496
ENSGO0000
0168547
ENSGO0000 | Q9NTIO
0168625 _HUM
AN
ENSGO0000 | AHCYL | Putative adenosylhomocysteinase 2 (EC 3.3.1.1jé®@syl-L- homocysteine hydrolase) (AdoHcyase).
0168710 1 [Source:Uniprot/SWISSPROT;Acc:043865]
ENSGO0000
0168777
ENSG0000 | LCMT2 Leucine carboxyl methyltransferase 2 (EC 2-).(p21WAF1/CIP1 promoter-interacting protein).
0168806 [Source:Uniprot/SWISSPROT;Acc:060294]
ENSGO0000
0168810
ENSG0000 | GFM1 "Elongation factor G 1, mitochondrial precurémEF-G 1) (Elongation factor G1).
0168827 [Source:Uniprot/SWISSPROT;Acc:Q96RP9]"
ENSGO0000 | DDX19 ATP-dependent RNA helicase DDX19A (EC 3.6.1.-) (OEBox protein 19A) (DDX19-like protein).
0168872 A [Source:Uniprot/SWISSPROT;Acc:QINUU7]
ENSGO0000 | MAT2A | S-adenosylmethionine synthetase gamma for@ 2E5.1.6) (Methionine adenosyltransferase) (Adodjethetase)
0168906 (MAT-I1). [Source:Uniprot/ SWISSPROT;Acc:P31153]
ENSGO0000 | PPIC Peptidyl-prolyl cis-trans isomerase C (ECE8).(PPlase) (Rotamase) (Cyclophilin C).
0168938 [Source:Uniprot/SWISSPROT;Acc:P45877]
ENSG0000 | MAP2K | Dual specificity mitogen-activated protein kinasedse 1 (EC 2.7.1.-) (MAP kinase kinase 1) (MAPKKERK
0169032 1 activator kinase 1) (MAPK/ERK kinase 1) (MEK1). [Boe:Uniprot/SWISSPROT;Acc:Q02750]
ENSGO0000 | NP_001
0169067 017992.
1
ENSGO0000 | SLC25A | "ADP/ATP translocase 3 (Adenine nucleotide transioc2) (ANT 3) (ADP,ATP carrier protein 3) (Solutarrier family
0169100 6 25 member 6) (ADP,ATP carrier protein, isoform T&ource:Uniprot/SWISSPROT;Acc:P12236]"
ENSG0000 | CSNK1 "Casein kinase |, gamma 1 isoform (EC 2.7.1.-) (@&imma 1). [Source:Uniprot/SWISSPROT;Acc:Q9HCPO]"
0169118 G1
ENSGO0000 | GOTI1L
0169154 1
ENSG0000 | RAB3B Ras-related protein Rab-3B. [Source:UniprdtiISSPROT;Acc:P20337]
0169213
ENSGO0000 | NP_775
0169402 836.2
ENSG0000 | NP_002 | "sodium channel, voltage-gated, type IX, alpha [Saee:RefSeq_peptide;Acc:NP_002968]"
0169432 968.1
ENSGO0000
0169596
ENSGO0000 | NP_001 | actin-like protein [Source:RefSeq_peptide;Acc:NPL@I7421]
0169606 017421.
1
ENSGO0000 | RPL9 60S ribosomal protein L9. [Source:Uniprot/SWPROT;Acc:P32969]
0169653
ENSGO0000 | ACTRT | Actin-related protein M2 (Actin-related protein T@BRP-T2). [Source:Uniprot/SWISSPROT;Acc:Q8TDY3]
0169717 2
ENSG0000 | DUS1L PP3111 protein [Source:RefSeq_peptide;AccONR439]
0169718
ENSG0000 | UGP2 UTP--glucose-1-phosphate uridylyltransfera$€@ 2.7.7.9) (UDP- glucose pyrophosphorylase RGP 2) (UGPase
0169764 2). [Source:Uniprot/SWISSPROT;Acc:Q16851]
ENSG0000 | MAP3K | Mitogen-activated protein kinase kinase kinase@ pE7.1.37) (MAPK/ERK kinase kinase 2) (MEK kindg( MEKK
0169967 2 2). [Source:Uniprot/SWISSPROT;Acc:Q9Y2U5]
ENSGO0000 | CHD3 Chromodomain helicase-DNA-binding protein £(&6.1.-) (ATP- dependent helicase CHD3) (CHDAB)-2
0170004 autoantigen 240 kDa protein) (Mi2-alpha). [Souradpgdot/SWISSPROT;Acc:Q12873]
ENSGO0000 | YWHA 14-3-3 protein gamma (Protein kinase C inhibitatgin 1) (KCIP-1). [Source:Uniprot/SWISSPROT;AcclP81]
0170027 G
ENSGO0000 | UBE2E Ubiquitin-conjugating enzyme E2 E3 (EC 6.3.2.19bidwitin-protein ligase E3) (Ubiquitin carrier pei E3)
0170035 3 (Ubiquitin-conjugating enzyme E2-23 kDa) (UbcH9b@EM?2). [Source:Uniprot/SWISSPROT;Acc:Q969T4]
ENSG0000 | UBE2E Ubiquitin-conjugating enzyme E2 E1 (EC 6.3.2.19bigitin-protein ligase E1) (Ubiquitin carrier pest E1) (UbcH6).
0170142 1 [Source:Uniprot/SWISSPROT;Acc:P51965]
ENSGO0000 | SNF1L Serine/threonine-protein kinase SNF1-like kinageQ 2.7.1.37) (Qin- induced kinase).
0170145 K2 [Source:Uniprot/SWISSPROT;Acc:Q9HOK1]
ENSGO0000
0170226
ENSGO0000 | CDC2 Cell division control protein 2 homolog (EQ 2..37) (p34 protein kinase) (Cyclin-dependent &na) (CDK1).
0170312 [Source:Uniprot/SWISSPROT;Acc:P06493]
ENSGO0000 | UBB Ubiquitin. [Source:Uniprot/SWISSPROT;Acc:P62988
0170315
ENSGO0000 | DCAM Serine/threonine-protein kinase DCAMKL2 (EC 2.77).@oublecortin- like and CAM kinase-like 2).
0170390 KL2 [Source:Uniprot/SWISSPROT;Acc:Q8N568]
ENSGO0000 | NP_694 | "nuclear transcription factor, X-box binding-likef3ource:RefSeq_peptide;Acc:NP_694540]"
0170448 540.2
ENSGO0000 | PA2G4 Proliferation-associated protein 2G4 (Cetlleyprotein p38-2G4 homolog) (hG4-1).
0170515 [Source:Uniprot/SWISSPROT;Acc:Q9UQ80]
ENSG0000 PFKFB3| "6-phosphofructo-2-kinase/fructogeiphosphatase 3 (6PF-2-K/Fru- 2,6-P2ASE braamphta-type isozyme) (iPFK-2




11¢€

0170525 [Includes: 6- phosphofructo-2-kinase (ELC12105); Fructose-2,6-bisphosphatase (EC 3.1]3.46)
[Source:Uniprot/SWISSPROT;Acc:Q16875]"

ENSGO0000 | HSPA4 Heat shock 70 kDa protein 4 (Heat shock Té&ted protein APG-2) (HSP70RY).

0170606 [Source:Uniprot/SWISSPROT;Acc:P34932]

ENSGO0000 | NP_775

0170703 894.1

ENSGO0000 | KIF5B Kinesin heavy chain (Ubiquitous kinesin heahain) (UKHC). [Source:Uniprot/SWISSPROT;Acc:P3817

0170759

ENSGO0000 | RPS9 40S ribosomal protein S9. [Source:Uniprot/SSROT;Acc:P46781]

0170889

ENSGO0000 | PGK2 "Phosphoglycerate kinase, testis specific 2E€22.3). [Source:Uniprot/SWISSPROT;Acc:P07205]"

0170950

ENSGO0000 | PRKCE "Protein kinase C, epsilon type (EC 2.7 (hPKC-epsilon). [Source:Uniprot/SWISSPROT;Acc:Q0&lt5

0171132

ENSGO0000 | CHD7 Chromodomain-helicase-DNA-binding protein T(B.6.1.-) (ATP- dependent helicase CHD7) (CHDFRtagment).

0171316 [Source:Uniprot/SWISSPROT;Acc:Q9P2D1]

ENSGO0000 | PDE7B "cAMP-specific 3',5'-cyclic phosphodiesteras&@B (EC 3.1.4.17). [Source:Uniprot/SWISSPROT;Acc:QEP56]"

0171408

ENSGO0000 | PPID 40 kDa peptidyl-prolyl cis-trans isomerase (E€.1.8) (PPlase) (Rotamase) (Cyclophilin-40) (€@ (Cyclophilin-

0171497 related protein). [Source:Uniprot/SWISSPROT;Acc:@83]

ENSGO0000 | ETFDH "Electron transfer flavoprotein-ubiquinonddnreductase, mitochondrial precursor (EC 1.5.8ET)F-QO) (ETF-

0171503 ubiquinone oxidoreductase) (ETF dehydrogenasef(ile-transferring- flavoprotein dehydrogenase).
[Source:Uniprot/SWISSPROT;Acc:Q16134]"

ENSGO0000 | DNAI2 "Dynein intermediate chain 2, axonemal (Axonenal dynein intermediate chain 2).

0171595 [Source:Uniprot/SWISSPROT;Acc:Q9GZS0]"

ENSGO0000

0171597

ENSGO0000 | SPATA spermatogenesis associated 5-like 1 [Source:Ref@ptide;Acc:NP_076968]

0171763 5L1

ENSGO0000 | PPIH Peptidyl-prolyl cis-trans isomerase H (EC 5.2) (PPlase H) (Rotamase H) (U-snRNP-associateldmlyilin SnuCyp-

0171960 20) (USA-CYP) (Small nuclear ribonucleoprotein pdetspecific cyclophilin H) (CypH).
[Source:Uniprot/SWISSPROT;Acc:043447]

ENSGO0000 | THOP1 Thimet oligopeptidase (EC 3.4.24.15) (Endtigape 24.15) (MP78). [Source:Uniprot/SWISSPROT ;R&2888]

0172009

ENSGO0000 | QARS Glutaminyl-tRNA synthetase (EC 6.1.1.18) (@hiine--tRNA ligase) (GInRS).

0172053 [Source:Uniprot/SWISSPROT;Acc:P47897]

ENSGO0000 | MOBK Mps one binder kinase activator-like 2A (Mob1 hoagp2A) (MOB-LAK) (Protein Mob3A).

0172081 L2A [Source:Uniprot/SWISSPROT;Acc:Q96BX8]

ENSGO0000 | DPAGT | UDP-N-acetylglucosamine--dolichyl-phosphate N- gicpticosaminephosphotransferase (EC 2.7.8.15) (GBTIPT)

0172269 1 (N- acetylglucosamine-1-phosphate transferase)N&tel-P transferase). [Source:Uniprot/SWISSPROT;R8H3H5]

ENSGO0000 | SUCLG | "Succinyl-CoA ligase [GDP-forming] beta-chain, nitwndrial precursor (EC 6.2.1.4) (Succinyl-CoA $wiase, betaG

0172340 2 chain) (SCS-betaG) (GTP- specific succinyl-CoA &gmase beta subunit). [Source:Uniprot/SWISSPROT.@6199]"

ENSG0000 | ABCG4 ATP-binding cassette sub-family G memberSaurce:Uniprot/SWISSPROT;Acc:Q9H172]

0172350

ENSGO0000 | GTPBP | GTP binding protein 2 [Source:RefSeq_peptide;Acc:NP061969]

0172432 2

ENSGO0000 | AFF1 AF4/FMR2 family member 1 (AF-4 protein) (Predacogene AF4) (FEL protein).

0172493 [Source:Uniprot/SWISSPROT;Acc:P51825]

ENSGO0000 | PPP1CA | Serine/threonine protein phosphatase Pia-aftalytic subunit (EC 3.1.3.16) (PP-1A).

0172531 [Source:Uniprot/SWISSPROT;Acc:P62136]

ENSG0000 | PDE3A "cGMP-inhibited 3',5'-cyclic phosphodiesterag A (EC 3.1.4.17) (Cyclic GMP-inhibited phosphodigsrase A)

0172572 (CGI-PDE A). [Source:Uniprot/SWISSPROT;Acc:Q14432]"

ENSGO0000

0172669

ENSGO0000

0172704

ENSGO0000 | RAB43 RAB43 protein [Source:RefSeq_peptide;Acc:NAOED2]

0172780

ENSG0000 | RAB37 Ras-related protein Rab-37. [Source:UnipMt{SSPROT;Acc:Q96AX2]

0172794

ENSGO0000 | NP_954 | methionine aminopeptidase 1D [Source:RefSeq_pepiideNP_954697]

0172878 697.1

ENSGO0000

0172900

ENSGO0000 | OXSR1 Serine/threonine-protein kinase OSR1 (EC1237) (Oxidative stress- responsive 1 protein).

0172939 [Source:Uniprot/SWISSPROT;Acc:095747]

ENSGO0000 | HTATIP | Histone acetyltransferase HTATIP (EC 2.38).460 kDa Tat interactive protein) (Tip60) (HIVTht interactive protein)

0172977 (cPLA(2) interacting protein). [Source:Uniprot/SVABROT;Acc:Q92993]

ENSGO0000

0172981

ENSGO0000 | ADRBK | Beta-adrenergic receptor kinase 1 (EC 2.7.1.126)aB\RK-1) (G- protein coupled receptor kinase 2).

0173020 1 [Source:Uniprot/SWISSPROT;Acc:P25098]

ENSG0000 | COQ2 "para-hydroxybenzoate-polyprenyltransferastamondrial [Source:RefSeq_peptide;Acc:NP_056512]"

0173085

ENSGO0000 | HSPA6 Heat shock 70 kDa protein 6 (Heat shock 78 gEtein B'). [Source:Uniprot/SWISSPROT;Acc:P17066

0173110

ENSGO0000 | ADCK5 aarF domain containing kinase 5 [Source:RgfPeptide;Acc:NP_777582]

0173137




ENSGO0000
0173213
ENSGO0000
0173344
ENSGO0000
0173394
ENSG0000 | GMPPB GDP-mannose pyrophosphorylase B isoform Lif@oRefSeq_peptide;Acc:NP_037466]
0173540
ENSG0000 | MOBK Mps one binder kinase activator-like 1A (Mob1 hoawplA) (Mob1A) (Mob1B) (Protein Mob4A).
0173542 L1A [Source:Uniprot/SWISSPROT;Acc:Q7L9L4]
ENSGO0000
0173571
ENSGO0000 | CHD2 Chromodomain-helicase-DNA-binding protein Z(8.6.1.-) (ATP- dependent helicase CHD2) (CHD-2).
0173575 [Source:Uniprot/SWISSPROT;Acc:014647]
ENSGO0000
0173576
ENSGO0000
0173580
ENSG0000 | PSMD1 26S proteasome non-ATPase regulatory subb@®S proteasome regulatory subunit RPN2) (268 psome regulatory
0173692 subunit S1) (26S proteasome subunit p112). [Sourgprot/SWISSPROT;Acc:Q99460]
ENSGO0000
0173810
ENSGO0000 | PLK3 Serine/threonine-protein kinase PLK3 (EC 237} (Polo-like kinase 3) (PLK-3) (Cytokine-indulglserine/threonine-
0173846 protein kinase) (FGF- inducible kinase) (Prolifayatrelated kinase). [Source:Uniprot/SWISSPROT,; 8144B4]
ENSGO0000
0173863
ENSGO0000 | NP_817 | "tubulin, beta 8 [Source:RefSeq_peptide;Acc:NP_&uT1
0173876 124.1
ENSGO0000 | CTSF Cathepsin F precursor (EC 3.4.22.41) (CATf9urce:Uniprot/SWISSPROT;Acc:Q9UBX1]
0174080
ENSG0000 | PRPF8 Pre-mRNA processing splicing factor 8 (Spgidactor Prp8) (PRP8 homolog) (220 kDa U5 snRN&:Hj protein)
0174231 (p220). [Source:Uniprot/SWISSPROT;Acc:Q6P2Q9]
ENSGO0000
0174242
ENSG0000 | DDX23 Probable ATP-dependent RNA helicase DDX23 E&E1.-) (DEAD box protein 23) (100 kDa U5 snRN#esific
0174243 protein) (U5-100kD) (PRP28 homolog). [Source:UnifBVISSPROT;Acc:Q9BUQ8]
ENSGO0000 | EXO1 exonuclease 1 isoform b [Source:RefSeq_peptoteNP_569082]
0174371
ENSGO0000
0174408
ENSGO0000 | ATP2A "Sarcoplasmic/endoplasmic reticulum calcium ATP2a$EC 3.6.3.8) (Calcium pump 2) (SERCA2) (SR Ca{&¥Pase
0174437 2 2) (Calcium-transporting ATPase sarcoplasmic réticutype, slow twitch skeletal muscle isoform) (Bptasmic
reticulum class 1/2 Ca(2+) ATPase). [Source:Uni@dfISSPROT;Acc:P16615]"
ENSGO0000 | RPL4 60S ribosomal protein L4 (L1). [Source:Unip8WISSPROT;Acc:P36578]
0174444
ENSGO0000
0174466
ENSG0000 | BBS1 Bardet-Bied| syndrome 1 protein (BBS2-like prtein 2). [Source:Uniprot/SWISSPROT;Acc:Q8NFJ9]
0174483
ENSGO0000
0174655
ENSG0000 | BRSK2 BR serine/threonine-protein kinase 2 (EC1237) (Serine/threonine- protein kinase 29) (SAD1B)
0174672 [Source:Uniprot/SWISSPROT;Acc:Q8IWQ3]
ENSGO0000
0174713
ENSGO0000
0174715
ENSGO0000 | PABPC | Polyadenylate-binding protein 5 (Poly(A)-binding#in 5) (PABP 5). [Source:Uniprot/SWISSPROT;Acc6Q9]
0174740 5
ENSGO0000 | RPL15 60S ribosomal protein L15. [Source:UniprotiSBPROT;Acc:P61313]
0174748
ENSG0000 | RAB1B Ras-related protein Rab-1B. [Source:UniprdtiISSPROT;Acc:Q9HOU4]
0174903
ENSGO0000 | DHX36 DEAH (Asp-Glu-Ala-His) box polypeptide 36 [8we:RefSeq_peptide;Acc:NP_065916]
0174953
ENSG0000 | ATR Serine-protein kinase ATR (EC 2.7.1.37) (Atatalangiectasia and Rad3-related protein) (FRARteel protein 1).
0175054 [Source:Uniprot/SWISSPROT;Acc:Q13535]
ENSGO0000 | Q6NXQ | UBE2S protein. [Source:Uniprot/SPTREMBL;Acc:Q6NXQ4]
0175091 4_HUM
AN
ENSGO0000 | CTDSP | Carboxy-terminal domain RNA polymerase Il polypdptiA small phosphatase 2 (EC 3.1.3.16) (Small Cli@sphatase
0175215 2 2) (SCP2) (Nuclear LIM interactor-interacting fac®) (NLI-interacting factor 2) (Protein OS-4).
[Source:Uniprot/SWISSPROT;Acc:014595]
ENSG0000 | RAB6A Ras-related protein Rab-6A (Rab-6). [Souracepdot/SWISSPROT;Acc:P20340]
0175582
ENSG0000 | RPS6K Ribosomal protein S6 kinase 2 (EC 2.7.1.37) (S6RR)kDa ribosomal protein S6 kinase 2) (p70-S6KB)0(ribosomal
0175634 B2 S6 kinase beta) (p70 S6Kbeta) (p70 S6 kinase (B6X-beta) (p70-beta) (S6 kinase-related kinasBK(S

(Serine/threonine-protein kinase [Source:UniprotISBPROT;Acc:Q9UBSO]
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ENSG0000 | TTLL1 Tubulin tyrosine ligase-like protein 11. [Source:Uliprot/SWISSPROT;Acc:Q8NHH1]
0175764 1

ENSGO0000 | RUVBL | RuvB-like 1 (EC 3.6.1.-) (49-kDa TATA box-bindinggiein-interacting protein) (49 kDa TBP-interactimgptein)

0175792 1 (TIP49a) (Pontin 52) (Nuclear matrix protein 23RMP 238) (54 kDa erythrocyte cytosolic protein) [64) (TIP60-
associated protein 54-alpha) [Source:Uniprot/SWRSP;Acc:Q9Y265]

ENSGO0000 | SFN 14-3-3 protein sigma (Stratifin) (Epitheliallaearker protein 1). [Source:Uniprot/SWISSPROT;A281947]

0175793

ENSGO0000

0175991

ENSGO0000 | TUBB6 Tubulin beta-6 chain. [Source:Uniprot/SWISSPRAcc:Q9BUF5]

0176014

ENSGO0000

0176047

ENSGO0000 | CLK2 Dual specificity protein kinase CLK2 (EC 2.73T) (EC 2.7.1.112) (CDC-like kinase 2).

0176444 [Source:Uniprot/SWISSPROT;Acc:P49760]

ENSGO0000 | MYO1D | Myosin Id. [Source:Uniprot/SWISSPROT;Acc:03%3

0176658

ENSGO0000 | HSPCA | Heat shock protein 86 (Fragment). [Source:UnipT7/BEMBL;Acc:Q14568]
0176668 L3

ENSGO0000 | TYMS Thymidylate synthase (EC 2.1.1.45) (TS) (TSak®ource:Uniprot/SWISSPROT;Acc:P04818]
0176890

ENSGO0000

0176992

ENSGO0000 | POLE "DNA polymerase epsilon, catalytic subunit23(2.7.7.7) (DNA polymerase Il subunit A).
0177084 [Source:Uniprot/SWISSPROT;Acc:Q07864]"

ENSGO0000

0177117

ENSG0000 | CETN1 Centrin-1 (Caltractin isoform 2). [Source:prot/SWISSPROT;Acc:Q12798]

0177143

ENSGO0000 | TALDO | Transaldolase (EC 2.2.1.2). [Source:Uniprot/SWISSPRcc:P37837]

0177156 1

ENSGO0000 | RPS6K Ribosomal protein S6 kinase alpha 3 (EC 2.7.1.88)Kfalpha 3) (90 kDa ribosomal protein S6 kinas@9p-RSK 3)
0177189 A3 (Ribosomal S6 kinase 2) (RSK-2) (pp90RSK2) (Insslimulated protein kinase 1) (ISPK-1).

[Source:Uniprot/SWISSPROT;Acc:P51812]

ENSG0000 | MAN1B | "Endoplasmic reticulum mannosyl-oligosaccharidedlgha-mannosidase (EC 3.2.1.113) (ER alpha-1,2a0&idase)
0177239 1 (Mannosidase alpha class 1B member 1) (Man9GIcNgjegsific processing alpha-mannosidase).
[Source:Uniprot/SWISSPROT;Acc:Q9UKM7]"

ENSG0000 | TOP3A DNA topoisomerase Il alpha (EC 5.99.1.2py&e:Uniprot/SWISSPROT;Acc:Q13472]
0177302

ENSGO0000 | NP_699
0177453 192.1

ENSGO0000 | ARIH2 Ariadne-2 protein homolog (ARI-2) (Triad1 pein). [Source:Uniprot/SWISSPROT;Acc:095376]
0177479

ENSGO0000

0177585

ENSGO0000

0177648

ENSG0000 | DNAH1 Dynein heavy chain (Fragment). [Source:Uniprot/SPTEEMBL;Acc:Q92864]

0177664 2

ENSG0000 | UBE2N Ubiquitin-conjugating enzyme E2 N (EC 6.39).1Ubiquitin-protein ligase N) (Ubiquitin carri@rotein N) (Ubc13)
0177889 (Bendless-like ubiquitin-conjugating enzyme). [Smitniprot/SWISSPROT;Acc:P61088]

ENSGO0000

0177929

ENSG0000 | IMPDH Inosine-5'-monophosphate dehydrogenase 2 (EC 20B)1(IMP dehydrogenase 2) (IMPDH-II) (IMPD 2).
0178035 2 [Source:Uniprot/SWISSPROT;Acc:P12268]

ENSGO0000 | TSSK6 serine/threonine protein kinase SSTK [So&etSeq_peptide;Acc:NP_114426]

0178093

ENSGO0000 | DDX10 Probable ATP-dependent RNA helicase DDX10 &€1.-) (DEAD box protein 10).

0178105 [Source:Uniprot/SWISSPROT;Acc:Q13206]

ENSGO0000 | NDUFV | "NADH-ubiquinone oxidoreductase 24 kDa subunit,acitondrial precursor (EC 1.6.5.3) (EC 1.6.99.3).
0178127 2 [Source:Uniprot/SWISSPROT;Acc:P19404]"

ENSGO0000 | RANP1 | TC4 protein (RAN). [Source:Uniprot/'SPTREMBIC&Q96QB7]

0178214

ENSG0000 | CALML Calmodulin-like protein 3 (Calmodulin-related prot&B-1) (CaM-like protein) (CLP).

0178363 3 [Source:Uniprot/SWISSPROT;Acc:P27482]

ENSG0000 | TUBAL "tubulin, alpha-like 3 [Source:RefSeq_peptide;Ade:N079079]"

0178462 3

ENSGO0000

0178655

ENSGO0000 | MPI Mannose-6-phosphate isomerase (EC 5.3.1.8)sfftmmannose isomerase) (PMI) (Phosphohexomutase).
0178802 [Source:Uniprot/SWISSPROT;Acc:P34949]

ENSGO0000 | CDC14 CDC14C protein (Fragment). [Source:Uniprot/SPTRENM1c:Q8NCT2]

0178834 C

ENSG0000 | TUFM "Elongation factor Tu, mitochondrial precurg@&f-Tu) (P43). [Source:Uniprot/SWISSPROT;Acc:P4B41
0178952

ENSGO0000

0178957

ENSG0000 AURKB | Serine/threonine-protein kinase 12 ¢@7.1.37) (Aurora- and Ipl1- like midbody-asseéeihprotein 1) (AIM-1)
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0178999 (Aurora/IPL1-related kinase 2) (Aurora-tedekinase 2) (STK-1) (Aurora-B).
[Source:Uniprot/SWISSPROT;Acc:Q96GD4]
ENSGO0000 | FARSL Phenylalanyl-tRNA synthetase alpha chain (EC &20)1(Phenylalanine--tRNA ligase alpha chain) (Phe@31L33).
0179115 A [Source:Uniprot/SWISSPROT;Acc:Q9Y285]
ENSG0000 | CALR Calreticulin precursor (CRP55) (Calregulin)ABBP) (ERp60) (grp60). [Source:Uniprot/SWISSPROTCAR27797]
0179218
ENSG0000 | RAB39 Ras-related protein Rab-39A (Rab-39). [Sologrot/SWISSPROT;Acc:Q14964]
0179331
ENSGO0000 | CLK3 Dual specificity protein kinase CLK3 (EC 2.73T) (EC 2.7.1.112) (CDC-like kinase 3).
0179335 [Source:Uniprot/SWISSPROT;Acc:P49761]
ENSGO0000
0179558
ENSGO0000 | ARL14 ADP-ribosylation factor 7 [Source:RefSeq_pa@fAcc:NP_079323]
0179674
ENSGO0000 | Q53S08
0179843 _HUMA
N
ENSGO0000 | ABCA1l "ATP binding cassette, sub-family A (ABC1), memi&r[Source:RefSeq_peptide;Acc:NP_689914]"
0179869 3
ENSGO0000 | CSNK1 | "Casein kinase I, alpha-like isoform (EC 2.7.1GK(-alpha-like) (CK1). [Source:Uniprot/SWISSPROTAQ8N752]"
0180138 AlL
ENSGO0000
0180153
ENSGO0000 | PAK2 Serine/threonine-protein kinase PAK 2 (EC 2.37) (p21-activated kinase 2) (PAK-2) (PAK65) (GaarPAK) (S6/H4
0180370 kinase). [Source:Uniprot/SWISSPROT;Acc:Q13177]
ENSGO0000
0180501
ENSGO0000 | Q2VIR3 | EIF-2gA protein (Fragment). [Source:Uniprot/SPTREMBcc:Q6KF84]
0180574 _HUMA
N
ENSGO0000 | NP_001 | mitogen-activated protein kinase kinase kinaseSthifce:RefSeq_peptide;Acc:NP_001001671]
0180815 001671.
1
ENSGO0000 | PPA1 Inorganic pyrophosphatase (EC 3.6.1.1) (Pysphate phospho- hydrolase) (PPase).
0180817 [Source:Uniprot/SWISSPROT;Acc:Q15181]
ENSGO0000
0180874
ENSGO0000 | MAPK1 | mitogen-activated protein kinase 15 [Source:Reffeqtide;Acc:NP_620590]
0181085 5
ENSGO0000 | DHTKD | dehydrogenase E1 and transketolase domain corgginitein 1 [Source:RefSeq_peptide;Acc:NP_061176]
0181192 1
ENSG0000 | POLR2 DNA-directed RNA polymerase Il largest subunit (EC.7.6) (RPB1). [Source:Uniprot/SWISSPROT;Acc:P23]9
0181222 A
ENSGO0000
0181267
ENSGO0000
0181669
ENSGO0000
0181732
ENSGO0000 | NP_848
0181786 620.1
ENSG0000 | COPG Coatomer gamma subunit (Gamma-coat protegan(@a-COP). [Source:Uniprot/SWISSPROT;Acc:Q9Y678]
0181789
ENSGO0000 | IDH2 "Isocitrate dehydrogenase [NADP], mitochontpeecursor (EC 1.1.1.42) (Oxalosuccinate decarkzse) (IDH)
0182054 (NADP(+)-specific ICDH) (IDP) (ICD-M). [Source:Unipt/SWISSPROT;Acc:P48735]"
ENSGO0000 | UBE1L Ubiquitin-activating enzyme E1 homolog (DfJource:Uniprot/SWISSPROT;Acc:P41226]
0182179
ENSGO0000
0182245
ENSGO0000 | FIGN fidgetin [Source:RefSeq_peptide;Acc:NP_060556]
0182263
ENSGO0000
0182281
ENSGO0000
0182316
ENSGO0000 [ NM_19
0182364 9283.4
ENSGO0000 | KPNA2 Importin alpha-2 subunit (Karyopherin alphatbunit) (SRP1-alpha) (RAG cohort protein 1).
0182481 [Source:Uniprot/SWISSPROT;Acc:P52292]
ENSGO0000 | TSSK2 Testis-specific serine/threonine-protein kma (EC 2.7.1.37) (TSSK- 2) (Testis-specific kena (TSK-2)
0182490 (Serine/threonine-protein kinase 22B) (DiGeorgedsyme protein G). [Source:Uniprot/SWISSPROT;Acc:QB8g]
ENSGO0000 | NP_001
0182584 019846
1
ENSGO0000
0182803
ENSGO0000

0182819
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ENSGO0000
0182820

ENSGO0000
0183010

SIRT7

NAD-dependent deacetylase sirtuin-7 (EC 3:p(8IR2-like protein 7). [Source:Uniprot/SWISSPR®@cc:QINRC8]

ENSGO0000
0183020

AP2A2

Adapter-related protein complex 2 alpha 2usityAlpha-adaptin C) (Adaptor protein complex 2Rdpha-2 subunit)
(Clathrin assembly protein complex 2 alpha-C lazigain) (100 kDa coated vesicle protein C) (Plasreanbrane adaptor
HA2/AP2 adaptin alpha [Source:Uniprot/SWISSPROT ;&84973]

ENSGO0000
0183125

ENSGO0000
0183199

ENSGO0000
0183207

RUVBL
2

RuvB-like 2 (EC 3.6.1.-) (48-kDa TATA box-bindinggiein-interacting protein) (48-kDa TBP-interactipgtein)
(TIP49b) (Repressing pontin 52) (Reptin 52) (51 lddgthrocyte cytosolic protein) (ECP-51) (TIP60-@sated protein
54-beta) (TAP54-beta). [Source:Uniprot/SWISSPROTE;9Y230]

ENSGO0000
0183227

Q96RI3
_HUMA
N

Short heat shock protein 60 Hsp60s2. [Source:UtPRITREMBL;Acc:Q96RI3]

ENSGO0000
0183229

ENSGO0000
0183258

DDX41

Probable ATP-dependent RNA helicase DDX41 @&€1.-) (DEAD box protein 41) (DEAD box proteibsirakt
homolog). [Source:Uniprot/SWISSPROT;Acc:Q9UJVI]

ENSGO0000
0183298

ENSGO0000
0183299

ENSGO0000
0183300

Q14786
_HUMA
N

Myosin (Fragment). [Source:Uniprot/SPTREMBL;Acc:QB6]

ENSGO0000
0183486

MX2

Interferon-induced GTP-binding protein Mx2 (@nteron-regulated resistance GTP-binding proteirBMyp78-related
protein). [Source:Uniprot/SWISSPROT;Acc:P20592]

ENSGO0000
0183495

NP_056
224.2

E1A binding protein p400 [Source:RefSeq_peptide;NEc 056224]

ENSGO0000
0183506

NP_954
977.2

ENSGO0000
0183524

ENSGO0000
0183533

ENSGO0000
0183585

ENSG0000
0183690

EFHC2

EF-hand domain (C-terminal) containing 2 [Souce:RefSeq_peptide;Acc:NP_079460]

ENSGO0000
0183711

ENSGO0000
0183765

CHEK2

Serine/threonine-protein kinase Chk2 (EC1237) (Cds1). [Source:Uniprot/SWISSPROT;Acc:096017]

ENSGO0000
0183829

ENSGO0000
0183873

SCN5A

"Sodium channel protein type V alpha subunifVoltage-gated sodium channel alpha subunit Nav1.§5odium
channel protein, cardiac muscle alpha-subunit) (HHL [Source:Uniprot/SWISSPROT;Acc:Q14524]"

ENSGO0000
0183914

DNHD3

protein similar to dynein [Source:RefSeq_jidgtAcc:NP_065928]

ENSGO0000
0183920

ENSGO0000
0183943

PRKX

Serine/threonine-protein kinase PRKX (EC 237} (Protein kinase PKX1). [Source:Uniprot/SWIS&PRAcc:P51817]

ENSGO0000
0183982

ENSGO0000
0184009

ACTG1

"Actin, cytoplasmic 2 (Gamma-actin). [Soutdeiprot/SWISSPROT;Acc:P63261]"

ENSGO0000
0184056

VPS33B

Vacuolar protein sorting 33B (hVPS33B). [ReuUniprot/SWISSPROT;Acc:Q9H267]

ENSGO0000
0184073

Q6ZN94
_HUMA
N

ENSGO0000
0184078

ENSGO0000
0184086

ENSGO0000
0184254

ALDH1

Aldehyde dehydrogenase 1A3 (EC 1.2.1.5) (Aldehysleydrogenase 6) (Retinaldehyde dehydrogenase 3)IRIA3).
[Source:Uniprot/SWISSPROT;Acc:P47895]

ENSGO0000
0184343

STK23

Serine/threonine-protein kinase 23 (EC 237)L(Muscle-specific serine kinase 1) (MSSK-1).
[Source:Uniprot/SWISSPROT;Acc:Q9UPE1]

ENSGO0000
0184378

ARPM1
_HUMA

Actin-related protein M1. [Source:Uniprot/SWISSPR®&dc:Q9BYD9]

ENSGO0000
0184428

TOP1M

"DNA topoisomerase |, mitochondrial precursor (E@%1.2) (TOP1mt). [Source:Uniprot/SWISSPROT;AcdQB6]"
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ENSGO0000
0184432

COPB2

Coatomer beta' subunit (Beta'-coat prot@eje(-COP) (p102). [Source:Uniprot/SWISSPROT;Ac&6U5]

ENSGO0000
0184468

ENSGO0000
0184470

TXNRD

"Thioredoxin reductase 2, mitochondrial precurde€ (1.8.1.9) (TR3) (TR-beta) (Selenoprotein Z) (Selz
[Source:Uniprot/SWISSPROT;Acc:QINNW7]"

ENSGO0000
0184475

ENSGO0000
0184572

ENSG0000
0184588

PDE4B

"cAMP-specific 3',5'-cyclic phosphodiesterasdB (EC 3.1.4.17) (DPDE4) (PDE32).
[Source:Uniprot/SWISSPROT;Acc:Q07343]"

ENSGO0000
0184591

ENSGO0000
0184627

ENSGO0000
0184732

Q2VIQ3
_HUMA
N

KIF4B (Fragment). [Source:Uniprot/SPTREMBL;Acc:QZ¥3]

ENSGO0000
0184735

NM_18
2699.2

"DEAD (Asp-Glu-Ala-Asp) box polypeptide 53 (DDX531RNA [Source:RefSeq_dna;Acc:NM_182699]"

ENSGO0000
0184758

ENSGO0000
0184843

ENSGO0000
0184847

ENSGO0000
0184885

ENSGO0000
0185003

ENSGO0000
0185009

AP3M1

Adapter-related protein complex 3 mu 1 sub(Mu-adaptin 3A) (AP-3 adapter complex mu3A sulpuni
[Source:Uniprot/SWISSPROT;Acc:Q9Y2T2]

ENSGO0000
0185023

RAB6C

Ras-related protein Rab-6C (Rab6-like prowifiH3). [Source:Uniprot/SWISSPROT;Acc:Q9HONO]

ENSGO0000
0185051

ENSGO0000
0185078

RPL9

60S ribosomal protein L9. [Source:Uniprot/SWIFROT;Acc:P32969]

ENSGO0000
0185163

DDX51

DEAD (Asp-Glu-Ala-Asp) box polypeptide 51 [B@e:RefSeq_peptide;Acc:NP_778236]

ENSGO0000
0185211

ENSGO0000
0185233

ENSGO0000
0185236

RAB11
B

Ras-related protein Rab-11B (GTP-binding proteim 3 [Source:Uniprot/SWISSPROT;Acc:Q15907]

ENSGO0000
0185238

HRMT1

Protein arginine N-methyltransferase 3 (EC 2.1(Heterogeneous nuclear ribonucleoprotein methydfierase-like
protein 3). [Source:Uniprot/SWISSPROT;Acc:060678]

ENSGO0000
0185250

PPIL6

peptidylprolyl isomerase (cyclophilin)-like[Source:RefSeq_peptide;Acc:NP_775943]

ENSGO0000
0185313

SCN10
A

Sodium channel protein type X alpha subunit (Voltag-gated sodium channel alpha subunit Nav1.8) (Peferal
nerve sodium channel 3) (hPN3). [Source:Uniprot/SWBSPROT;Acc:Q9Y5Y9]

ENSGO0000
0185324

CDK10

Cell division protein kinase 10 (EC 2.7.1.83grine/threonine- protein kinase PISSLRE).
[Source:Uniprot/SWISSPROT;Acc:Q15131]

ENSGO0000
0185336

ENSGO0000
0185344

ATP6V
0A2

Vacuolar proton translocating ATPase 116 kDa sutaigoform 2 (V- ATPase 116-kDa isoform a2) (TJ6).
[Source:Uniprot/SWISSPROT;Acc:Q9Y487]

ENSGO0000
0185360

ENSGO0000
0185386

MAPK1

Mitogen-activated protein kinase 11 (EC 2.7.1.37tdgen-activated protein kinase p38 beta) (MAPakia p38 beta)
(p38b) (p38-2) (Stress- activated protein kinasg¢)urce:Uniprot/SWISSPROT;Acc:Q15759]

ENSGO0000
0185410

ENSGO0000
0185418

TARSL

threonyl-tRNA synthetase-like 2 [Source:RefSeq_jlepfcc:NP_689547]

ENSGO0000
0185439

ENSGO0000
0185467

ENSGO0000
0185485

ENSGO0000
0185514

ENSGO0000
0185624

P4HB

Protein disulfide-isomerase precursor (EC4513.(PDI) (Prolyl 4- hydroxylase beta subunit) {Glar thyroid hormone
binding protein) (p55). [Source:Uniprot/SWISSPROT¢cAP07237]

ENSG0000

Q5VTE

Eukaryotic translation elongationdadt alpha 1 (Fragment). [Source:Uniprot/SPTREMBicA5JR01]




0185637

0_HUM
AN

ENSGO0000
0185675

ENSGO0000
0185678

ENSGO0000
0185705

ENSGO0000
0185721

DRG1

Developmentally regulated GTP-binding protefdRG 1). [Source:Uniprot/SWISSPROT;Acc:Q9Y295]

ENSGO0000
0185791

ENSGO0000
0185813

PCYT2

Ethanolamine-phosphate cytidylyltransferds@ 2.7.7.14) (Phosphorylethanolamine transferase)
(CTP:phosphoethanolamine cytidylyltransferase)ufge:Uniprot/SWISSPROT;Acc:Q99447]

ENSGO0000
0185828

ENSGO0000
0185842

DNAH1
4

Novel protein (Fragment). [Source:Uniprot/SPTREMBL;Acc:Q5SUX3]

ENSGO0000
0185843

ENSGO0000
0185861

ENSGO0000
0185979

ENSGO0000
0186034

ENSGO0000
0186197

EDARA
DD

Ectodysplasin A receptor associated adapter préEAR-associated death domain protein) (Crinklechblog).
[Source:Uniprot/SWISSPROT;Acc:Q8WWZ3]

ENSGO0000
0186202

ENSGO0000
0186288

NP_001
012995
1

ENSGO0000
0186298

PPP1CC

Serine/threonine protein phosphatase PPrgawatalytic subunit (EC 3.1.3.16) (PP-1G) (Prof#insphatase 1C
catalytic subunit). [Source:Uniprot/SWISSPROT;ARBB73]

ENSGO0000
0186331

ENSGO0000
0186468

RPS23

40S ribosomal protein S23. [Source:Uniprot/SSSPROT;Acc:P62266]

ENSGO0000
0186533

ENSGO0000
0186576

ENSG0000
0186614

ENSGO0000
0186625

KATNA
1

Katanin p60 ATPase-containing subunit A1 (EC 33.4Katanin p60 subunit A1) (p60 katanin).
[Source:Uniprot/SWISSPROT;Acc:075449]

ENSGO0000
0186691

ENSGO0000
0186743

ENSGO0000
0186871

NP_001
009954
1

ENSGO0000
0186961

ENSGO0000
0187003

ACTL7

Actin-like protein 7A (Actin-like-7-alpha) (Actinike 7A). [Source:Uniprot/SWISSPROT;Acc:Q9Y615]

ENSGO0000
0187022

ENSGO0000
0187042

Q96RS2
_HUMA
N

Laminin receptor-like protein LAMRLS5. [Source:UngifSPTREMBL;Acc:Q96RS2]

ENSGO0000
0187075

ENSGO0000
0187091

PLCD1

"1-phosphatidylinositol-4,5-bisphosphate gifaxliesterase delta 1 (EC 3.1.4.11) (Phosphoidesithospholipase C)
(PLC-delta-1) (Phospholipase C-delta-1) (PLC-[l§ource:Uniprot/SWISSPROT;Acc:P51178]"

ENSGO0000
0187097

ENTPD
5

Ectonucleoside triphosphate diphosphohydrolase8upsor (EC 3.6.1.6) (NTPDase5) (Nucleoside diphatgse) (CD39
antigen-like 4) (ER-UDPase). [Source:Uniprot/SWIEH ;Acc:075356]

ENSGO0000
0187134

AKR1C
1

"Aldo-keto reductase family 1 member C1 (EC 1.).@0-alpha- hydroxysteroid dehydrogenase) (EC11129) (20-
alpha-HSD) (Trans- 1,2-dihydrobenzene-1,2-diol debgenase) (EC 1.3.1.20) (High- affinity hepatile laicid-binding
protein) (HBAB) (Chlordec [Source:Uniprot/SWISSPR@&c:Q04828]"

ENSGO0000
0187162

ENSGO0000
0187165

ENSGO0000
0187230
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ENSG0000
0187240

Q6zU
M6_HU
MAN
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APPENDIX B
GENES IN BBS3 INTERVAL

Appendix B lists the set of geneS(ygeszinterva, 62), including the Ensembl

gene identifier (ID), gene symbol, and gene desonpn theBBS3 interval. Only four

genes Gqeessinterval+)are highly conserved in all four ciliated organss@i, TB, TC, and

Cl. These four genes are listed in bold. No gerassed th& filter consisting of AT

and SC.

Ensembl Gene Gene Description

GenelD Symbol

ENSGO0000 | NP_0607

0036054 79.1

ENSG0000 | EPHA3 Ephrin type-A receptor 3 precursor (EC 2Z712) (Tyrosine-protein kinase receptor ETK1) (HEKEK4).

0044524 [Source:Uniprot/SWISSPROT;Acc:P29320]

ENSG0000 | DCBLD2 "Discoidin, CUB and LCCL domain containingopein 2 precursor (Endothelial and smooth muselederived

0057019 neuropilin-like protein) (CUB, LCCL and coagulatiéactor V/VIll-homology domains protein 1).
[Source:Uniprot/SWISSPROT;Acc:Q96PD2]"

ENSGO0000 | ST3GAL6 | "Type 2 lactosamine alpha-2,3-sialyltrana$e (EC 2.4.99.-) (CMP- NeuAc:beta-galactosideaip,3-

0064225 sialyltransferase VI) (ST3Gal VI) (Sialyltransfeeas0). [Source:Uniprot/SWISSPROT;Acc:Q9Y274]"

ENSG0000 | POU1F1 Pituitary-specific positive transcriptiortar 1 (Pit-1) (Growth hormone factor 1) (GHF-1).

0064835 [Source:Uniprot/SWISSPROT;Acc:P28069]

ENSGO0000 | ZBTB11 Zinc finger and BTB domain-containing pratdil. [Source:Uniprot/SWISSPROT;Acc:095625]

0066422

ENSGO0000 [ Q8N262_

0080200 HUMAN

ENSGO0000 | EPHA6

0080224

ENSG0000 | CPOX "Coproporphyrinogen Ill oxidase, mitochondpatcursor (EC 1.3.3.3) (Coproporphyrinogenasep(Ggen oxidase)

0080819 (COX). [Source:Uniprot/SWISSPROT;Acc:P36551]"

ENSGO0000 | CLDND1 Protein C3orf4 (Membrane protein GENX-374&ource:Uniprot/SWISSPROT;Acc:QINY35]

0080822

ENSGO0000 | IMPG2 interphotoreceptor matrix proteoglycan 2 [@etRefSeq_peptide;Acc:NP_057331]

0081148

ENSG0000 | PCNP_H PEST-containing nuclear protein (PCNP). [Source:Umprot/SWISSPROT;Acc:Q8WW12]

0081154 UMAN

ENSG0000 | CHMP2B Charged multivesicular body protein 2b (Ghatin modifying protein 2b) (CHMP2b) (CHMP2.5) (Madar protein

0083937 sorting 2-2) (Vps2-2) (hVps2- 2). [Source:UnipraESSSPROT;Acc:Q9UQNS3]

ENSGO0000 | ARL6 ADP-ribosylation factor-like protein 6. [Source:Uniprot/SWISSPROT;Acc:Q9HOF7]

0113966

ENSGO0000 | NIT2 "nitrilase family, member 2 [Source:RefSeq_pepide;Acc:NP_064587]"

0114021

ENSGO0000 | TFG Protein TFG (TRK-fused gene protein). [Sourgepiot/SWISSPROT;Acc:Q92734]

0114354

ENSGO0000 | RPL24 60S ribosomal protein L24 (Ribosomal proted0). [Source:Uniprot/SWISSPROT;Acc:P83731]

0114391

ENSGO0000 | SENP7 Sentrin-specific protease 7 (EC 3.4.22.)t{88SUMO-specific protease SENP7) (SUMO-1-spegifiotease 2).

0138468 [Source:Uniprot/SWISSPROT;Acc:Q9BQF6]

ENSGO0000 | NFKBIZ "nuclear factor of kappa light polypeptiderge enhancer in B-cells inhibitor, zeta isoform a

0144802 [Source:RefSeq_peptide;Acc:NP_113607]"

ENSGO0000

0144805

ENSGO0000

0144808

ENSGO0000 | COL8A1 Smooth muscle cell-expressed and macropbageitioned medium-induced protein 64 (Smag-64).

0144810 [Source:Uniprot/SWISSPROT;Acc:QINRT5]

ENSGO0000 | FAM55C

0144815
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ENSGO0000 | GPR128 Probable G-protein coupled receptor 128upsec. [Source:Uniprot/SWISSPROT;Acc:Q96K78]
0144820

ENSGO0000 | GPR15 G-protein coupled receptor 15 (BOB). [Soltogrot/SWISSPROT;Acc:P49685]

0154165

ENSGO0000 | TOMM70 | Mitochondrial precursor proteins import receptorafislocase of outer membrane TOM70).

0154174 A [Source:Uniprot/SWISSPROT;Acc:094826]

ENSGO0000 | ABI3BP Target of Nesh-SH3 precursor (Tarsh) (Neisiding protein) (NeshBP) (ABI gene family membebiBding protein).
0154175 [Source:Uniprot/SWISSPROT;Acc:Q727G0]

ENSGO0000 | NP_0036 | CGG triplet repeat binding protein 1 [Source:RefSmptide;Acc:NP_001008391]
0163320 54.3

ENSGO0000 | NP_0557 | downregulated in ovarian cancer 1 isoform 1 [SoiReéSeq_peptide;Acc:NP_878913]
0168386 05.1

ENSGO0000 | ARL13B ADP-ribosylation factor-like 2-like 1 isofor 2 [Source:RefSeq_peptide;Acc:NP_659433]
0169379

ENSGO0000 | MINA MYC induced nuclear antigen isoform 2 [SouRefSeq_peptide;Acc:NP_116167]
0170854

ENSGO0000 | Q9BTX9_
0174166 HUMAN

ENSGO0000 | RGOMTD | RNA (guanine-9-) methyltransferase domain contgifSource:RefSeq_peptide;Acc:NP_060289]
0174173 1

ENSGO0000
0174314

ENSGO0000 | ZNF654 zinc finger protein 654 [Source:RefSeq_pmpAcc:NP_060763]
0175105

ENSGO0000
0175841

ENSGO0000
0178660

ENSGO0000 | NSUN3 "NOL1/NOP2/Sun domain family, member 3 [SeuRefSeq_peptide;Acc:NP_071355]"
0178694

ENSGO0000 | DHFRL1 Dihydrofolate reductase-like protein 1. [@eiUniprot/SWISSPROT;Acc:Q86XF0]
0178700

ENSGO0000 | STX19
0178750

ENSGO0000 | NP_7761
0179021 85.1

ENSGO0000 | HTR1F 5-hydroxytryptamine 1F receptor (5-HT-1F)r@&enin receptor 1F). [Source:Uniprot/SWISSPROT;R30939]
0179097

ENSGO0000 | TMEM45 | Transmembrane protein 45a (Dermal papilla deriveden 7) (DNA polymerase-transactivated protein 4)
0181458 A [Source:Uniprot/SWISSPROT;Acc:QINWC5]

ENSGO0000 | OR5K2 Olfactory receptor 5K2 (Olfactory receptor ®8). [Source:Uniprot/SWISSPROT;Acc:Q8NHB8]
0181828

ENSGO0000
0181845

ENSGO0000 | LRRIQ2 leucine-rich repeats and IQ motif containthfSource:RefSeq_peptide;Acc:NP_078824]
0182504

ENSGO0000
0182874

ENSGO0000 | GABRR3 GABA-C receptor rho3 subunit (Fragment).j&@:Uniprot/SPTREMBL;Acc:Q9UIV9]
0183185

ENSGO0000 | NP_1157
0184220 35.1

ENSG0000 | PROS1 Vitamin K-dependent protein S precursor. fSaWniprot/SWISSPROT;Acc:P07225]
0184500
ENSGO0000 | Q6UXN9 | WD40 protein. [Source:Uniprot/SPTREMBL;Acc:Q6UXN9]
0185141 _HUMA
N

ENSGO0000 | NM_0010 | “olfactory receptor, family 5, subfamily K, memhe(OR5K1), mRNA [Source:RefSeq_dna;Acc:NM_001004736
0185408 04736.1

ENSGO0000
0187093

ENSGO0000
0187557

ENSGO0000
0188106

ENSGO0000
0188767

ENSGO0000 | Q6UWM EPAG. [Source:Uniprot/SPTREMBL;Acc:Q6UWMO]
0188974 0_HUMA

ENSGO0000
0189002

ENSGO0000
0189040

ENSGO0000
0189055
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ENSG0000 | NM_0070 [ "WW domain containing E3 ubiquitin protein ligase 1 (WWP1), mMRNA
0189290 13.3 [Source:RefSeq_dna;Acc:NM_007013]"
ENSGO0000

0189293
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