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Supplementary Figure 1. Features of the MAC-tag. (a) Plasmid maps are graphical representation of the 
MAC-tag vectors. (b) The western blot shows biotinylated proteins of MAC-tagged GFP cell lysate with 
biotin concentration gradient (0-50 μM) in culture medium by Alexa Fluor®594-conjugated streptavidin. (c) 
Im-munofl uorescence analysis shows no detectable biotinylation in untreated sample and signifi cant activation 
of the biotinylation with 10 μM biotin and peaking at 50 μM concentration (anti-HA: green; Alexa 
Fluor®594-conjugated streptavidin: red; DAPI: blue.  Scale bar: 10 μm). (d-e) There is strong correlation 
(Pearson’s) between MAC-tag AP-MS (no biotin) & StrepIII-HA and MAC-tag BioID (with biotin) & 
BirA*-Myc. A scatter plot shows 95% confi dence interval of correlation between MAC-tag data and the data 
from StrepIII-HA & BirA*-Myc alone (p-value < 0.01, t-test). Venn’s diagrams illustrate the overlap 
comparison of the identifi ed HCIPs be-tween the different tags.
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Supplementary Figure 2. Immunofluorescence analysis shows highly similar localization of the MAC-
tagged proteins with their corresponding endogenous proteins.The localization of eleven MAC-tagged 
proteins were compared to their endogenous counterparts. The MAC-tagged proteins were visualized with 
anti-HA im-munostaining (green) and the corresponding endogenous proteins with protein specific 
antibodies and Alexa Fluor®594-conjugated secondary antibody (red). The nucleus was stained with DAPI 
(blue). Scale bar: 10 μm.
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Supplementary Figure 3. Overview of high-confidence interactions of 18 bona fide cellular localization 
markers. The individual distribution of interactions detected with of AP-MS and BioID approaches with 
MAC-tagged 18 bona fide cellular localization markers. The newly identified interactions are presenting in 
pink lines and the blue line represents the known interaction. Prey-prey interactions represent via dash lines.  
The nodes are color-coded based on the localization rank obtained from the CellWhere database (key: dark 
green = pri-mary cellular localization for the corresponding protein, light green = possible localization, grey = 
different or localization assigned for the protein). Venn’s diagram compares the number of interactions 
between AP-MS and BioID -methods, overlap showing the number of common interactions. Lower right 
inset: The distribution of the bait normalized AP-MS (green) and BioID (yellow) values for the HCIs 
(ratio-to-the-bait) are highly comparable.
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Supplementary Figure 4. Hierarchical clustering the domain containing of the HCIPs of 18 localization 
markers. The DAVID bioinformatics recourses 6.8 database (https://david.ncifcrf.gov/) were used for inter-
action domain containing analysis to generate the value count matrix for clustering (P < 0.01, by a modifi ed 
Fisher’s ex act test). The color intensities indicate the sum of domain containing count. 
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Supplementary Figure 5. Gene Ontology analysis of interaction contexts of 18 localization markers. The DA-
VID bioinformatics recourses 6.8 database (https://david.ncifcrf.gov/) are used for GO term analysis to gener-
ate the value count matrix for clustering with a p-value cut-off of P < 0.01(by a modifi ed Fisher’s exact test). 
The hierarchically clustered heatmap including: biology process (a) and molecular function (b). The color 
intensities indicate the sum of preys of corresponding GO term. Hierarchal clustering was used to generate the 
cluster dendrogram. 

BioID

AP-MS

BioID

 C
A

TA
  E

EA
1

  E
ZR

I

  L
A

M
P1

  A
IF

M
1

  R
A

B
9A

 
 H

SP
7C

  H
31

  F
B

R
L

  R
S6

 
 L

M
N

A
 

 C
A

LX
 

 T
G

O
N

2 
 T

B
A

1A
 

 T
B

G
1 

 R
A

B
11

A
 

 G
O

G
A

2 
 P

SA
1

 GO:1902965~regulation of protein localization to early endosome 
 GO:1902966~positive regulation of protein localization to early endosome 
 GO:1902946~protein localization to early endosome 
 GO:2000643~positive regulation of early endosome to late endosome transport 
 GO:1903651~positive regulation of cytoplasmic transport 
 GO:0036010~protein localization to endosome 
 GO:1903337~positive regulation of vacuolar transport 
 GO:2000641~regulation of early endosome to late endosome transport 
 GO:1903649~regulation of cytoplasmic transport 
 GO:0045022~early endosome to late endosome transport 
 GO:0098927~vesicle-mediated transport between endosomal compartments 
 GO:1903335~regulation of vacuolar transport 
 GO:0008360~regulation of cell shape 
 GO:0061028~establishment of endothelial barrier 
 GO:0072665~protein localization to vacuole 
 GO:0001885~endothelial cell development 
 GO:0022614~membrane to membrane docking 
 GO:0045446~endothelial cell differentiation 
 GO:1901029~negative regulation of mitochondrial outer membrane permeabilization involved in apoptotic signaling pathway 
 GO:0043484~regulation of RNA splicing 
 GO:0030855~epithelial cell differentiation 
 GO:0022604~regulation of cell morphogenesis 
 GO:0016032~viral process 
 GO:0044764~multi-organism cellular process 
 GO:0044419~interspecies interaction between organisms 
 GO:0044403~symbiosis, encompassing mutualism through parasitism 
 GO:0016070~RNA metabolic process 
 GO:0042791~5S class rRNA transcription from RNA polymerase III type 1 promoter 
 GO:0042797~tRNA transcription from RNA polymerase III promoter 
 GO:0009304~tRNA transcription 
 GO:0098781~ncRNA transcription 
 GO:0009303~rRNA transcription 
 GO:0006399~tRNA metabolic process 
 GO:0006383~transcription from RNA polymerase III promoter 
 GO:0008334~histone mRNA metabolic process 
 GO:0045070~positive regulation of viral genome replication 
 GO:0000154~rRNA modification 
 GO:0009451~RNA modification 
 GO:0043902~positive regulation of multi-organism process 
 GO:0044085~cellular component biogenesis 
 GO:0006613~cotranslational protein targeting to membrane 
 GO:0070972~protein localization to endoplasmic reticulum 
 GO:0006412~translation 
 GO:0043043~peptide biosynthetic process 
 GO:0006518~peptide metabolic process 
 GO:0043604~amide biosynthetic process 
 GO:0043603~cellular amide metabolic process 
 GO:1901566~organonitrogen compound biosynthetic process 
 GO:0032543~mitochondrial translation 
 GO:0070125~mitochondrial translational elongation 
 GO:0070126~mitochondrial translational termination 
 GO:0006415~translational termination 
 GO:0006414~translational elongation 
 GO:0043624~cellular protein complex disassembly 
 GO:0043241~protein complex disassembly 
 GO:0032984~macromolecular complex disassembly 
 GO:0007005~mitochondrion organization 
 GO:0022411~cellular component disassembly 
 GO:0010467~gene expression 
 GO:0043933~macromolecular complex subunit organization 
 GO:0071822~protein complex subunit organization 
 GO:0019058~viral life cycle 
 GO:0016071~mRNA metabolic process 
 GO:0019080~viral gene expression 
 GO:0044033~multi-organism metabolic process 
 GO:0042254~ribosome biogenesis 
 GO:0034660~ncRNA metabolic process 
 GO:0006364~rRNA processing 
 GO:0016072~rRNA metabolic process 
 GO:0034470~ncRNA processing 
 GO:0006396~RNA processing 
 GO:0000184~nuclear-transcribed mRNA catabolic process, nonsense-mediated decay 
 GO:0000956~nuclear-transcribed mRNA catabolic process 
 GO:0006402~mRNA catabolic process 
 GO:0006401~RNA catabolic process 
 GO:0034655~nucleobase-containing compound catabolic process 
 GO:0046700~heterocycle catabolic process 
 GO:0044270~cellular nitrogen compound catabolic process 
 GO:0019439~aromatic compound catabolic process 
 GO:1901361~organic cyclic compound catabolic process 
 GO:0022613~ribonucleoprotein complex biogenesis 
 GO:0006413~translational initiation 
 GO:0006614~SRP-dependent cotranslational protein targeting to membrane 
 GO:0045047~protein targeting to ER 
 GO:0072599~establishment of protein localization to endoplasmic reticulum 
 GO:0042273~ribosomal large subunit biogenesis 
 GO:0034645~cellular macromolecule biosynthetic process 
 GO:0042255~ribosome assembly 
 GO:0019083~viral transcription 
 GO:0000027~ribosomal large subunit assembly 
 GO:0022618~ribonucleoprotein complex assembly 
 GO:0071826~ribonucleoprotein complex subunit organization 
 GO:0022607~cellular component assembly 
 GO:0034622~cellular macromolecular complex assembly 
 GO:0065003~macromolecular complex assembly 
 GO:0006461~protein complex assembly 
 GO:0070271~protein complex biogenesis 
 GO:0034728~nucleosome organization 
 GO:0034724~DNA replication-independent nucleosome organization 
 GO:0006333~chromatin assembly or disassembly 
 GO:0006336~DNA replication-independent nucleosome assembly 
 GO:0071824~protein-DNA complex subunit organization 
 GO:0043486~histone exchange 
 GO:0006325~chromatin organization 
 GO:0043044~ATP-dependent chromatin remodeling 
 GO:0006974~cellular response to DNA damage stimulus 
 GO:0006342~chromatin silencing 
 GO:0006338~chromatin remodeling 
 GO:0034723~DNA replication-dependent nucleosome organization 
 GO:0006335~DNA replication-dependent nucleosome assembly 
 GO:0006334~nucleosome assembly 
 GO:0031497~chromatin assembly 
 GO:0006323~DNA packaging 
 GO:0065004~protein-DNA complex assembly 
 GO:0071103~DNA conformation change 
 GO:0045814~negative regulation of gene expression, epigenetic 
 GO:0040029~regulation of gene expression, epigenetic 
 GO:0061641~CENP-A containing chromatin organization 
 GO:0034080~CENP-A containing nucleosome assembly 
 GO:0031055~chromatin remodeling at centromere 
 GO:0034508~centromere complex assembly 
 GO:0033554~cellular response to stress 
 GO:0019395~fatty acid oxidation 
 GO:0034440~lipid oxidation 
 GO:0030258~lipid modification 
 GO:0044255~cellular lipid metabolic process 
 GO:0016042~lipid catabolic process 
 GO:0033540~fatty acid beta-oxidation using acyl-CoA oxidase 
 GO:0006631~fatty acid metabolic process 
 GO:0006629~lipid metabolic process 
 GO:0044712~single-organism catabolic process 
 GO:0006635~fatty acid beta-oxidation 
 GO:0009062~fatty acid catabolic process 
 GO:0019752~carboxylic acid metabolic process 
 GO:0043436~oxoacid metabolic process 
 GO:0072329~monocarboxylic acid catabolic process 
 GO:0006082~organic acid metabolic process 
 GO:0044242~cellular lipid catabolic process 
 GO:0046395~carboxylic acid catabolic process 
 GO:0016054~organic acid catabolic process 
 GO:0036109~alpha-linolenic acid metabolic process 
 GO:0016050~vesicle organization 
 GO:0051641~cellular localization 
 GO:0034613~cellular protein localization 
 GO:0070727~cellular macromolecule localization 
 GO:0045184~establishment of protein localization 
 GO:0008104~protein localization 
 GO:0033036~macromolecule localization 
 GO:0005975~carbohydrate metabolic process 
 GO:0044723~single-organism carbohydrate metabolic process 
 GO:0009199~ribonucleoside triphosphate metabolic process 
 GO:1990542~mitochondrial transmembrane transport 
 GO:0009119~ribonucleoside metabolic process 
 GO:0006839~mitochondrial transport 
 GO:0033365~protein localization to organelle 
 GO:0061024~membrane organization 
 GO:0044802~single-organism membrane organization 
 GO:0046907~intracellular transport 
 GO:0051649~establishment of localization in cell 
 GO:0006886~intracellular protein transport 
 GO:1902580~single-organism cellular localization 
 GO:0015031~protein transport 
 GO:1902582~single-organism intracellular transport 
 GO:0006612~protein targeting to membrane 
 GO:0043413~macromolecule glycosylation 
 GO:0006486~protein glycosylation 
 GO:0070085~glycosylation 
 GO:0006487~protein N-linked glycosylation 
 GO:0009101~glycoprotein biosynthetic process 
 GO:0009100~glycoprotein metabolic process 
 GO:0018279~protein N-linked glycosylation via asparagine 
 GO:0018196~peptidyl-asparagine modification 
 GO:0034976~response to endoplasmic reticulum stress 
 GO:0035967~cellular response to topologically incorrect protein 
 GO:0030968~endoplasmic reticulum unfolded protein response 
 GO:0034620~cellular response to unfolded protein 
 GO:0036498~IRE1-mediated unfolded protein response 
 GO:0010033~response to organic substance 
 GO:0072657~protein localization to membrane 
 GO:0042776~mitochondrial ATP synthesis coupled proton transport 
 GO:1902600~hydrogen ion transmembrane transport 
 GO:0015985~energy coupled proton transport, down electrochemical gradient 
 GO:0015986~ATP synthesis coupled proton transport 
 GO:0009205~purine ribonucleoside triphosphate metabolic process 
 GO:0002480~antigen processing and presentation of exogenous peptide antigen via MHC class I, TAP-independent 
 GO:0009144~purine nucleoside triphosphate metabolic process 
 GO:0009141~nucleoside triphosphate metabolic process 
 GO:0034975~protein folding in endoplasmic reticulum 
 GO:0030203~glycosaminoglycan metabolic process 
 GO:0006605~protein targeting 
 GO:0006022~aminoglycan metabolic process 
 GO:0046128~purine ribonucleoside metabolic process 
 GO:0042278~purine nucleoside metabolic process 
 GO:0009168~purine ribonucleoside monophosphate biosynthetic process 
 GO:0009127~purine nucleoside monophosphate biosynthetic process 
 GO:0009201~ribonucleoside triphosphate biosynthetic process 
 GO:0009145~purine nucleoside triphosphate biosynthetic process 
 GO:0009206~purine ribonucleoside triphosphate biosynthetic process 
 GO:0006754~ATP biosynthetic process 
 GO:1901135~carbohydrate derivative metabolic process 
 GO:0090150~establishment of protein localization to membrane 
 GO:0015672~monovalent inorganic cation transport 
 GO:0055085~transmembrane transport 
 GO:1901137~carbohydrate derivative biosynthetic process 
 GO:0015992~proton transport 
 GO:0006818~hydrogen transport 
 GO:0006811~ion transport 
 GO:0046034~ATP metabolic process 
 GO:0008202~steroid metabolic process 
 GO:0009167~purine ribonucleoside monophosphate metabolic process 
 GO:0009126~purine nucleoside monophosphate metabolic process 
 GO:0009161~ribonucleoside monophosphate metabolic process 
 GO:0009142~nucleoside triphosphate biosynthetic process 
 GO:0009156~ribonucleoside monophosphate biosynthetic process 
 GO:0036503~ERAD pathway 
 GO:0009124~nucleoside monophosphate biosynthetic process 
 GO:0046129~purine ribonucleoside biosynthetic process 
 GO:0042451~purine nucleoside biosynthetic process 
 GO:0008203~cholesterol metabolic process 
 GO:0042455~ribonucleoside biosynthetic process 
 GO:1902652~secondary alcohol metabolic process 
 GO:0016125~sterol metabolic process 
 GO:0009163~nucleoside biosynthetic process 
 GO:1901659~glycosyl compound biosynthetic process 
 GO:0006888~ER to Golgi vesicle-mediated transport 
 GO:0006891~intra-Golgi vesicle-mediated transport 
 GO:0016482~cytosolic transport 
 GO:0006890~retrograde vesicle-mediated transport, Golgi to ER 
 GO:0048193~Golgi vesicle transport 
 GO:0042147~retrograde transport, endosome to Golgi 
 GO:0007034~vacuolar transport 
 GO:0098609~cell-cell adhesion 
 GO:0007155~cell adhesion 
 GO:0022610~biological adhesion 
 GO:0045216~cell-cell junction organization 
 GO:0006928~movement of cell or subcellular component 
 GO:0016337~single organismal cell-cell adhesion 
 GO:0098602~single organism cell adhesion 
 GO:0043009~chordate embryonic development 
 GO:0043069~negative regulation of programmed cell death 
 GO:0009792~embryo development ending in birth or egg hatching 
 GO:0060548~negative regulation of cell death 
 GO:0045321~leukocyte activation 
 GO:0048870~cell motility 
 GO:0051674~localization of cell 
 GO:0034330~cell junction organization 
 GO:0016477~cell migration 
 GO:0007156~homophilic cell adhesion via plasma membrane adhesion molecules 
 GO:0040011~locomotion 
 GO:0018193~peptidyl-amino acid modification 
 GO:0098742~cell-cell adhesion via plasma-membrane adhesion molecules 
 GO:0042269~regulation of natural killer cell mediated cytotoxicity 
 GO:0001912~positive regulation of leukocyte mediated cytotoxicity 
 GO:0002715~regulation of natural killer cell mediated immunity 
 GO:0031343~positive regulation of cell killing 
 GO:0043067~regulation of programmed cell death 
 GO:0001910~regulation of leukocyte mediated cytotoxicity 
 GO:0042267~natural killer cell mediated cytotoxicity 
 GO:0007507~heart development 
 GO:0001701~in utero embryonic development 
 GO:0010941~regulation of cell death 
 GO:0002228~natural killer cell mediated immunity 
 GO:0031341~regulation of cell killing 
 GO:0002708~positive regulation of lymphocyte mediated immunity 
 GO:0002705~positive regulation of leukocyte mediated immunity 
 GO:0044409~entry into host 
 GO:0046718~viral entry into host cell 
 GO:0051828~entry into other organism involved in symbiotic interaction 
 GO:0030260~entry into host cell 
 GO:0051806~entry into cell of other organism involved in symbiotic interaction 
 GO:0002706~regulation of lymphocyte mediated immunity 
 GO:0034332~adherens junction organization 
 GO:0043066~negative regulation of apoptotic process 
 GO:0001775~cell activation 
 GO:0002703~regulation of leukocyte mediated immunity 
 GO:0051701~interaction with host 
 GO:0002699~positive regulation of immune effector process 
 GO:0002486~antigen processing and presentation of endogenous peptide antigen via MHC class I via ER pathway, TAP-independent 
 GO:0070887~cellular response to chemical stimulus 
 GO:0048585~negative regulation of response to stimulus 
 GO:0002682~regulation of immune system process 
 GO:0071310~cellular response to organic substance 
 GO:0035966~response to topologically incorrect protein 
 GO:0006986~response to unfolded protein 
 GO:0007010~cytoskeleton organization 
 GO:1902589~single-organism organelle organization 
 GO:0007017~microtubule-based process 
 GO:0044087~regulation of cellular component biogenesis 
 GO:0042026~protein refolding 
 GO:0080135~regulation of cellular response to stress 
 GO:0019886~antigen processing and presentation of exogenous peptide antigen via MHC class II 
 GO:0002495~antigen processing and presentation of peptide antigen via MHC class II 
 GO:0002504~antigen processing and presentation of peptide or polysaccharide antigen via MHC class II 
 GO:0051129~negative regulation of cellular component organization 
 GO:1900034~regulation of cellular response to heat 
 GO:0016192~vesicle-mediated transport 
 GO:0051276~chromosome organization 
 GO:0006259~DNA metabolic process 
 GO:0006260~DNA replication 
 GO:0006281~DNA repair 
 GO:0010256~endomembrane system organization 
 GO:0022402~cell cycle process 
 GO:0007049~cell cycle 
 GO:0051171~regulation of nitrogen compound metabolic process 
 GO:0010468~regulation of gene expression 
 GO:0007077~mitotic nuclear envelope disassembly 
 GO:0006289~nucleotide-excision repair 
 GO:0034654~nucleobase-containing compound biosynthetic process 
 GO:0016925~protein sumoylation 
 GO:0018130~heterocycle biosynthetic process 
 GO:0019438~aromatic compound biosynthetic process 
 GO:1901796~regulation of signal transduction by p53 class mediator 
 GO:0051168~nuclear export 
 GO:0090305~nucleic acid phosphodiester bond hydrolysis 
 GO:0098813~nuclear chromosome segregation 
 GO:0007059~chromosome segregation 
 GO:0006998~nuclear envelope organization 
 GO:0006997~nucleus organization 
 GO:0051081~nuclear envelope disassembly 
 GO:0030397~membrane disassembly 
 GO:0051169~nuclear transport 
 GO:0006913~nucleocytoplasmic transport 
 GO:0000722~telomere maintenance via recombination 
 GO:0006284~base-excision repair 
 GO:0006312~mitotic recombination 
 GO:0007084~mitotic nuclear envelope reassembly 
 GO:0006606~protein import into nucleus 
 GO:0044744~protein targeting to nucleus 
 GO:1902593~single-organism nuclear import 
 GO:0051170~nuclear import 
 GO:0006283~transcription-coupled nucleotide-excision repair 
 GO:0000731~DNA synthesis involved in DNA repair 
 GO:0017038~protein import 
 GO:0031468~nuclear envelope reassembly 
 GO:0000724~double-strand break repair via homologous recombination 
 GO:0000725~recombinational repair 
 GO:0070987~error-free translesion synthesis 
 GO:0042276~error-prone translesion synthesis 
 GO:0046827~positive regulation of protein export from nucleus 
 GO:0006293~nucleotide-excision repair, preincision complex stabilization 
 GO:0019219~regulation of nucleobase-containing compound metabolic process 
 GO:0006295~nucleotide-excision repair, DNA incision, 3’-to lesion 
 GO:0006297~nucleotide-excision repair, DNA gap filling 
 GO:0018205~peptidyl-lysine modification 
 GO:0006294~nucleotide-excision repair, preincision complex assembly 
 GO:0046825~regulation of protein export from nucleus 
 GO:0042769~DNA damage response, detection of DNA damage 
 GO:0006296~nucleotide-excision repair, DNA incision, 5’-to lesion 
 GO:0006298~mismatch repair 
 GO:0019985~translesion synthesis 
 GO:0033683~nucleotide-excision repair, DNA incision 
 GO:0036297~interstrand cross-link repair 
 GO:0032774~RNA biosynthetic process 
 GO:0050658~RNA transport 
 GO:0050657~nucleic acid transport 
 GO:0051236~establishment of RNA localization 
 GO:0006301~postreplication repair 
 GO:0006611~protein export from nucleus 
 GO:0006355~regulation of transcription, DNA-templated 
 GO:1903506~regulation of nucleic acid-templated transcription 
 GO:0070192~chromosome organization involved in meiotic cell cycle 
 GO:2001141~regulation of RNA biosynthetic process 
 GO:0000018~regulation of DNA recombination 
 GO:0006302~double-strand break repair 
 GO:0075733~intracellular transport of virus 
 GO:1902583~multi-organism intracellular transport 
 GO:1902581~multi-organism cellular localization 
 GO:0015931~nucleobase-containing compound transport 
 GO:0046794~transport of virus 
 GO:0046822~regulation of nucleocytoplasmic transport 
 GO:0051252~regulation of RNA metabolic process 
 GO:0097659~nucleic acid-templated transcription 
 GO:0044766~multi-organism transport 
 GO:1902579~multi-organism localization 
 GO:0000082~G1/S transition of mitotic cell cycle 
 GO:0031334~positive regulation of protein complex assembly 
 GO:0006457~protein folding 
 GO:0006403~RNA localization 
 GO:0000723~telomere maintenance 
 GO:0032200~telomere organization 
 GO:0033044~regulation of chromosome organization 
 GO:0060249~anatomical structure homeostasis 
 GO:0071897~DNA biosynthetic process 
 GO:2001252~positive regulation of chromosome organization 
 GO:0051052~regulation of DNA metabolic process 
 GO:0034504~protein localization to nucleus 
 GO:0033043~regulation of organelle organization 
 GO:0010638~positive regulation of organelle organization 
 GO:0032204~regulation of telomere maintenance 
 GO:0032206~positive regulation of telomere maintenance 
 GO:0072594~establishment of protein localization to organelle 
 GO:1904869~regulation of protein localization to Cajal body 
 GO:1904871~positive regulation of protein localization to Cajal body 
 GO:1904867~protein localization to Cajal body 
 GO:1990173~protein localization to nucleoplasm 
 GO:1903405~protein localization to nuclear body 
 GO:1904874~positive regulation of telomerase RNA localization to Cajal body 
 GO:1904872~regulation of telomerase RNA localization to Cajal body 
 GO:0090671~telomerase RNA localization to Cajal body 
 GO:0090670~RNA localization to Cajal body 
 GO:0090672~telomerase RNA localization 
 GO:1904851~positive regulation of establishment of protein localization to telomere 
 GO:0070203~regulation of establishment of protein localization to telomere 
 GO:0070202~regulation of establishment of protein localization to chromosome 
 GO:1904816~positive regulation of protein localization to chromosome, telomeric region 
 GO:1904814~regulation of protein localization to chromosome, telomeric region 
 GO:0070200~establishment of protein localization to telomere 
 GO:0032212~positive regulation of telomere maintenance via telomerase 
 GO:1904358~positive regulation of telomere maintenance via telomere lengthening 
 GO:0070199~establishment of protein localization to chromosome 
 GO:0032210~regulation of telomere maintenance via telomerase 
 GO:0070198~protein localization to chromosome, telomeric region 
 GO:1904356~regulation of telomere maintenance via telomere lengthening 
 GO:0007004~telomere maintenance via telomerase 
 GO:2000573~positive regulation of DNA biosynthetic process 
 GO:0010833~telomere maintenance via telomere lengthening 
 GO:0007339~binding of sperm to zona pellucida 
 GO:0006278~RNA-dependent DNA biosynthetic process 
 GO:0035036~sperm-egg recognition 
 GO:2000278~regulation of DNA biosynthetic process 
 GO:0009988~cell-cell recognition 
 GO:1900182~positive regulation of protein localization to nucleus 
 GO:0031647~regulation of protein stability 
 GO:0051054~positive regulation of DNA metabolic process 
 GO:0032846~positive regulation of homeostatic process 
 GO:0008037~cell recognition 
 GO:0090666~scaRNA localization to Cajal body 
 GO:0051973~positive regulation of telomerase activity 
 GO:1901998~toxin transport 
 GO:0034502~protein localization to chromosome 
 GO:1903829~positive regulation of cellular protein localization 
 GO:0050821~protein stabilization 
 GO:1900180~regulation of protein localization to nucleus 
 GO:0032844~regulation of homeostatic process 
 GO:0022414~reproductive process 
 GO:0000003~reproduction 
 GO:0007338~single fertilization 
 GO:0009566~fertilization 
 GO:1903827~regulation of cellular protein localization 
 GO:1904951~positive regulation of establishment of protein localization 
 GO:0060341~regulation of cellular localization 
 GO:0032880~regulation of protein localization 
 GO:0070201~regulation of establishment of protein localization 
 GO:0072655~establishment of protein localization to mitochondrion 
 GO:0070585~protein localization to mitochondrion 
 GO:0055114~oxidation-reduction process 
 GO:0032787~monocarboxylic acid metabolic process 
 GO:0006732~coenzyme metabolic process 
 GO:0035336~long-chain fatty-acyl-CoA metabolic process 
 GO:0051186~cofactor metabolic process 
 GO:0035384~thioester biosynthetic process 
 GO:0071616~acyl-CoA biosynthetic process 
 GO:0006094~gluconeogenesis 
 GO:0019319~hexose biosynthetic process 
 GO:0006835~dicarboxylic acid transport 
 GO:0046364~monosaccharide biosynthetic process 
 GO:0042592~homeostatic process 
 GO:0035337~fatty-acyl-CoA metabolic process 
 GO:0019318~hexose metabolic process 
 GO:0006006~glucose metabolic process 
 GO:0044283~small molecule biosynthetic process 
 GO:0005996~monosaccharide metabolic process 
 GO:0006790~sulfur compound metabolic process 
 GO:0006091~generation of precursor metabolites and energy 
 GO:0006002~fructose 6-phosphate metabolic process 
 GO:0035383~thioester metabolic process 
 GO:0006637~acyl-CoA metabolic process 
 GO:0006090~pyruvate metabolic process 
 GO:0061718~glucose catabolic process to pyruvate 
 GO:0006735~NADH regeneration 
 GO:0061621~canonical glycolysis 
 GO:0061615~glycolytic process through fructose-6-phosphate 
 GO:0061620~glycolytic process through glucose-6-phosphate 
 GO:0050796~regulation of insulin secretion 
 GO:0046942~carboxylic acid transport 
 GO:0006007~glucose catabolic process 
 GO:0051130~positive regulation of cellular component organization 
 GO:0043623~cellular protein complex assembly 
 GO:0090307~mitotic spindle assembly 
 GO:0046785~microtubule polymerization 
 GO:0051298~centrosome duplication 
 GO:0007020~microtubule nucleation 
 GO:0031109~microtubule polymerization or depolymerization 
 GO:0031122~cytoplasmic microtubule organization 
 GO:0051415~interphase microtubule nucleation by interphase microtubule organizing center 
 GO:0051418~microtubule nucleation by microtubule organizing center 
 GO:1902850~microtubule cytoskeleton organization involved in mitosis 
 GO:0031023~microtubule organizing center organization 
 GO:0000226~microtubule cytoskeleton organization 
 GO:0051972~regulation of telomerase activity 
 GO:0007067~mitotic nuclear division 
 GO:0007098~centrosome cycle 
 GO:1903046~meiotic cell cycle process 
 GO:0007126~meiotic nuclear division 
 GO:0051225~spindle assembly 
 GO:0007051~spindle organization 
 GO:0051321~meiotic cell cycle 
 GO:0051297~centrosome organization 
 GO:0051258~protein polymerization 
 GO:0051131~chaperone-mediated protein complex assembly 
 GO:0044702~single organism reproductive process 
 GO:0010557~positive regulation of macromolecule biosynthetic process 
 GO:0019953~sexual reproduction 
 GO:0051128~regulation of cellular component organization 
 GO:1903333~negative regulation of protein folding 
 GO:0044703~multi-organism reproductive process 
 GO:0044265~cellular macromolecule catabolic process 
 GO:0009057~macromolecule catabolic process 
 GO:0000278~mitotic cell cycle 
 GO:1903047~mitotic cell cycle process 
 GO:0044772~mitotic cell cycle phase transition 
 GO:0044770~cell cycle phase transition 
 GO:0044248~cellular catabolic process 
 GO:0002478~antigen processing and presentation of exogenous peptide antigen 
 GO:0048002~antigen processing and presentation of peptide antigen 
 GO:0019884~antigen processing and presentation of exogenous antigen 
 GO:0019882~antigen processing and presentation 
 GO:0007346~regulation of mitotic cell cycle 
 GO:1901990~regulation of mitotic cell cycle phase transition 
 GO:1901987~regulation of cell cycle phase transition 
 GO:0070647~protein modification by small protein conjugation or removal 
 GO:0032446~protein modification by small protein conjugation 
 GO:1903364~positive regulation of cellular protein catabolic process 
 GO:1903362~regulation of cellular protein catabolic process 
 GO:0045732~positive regulation of protein catabolic process 
 GO:0031331~positive regulation of cellular catabolic process 
 GO:0036211~protein modification process 
 GO:0006464~cellular protein modification process 
 GO:0042787~protein ubiquitination involved in ubiquitin-dependent protein catabolic process 
 GO:0006511~ubiquitin-dependent protein catabolic process 
 GO:0019941~modification-dependent protein catabolic process 
 GO:0043632~modification-dependent macromolecule catabolic process 
 GO:0051603~proteolysis involved in cellular protein catabolic process 
 GO:0044257~cellular protein catabolic process 
 GO:0030163~protein catabolic process 
 GO:0016567~protein ubiquitination 
 GO:0006521~regulation of cellular amino acid metabolic process 
 GO:0002479~antigen processing and presentation of exogenous peptide antigen via MHC class I, TAP-dependent 
 GO:0042590~antigen processing and presentation of exogenous peptide antigen via MHC class I 
 GO:0051436~negative regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle 
 GO:0051439~regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle 
 GO:1904667~negative regulation of ubiquitin protein ligase activity 
 GO:0033238~regulation of cellular amine metabolic process 
 GO:0051437~positive regulation of ubiquitin-protein ligase activity involved in regulation of mitotic cell cycle transition 
 GO:0031145~anaphase-promoting complex-dependent catabolic process 
 GO:0051444~negative regulation of ubiquitin-protein transferase activity 
 GO:1904668~positive regulation of ubiquitin protein ligase activity 
 GO:1904666~regulation of ubiquitin protein ligase activity 
 GO:2000060~positive regulation of protein ubiquitination involved in ubiquitin-dependent protein catabolic process 
 GO:0002474~antigen processing and presentation of peptide antigen via MHC class I 
 GO:2000058~regulation of protein ubiquitination involved in ubiquitin-dependent protein catabolic process 
 GO:0051443~positive regulation of ubiquitin-protein transferase activity 
 GO:0002223~stimulatory C-type lectin receptor signaling pathway 
 GO:0038061~NIK/NF-kappaB signaling 
 GO:0060071~Wnt signaling pathway, planar cell polarity pathway 
 GO:0002220~innate immune response activating cell surface receptor signaling pathway 
 GO:0090175~regulation of establishment of planar polarity 
 GO:0031398~positive regulation of protein ubiquitination 
 GO:0044106~cellular amine metabolic process 
 GO:0051438~regulation of ubiquitin-protein transferase activity 
 GO:0090263~positive regulation of canonical Wnt signaling pathway 
 GO:0001736~establishment of planar polarity 
 GO:0007164~establishment of tissue polarity 
 GO:1903322~positive regulation of protein modification by small protein conjugation or removal 
 GO:0009308~amine metabolic process 
 GO:0031397~negative regulation of protein ubiquitination 
 GO:0001738~morphogenesis of a polarized epithelium 
 GO:0033209~tumor necrosis factor-mediated signaling pathway 
 GO:1903321~negative regulation of protein modification by small protein conjugation or removal 
 GO:0043488~regulation of mRNA stability 
 GO:0043487~regulation of RNA stability 
 GO:0030177~positive regulation of Wnt signaling pathway 
 GO:0035567~non-canonical Wnt signaling pathway 
 GO:0010565~regulation of cellular ketone metabolic process 
 GO:0031396~regulation of protein ubiquitination 
 GO:0090090~negative regulation of canonical Wnt signaling pathway 
 GO:0050852~T cell receptor signaling pathway 
 GO:1903052~positive regulation of proteolysis involved in cellular protein catabolic process 
 GO:1903320~regulation of protein modification by small protein conjugation or removal 
 GO:0038095~Fc-epsilon receptor signaling pathway 
 GO:0030178~negative regulation of Wnt signaling pathway 
 GO:0050851~antigen receptor-mediated signaling pathway 
 GO:0042180~cellular ketone metabolic process 
 GO:1903050~regulation of proteolysis involved in cellular protein catabolic process 
 GO:0060828~regulation of canonical Wnt signaling pathway 
 GO:0038093~Fc receptor signaling pathway 
 GO:0002758~innate immune response-activating signal transduction 
 GO:0071356~cellular response to tumor necrosis factor 
 GO:0002218~activation of innate immune response 
 GO:2000027~regulation of organ morphogenesis 
 GO:0000209~protein polyubiquitination 
 GO:0034612~response to tumor necrosis factor 
 GO:0060070~canonical Wnt signaling pathway 
 GO:0045089~positive regulation of innate immune response 
 GO:0030111~regulation of Wnt signaling pathway 
 GO:0009896~positive regulation of catabolic process 
 GO:0051348~negative regulation of transferase activity 
 GO:0045862~positive regulation of proteolysis 
 GO:0045088~regulation of innate immune response 
 GO:0002429~immune response-activating cell surface receptor signaling pathway 
 GO:0042176~regulation of protein catabolic process 
 GO:0043161~proteasome-mediated ubiquitin-dependent protein catabolic process 
 GO:0031329~regulation of cellular catabolic process 
 GO:0002768~immune response-regulating cell surface receptor signaling pathway 
 GO:0031349~positive regulation of defense response 
 GO:0010498~proteasomal protein catabolic process 
 GO:0010564~regulation of cell cycle process 
 GO:0016055~Wnt signaling pathway 
 GO:0198738~cell-cell signaling by wnt 
 GO:0010608~posttranscriptional regulation of gene expression 
 GO:0002757~immune response-activating signal transduction 
 GO:0009894~regulation of catabolic process 
 GO:0002009~morphogenesis of an epithelium 
 GO:1905114~cell surface receptor signaling pathway involved in cell-cell signaling 
 GO:0002764~immune response-regulating signaling pathway 
 GO:0002253~activation of immune response 
 GO:0019221~cytokine-mediated signaling pathway 
 GO:0031400~negative regulation of protein modification process 
 GO:0048729~tissue morphogenesis 
 GO:0051347~positive regulation of transferase activity 
 GO:0031347~regulation of defense response 
 GO:0050778~positive regulation of immune response 
 GO:0051726~regulation of cell cycle 
 GO:0071345~cellular response to cytokine stimulus 
 GO:0030162~regulation of proteolysis 
 GO:0060429~epithelium development 
 GO:0034097~response to cytokine 
 GO:0031401~positive regulation of protein modification process 
 GO:0045087~innate immune response 
 GO:0043086~negative regulation of catalytic activity 
 GO:0000165~MAPK cascade 
 GO:0023014~signal transduction by protein phosphorylation 
 GO:0050776~regulation of immune response 
 GO:0051338~regulation of transferase activity 
 GO:0002684~positive regulation of immune system process 
 GO:0009887~organ morphogenesis 
 GO:0032269~negative regulation of cellular protein metabolic process 
 GO:0051248~negative regulation of protein metabolic process 
 GO:0022603~regulation of anatomical structure morphogenesis 
 GO:0032270~positive regulation of cellular protein metabolic process 
 GO:0009968~negative regulation of signal transduction 
 GO:0044092~negative regulation of molecular function 
 GO:0051247~positive regulation of protein metabolic process 
 GO:0010648~negative regulation of cell communication 
 GO:0023057~negative regulation of signaling 
 GO:0031399~regulation of protein modification process 
 GO:0080134~regulation of response to stress 
 GO:0009967~positive regulation of signal transduction 
 GO:0043248~proteasome assembly 
 GO:0007267~cell-cell signaling 
 GO:0006952~defense response 
 GO:0006955~immune response 
 GO:0010647~positive regulation of cell communication 
 GO:0043085~positive regulation of catalytic activity 
 GO:0023056~positive regulation of signaling 
 GO:0006508~proteolysis 
 GO:2000026~regulation of multicellular organismal development 
 GO:0032268~regulation of cellular protein metabolic process 
 GO:0044093~positive regulation of molecular function 
 GO:0006468~protein phosphorylation 
 GO:0051246~regulation of protein metabolic process 
 GO:0048584~positive regulation of response to stimulus 
 GO:0016310~phosphorylation 
 GO:0010605~negative regulation of macromolecule metabolic process 
 GO:0031324~negative regulation of cellular metabolic process 
 GO:0050790~regulation of catalytic activity 
 GO:0009893~positive regulation of metabolic process 
 GO:0009892~negative regulation of metabolic process 
 GO:0035556~intracellular signal transduction 
 GO:0007166~cell surface receptor signaling pathway 
 GO:0009966~regulation of signal transduction 
 GO:0065009~regulation of molecular function 
 GO:0010646~regulation of cell communication 
 GO:0023051~regulation of signaling 
 GO:0006796~phosphate-containing compound metabolic process 
 GO:0006793~phosphorus metabolic process 
 GO:0031325~positive regulation of cellular metabolic process 
 GO:0010604~positive regulation of macromolecule metabolic process 
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 GO:0098632~protein binding involved in cell-cell adhesion 

 GO:0098631~protein binding involved in cell adhesion 

 GO:0098641~cadherin binding involved in cell-cell adhesion 

 GO:0045296~cadherin binding 

 GO:0050839~cell adhesion molecule binding 

 GO:0044877~macromolecular complex binding 

 GO:0004579~dolichyl-diphosphooligosaccharide-protein glycotransferase activity 

 GO:0004576~oligosaccharyl transferase activity 

 GO:0016758~transferase activity, transferring hexosyl groups 

 GO:0016757~transferase activity, transferring glycosyl groups 

 GO:0016509~long-chain-3-hydroxyacyl-CoA dehydrogenase activity 

 GO:0046933~proton-transporting ATP synthase activity, rotational mechanism 

 GO:0019829~cation-transporting ATPase activity 

 GO:0044769~ATPase activity, coupled to transmembrane movement of ions, rotational mechanism 

 GO:0022853~active ion transmembrane transporter activity 

 GO:0015077~monovalent inorganic cation transmembrane transporter activity 

 GO:0022804~active transmembrane transporter activity 

 GO:0042625~ATPase coupled ion transmembrane transporter activity 

 GO:0032403~protein complex binding 

 GO:0015078~hydrogen ion transmembrane transporter activity 

 GO:0042626~ATPase activity, coupled to transmembrane movement of substances 

 GO:0016820~hydrolase activity, acting on acid anhydrides, catalyzing transmembrane movement of substances 

 GO:0015405~P-P-bond-hydrolysis-driven transmembrane transporter activity 

 GO:0015399~primary active transmembrane transporter activity 

 GO:0043492~ATPase activity, coupled to movement of substances 

 GO:0008324~cation transmembrane transporter activity 

 GO:0022890~inorganic cation transmembrane transporter activity 

 GO:0000146~microfilament motor activity 

 GO:0051015~actin filament binding 

 GO:0042623~ATPase activity, coupled 

 GO:0017111~nucleoside-triphosphatase activity 

 GO:0003857~3-hydroxyacyl-CoA dehydrogenase activity 

 GO:0016462~pyrophosphatase activity 

 GO:0016818~hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 

 GO:0016817~hydrolase activity, acting on acid anhydrides 

 GO:0046943~carboxylic acid transmembrane transporter activity 

 GO:0005342~organic acid transmembrane transporter activity 

 GO:0051787~misfolded protein binding 

 GO:0045295~gamma-catenin binding 

 GO:0001618~virus receptor activity 

 GO:0046983~protein dimerization activity 

 GO:0031072~heat shock protein binding 

 GO:0008092~cytoskeletal protein binding 

 GO:0000774~adenyl-nucleotide exchange factor activity 

 GO:0060590~ATPase regulator activity 

 GO:0060589~nucleoside-triphosphatase regulator activity 

 GO:0051087~chaperone binding 

 GO:0036094~small molecule binding 

 GO:0030554~adenyl nucleotide binding 

 GO:0005524~ATP binding 

 GO:0017076~purine nucleotide binding 

 GO:0000166~nucleotide binding 

 GO:1901265~nucleoside phosphate binding 

 GO:0032549~ribonucleoside binding 

 GO:0001882~nucleoside binding 

 GO:0035639~purine ribonucleoside triphosphate binding 

 GO:0032550~purine ribonucleoside binding 

 GO:0001883~purine nucleoside binding 

 GO:0032555~purine ribonucleotide binding 

 GO:0051082~unfolded protein binding 

 GO:0097367~carbohydrate derivative binding 

 GO:0032553~ribonucleotide binding 

 GO:0032559~adenyl ribonucleotide binding 

 GO:0044183~protein binding involved in protein folding 

 GO:0005200~structural constituent of cytoskeleton 

 GO:0008514~organic anion transmembrane transporter activity 

 GO:0003872~6-phosphofructokinase activity 

 GO:0003924~GTPase activity 

 GO:0008443~phosphofructokinase activity 

 GO:0005310~dicarboxylic acid transmembrane transporter activity 

 GO:0005525~GTP binding 

 GO:0008509~anion transmembrane transporter activity 

 GO:0032561~guanyl ribonucleotide binding 

 GO:0019001~guanyl nucleotide binding 

 GO:0019200~carbohydrate kinase activity 

 GO:0051011~microtubule minus-end binding 

 GO:0043015~gamma-tubulin binding 

 GO:0008017~microtubule binding 

 GO:0015631~tubulin binding 

 GO:0003779~actin binding 

 GO:0044822~poly(A) RNA binding 

 GO:0003723~RNA binding 

 GO:0003676~nucleic acid binding 

 GO:0019843~rRNA binding 

 GO:1901363~heterocyclic compound binding 

 GO:0097159~organic cyclic compound binding 

 GO:0003735~structural constituent of ribosome 

 GO:0005198~structural molecule activity 

 GO:0003729~mRNA binding 

 GO:0030515~snoRNA binding 

 GO:0004004~ATP-dependent RNA helicase activity 

 GO:0008186~RNA-dependent ATPase activity 

 GO:0003724~RNA helicase activity 

 GO:0070035~purine NTP-dependent helicase activity 

 GO:0008026~ATP-dependent helicase activity 

 GO:0042393~histone binding 

 GO:0031491~nucleosome binding 

 GO:0003682~chromatin binding 

 GO:0003697~single-stranded DNA binding 

 GO:0003677~DNA binding 

 GO:0003684~damaged DNA binding 

 GO:0005521~lamin binding 

 GO:0016874~ligase activity 

 GO:0050662~coenzyme binding 

 GO:0070003~threonine-type peptidase activity 

 GO:0004298~threonine-type endopeptidase activity 

 GO:0004175~endopeptidase activity 

 GO:0070011~peptidase activity, acting on L-amino acid peptides 

 GO:0008233~peptidase activity 

 GO:0019904~protein domain specific binding 

 GO:0042803~protein homodimerization activity 
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 GO:0050662~coenzyme binding 
 GO:0016616~oxidoreductase activity, acting on the CH-OH group of donors, NAD or NADP as acceptor 
 GO:0016627~oxidoreductase activity, acting on the CH-CH group of donors 
 GO:0005102~receptor binding 
 GO:0048037~cofactor binding 
 GO:0000062~fatty-acyl-CoA binding 
 GO:0016614~oxidoreductase activity, acting on CH-OH group of donors 
 GO:0003997~acyl-CoA oxidase activity 
 GO:1901681~sulfur compound binding 
 GO:0016634~oxidoreductase activity, acting on the CH-CH group of donors, oxygen as acceptor 
 GO:0052890~oxidoreductase activity, acting on the CH-CH group of donors, with a flavin as acceptor 
 GO:0003995~acyl-CoA dehydrogenase activity 
 GO:0050660~flavin adenine dinucleotide binding 
 GO:0047617~acyl-CoA hydrolase activity 
 GO:0016289~CoA hydrolase activity 
 GO:0016628~oxidoreductase activity, acting on the CH-CH group of donors, NAD or NADP as acceptor 
 GO:0016790~thiolester hydrolase activity 
 GO:0016853~isomerase activity 
 GO:0019166~trans-2-enoyl-CoA reductase (NADPH) activity 
 GO:0016508~long-chain-enoyl-CoA hydratase activity 
 GO:0008670~2,4-dienoyl-CoA reductase (NADPH) activity 
 GO:0016401~palmitoyl-CoA oxidase activity 
 GO:0004165~dodecenoyl-CoA delta-isomerase activity 
 GO:0005545~1-phosphatidylinositol binding 
 GO:0044183~protein binding involved in protein folding 
 GO:0017056~structural constituent of nuclear pore 
 GO:0005487~nucleocytoplasmic transporter activity 
 GO:0005521~lamin binding 
 GO:0008139~nuclear localization sequence binding 
 GO:0005048~signal sequence binding 
 GO:0042277~peptide binding 
 GO:0033218~amide binding 
 GO:0048365~Rac GTPase binding 
 GO:0017048~Rho GTPase binding 
 GO:0005200~structural constituent of cytoskeleton 
 GO:0032403~protein complex binding 
 GO:0051015~actin filament binding 
 GO:0003779~actin binding 
 GO:0008093~cytoskeletal adaptor activity 
 GO:0016301~kinase activity 
 GO:0070064~proline-rich region binding 
 GO:0000774~adenyl-nucleotide exchange factor activity 
 GO:0060590~ATPase regulator activity 
 GO:0031072~heat shock protein binding 
 GO:0030234~enzyme regulator activity 
 GO:0005516~calmodulin binding 
 GO:0000146~microfilament motor activity 
 GO:0030898~actin-dependent ATPase activity 
 GO:0003774~motor activity 
 GO:0070016~armadillo repeat domain binding 
 GO:0051721~protein phosphatase 2A binding 
 GO:0070003~threonine-type peptidase activity 
 GO:0004298~threonine-type endopeptidase activity 
 GO:0004175~endopeptidase activity 
 GO:0070011~peptidase activity, acting on L-amino acid peptides 
 GO:0008233~peptidase activity 
 GO:0019904~protein domain specific binding 
 GO:0019900~kinase binding 
 GO:0019901~protein kinase binding 
 GO:0046982~protein heterodimerization activity 
 GO:0019903~protein phosphatase binding 
 GO:0019902~phosphatase binding 
 GO:0030165~PDZ domain binding 
 GO:0015175~neutral amino acid transmembrane transporter activity 
 GO:0046935~1-phosphatidylinositol-3-kinase regulator activity 
 GO:0015171~amino acid transmembrane transporter activity 
 GO:0035014~phosphatidylinositol 3-kinase regulator activity 
 GO:0045294~alpha-catenin binding 
 GO:0001618~virus receptor activity 
 GO:0004579~dolichyl-diphosphooligosaccharide-protein glycotransferase activity 
 GO:0004576~oligosaccharyl transferase activity 
 GO:0005047~signal recognition particle binding 
 GO:0098632~protein binding involved in cell-cell adhesion 
 GO:0098631~protein binding involved in cell adhesion 
 GO:0098641~cadherin binding involved in cell-cell adhesion 
 GO:0045296~cadherin binding 
 GO:0050839~cell adhesion molecule binding 
 GO:0019899~enzyme binding 
 GO:0030695~GTPase regulator activity 
 GO:0008092~cytoskeletal protein binding 
 GO:0005484~SNAP receptor activity 
 GO:0000149~SNARE binding 
 GO:0019905~syntaxin binding 
 GO:0022804~active transmembrane transporter activity 
 GO:0008289~lipid binding 
 GO:0035091~phosphatidylinositol binding 
 GO:0015291~secondary active transmembrane transporter activity 
 GO:0015293~symporter activity 
 GO:0060589~nucleoside-triphosphatase regulator activity 
 GO:0046943~carboxylic acid transmembrane transporter activity 
 GO:0005342~organic acid transmembrane transporter activity 
 GO:0005158~insulin receptor binding 
 GO:0051020~GTPase binding 
 GO:0030674~protein binding, bridging 
 GO:0060090~binding, bridging 
 GO:0008047~enzyme activator activity 
 GO:0005096~GTPase activator activity 
 GO:0098772~molecular function regulator 
 GO:0017016~Ras GTPase binding 
 GO:0031267~small GTPase binding 
 GO:0017137~Rab GTPase binding 
 GO:0015405~P-P-bond-hydrolysis-driven transmembrane transporter activity 
 GO:0015399~primary active transmembrane transporter activity 
 GO:0042626~ATPase activity, coupled to transmembrane movement of substances 
 GO:0016820~hydrolase activity, acting on acid anhydrides, catalyzing transmembrane movement of substances 
 GO:0043492~ATPase activity, coupled to movement of substances 
 GO:0008565~protein transporter activity 
 GO:0022853~active ion transmembrane transporter activity 
 GO:0042625~ATPase coupled ion transmembrane transporter activity 
 GO:0019829~cation-transporting ATPase activity 
 GO:0046915~transition metal ion transmembrane transporter activity 
 GO:0030276~clathrin binding 
 GO:0015294~solute:cation symporter activity 
 GO:1901981~phosphatidylinositol phosphate binding 
 GO:0015296~anion:cation symporter activity 
 GO:0005543~phospholipid binding 
 GO:0008324~cation transmembrane transporter activity 
 GO:0046873~metal ion transmembrane transporter activity 
 GO:0005385~zinc ion transmembrane transporter activity 
 GO:0035615~clathrin adaptor activity 
 GO:0098748~endocytic adaptor activity 
 GO:0022820~potassium ion symporter activity 
 GO:0015379~potassium:chloride symporter activity 
 GO:0005154~epidermal growth factor receptor binding 
 GO:1990459~transferrin receptor binding 
 GO:1990460~leptin receptor binding 
 GO:0015662~ATPase activity, coupled to transmembrane movement of ions, phosphorylative mechanism 
 GO:0008200~ion channel inhibitor activity 
 GO:0016248~channel inhibitor activity 
 GO:0017112~Rab guanyl-nucleotide exchange factor activity 
 GO:0015377~cation:chloride symporter activity 
 GO:0022890~inorganic cation transmembrane transporter activity 
 GO:0019869~chloride channel inhibitor activity 
 GO:0015077~monovalent inorganic cation transmembrane transporter activity 
 GO:0017081~chloride channel regulator activity 
 GO:0005537~mannose binding 
 GO:0070273~phosphatidylinositol-4-phosphate binding 
 GO:0001054~RNA polymerase I activity 
 GO:0048027~mRNA 5’-UTR binding 
 GO:0045182~translation regulator activity 
 GO:0016779~nucleotidyltransferase activity 
 GO:0003899~DNA-directed RNA polymerase activity 
 GO:0034062~RNA polymerase activity 
 GO:0042623~ATPase activity, coupled 
 GO:0016887~ATPase activity 
 GO:0017111~nucleoside-triphosphatase activity 
 GO:0016462~pyrophosphatase activity 
 GO:0016818~hydrolase activity, acting on acid anhydrides, in phosphorus-containing anhydrides 
 GO:0016817~hydrolase activity, acting on acid anhydrides 
 GO:0044822~poly(A) RNA binding 
 GO:0003723~RNA binding 
 GO:0003676~nucleic acid binding 
 GO:1901363~heterocyclic compound binding 
 GO:0097159~organic cyclic compound binding 
 GO:0004004~ATP-dependent RNA helicase activity 
 GO:0008186~RNA-dependent ATPase activity 
 GO:0003724~RNA helicase activity 
 GO:0008026~ATP-dependent helicase activity 
 GO:0070035~purine NTP-dependent helicase activity 
 GO:0004386~helicase activity 
 GO:0030515~snoRNA binding 
 GO:0034511~U3 snoRNA binding 
 GO:0008173~RNA methyltransferase activity 
 GO:0003735~structural constituent of ribosome 
 GO:0019843~rRNA binding 
 GO:0005198~structural molecule activity 
 GO:0070180~large ribosomal subunit rRNA binding 
 GO:0043021~ribonucleoprotein complex binding 
 GO:1990932~5.8S rRNA binding 
 GO:0008649~rRNA methyltransferase activity 
 GO:0070181~small ribosomal subunit rRNA binding 
 GO:0036094~small molecule binding 
 GO:0000166~nucleotide binding 
 GO:1901265~nucleoside phosphate binding 
 GO:0032549~ribonucleoside binding 
 GO:0001882~nucleoside binding 
 GO:0008757~S-adenosylmethionine-dependent methyltransferase activity 
 GO:0044877~macromolecular complex binding 
 GO:0033170~protein-DNA loading ATPase activity 
 GO:0003689~DNA clamp loader activity 
 GO:0030554~adenyl nucleotide binding 
 GO:0005524~ATP binding 
 GO:0032559~adenyl ribonucleotide binding 
 GO:0044212~transcription regulatory region DNA binding 
 GO:0000975~regulatory region DNA binding 
 GO:0001067~regulatory region nucleic acid binding 
 GO:0003677~DNA binding 
 GO:0000217~DNA secondary structure binding 
 GO:0000988~transcription factor activity, protein binding 
 GO:0003712~transcription cofactor activity 
 GO:0003690~double-stranded DNA binding 
 GO:0003684~damaged DNA binding 
 GO:0008080~N-acetyltransferase activity 
 GO:0003682~chromatin binding 
 GO:0043566~structure-specific DNA binding 
 GO:0042393~histone binding 
 GO:0008094~DNA-dependent ATPase activity 
 GO:0003713~transcription coactivator activity 
 GO:0016407~acetyltransferase activity 
 GO:0004402~histone acetyltransferase activity 
 GO:0061733~peptide-lysine-N-acetyltransferase activity 
 GO:1990837~sequence-specific double-stranded DNA binding 
 GO:0002039~p53 binding 
 GO:0003714~transcription corepressor activity 
 GO:0034212~peptide N-acetyltransferase activity 
 GO:0016747~transferase activity, transferring acyl groups other than amino-acyl groups 
 GO:0001075~transcription factor activity, RNA polymerase II core promoter sequence-specific binding involved in preinitiation complex assembly 
 GO:0016410~N-acyltransferase activity 
 GO:0000983~transcription factor activity, RNA polymerase II core promoter sequence-specific 
 GO:0004003~ATP-dependent DNA helicase activity 
 GO:0000977~RNA polymerase II regulatory region sequence-specific DNA binding 
 GO:0001012~RNA polymerase II regulatory region DNA binding 
 GO:0003700~transcription factor activity, sequence-specific DNA binding 
 GO:0001071~nucleic acid binding transcription factor activity 
 GO:0000976~transcription regulatory region sequence-specific DNA binding 
 GO:0000400~four-way junction DNA binding 
 GO:0000989~transcription factor activity, transcription factor binding 
 GO:0043142~single-stranded DNA-dependent ATPase activity 
 GO:0043565~sequence-specific DNA binding 
 GO:0032142~single guanine insertion binding 
 GO:0035064~methylated histone binding 
 GO:0003678~DNA helicase activity 
 GO:0016891~endoribonuclease activity, producing 5’-phosphomonoesters 
 GO:0000403~Y-form DNA binding 
 GO:0032137~guanine/thymine mispair binding 
 GO:0032357~oxidized purine DNA binding 
 GO:0032356~oxidized DNA binding 
 GO:0032138~single base insertion or deletion binding 
 GO:0016893~endonuclease activity, active with either ribo- or deoxyribonucleic acids and producing 5’-phosphomonoesters 
 GO:0018024~histone-lysine N-methyltransferase activity 
 GO:0070087~chromo shadow domain binding 
 GO:0032135~DNA insertion or deletion binding 
 GO:0016279~protein-lysine N-methyltransferase activity 
 GO:0016278~lysine N-methyltransferase activity 
 GO:0042054~histone methyltransferase activity 
 GO:0004521~endoribonuclease activity 
 GO:0031491~nucleosome binding 
 GO:0008134~transcription factor binding 
 GO:0035639~purine ribonucleoside triphosphate binding 
 GO:0032550~purine ribonucleoside binding 
 GO:0001883~purine nucleoside binding 
 GO:0032555~purine ribonucleotide binding 
 GO:0032553~ribonucleotide binding 
 GO:0017076~purine nucleotide binding 
 GO:0051082~unfolded protein binding 
 GO:0016810~hydrolase activity, acting on carbon-nitrogen (but not peptide) bonds 
 GO:0031005~filamin binding 
 GO:0032561~guanyl ribonucleotide binding 
 GO:0019001~guanyl nucleotide binding 
 GO:0036033~mediator complex binding 
 GO:0046961~proton-transporting ATPase activity, rotational mechanism 
 GO:0036442~hydrogen-exporting ATPase activity 
 GO:0044769~ATPase activity, coupled to transmembrane movement of ions, rotational mechanism 
 GO:0097367~carbohydrate derivative binding 
 GO:0005525~GTP binding 
 GO:0003924~GTPase activity 
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 GO:0072329~monocarboxylic acid catabolic process 

 GO:0006631~fatty acid metabolic process 

 GO:0019752~carboxylic acid metabolic process 

 GO:0009062~fatty acid catabolic process 

 GO:0043436~oxoacid metabolic process 

 GO:0032787~monocarboxylic acid metabolic process 

 GO:0006082~organic acid metabolic process 

 GO:0044712~single-organism catabolic process 

 GO:0044242~cellular lipid catabolic process 

 GO:0006635~fatty acid beta-oxidation 

 GO:0055114~oxidation-reduction process 

 GO:0006629~lipid metabolic process 

 GO:0030258~lipid modification 

 GO:0044255~cellular lipid metabolic process 

 GO:0016042~lipid catabolic process 

 GO:0001676~long-chain fatty acid metabolic process 

 GO:0008610~lipid biosynthetic process 

 GO:0051259~protein oligomerization 

 GO:0046395~carboxylic acid catabolic process 

 GO:0016054~organic acid catabolic process 

 GO:0044282~small molecule catabolic process 

 GO:0033540~fatty acid beta-oxidation using acyl-CoA oxidase 

 GO:0008202~steroid metabolic process 

 GO:0000038~very long-chain fatty acid metabolic process 

 GO:0044283~small molecule biosynthetic process 

 GO:0008206~bile acid metabolic process 

 GO:0044743~intracellular protein transmembrane import 

 GO:0065002~intracellular protein transmembrane transport 

 GO:0071806~protein transmembrane transport 

 GO:0006690~icosanoid metabolic process 

 GO:0055088~lipid homeostasis 

 GO:0006694~steroid biosynthetic process 

 GO:1901093~regulation of protein homotetramerization 

 GO:1901091~negative regulation of protein tetramerization 

 GO:1901094~negative regulation of protein homotetramerization 

 GO:1901090~regulation of protein tetramerization 

 GO:0016561~protein import into peroxisome matrix, translocation
 

 GO:0008611~ether lipid biosynthetic process 

 GO:0046504~glycerol ether biosynthetic process 

 GO:0016560~protein import into peroxisome matrix, docking 

 GO:1901503~ether biosynthetic process 

 GO:0019395~fatty acid oxidation 

 GO:0034440~lipid oxidation 

 GO:0007031~peroxisome organization 

 GO:0072330~monocarboxylic acid biosynthetic process 

 GO:0046394~carboxylic acid biosynthetic process 

 GO:0016053~organic acid biosynthetic process 

 GO:0016558~protein import into peroxisome matrix 

 GO:0006732~coenzyme metabolic process 

 GO:0006625~protein targeting to peroxisome 

 GO:0072663~establishment of protein localization to peroxisome 

 GO:0072662~protein localization to peroxisome 

 GO:0043574~peroxisomal transport 

 GO:0033539~fatty acid beta-oxidation using acyl-CoA dehydrogenase 

 GO:0051186~cofactor metabolic process 

 GO:0006699~bile acid biosynthetic process 

 GO:0006693~prostaglandin metabolic process 

 GO:0006692~prostanoid metabolic process 

 GO:0070542~response to fatty acid 

 GO:0051289~protein homotetramerization 

 GO:0036109~alpha-linolenic acid metabolic process 

 GO:0033559~unsaturated fatty acid metabolic process 

 GO:0051262~protein tetramerization 

 GO:0006066~alcohol metabolic process 

 GO:0006790~sulfur compound metabolic process 

 GO:1901615~organic hydroxy compound metabolic process 

 GO:0030520~intracellular estrogen receptor signaling pathway 

 GO:0021592~fourth ventricle development 

 GO:0051568~histone H3-K4 methylation 

 GO:0021678~third ventricle development 

 GO:0043686~co-translational protein modification 

 GO:0097485~neuron projection guidance 

 GO:2000059~negative regulation of protein ubiquitination involved in ubiquitin-dependent protein catabolic process 

 GO:0035966~response to topologically incorrect protein 

 GO:0006986~response to unfolded protein 

 GO:0034976~response to endoplasmic reticulum stress 

 GO:0010033~response to organic substance 

 GO:0035967~cellular response to topologically incorrect protein 

 GO:0030968~endoplasmic reticulum unfolded protein response 

 GO:0034620~cellular response to unfolded protein 

 GO:0036498~IRE1-mediated unfolded protein response 

 GO:0007029~endoplasmic reticulum organization 

 GO:0032386~regulation of intracellular transport 

 GO:0030433~ER-associated ubiquitin-dependent protein catabolic process 

 GO:0036503~ERAD pathway 

 GO:0060628~regulation of ER to Golgi vesicle-mediated transport 

 GO:0032527~protein exit from endoplasmic reticulum

 GO:0006487~protein N-linked glycosylation 

 GO:0071569~protein ufmylation 

 GO:0090435~protein localization to nuclear envelope 

 GO:0071786~endoplasmic reticulum tubular network organization 

 GO:0034975~protein folding in endoplasmic reticulum
 

 GO:0030970~retrograde protein transport, ER to cytosol 

 GO:1903513~endoplasmic reticulum to cytosol transport 

 GO:1902235~regulation of endoplasmic reticulum stress-induced intrinsic apoptotic signaling pathway 

 GO:0032781~positive regulation of ATPase activity 

 GO:1903573~negative regulation of response to endoplasmic reticulum stress 

 GO:0006984~ER-nucleus signaling pathway 

 GO:0010498~proteasomal protein catabolic process 

 GO:0030163~protein catabolic process 

 GO:0043161~proteasome-mediated ubiquitin-dependent protein catabolic process 

 GO:0009894~regulation of catabolic process 

 GO:0051168~nuclear export 

 GO:0071426~ribonucleoprotein complex export from nucleus 

 GO:0022411~cellular component disassembly 

 GO:0071166~ribonucleoprotein complex localization 

 GO:0006999~nuclear pore organization 

 GO:0046931~pore complex assembly 

 GO:0051292~nuclear pore complex assembly 

 GO:0006998~nuclear envelope organization

 GO:0006997~nucleus organization 

 GO:0000972~transcription-dependent tethering of RNA polymerase II gene DNA at nuclear periphery 

 GO:0007077~mitotic nuclear envelope disassembly 

 GO:0030397~membrane disassembly 

 GO:0051081~nuclear envelope disassembly 

 GO:0006409~tRNA export from nucleus 

 GO:0071431~tRNA-containing ribonucleoprotein complex export from nucleus 

 GO:0051031~tRNA transport 

 GO:0034504~protein localization to nucleus 

 GO:0006406~mRNA export from nucleus 

 GO:0071427~mRNA-containing ribonucleoprotein complex export from nucleus 

 GO:0006405~RNA export from nucleus 

 GO:0050658~RNA transport 

 GO:0050657~nucleic acid transport 

 GO:0051236~establishment of RNA localization 

 GO:0015931~nucleobase-containing compound transport 

 GO:0010827~regulation of glucose transport 

 GO:0031047~gene silencing by RNA 

 GO:0016458~gene silencing 

 GO:0075733~intracellular transport of virus 

 GO:1902583~multi-organism intracellular transport 

 GO:1902581~multi-organism cellular localization
 

 GO:0046794~transport of virus 

 GO:1902579~multi-organism localization 

 GO:0044766~multi-organism transport 

 GO:0051169~nuclear transport 

 GO:0016925~protein sumoylation 

 GO:0006403~RNA localization 

 GO:0051028~mRNA transport 

 GO:0006913~nucleocytoplasmic transport 

 GO:1900034~regulation of cellular response to heat 

 GO:0080135~regulation of cellular response to stress 

 GO:0044744~protein targeting to nucleus 

 GO:0006606~protein import into nucleus 

 GO:0017038~protein import 

 GO:0051170~nuclear import 

 GO:1902593~single-organism nuclear import 

 GO:0006607~NLS-bearing protein import into nucleus 

 GO:0019054~modulation by virus of host process 

 GO:0044068~modulation by symbiont of host cellular process 

 GO:0071705~nitrogen compound transport 

 GO:0050000~chromosome localization 

 GO:0051701~interaction with host 

 GO:0019048~modulation by virus of host morphology or physiology 

 GO:0044003~modification by symbiont of host morphology or physiology 

 GO:0051817~modification of morphology or physiology of other organism involved in symbiotic interaction 

 GO:0035821~modification of morphology or physiology of other organism 

 GO:0080134~regulation of response to stress 

 GO:0006464~cellular protein modification process 

 GO:0036211~protein modification process 

 GO:0006457~protein folding 

 GO:0006626~protein targeting to mitochondrion 

 GO:0006839~mitochondrial transport 

 GO:0072655~establishment of protein localization to mitochondrion 

 GO:0070585~protein localization to mitochondrion

 GO:0042026~protein refolding 

 GO:0043549~regulation of kinase activity 

 GO:0031647~regulation of protein stability 

 GO:0001934~positive regulation of protein phosphorylation 

 GO:0051129~negative regulation of cellular component organization 

 GO:0032434~regulation of proteasomal ubiquitin-dependent protein catabolic process 

 GO:0016070~RNA metabolic process 

 GO:0010467~gene expression 

 GO:0090502~RNA phosphodiester bond hydrolysis, endonucleolytic 

 GO:0090501~RNA phosphodiester bond hydrolysis 

 GO:0090305~nucleic acid phosphodiester bond hydrolysis 

 GO:0034645~cellular macromolecule biosynthetic process 

 GO:0032774~RNA biosynthetic process 

 GO:0034654~nucleobase-containing compound biosynthetic process 

 GO:0018130~heterocycle biosynthetic process 

 GO:0019438~aromatic compound biosynthetic process 

 GO:0034622~cellular macromolecular complex assembly 

 GO:0009303~rRNA transcription 

 GO:0090150~establishment of protein localization to membrane 

 GO:0072657~protein localization to membrane 

 GO:0044085~cellular component biogenesis 

 GO:0033365~protein localization to organelle 

 GO:0006605~protein targeting 

 GO:1902582~single-organism intracellular transport 

 GO:0016032~viral process 

 GO:0044764~multi-organism cellular process 

 GO:0072594~establishment of protein localization to organelle 

 GO:0019058~viral life cycle 

 GO:0044403~symbiosis, encompassing mutualism through parasitism
 

 GO:0044419~interspecies interaction between organisms 

 GO:0009057~macromolecule catabolic process 

 GO:0044248~cellular catabolic process 

 GO:0019083~viral transcription 

 GO:0019080~viral gene expression 

 GO:0044033~multi-organism metabolic process 

 GO:0042273~ribosomal large subunit biogenesis 

 GO:0070972~protein localization to endoplasmic reticulum
 

 GO:0072599~establishment of protein localization to endoplasmic reticulum
 

 GO:0043043~peptide biosynthetic process 

 GO:0006402~mRNA catabolic process 

 GO:0000184~nuclear-transcribed mRNA catabolic process, nonsense-mediated decay 

 GO:0006401~RNA catabolic process 

 GO:0000956~nuclear-transcribed mRNA catabolic process 

 GO:0034655~nucleobase-containing compound catabolic process 

 GO:0046700~heterocycle catabolic process 

 GO:0044270~cellular nitrogen compound catabolic process 

 GO:0019439~aromatic compound catabolic process 

 GO:1901361~organic cyclic compound catabolic process 

 GO:0000463~maturation of LSU-rRNA from tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA) 

 GO:0000460~maturation of 5.8S rRNA 

 GO:0016071~mRNA metabolic process 

 GO:0006614~SRP-dependent cotranslational protein targeting to membrane 

 GO:0006613~cotranslational protein targeting to membrane 

 GO:0045047~protein targeting to ER 

 GO:0006612~protein targeting to membrane 

 GO:0000470~maturation of LSU-rRNA 

 GO:0006412~translation 

 GO:0043604~amide biosynthetic process 

 GO:0006518~peptide metabolic process 

 GO:0043603~cellular amide metabolic process 

 GO:1901566~organonitrogen compound biosynthetic process 

 GO:0006413~translational initiation 

 GO:0022618~ribonucleoprotein complex assembly 

 GO:0071826~ribonucleoprotein complex subunit organization 

 GO:0070125~mitochondrial translational elongation
 

 GO:0070126~mitochondrial translational termination 

 GO:0006415~translational termination

 GO:0032543~mitochondrial translation 

 GO:0042255~ribosome assembly 

 GO:0006414~translational elongation 

 GO:0002181~cytoplasmic translation

 GO:0042254~ribosome biogenesis 

 GO:0022613~ribonucleoprotein complex biogenesis 

 GO:0006364~rRNA processing 

 GO:0016072~rRNA metabolic process 

 GO:0034470~ncRNA processing 

 GO:0034660~ncRNA metabolic process 

 GO:0006396~RNA processing 

 GO:0000478~endonucleolytic cleavage involved in rRNA processing 

 GO:0000469~cleavage involved in rRNA processing 

 GO:0000479~endonucleolytic cleavage of tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA)
 

 GO:0000466~maturation of 5.8S rRNA from tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA) 

 GO:0000480~endonucleolytic cleavage in 5’-ETS of tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA)
 

 GO:0000447~endonucleolytic cleavage in ITS1 to separate SSU-rRNA from 5.8S rRNA and LSU-rRNA from tricistronic rRNA transcript
 (SSU-rRNA, 5.8S rRNA, LSU-rRNA) 

 GO:0044265~cellular macromolecule catabolic process 

 GO:0010501~RNA secondary structure unwinding
 

 GO:0000462~maturation of SSU-rRNA from tricistronic rRNA transcript (SSU-rRNA, 5.8S rRNA, LSU-rRNA) 

 GO:0042274~ribosomal small subunit biogenesis 

 GO:0030490~maturation of SSU-rRNA
 

 GO:0001510~RNA methylation 

 GO:0000154~rRNA modification 

 GO:0009451~RNA modification 

 GO:0007005~mitochondrion organization
 

 GO:0000027~ribosomal large subunit assembly 

 GO:0043624~cellular protein complex disassembly 

 GO:0043241~protein complex disassembly 

 GO:0032984~macromolecular complex disassembly 

 GO:0033750~ribosome localization 

 GO:0033753~establishment of ribosome localization 

 GO:0000054~ribosomal subunit export from nucleus 

 GO:0071428~rRNA-containing ribonucleoprotein complex export from nucleus 

 GO:0006417~regulation of translation 

 GO:0034471~ncRNA 5’-end processing
 

 GO:0000472~endonucleolytic cleavage to generate mature 5’-end of SSU-rRNA from (SSU-rRNA, 5.8S rRNA, LSU-rRNA) 

 GO:0000967~rRNA 5’-end processing
 

 GO:0034248~regulation of cellular amide metabolic process 

 GO:0000028~ribosomal small subunit assembly 

 GO:0000966~RNA 5’-end processing 

 GO:0031167~rRNA methylation 

 GO:0010608~posttranscriptional regulation of gene expression 

 GO:0007000~nucleolus organization 

 GO:0006360~transcription from RNA polymerase I promoter 

 GO:0016074~snoRNA metabolic process 

 GO:0006353~DNA-templated transcription, termination 

 GO:0006363~termination of RNA polymerase I transcription 

 GO:0006362~transcription elongation from RNA polymerase I promoter 

 GO:0006361~transcription initiation from RNA polymerase I promoter 

 GO:0007004~telomere maintenance via telomerase 

 GO:0043933~macromolecular complex subunit organization 

 GO:0033554~cellular response to stress 

 GO:0032446~protein modification by small protein conjugation 

 GO:0007346~regulation of mitotic cell cycle 

 GO:0051726~regulation of cell cycle 

 GO:0040029~regulation of gene expression, epigenetic 

 GO:0045815~positive regulation of gene expression, epigenetic 

 GO:0043414~macromolecule methylation 

 GO:0032259~methylation 

 GO:0006354~DNA-templated transcription, elongation 

 GO:0033043~regulation of organelle organization 

 GO:0051301~cell division 

 GO:0007049~cell cycle 

 GO:0022402~cell cycle process 

 GO:0000278~mitotic cell cycle 

 GO:1903047~mitotic cell cycle process 

 GO:0070647~protein modification by small protein conjugation or removal
 

 GO:0051276~chromosome organization 

 GO:0006259~DNA metabolic process 

 GO:0019219~regulation of nucleobase-containing compound metabolic process 

 GO:0097659~nucleic acid-templated transcription 

 GO:1903506~regulation of nucleic acid-templated transcription
 

 GO:2001141~regulation of RNA biosynthetic process 

 GO:0051171~regulation of nitrogen compound metabolic process 

 GO:0010468~regulation of gene expression 

 GO:0010605~negative regulation of macromolecule metabolic process 

 GO:0009892~negative regulation of metabolic process 

 GO:0000819~sister chromatid segregation
 

 GO:0098813~nuclear chromosome segregation 

 GO:0007059~chromosome segregation 

 GO:0010629~negative regulation of gene expression 

 GO:0018205~peptidyl-lysine modification 

 GO:0018193~peptidyl-amino acid modification 

 GO:0007062~sister chromatid cohesion 

 GO:0034968~histone lysine methylation 

 GO:0018022~peptidyl-lysine methylation

 GO:0016571~histone methylation 

 GO:0006479~protein methylation 

 GO:0008213~protein alkylation 

 GO:0010564~regulation of cell cycle process 

 GO:0031324~negative regulation of cellular metabolic process 

 GO:0010604~positive regulation of macromolecule metabolic process 

 GO:0009893~positive regulation of metabolic process 

 GO:0006260~DNA replication 

 GO:0016569~covalent chromatin modification 

 GO:0006351~transcription, DNA-templated 

 GO:0051052~regulation of DNA metabolic process 

 GO:0006261~DNA-dependent DNA replication
 

 GO:0006323~DNA packaging 

 GO:1903508~positive regulation of nucleic acid-templated transcription
 

 GO:0045893~positive regulation of transcription, DNA-templated 

 GO:0051173~positive regulation of nitrogen compound metabolic process 

 GO:0045935~positive regulation of nucleobase-containing compound metabolic process 

 GO:0051253~negative regulation of RNA metabolic process 

 GO:1902679~negative regulation of RNA biosynthetic process 

 GO:1903507~negative regulation of nucleic acid-templated transcription 

 GO:0045786~negative regulation of cell cycle 

 GO:0006325~chromatin organization 

 GO:0006974~cellular response to DNA damage stimulus 

 GO:0071824~protein-DNA complex subunit organization 

 GO:0006352~DNA-templated transcription, initiation 

 GO:2000113~negative regulation of cellular macromolecule biosynthetic process 

 GO:0018394~peptidyl-lysine acetylation 

 GO:0010948~negative regulation of cell cycle process 

 GO:0045787~positive regulation of cell cycle 

 GO:0006355~regulation of transcription, DNA-templated 

 GO:0065004~protein-DNA complex assembly 

 GO:1902275~regulation of chromatin organization 

 GO:0043543~protein acylation 

 GO:0006367~transcription initiation from RNA polymerase II promoter 

 GO:0044702~single organism reproductive process 

 GO:0006473~protein acetylation 

 GO:0022414~reproductive process 

 GO:0000122~negative regulation of transcription from RNA polymerase II promoter 

 GO:0000003~reproduction 

 GO:0090068~positive regulation of cell cycle process 

 GO:0010639~negative regulation of organelle organization 

 GO:2000112~regulation of cellular macromolecule biosynthetic process 

 GO:0098781~ncRNA transcription 

 GO:0010556~regulation of macromolecule biosynthetic process 

 GO:0045892~negative regulation of transcription, DNA-templated 

 GO:0031328~positive regulation of cellular biosynthetic process 

 GO:0009891~positive regulation of biosynthetic process 

 GO:0051252~regulation of RNA metabolic process 

 GO:0006333~chromatin assembly or disassembly 

 GO:0006302~double-strand break repair 

 GO:0008156~negative regulation of DNA replication 

 GO:0032200~telomere organization 

 GO:0006334~nucleosome assembly 

 GO:0006306~DNA methylation 

 GO:0006305~DNA alkylation 

 GO:0006271~DNA strand elongation involved in DNA replication 

 GO:0044728~DNA methylation or demethylation 

 GO:0022616~DNA strand elongation 

 GO:0000722~telomere maintenance via recombination 

 GO:0032392~DNA geometric change 

 GO:0016073~snRNA metabolic process 

 GO:0006312~mitotic recombination 

 GO:0006304~DNA modification 

 GO:0006383~transcription from RNA polymerase III promoter 

 GO:0006301~postreplication repair 

 GO:0006289~nucleotide-excision repair 

 GO:0033045~regulation of sister chromatid segregation 

 GO:0008406~gonad development 

 GO:0032508~DNA duplex unwinding 

 GO:0045137~development of primary sexual characteristics 

 GO:0009411~response to UV 

 GO:1902680~positive regulation of RNA biosynthetic process 

 GO:0006336~DNA replication-independent nucleosome assembly 

 GO:0051254~positive regulation of RNA metabolic process 

 GO:0034724~DNA replication-independent nucleosome organization 

 GO:0010212~response to ionizing radiation 

 GO:2001252~positive regulation of chromosome organization
 

 GO:0051783~regulation of nuclear division 

 GO:0007064~mitotic sister chromatid cohesion 

 GO:0034728~nucleosome organization 

 GO:1901796~regulation of signal transduction by p53 class mediator 

 GO:0006366~transcription from RNA polymerase II promoter 

 GO:0000070~mitotic sister chromatid segregation 

 GO:0007067~mitotic nuclear division 

 GO:0045934~negative regulation of nucleobase-containing compound metabolic process 

 GO:0051053~negative regulation of DNA metabolic process 

 GO:0031497~chromatin assembly 

 GO:0051172~negative regulation of nitrogen compound metabolic process 

 GO:0006275~regulation of DNA replication 

 GO:0060249~anatomical structure homeostasis 

 GO:0006338~chromatin remodeling 

 GO:0009314~response to radiation
 

 GO:0042769~DNA damage response, detection of DNA damage 

 GO:0042795~snRNA transcription from RNA polymerase II promoter 

 GO:0009301~snRNA transcription 

 GO:0006283~transcription-coupled nucleotide-excision repair 

 GO:1900262~regulation of DNA-directed DNA polymerase activity 

 GO:1900264~positive regulation of DNA-directed DNA polymerase activity 

 GO:0006273~lagging strand elongation 

 GO:2001251~negative regulation of chromosome organization 

 GO:0031056~regulation of histone modification 

 GO:0045910~negative regulation of DNA recombination 

 GO:0006266~DNA ligation 

 GO:0016578~histone deubiquitination 

 GO:0051123~RNA polymerase II transcriptional preinitiation complex assembly 

 GO:0070897~DNA-templated transcriptional preinitiation complex assembly 

 GO:0006399~tRNA metabolic process 

 GO:0010165~response to X-ray 

 GO:0000281~mitotic cytokinesis 

 GO:0006298~mismatch repair 

 GO:0006281~DNA repair 

 GO:0006357~regulation of transcription from RNA polymerase II promoter 

 GO:0010558~negative regulation of macromolecule biosynthetic process 

 GO:0071103~DNA conformation change 

 GO:0000280~nuclear division 

 GO:0090329~regulation of DNA-dependent DNA replication 

 GO:0048285~organelle fission 

 GO:0031327~negative regulation of cellular biosynthetic process 

 GO:0009890~negative regulation of biosynthetic process 

 GO:0016570~histone modification 

 GO:0006368~transcription elongation from RNA polymerase II promoter 

 GO:0000723~telomere maintenance 

 GO:2000104~negative regulation of DNA-dependent DNA replication 

 GO:0006297~nucleotide-excision repair, DNA gap filling 

 GO:0044786~cell cycle DNA replication 

 GO:0006335~DNA replication-dependent nucleosome assembly 

 GO:0034723~DNA replication-dependent nucleosome organization 

 GO:0006296~nucleotide-excision repair, DNA incision, 5’-to lesion 

 GO:0051321~meiotic cell cycle 

 GO:0033683~nucleotide-excision repair, DNA incision
 

 GO:0006303~double-strand break repair via nonhomologous end joining 

 GO:0045944~positive regulation of transcription from RNA polymerase II promoter 

 GO:0043570~maintenance of DNA repeat elements 

 GO:0000731~DNA synthesis involved in DNA repair 

 GO:0000726~non-recombinational repair 

 GO:0051096~positive regulation of helicase activity 

 GO:0000710~meiotic mismatch repair 

 GO:0010216~maintenance of DNA methylation 

 GO:0051256~mitotic spindle midzone assembly 

 GO:0075713~establishment of integrated proviral latency 

 GO:0042023~DNA endoreduplication 

 GO:0032875~regulation of DNA endoreduplication 

 GO:2000278~regulation of DNA biosynthetic process 

 GO:0000022~mitotic spindle elongation 

 GO:0051095~regulation of helicase activity 

 GO:0019043~establishment of viral latency 

 GO:0051231~spindle elongation 

 GO:0051255~spindle midzone assembly 

 GO:0007127~meiosis I 

 GO:0051103~DNA ligation involved in DNA repair 

 GO:0019042~viral latency 

 GO:0006310~DNA recombination 

 GO:0033044~regulation of chromosome organization 

 GO:0042797~tRNA transcription from RNA polymerase III promoter 

 GO:0042791~5S class rRNA transcription from RNA polymerase III type 1 promoter 

 GO:0051983~regulation of chromosome segregation 

 GO:0009304~tRNA transcription 

 GO:0010557~positive regulation of macromolecule biosynthetic process 

 GO:0010628~positive regulation of gene expression 

 GO:0016573~histone acetylation 

 GO:0018393~internal peptidyl-lysine acetylation 

 GO:0042276~error-prone translesion synthesis 

 GO:0070987~error-free translesion synthesis 

 GO:0006475~internal protein amino acid acetylation 

 GO:0007063~regulation of sister chromatid cohesion 

 GO:0007126~meiotic nuclear division
 

 GO:0070979~protein K11-linked ubiquitination 

 GO:1903046~meiotic cell cycle process 

 GO:0051567~histone H3-K9 methylation 

 GO:0071897~DNA biosynthetic process 

 GO:0051054~positive regulation of DNA metabolic process 

 GO:0061647~histone H3-K9 modification 

 GO:0007052~mitotic spindle organization 

 GO:0019985~translesion synthesis 

 GO:0031060~regulation of histone methylation 

 GO:0031325~positive regulation of cellular metabolic process 

 GO:0032876~negative regulation of DNA endoreduplication 

 GO:0031401~positive regulation of protein modification process 

 GO:0051338~regulation of transferase activity 

 GO:0032270~positive regulation of cellular protein metabolic process 

 GO:0051247~positive regulation of protein metabolic process 

 GO:0031399~regulation of protein modification process 

 GO:0032268~regulation of cellular protein metabolic process 

 GO:0051246~regulation of protein metabolic process 

 GO:0051347~positive regulation of transferase activity 

 GO:1901990~regulation of mitotic cell cycle phase transition 

 GO:1901987~regulation of cell cycle phase transition
 

 GO:0044772~mitotic cell cycle phase transition 

 GO:0044770~cell cycle phase transition 

 GO:0051436~negative regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle 

 GO:0051439~regulation of ubiquitin-protein ligase activity involved in mitotic cell cycle 

 GO:1904667~negative regulation of ubiquitin protein ligase activity 

 GO:0051437~positive regulation of ubiquitin-protein ligase activity involved in regulation of mitotic cell cycle transition 

 GO:0031145~anaphase-promoting complex-dependent catabolic process 

 GO:0051444~negative regulation of ubiquitin-protein transferase activity 

 GO:1904668~positive regulation of ubiquitin protein ligase activity 

 GO:1904666~regulation of ubiquitin protein ligase activity 

 GO:2000060~positive regulation of protein ubiquitination involved in ubiquitin-dependent protein catabolic process 

 GO:0051443~positive regulation of ubiquitin-protein transferase activity 

 GO:0051438~regulation of ubiquitin-protein transferase activity 

 GO:2000058~regulation of protein ubiquitination involved in ubiquitin-dependent protein catabolic process 

 GO:1903052~positive regulation of proteolysis involved in cellular protein catabolic process 

 GO:1903364~positive regulation of cellular protein catabolic process 

 GO:0031397~negative regulation of protein ubiquitination 

 GO:1903321~negative regulation of protein modification by small protein conjugation or removal 

 GO:0042787~protein ubiquitination involved in ubiquitin-dependent protein catabolic process 

 GO:1903362~regulation of cellular protein catabolic process 

 GO:0031396~regulation of protein ubiquitination 

 GO:1903050~regulation of proteolysis involved in cellular protein catabolic process 

 GO:0002429~immune response-activating cell surface receptor signaling pathway 

 GO:0043488~regulation of mRNA stability 

 GO:0031398~positive regulation of protein ubiquitination 

 GO:0060828~regulation of canonical Wnt signaling pathway 

 GO:0010565~regulation of cellular ketone metabolic process 

 GO:0034612~response to tumor necrosis factor 

 GO:0050852~T cell receptor signaling pathway 

 GO:0002758~innate immune response-activating signal transduction 

 GO:0090090~negative regulation of canonical Wnt signaling pathway 

 GO:0030178~negative regulation of Wnt signaling pathway 

 GO:2000027~regulation of organ morphogenesis 

 GO:0002218~activation of innate immune response 

 GO:0031331~positive regulation of cellular catabolic process 

 GO:0035567~non-canonical Wnt signaling pathway 

 GO:0043487~regulation of RNA stability 

 GO:0030177~positive regulation of Wnt signaling pathway 

 GO:0045732~positive regulation of protein catabolic process 

 GO:0038095~Fc-epsilon receptor signaling pathway 

 GO:1903322~positive regulation of protein modification by small protein conjugation or removal
 

 GO:0050851~antigen receptor-mediated signaling pathway 

 GO:0071356~cellular response to tumor necrosis factor 

 GO:0000209~protein polyubiquitination 

 GO:1903320~regulation of protein modification by small protein conjugation or removal 

 GO:0060070~canonical Wnt signaling pathway 

 GO:0030111~regulation of Wnt signaling pathway 

 GO:0033209~tumor necrosis factor-mediated signaling pathway 

 GO:0001738~morphogenesis of a polarized epithelium

 GO:0009308~amine metabolic process 

 GO:0001736~establishment of planar polarity 

 GO:0007164~establishment of tissue polarity 

 GO:0006521~regulation of cellular amino acid metabolic process 

 GO:0042180~cellular ketone metabolic process 

 GO:0002479~antigen processing and presentation of exogenous peptide antigen via MHC class I, TAP-dependent 

 GO:0045087~innate immune response 

 GO:0042590~antigen processing and presentation of exogenous peptide antigen via MHC class I 

 GO:0009968~negative regulation of signal transduction 

 GO:0033238~regulation of cellular amine metabolic process 

 GO:0010648~negative regulation of cell communication 

 GO:0002474~antigen processing and presentation of peptide antigen via MHC class I 

 GO:0023057~negative regulation of signaling 

 GO:0002223~stimulatory C-type lectin receptor signaling pathway 

 GO:0048585~negative regulation of response to stimulus 

 GO:0038061~NIK/NF-kappaB signaling 

 GO:0009967~positive regulation of signal transduction 

 GO:0002220~innate immune response activating cell surface receptor signaling pathway 

 GO:0006952~defense response 

 GO:0060071~Wnt signaling pathway, planar cell polarity pathway 

 GO:0043248~proteasome assembly 

 GO:0090175~regulation of establishment of planar polarity 

 GO:0010647~positive regulation of cell communication 

 GO:0044106~cellular amine metabolic process 

 GO:0023056~positive regulation of signaling 

 GO:0090263~positive regulation of canonical Wnt signaling pathway 

 GO:0030048~actin filament-based movement 

 GO:0006508~proteolysis 

 GO:2000026~regulation of multicellular organismal development 

 GO:0060429~epithelium development 

 GO:0051248~negative regulation of protein metabolic process 

 GO:0032269~negative regulation of cellular protein metabolic process 

 GO:0023014~signal transduction by protein phosphorylation 

 GO:0034097~response to cytokine
 

 GO:0030162~regulation of proteolysis 

 GO:0051603~proteolysis involved in cellular protein catabolic process 

 GO:0071345~cellular response to cytokine stimulus 

 GO:0031349~positive regulation of defense response 

 GO:0045088~regulation of innate immune response 

 GO:0051348~negative regulation of transferase activity 

 GO:0043632~modification-dependent macromolecule catabolic process 

 GO:0000165~MAPK cascade 

 GO:0019941~modification-dependent protein catabolic process 

 GO:0042176~regulation of protein catabolic process 

 GO:0045862~positive regulation of proteolysis 

 GO:0045089~positive regulation of innate immune response 

 GO:0009887~organ morphogenesis 

 GO:0031400~negative regulation of protein modification process 

 GO:0044257~cellular protein catabolic process 

 GO:0009896~positive regulation of catabolic process 

 GO:0006511~ubiquitin-dependent protein catabolic process 

 GO:0016567~protein ubiquitination 

 GO:0031347~regulation of defense response 

 GO:0031329~regulation of cellular catabolic process 

 GO:0019221~cytokine-mediated signaling pathway 

 GO:0002253~activation of immune response 

 GO:0050778~positive regulation of immune response 

 GO:0006955~immune response 

 GO:0044092~negative regulation of molecular function 

 GO:0043086~negative regulation of catalytic activity 

 GO:0065009~regulation of molecular function 

 GO:0050790~regulation of catalytic activity 

 GO:0043085~positive regulation of catalytic activity 

 GO:0019220~regulation of phosphate metabolic process 

 GO:0051174~regulation of phosphorus metabolic process 

 GO:0030182~neuron differentiation 

 GO:0040011~locomotion 

 GO:0051258~protein polymerization 

 GO:0032528~microvillus organization 

 GO:0022008~neurogenesis 

 GO:0007409~axonogenesis 

 GO:0061564~axon development 

 GO:0016477~cell migration 

 GO:0022604~regulation of cell morphogenesis 

 GO:0010638~positive regulation of organelle organization 

 GO:1903829~positive regulation of cellular protein localization 

 GO:0030838~positive regulation of actin filament polymerization
 

 GO:0000910~cytokinesis 

 GO:0022612~gland morphogenesis 

 GO:1902946~protein localization to early endosome 

 GO:1902965~regulation of protein localization to early endosome 

 GO:1902966~positive regulation of protein localization to early endosome 

 GO:0044089~positive regulation of cellular component biogenesis 

 GO:0097581~lamellipodium organization 

 GO:0051270~regulation of cellular component movement 

 GO:0007265~Ras protein signal transduction 

 GO:0051130~positive regulation of cellular component organization 

 GO:0051674~localization of cell 

 GO:0051639~actin filament network formation 

 GO:0048870~cell motility 

 GO:0035089~establishment of apical/basal cell polarity 

 GO:0036010~protein localization to endosome 

 GO:0030859~polarized epithelial cell differentiation 

 GO:0061162~establishment of monopolar cell polarity 

 GO:0061339~establishment or maintenance of monopolar cell polarity 

 GO:0030033~microvillus assembly 

 GO:0016601~Rac protein signal transduction
 

 GO:0030866~cortical actin cytoskeleton organization
 

 GO:0070423~nucleotide-binding oligomerization domain containing signaling pathway 

 GO:0035872~nucleotide-binding domain, leucine rich repeat containing receptor signaling pathway 

 GO:0030865~cortical cytoskeleton organization 

 GO:0030032~lamellipodium assembly 

 GO:0051056~regulation of small GTPase mediated signal transduction 

 GO:0030042~actin filament depolymerization 

 GO:1902305~regulation of sodium ion transmembrane transport 

 GO:0002753~cytoplasmic pattern recognition receptor signaling pathway 

 GO:0031344~regulation of cell projection organization 

 GO:0090066~regulation of anatomical structure size 

 GO:0048699~generation of neurons 

 GO:0008360~regulation of cell shape 

 GO:0050767~regulation of neurogenesis 

 GO:0032535~regulation of cellular component size 

 GO:0030334~regulation of cell migration 

 GO:0001932~regulation of protein phosphorylation 

 GO:0030031~cell projection assembly 

 GO:0048568~embryonic organ development 

 GO:0060491~regulation of cell projection assembly 

 GO:2000145~regulation of cell motility 

 GO:0051495~positive regulation of cytoskeleton organization 

 GO:0040012~regulation of locomotion 

 GO:0051960~regulation of nervous system development 

 GO:0031334~positive regulation of protein complex assembly 

 GO:0060284~regulation of cell development 

 GO:0007417~central nervous system development 

 GO:2000601~positive regulation of Arp2/3 complex-mediated actin nucleation 

 GO:0032273~positive regulation of protein polymerization 

 GO:0045198~establishment of epithelial cell apical/basal polarity 

 GO:1903651~positive regulation of cytoplasmic transport 

 GO:0007016~cytoskeletal anchoring at plasma membrane 

 GO:0051764~actin crosslink formation 

 GO:0036445~neuronal stem cell division 

 GO:0055057~neuroblast division 

 GO:0010737~protein kinase A signaling 

 GO:0034315~regulation of Arp2/3 complex-mediated actin nucleation 

 GO:0048103~somatic stem cell division 

 GO:0051127~positive regulation of actin nucleation 

 GO:0007420~brain development 

 GO:0002009~morphogenesis of an epithelium

 GO:0048729~tissue morphogenesis 

 GO:0038093~Fc receptor signaling pathway 

 GO:0002768~immune response-regulating cell surface receptor signaling pathway 

 GO:0002764~immune response-regulating signaling pathway 

 GO:0002757~immune response-activating signal transduction
 

 GO:0022603~regulation of anatomical structure morphogenesis 

 GO:0006468~protein phosphorylation 

 GO:0016310~phosphorylation 

 GO:0006796~phosphate-containing compound metabolic process 

 GO:0006793~phosphorus metabolic process 

 GO:0007010~cytoskeleton organization 

 GO:0006928~movement of cell or subcellular component 

 GO:0030029~actin filament-based process 

 GO:0007015~actin filament organization 

 GO:0030036~actin cytoskeleton organization
 

 GO:0045197~establishment or maintenance of epithelial cell apical/basal polarity 

 GO:0008154~actin polymerization or depolymerization 

 GO:0061245~establishment or maintenance of bipolar cell polarity 

 GO:0035088~establishment or maintenance of apical/basal cell polarity 

 GO:0090004~positive regulation of establishment of protein localization to plasma membrane 

 GO:1904377~positive regulation of protein localization to cell periphery 

 GO:1903078~positive regulation of protein localization to plasma membrane 

 GO:0030041~actin filament polymerization 

 GO:0008064~regulation of actin polymerization or depolymerization 

 GO:0030832~regulation of actin filament length 

 GO:0051493~regulation of cytoskeleton organization 

 GO:0032956~regulation of actin cytoskeleton organization 

 GO:0007399~nervous system development 

 GO:0032970~regulation of actin filament-based process 

 GO:0044087~regulation of cellular component biogenesis 

 GO:0051017~actin filament bundle assembly 

 GO:0061572~actin filament bundle organization 

 GO:0032271~regulation of protein polymerization 

 GO:1903827~regulation of cellular protein localization 

 GO:0030833~regulation of actin filament polymerization
 

 GO:0034332~adherens junction organization 

 GO:0034330~cell junction organization 

 GO:0045216~cell-cell junction organization 

 GO:0098602~single organism cell adhesion 

 GO:1902531~regulation of intracellular signal transduction 

 GO:0048010~vascular endothelial growth factor receptor signaling pathway 

 GO:0043254~regulation of protein complex assembly 

 GO:0043009~chordate embryonic development 

 GO:0009792~embryo development ending in birth or egg hatching 

 GO:0002252~immune effector process 

 GO:0035556~intracellular signal transduction 

 GO:0009966~regulation of signal transduction 

 GO:0007166~cell surface receptor signaling pathway 

 GO:0010646~regulation of cell communication 

 GO:0023051~regulation of signaling 

 GO:0044093~positive regulation of molecular function 

 GO:0042325~regulation of phosphorylation 

 GO:0198738~cell-cell signaling by wnt 

 GO:0016055~Wnt signaling pathway 

 GO:1905114~cell surface receptor signaling pathway involved in cell-cell signaling
 

 GO:0050776~regulation of immune response 

 GO:0002684~positive regulation of immune system process 

 GO:0071310~cellular response to organic substance 

 GO:0048584~positive regulation of response to stimulus 

 GO:0070887~cellular response to chemical stimulus 

 GO:0002682~regulation of immune system process 

 GO:0008286~insulin receptor signaling pathway 

 GO:0003333~amino acid transmembrane transport 

 GO:0032868~response to insulin 

 GO:0016337~single organismal cell-cell adhesion 

 GO:0034329~cell junction assembly 

 GO:0032869~cellular response to insulin stimulus 

 GO:0070201~regulation of establishment of protein localization 

 GO:0071375~cellular response to peptide hormone stimulus 

 GO:0050863~regulation of T cell activation 

 GO:0031589~cell-substrate adhesion 

 GO:1901653~cellular response to peptide 

 GO:1903037~regulation of leukocyte cell-cell adhesion 

 GO:0002064~epithelial cell development 

 GO:0006909~phagocytosis 

 GO:0086003~cardiac muscle cell contraction
 

 GO:1905039~carboxylic acid transmembrane transport 

 GO:0051251~positive regulation of lymphocyte activation 

 GO:1903825~organic acid transmembrane transport 

 GO:1900076~regulation of cellular response to insulin stimulus 

 GO:0048857~neural nucleus development 

 GO:0001775~cell activation 

 GO:0086001~cardiac muscle cell action potential 

 GO:0098901~regulation of cardiac muscle cell action potential 

 GO:0038094~Fc-gamma receptor signaling pathway 

 GO:0038096~Fc-gamma receptor signaling pathway involved in phagocytosis 

 GO:0002431~Fc receptor mediated stimulatory signaling pathway 

 GO:0032878~regulation of establishment or maintenance of cell polarity 

 GO:0070830~bicellular tight junction assembly 

 GO:0050865~regulation of cell activation 

 GO:0007043~cell-cell junction assembly 

 GO:0043297~apical junction assembly 

 GO:0098911~regulation of ventricular cardiac muscle cell action potential 

 GO:0015849~organic acid transport 

 GO:0002433~immune response-regulating cell surface receptor signaling pathway involved in phagocytosis 

 GO:0031532~actin cytoskeleton reorganization 

 GO:0006865~amino acid transport 

 GO:0002480~antigen processing and presentation of exogenous peptide antigen via MHC class I, TAP-independent 

 GO:0044409~entry into host 

 GO:0022407~regulation of cell-cell adhesion 

 GO:0043434~response to peptide hormone 

 GO:0051828~entry into other organism involved in symbiotic interaction 

 GO:0086004~regulation of cardiac muscle cell contraction 

 GO:0030155~regulation of cell adhesion 

 GO:0051806~entry into cell of other organism involved in symbiotic interaction
 

 GO:0051249~regulation of lymphocyte activation 

 GO:0046718~viral entry into host cell 

 GO:0030260~entry into host cell 

 GO:2001275~positive regulation of glucose import in response to insulin stimulus 

 GO:0050870~positive regulation of T cell activation 

 GO:0002694~regulation of leukocyte activation 

 GO:1903039~positive regulation of leukocyte cell-cell adhesion 

 GO:0060322~head development 

 GO:0045321~leukocyte activation 

 GO:0022409~positive regulation of cell-cell adhesion 

 GO:0035315~hair cell differentiation 

 GO:0006886~intracellular protein transport 

 GO:0034613~cellular protein localization 

 GO:0070727~cellular macromolecule localization 

 GO:0061024~membrane organization 

 GO:0046907~intracellular transport 

 GO:0051649~establishment of localization in cell 

 GO:0051641~cellular localization 

 GO:0033036~macromolecule localization 

 GO:0015031~protein transport 

 GO:0008104~protein localization 

 GO:0045184~establishment of protein localization 

 GO:0044802~single-organism membrane organization 

 GO:1902580~single-organism cellular localization
 

 GO:0070925~organelle assembly 

 GO:0065003~macromolecular complex assembly 

 GO:0060341~regulation of cellular localization 

 GO:0071822~protein complex subunit organization 

 GO:0022607~cellular component assembly 

 GO:0006461~protein complex assembly 

 GO:0070271~protein complex biogenesis 

 GO:0098609~cell-cell adhesion 

 GO:0048468~cell development 

 GO:0030030~cell projection organization 

 GO:0048666~neuron development 

 GO:1990778~protein localization to cell periphery 

 GO:0072659~protein localization to plasma membrane 

 GO:0051128~regulation of cellular component organization 

 GO:1902589~single-organism organelle organization 

 GO:0000902~cell morphogenesis 

 GO:0032989~cellular component morphogenesis 

 GO:0000904~cell morphogenesis involved in differentiation 

 GO:1904375~regulation of protein localization to cell periphery 

 GO:0007009~plasma membrane organization 

 GO:1903076~regulation of protein localization to plasma membrane 

 GO:1903729~regulation of plasma membrane organization 

 GO:0090002~establishment of protein localization to plasma membrane 

 GO:0007169~transmembrane receptor protein tyrosine kinase signaling pathway 

 GO:0032880~regulation of protein localization 

 GO:0006897~endocytosis 

 GO:0007163~establishment or maintenance of cell polarity 

 GO:0090003~regulation of establishment of protein localization to plasma membrane 

 GO:0007155~cell adhesion 

 GO:0022610~biological adhesion 

 GO:0030010~establishment of cell polarity 

 GO:0007167~enzyme linked receptor protein signaling pathway 

 GO:0018279~protein N-linked glycosylation via asparagine 

 GO:0018196~peptidyl-asparagine modification 

 GO:0006890~retrograde vesicle-mediated transport, Golgi to ER 

 GO:0055080~cation homeostasis 

 GO:0098771~inorganic ion homeostasis 

 GO:0050801~ion homeostasis 

 GO:0007264~small GTPase mediated signal transduction 

 GO:0043623~cellular protein complex assembly 

 GO:0031175~neuron projection development 

 GO:0048858~cell projection morphogenesis 

 GO:0032990~cell part morphogenesis 

 GO:0048812~neuron projection morphogenesis 

 GO:0016358~dendrite development 

 GO:0048667~cell morphogenesis involved in neuron differentiation 

 GO:1903337~positive regulation of vacuolar transport 

 GO:1903649~regulation of cytoplasmic transport 

 GO:0008105~asymmetric protein localization 

 GO:2000641~regulation of early endosome to late endosome transport 

 GO:2000643~positive regulation of early endosome to late endosome transport 

 GO:0043087~regulation of GTPase activity 

 GO:0043547~positive regulation of GTPase activity 

 GO:0007173~epidermal growth factor receptor signaling pathway 

 GO:0038127~ERBB signaling pathway 

 GO:0051336~regulation of hydrolase activity 

 GO:0051345~positive regulation of hydrolase activity 

 GO:0072665~protein localization to vacuole 

 GO:0060627~regulation of vesicle-mediated transport 

 GO:0090114~COPII-coated vesicle budding 

 GO:0006900~membrane budding 

 GO:0006903~vesicle targeting 

 GO:0048208~COPII vesicle coating 

 GO:0048207~vesicle targeting, rough ER to cis-Golgi 

 GO:0006901~vesicle coating 

 GO:0048199~vesicle targeting, to, from or within Golgi 

 GO:0051650~establishment of vesicle localization 

 GO:0051648~vesicle localization 

 GO:0006888~ER to Golgi vesicle-mediated transport 

 GO:0051640~organelle localization 

 GO:0048193~Golgi vesicle transport 

 GO:0016192~vesicle-mediated transport 

 GO:0051656~establishment of organelle localization 

 GO:0010256~endomembrane system organization 

 GO:0051049~regulation of transport 

 GO:0016050~vesicle organization 

 GO:0061025~membrane fusion 

 GO:0022406~membrane docking 

 GO:0006914~autophagy 

 GO:0016197~endosomal transport 

 GO:0016482~cytosolic transport 

 GO:0007034~vacuolar transport 

 GO:0044801~single-organism membrane fusion

 GO:0048284~organelle fusion 

 GO:0006906~vesicle fusion 

 GO:0090174~organelle membrane fusion
 

 GO:0042147~retrograde transport, endosome to Golgi

 GO:0007041~lysosomal transport 

 GO:0048278~vesicle docking 

 GO:0006887~exocytosis 

 GO:0007267~cell-cell signaling 

 GO:0090630~activation of GTPase activity 

 GO:0006814~sodium ion transport 

 GO:0032940~secretion by cell 

 GO:0043001~Golgi to plasma membrane protein transport 

 GO:0046903~secretion 

 GO:0043112~receptor metabolic process 

 GO:0006812~cation transport 

 GO:0097479~synaptic vesicle localization 

 GO:0030001~metal ion transport 

 GO:0006904~vesicle docking involved in exocytosis 

 GO:0006811~ion transport 

 GO:0006836~neurotransmitter transport 

 GO:0055085~transmembrane transport 

 GO:0006892~post-Golgi vesicle-mediated transport 

 GO:0034498~early endosome to Golgi transport 

 GO:0006623~protein targeting to vacuole 

 GO:0072666~establishment of protein localization to vacuole 

 GO:0015804~neutral amino acid transport 

 GO:0007030~Golgi organization 

 GO:0000301~retrograde transport, vesicle recycling within Golgi 

 GO:0006891~intra-Golgi vesicle-mediated transport 

 GO:0008333~endosome to lysosome transport 

 GO:0000041~transition metal ion transport 

 GO:0017157~regulation of exocytosis 

 GO:0061462~protein localization to lysosome 

 GO:0007017~microtubule-based process 

 GO:0030705~cytoskeleton-dependent intracellular transport 

 GO:0072583~clathrin-mediated endocytosis 

 GO:0002495~antigen processing and presentation of peptide antigen via MHC class II
 

 GO:0006898~receptor-mediated endocytosis 

 GO:0019886~antigen processing and presentation of exogenous peptide antigen via MHC class II
 

 GO:0002504~antigen processing and presentation of peptide or polysaccharide antigen via MHC class II 

 GO:0055076~transition metal ion homeostasis 

 GO:0045022~early endosome to late endosome transport 

 GO:0098927~vesicle-mediated transport between endosomal compartments 

 GO:0006896~Golgi to vacuole transport 

 GO:0007033~vacuole organization 

 GO:0030100~regulation of endocytosis 

 GO:1901185~negative regulation of ERBB signaling pathway 

 GO:0006820~anion transport 

 GO:0002366~leukocyte activation involved in immune response 

 GO:0042059~negative regulation of epidermal growth factor receptor signaling pathway 

 GO:0015672~monovalent inorganic cation transport 

 GO:0006873~cellular ion homeostasis 

 GO:0007018~microtubule-based movement 

 GO:1903530~regulation of secretion by cell 

 GO:0002263~cell activation involved in immune response 
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Supplementary Figure 6. Inter-relation of different subcellular organelles.Venn’s diagram compares the num-
ber of identifi ed HCIPs from different subcellular compartments to the biological relationship between differ-
ent organelles. (a) BioID identifi ed proteins that are traffi cking among Golgi, lysosome, endosome and ER are 
shown. (b) BioID identifi ed proteins traffi cking among nucleolus, NE and chromatin are shown.
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Supplementary Figure 7. Validation of protein localization and proximal biotinylation with immunofluores-
cence. Fluorescence microscopy (HCX PL APO 63x/1.40 – 0.60 oil (0.10 mm) was applied to observe the 
MAC-tagged proteins that have been monitored by MS-microscopy (Fig. 4). These tagged baits are visu-
alized with anti-HA immunostaining (green), DAPI (blue) and the in vivo biotinylated interactors are staining 
with Alexa Fluor®594-conjugated streptavidin (red), Scale bar: 10 μm.
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Supplementary Figure 8. MS-microscopy analysis of the 17 cellular localization markers transiently trans-
fected to the U-2 OS cells.The 17 cellular localization markers were transiently transfected to the U-2 OS cells 
and the MS-microscopy analysis performed against the Flp-In™ T-REx 293 as a reference. The color assigned 
to each of the localization is based on the annotation frequency (pink: 0-0.5; yellow: 0.5-0.75; green: 0.75-1).

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

AIFM1

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

CALX

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

CATA

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

EEA1

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

EZRI

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

FBRL

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

GOGA2

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

H31

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

HSP7C

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

LAMP1

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

LMNA

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

PSA1

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

RAB11A

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

RAB9A

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

TBA1A

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

TBG1

PRO

PM

PER
NUC

NE

MT

MIC

LYS

GOL

EXO
ER

END

CHR

CEN

0.50 0.75

TGON2

Use Flp-In™ T-REx 293 cell line results as reference. 
U-2 OS as query dataset.



Supplementary Figure 9. MS-microscopy analysis of the 17 cellular localization markers transiently trans-
fected to the DU-145 cells.The 17 cellular localization markers were transiently transfected to the DU-145 
cells and the MS-microscopy analysis performed against the Flp-In™ T-REx 293 as a reference. The color as-
signed to each of the localization is based on the annotation frequency (Pink: 0-0.5; Yellow: 0.5-0.75; Green: 
0.75-1).
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Supplementary Figure 10. MS-microscopy analysis using reference molecular context maps from three dif-
ferent cell lines. The MS-microscopy analyses for six proteins were performed using the reference molecular 
context maps from Flp-In™ T-REx 293 (green), U-2 OS (blue) and DU-145 (yellow) cell lines. The polar plot 
shows the location of each queried protein.
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Supplementary Figure 11. Interaction distances estimated using integration of MAC-tag data for three com-
ponents of the Arp2/3 complex match well with the Arp2/3 complex structure. (a-c) The relative distances 
for ARPC1B, ARP2 and ARP3B, to the other Arp2/3 complex components, obtained using integration of 
MAC-tag data compares well with Arp2/3 complex structure. Atomic structure of bovine Arp2/3 complex 
(PDB code: 4JD2) was used and the Arp2/3 components color-coded (Key: ARPC1B=violet, ARP2=black, 
ARPC2=blue, ARP3=brown, ARPC3=green, ARPC4=yellow and ARPC5=orange).


