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Significance 

RNA Binding proteins (RBPs) play a central role in mediating post transcriptional regulation of genes. 

However less is understood about them and their regulatory mechanisms. In the present study, we 

present an analysis of 1344 human RBPs identified from recent experimental studies. We analyse their 

domain architecture, intrinsic disorder state, evolutionary conservation, protein expression across 

tissues and disease associations. This study should form a foundation for elucidation and discovery of 

the functions of RBPs and the cellular regulatory networks they control.  



Abstract 

RNA Binding Proteins (RBPs) play a central role in mediating post transcriptional regulation of genes. 

However less is understood about them and their regulatory mechanisms. In this study, we construct 

a catalogue of 1344 experimentally confirmed RBPs. The domain architecture of RBPs enabled us to 

classify them into three groups - Classical (29%), Non-classical (19%) and Unclassified (52%). A 

higher percentage of proteins with unclassified domains reveals the presence of various 

uncharacterised motifs that can potentially bind RNA. RBPs were found to be highly disordered 

compared to non-RBPs (p<2.2e-16, Fisher’s exact test), suggestive of a dynamic regulatory role of 

RBPs in cellular signalling and homeostasis. Evolutionary analysis in 62 different species showed that 

RBPs are highly conserved compared to non-RBPs (p<2.2e-16, Wilcox-test), reflecting the 

conservation of various biological processes like mRNA splicing and ribosome biogenesis. The 

expression patterns of RBPs from human proteome map revealed that ~40% of them are ubiquitously 

expressed and ~60% are tissue-specific. RBPs were also seen to be highly associated with several 

neurological disorders, cancer and inflammatory diseases.  Anatomical contexts like B cells, T-cells, 

fetal liver and fetal brain were found to be strongly enriched for RBPs, implying a prominent role of 

RBPs in immune responses and different developmental stages. The catalogue and meta-analysis 

presented here should form a foundation for furthering our understanding of RBPs and the cellular 

networks they control, in years to come. 

 

 

 

 

 

 

  



Introduction 

Cellular processes are controlled by several genes; expression of which is regulated at different levels 

by various cellular entities. In eukaryotes, gene regulation is a complex multilevel process comprising 

of -- transcriptional, post-transcriptional and post-translational control. Although the regulation at 

transcriptional and post-translational levels is increasingly being understood, protein machinery and 

the mechanisms underlying the post-transcriptional regulation still remain to be elucidated. One of 

the pivotal players that are responsible for post-transcriptional regulatory control in eukaryotic 

organisms are the RNA binding proteins (RBPs). RBPs bind single or double stranded RNA and 

determine their fate from synthesis to decay [1-5]. They possess one or more domains that can 

recognize RNA in a sequence specific manner and hence conferring different binding affinities and 

specificities. In addition to these domains that can directly bind RNA, RBPs also contain auxiliary 

domains that mediate interactions with other proteins [6]. When bound to an mRNA, these proteins 

control all the major steps of an mRNA’s life, including splicing, export, localization, translation and 

degradation [1, 3, 4]. Due to their multi-functionality, RBPs become the most prominent of the post 

transcriptional machinery and any alteration in their function can cause deleterious effects which 

could lead to numerous complex disorders [2, 7, 8]. Hence, it becomes important to understand the 

structural and functional characteristics of RBPs in humans. Increasing interest in RBPs has led to the 

development of various experimental protocols like SELEX (systematic evolution of ligands by 

exponential enrichment) [9, 10], CLIP [11], PAR-CLIP [12, 13], iCLIP [14] and RNA compete [15], to 

identify the binding specificities of RBPs; thus adding context and dynamics to the regulation of gene 

expression at post-transcriptional level.  

In this study, we construct a catalogue of 1344 genes encoding for RBPs in the human genome 

(Supplementary Table 1): identified from recent high-throughput screens including the mRNA 

interactome of proliferating HeLa cells through interactome capture [1], mRNA –bound proteome in 

the human embryonic kidney cells identified using the photoreactive nucleotide-enhanced UV 

crosslinking and oligo(dT) purification approach , [16] , proteins with the ability to bind RNA from the 

RNA compete experiments [17], human orthologs of RBPs identified in the mouse embryonic stem 

cells through interactome capture [18] and RBPs with known binding specificities manually curated 

and reported in RBPDB [19] to perform a systematic survey of their domain composition, structural 

disorder, expression across 23 tissues, evolutionary conservation across 62 species and associated 



diseases by integrating diverse datasets in the public domain. This allowed us to not only uncover the 

domain architecture, expression and evolutionary dynamics of RNA-binding proteins but also provide 

novel insights into their roles in diverse human tissues and disease phenotypes. 

Materials and Methods 

Dataset of RNA-binding proteins 

We construct a catalogue of 1344 genes encoding for RBPs, identified from high-throughput screens 

by Castello et. al [1] , Baltz et. al [16], Ray et. al [17], human orthologs of RBPs identified in mouse 

embryonic stem cells by Kwon et. al[18] and RBPs reported in RBPDB[19] (Supplementary Table 1) 

for analysis in this study. Proteins annotated in ENSEMBL’s human genome build which were not 

identified as RBPs were considered as Non-RBPs.  

Annotation of domains for human proteins 

We used the ENSEMBL v73 biomart (http://www.ensembl.org) to annotate proteins with their 

corresponding  Pfam domains [20]. The superfamily annotations were obtained from the Superfamily 

database [21]. Domains in RBPs were categorized as classical and non-classical based on the 

definitions proposed by Castello et. al [1]. A domain occurring in an RBP which could not be classified 

as either a classical or non-classical was defined as “Unclassified”. The list of domains and 

superfamilies annotated for each RBP is shown in Supplementary Table 1.  Further, the enrichment of 

a given superfamily in RBPs was calculated using Fishers exact test taking Non-RBPs as a control set 

(“*” above a bar plot in Figure 2C indicates a significant p value (<0.05)). 

Intrinsic disorder of proteins 

Intrinsic structural disorder of proteins was predicted using IUPRED, which predicts disorder on a 

per-residue basis [22, 23]. The disorder score predicted by IUPRED was normalized by protein length 

to account for variations in different protein lengths when comparing predictions for various protein 

sets. A protein with a normalized score higher than 0.5 was considered to be disordered; this resulted 

in 30% of RBPs being highly disordered (Supplementary Table 2). To test if RBPs are highly 

disordered than the rest of the proteome, we calculated an enrichment for disorder in RBPs taking 

Non-RBPs as a control. 

Dataset of orthologs and evolutionary conservation 



We identified one-to-one, one-to-many and many-to many orthologs of RBPs across 62 different 

species from ENSEMBL (v73) (http://www.ensembl.org) (Supplementary Table 3). A hierarchical 

complete linkage clustering of the data was performed to identify groups of species and genes 

exhibiting common patterns of evolutionary conservation. Furthermore, the genes were binned into 

three classes based on their conservation level - high, medium and low. Genes with orthologs in more 

than 80% of the species were considered to be highly conserved. The next level of conservation is 

medium which comprises of genes with orthologs in more than 50% but less than 80% of the species. 

The low conservation class is comprised of genes having orthologs in less than 50% of the species. 

Tissue-wide expression profiles 

We examined the expression patterns of the RBP catalogue across 17 adult tissues and 6 

hematopoietic cells from the recently published human proteome catalogue [24]. Further, tissue 

specificity of the expression pattern was estimated using an index that varies between zero (for 

housekeeping genes) and one (observed for tissue specific genes)[25, 26]. We then calculated the 

tissue specificity scores for 17 well known housekeeping genes [27] and these resulted in an average 

tissue specificity score of 0.63. Based on this data, we termed genes with a tissue specificity score of at 

least 0.7 as tissue specific and those below 0.7 were termed ubiquitous. The difference between the 

expression levels of classical and non-classical RBPs was estimated using the Wilcox test.  

Disease Associations 

Disease annotations for RBPs were obtained from Malacards [28]. Based on these annotations, 

diseases enriched for RBPs were identified through hypergeometric probability considering Non-RBPs 

as a background. Upon filtering at p < 0.05 (Corrected p-value by Benjamini-Hochberg (BH) method), 

we identified 165 diseases to be significantly enriched for their associations with RBPs. Further, the 

anatomical contexts annotated for these 165 diseases were obtained from Malacards. The enrichment 

calculated as the odds ratio and corresponding p-value for each anatomical context was computed 

using the Fisher’s exact test. 

Results and Discussion 

Majority of the experimentally confirmed RBPs have uncharacterized RNA recognition 

domains 



RNA binding proteins associate with nascent RNA to aid in processing, export, transport and 

localization. The heterogeneity in the functions of these proteins is due to the presence of different 

RNA binding domains that recognize RNA. RBPs are built with multiple copies of a unique domain or 

a mosaic of different domains that confer specificity and affinity [29]. Hence, identifying the presence 

of various domains can provide clues to novel functions of RBPs. We annotated the RBP catalogue 

with existing Pfam [20] and Superfamily [21] definitions (Materials and Methods, Supplementary 

Table 1). Depending on the type of domain associated with an RBP and definitions provided by 

Castello et al [1], we categorized these proteins into “classical” and “non-classical”. Proteins which 

could not be categorised into either of the classes were termed ‘Unclassified’ in the present work. 

Using this classification, 29% constituted classical proteins, 19% non-classical and the remaining 52% 

formed the unclassified group (Figure 1A). The domain distribution of this catalogue (Figure 1B) 

illustrates the presence of various known and well-studied RNA binding domains like RRM (RNA 

recognition motif) [30], K-homology (KH) [31, 32], DEAD/DEAH box [33], dsrm [34], WD40 [35] in 

addition to unclassified domains like the Pkinase domain of EIF2AK2 that auto phosphorylates upon 

binding of  RNA to the dsRBD domain of EIF2AK2 [36, 37]. Also notable is the Calponin homology 

(CH) domain found in both cytoskeletal and signalling proteins [38]. Further, superfamilies like the 

RNA binding domain, KH domain type-1, CCCH zinc finger were found to be enriched in RBPs when 

compared to the Non-RBPs (p<2.2e-16, Fisher’s exact test) (Figure 1C). Interestingly, superfamilies 

like the P-loop containing nucleoside triphosphate hydrolase (P-loop NTH) (p-value<0.05, Fisher’s 

exact test), S-adenosyl,L-methionine dependent methyltransferases (p-value=9.52e-11, Fisher’s exact 

test), Spectrin repeat (p-value=3.92e-15, Fisher’s exact test) were found to be highly enriched in our 

RBP catalogue suggesting novel functions. For example, SRP54, a signal recognition peptide of the P-

loop NTH superfamily was shown to play an important role in the splicing of tau gene [39]. Another 

example from the Spectrin repeat superfamily is RRBP1, a membrane protein of the Endoplasmic 

reticulum(ER) that plays a role in the ER proliferation, mediating ER-microtubule interactions and 

enhancing the association of certain mRNA to ER [40]. Additionally, superfamilies RBD, KH-domain 

type1 and CCCH zinc finger were found to be highly populated with classical proteins whereas WD40 

repeat like and beta-beta-alpha zinc finger (BBA-Zinc finger), ubiquitin-like superfamilies were 

enriched with non-classical proteins (Figure 1D). These analyses together suggests that in addition to 

binding to the RNA molecules, RBPs could also function as an integral part in maintaining cellular 

integrity and architecture.   



RBPs exhibit significant intrinsic disorder and are enriched among the hubs in protein 

interaction networks 

Intrinsically disordered proteins or natively disordered proteins lack a stable secondary and/or 

tertiary structure either completely or in part. They are often observed to be playing a major role in 

signalling, control and regulation, where interaction with more than one protein becomes necessary. 

Intrinsically disordered proteins are characterised by a structural feature called “Intrinsic disorder” 

that enables them to participate in varied cellular functions [41, 42]. RBPs being diverse structurally 

and functionally, are known to be highly disordered [43, 44]. Intrinsic structural disorder of the RBPs 

was predicted using IUPRED, which predicts disorder on a per-residue basis [22, 23] (Materials and 

Methods). The disorder score predicted by IUPRED was normalized by protein length to account for 

variations in different protein lengths when comparing predictions for entire dataset. A protein with a 

normalized score higher than 0.5 was considered to be disordered; this resulted in 30% of RBPs being 

highly disordered (Supplementary Table 2). To test if RBPs are highly disordered than the rest of the 

proteome, we calculated an enrichment of disordered proteins in RBPs taking Non-RBPs as a control. 

This suggested that RBPs are highly unstructured when compared to the Non-RBPs (p<2.2e-16; 

Fisher’s exact test) (Figure 2A). Although RBPs were found to be significantly enriched for disorder 

compared to the non-RBPs, we also observed that the proportion of RBPs which are ordered is 

significantly higher than the disordered RBPs.  Additionally, classical proteins were observed to be 

significantly disordered compared to the non-classical proteins (p-value < 0.001, Fishers exact test) 

(Figure 2B). Proteins, irrespective of whether ordered or disordered do not function in isolation; 

instead, they interact with other proteins or cofactors to perform a biological function. Thus, resulting 

in protein-protein interaction networks, the study of which was enabled by the advent of high-

throughput technologies [45]. Advances in the field of structural biology of proteins and protein-

protein interactions enabled researchers to put these networks in the context of protein 3D structure. 

Studies show that the network properties of disordered proteins is different from those which are 

ordered. Intrinsically disordered proteins are known to be highly interacting due to their unstable 3D 

structure and hence form hubs in their protein-protein interaction networks [44, 46, 47]. This 

property of disordered proteins being hubs in their protein-protein interaction network has been 

analysed in our current study. The protein-protein interaction network for proteins encoded in the 

human genome was constructed using the annotations available in BIOGRID (3.2.106) [48]. This 



resulted in a network of 14,897 proteins yielding 1,27,586 interactions with 1095 hubs. Hubs were 

defined as nodes which interact with at least 50 proteins. On comparison, it was observed that ~30% 

of the hubs constitute RBPs, of which ~25% are disordered. Also, the disordered hub proteins were 

seen to be enriched for RBPs when compared to the Non-RBPs (p = 0.0003, Fisher’s exact test). The 

PPI network revealed that the hubs in the network are enriched for RBPs (p<2.2e-16, Wilcox test). 

These observations imply a highly connected and dynamic role of RBPs via the formation of RNP 

complexes in the regulation of cellular events. 

RBPs are highly conserved across species 

Genes and their functionality can vary across species. In particular, regulatory processes are subject to 

change during the course of evolution and could be a major basis of phenotypic diversity and 

evolutionary adaptation [49]. Therefore, we aimed to study the conservation of genes coding for RBPs 

across different species to gain insight into their regulatory functions. For all the RBPs, we identified 

one-to-one, one-many and many-to many orthologs across 62 different species from ENSEMBL(v73) 

(http://www.ensembl.org) (Materials and Methods, Supplementary Table 3). A hierarchical complete 

linkage clustering of the data (Figure 3A) revealed that 95% of the RBPs have orthologs in at least 50% 

of the species reflecting extensive conservation of various post-transcriptional processes like RNA 

splicing and ribosome biogenesis. This was especially evident because RBPs were significantly highly 

conserved compared to the rest of the genome (Median conservation 55 vs 0 species, p<2.2E-16, 

Wilcox test). We further binned RBPs into three classes based on their conservation level - high, 

medium and low. RBPs with orthologs in more than 80% of the species have high conservation level 

(Figure 3B shows selected set from this class). These include members of the PUM family (PUM1 and 

PUM2), which are a highly conserved family of eukaryotic RBPs [50] . Other examples of highly 

conserved RBPs include ELAVL2 – an RBP which has an important and evolutionary conserved role 

in embryogenesis [51], ADARs (ADAR1, ADAR2) - family of RNA editing enzymes, RBM19 [52] - a 

nucleolar protein that regulates ribosome biogenesis. The next level of conservation is medium 

(Figure 3C) which comprises of RBPs with orthologs in more than 50% but less than 80% of the 

species. Genes in this class include MECP2 - a protein important in the function of nerve cells, which 

is found to be conserved in Mammals, Primates and Vertebrates and ZFP36 - an important player in 

inflammatory responses, conserved in most species except aves (Chicken, Flycatcher, Turkey, Zebra 

finch, Duck) [53]. The low conservation class (Figure 3D) comprised of genes having orthologs in less 



than 50% of the species. Genes in this group included DCD- an antimicrobial peptide coding gene, 

member of the APOBEC family which are specific to primates and mammals [54]. Furthermore, 

nLRP11 – a member of the Nod-like receptor protein family was observed to be present only in 

mammals [55]. Analysis of the variations in the extent of conservation between classical and non-

classical RBPs across species showed that there is no significant difference (p=0.1, Fishers exact 

test)(Figure 3E). These observations highlight that RBPs are evolutionarily highly conserved, with 

classical and non-classical RBPs exhibiting no significant difference in their evolutionary trajectories. 

Additional analysis to study the relation between conservation levels of RBPs and their intrinsic 

disorder indicated that while majority (71%) of the highly conserved RBPs are highly ordered we 

found that 29% of the highly conserved RBPs (See Supplementary Figure 1) were found to be 

significantly disordered (versus 14% for non-RBPs, Odds Ratio = 2.6, p< 2.2e-16, Fishers exact test) 

suggesting that even the highly conserved RBPs are significantly over-represented for structural 

disorder. 

Majority of the RBPs exhibit tissue-specific protein expression levels 

We examined the expression patterns of RBPs across 17 adult tissues and 6 hematopoietic cells from 

recently published human proteome catalogue [24]. A complete linkage hierarchical clustering of the 

expression levels (Figure 4A) groups tissues exhibiting similar levels of expression. Further, the tissue 

specificity of the expression pattern was estimated using an index [25, 26] that varies between zero 

(for housekeeping genes) and one (observed for tissue specific genes). Genes that resulted in an index 

of 0.7 or higher were termed tissue-specific and the rest of them were classified as ubiquitous 

(Materials and Methods, Supplementary Table 4). The ubiquitous category (Figure 4B shows selected 

set) comprised 40% of the RBP catalogue and included several well-known proteins such as the 

polypyimidine tract binding protein PTBP1 [56], polyadenylate binding nuclear protein PABPN1 [57], 

member of the 14-3-3 family YWHAE [58] and Decorin(DCN), a proteoglycan important in collagen 

fibrillogenesis [59]. In addition to these proteins, the ubiquitous category is highly enriched with the 

components of the spliceosome (SRSF9, SRSF2, U2AF1, HNRNPL) and proteasome (UBC, UBE2I, 

UBE2D3). Majority of the RBPs (60%) constituted tissue-specific category (Figure 4C) and included 

heat response protein 12, HRSP12, known to be expressed in kidney and liver [60], DAZL - a germ cell 

specific RBP [61], member of the CELF family CELF3 that is highly expressed in brain [62], PUF60-

poly-U binding splicing factor 60kDa, that was recently shown to be required for the splicing of a 



subset of tissue-specific splicing events which when deregulated in the absence of PUF60 affect the 

development of organs such as brain, heart, kidney and eye [63]. Analysis of the comparison of 

expression patterns of classical and non-classical RBPs in each of the 16 tissues revealed that in ~50% 

of the tissues, the expression of non-classical RBPs was significantly higher than the classical RBPs 

(p<0.05, Wilcoxon test) (Figure 4D). While this relative higher expression of non-classical RBPs could 

be largely attributed to the presence of ribosomal proteins in the non-classical group, these 

observations suggest the prominent role likely played by both groups of proteins in diverse tissues in 

post-transcriptional regulatory control (See Supplementary Table 4). 

RBPs are significantly associated with inflammatory diseases and immune responses 

Aberrant expression of RBPs is associated with several disorders including cancer and 

neurodegenerative diseases [5, 64]. So in order to better understand the disease associations of RBPs, 

we obtained diseases annotations for RBPs from Malacards database [28] (Materials and Methods). 

We evaluated the enrichment of RBPs in various disorders to identify disorders that are highly 

associated with RBPs. Of all the disorders annotated for human genes in malacards, 165 were found to 

be highly enriched for RBPs (p<1e-05, FDR<1% and number of annotated RBPs >10) which included 

all major types of cancers -breast, lung, prostate and liver as well as neurodegenerative diseases-

Parkinson’s disease and down syndrome (Figure 5A). For example, genes like ELAV1, which regulate 

mRNA stability are known to contribute to breast cancer [65], RBM5, a tumor suppressor gene is 

known to control cell growth in lung cancer [66], UPF1, subunit of the post splicing multi protein 

complex is shown to be dysregulated in prostate cancer [67]. RBPs that are known to be dysregulated 

in neurodegenerative diseases include members of the NOVA family [68], QKI, a candidate gene for 

schizophrenia [69] and ELAVL4, an important player in parkinson’s disease [70]. In addition to these 

disorders, RBPs were enriched in various inflammatory diseases such as neuronitis, prostatitis, 

esophagitis suggesting an important role for RBPs in mediating inflammatory responses. For example, 

a cold inducible RNA binding protein (CIRBP) that triggers inflammatory responses in hemarragic 

shock and sepsis was observed to be associated with endothelitis and hypoxia [71]. These results 

suggest that RBPs are not only implicated in cancers and neurodegenerative diseases but also play an 

important role in mediating various immunological responses. The anatomical contexts associated 

with the 165 diseases were studied to get an insight into the cells/tissues that are majorly affected by 

an abnormal expression of RBPs. Anatomical contexts like B cells, T cells , monocytes, fetal liver ,fetal 



brain were observed to be enriched(p<0.001, Hypergeometric test) (Figure 5B). For example, ELAVL1 

is known to regulate various gene expression programs during the embryonic development in mouse 

[72]. Recently, the phenomenon of intron retention was observed at a high level in T cells with 

increased expression of hnRNPL, whereas the introns were efficiently spliced out in  cells that had 

normal/less expressed hnRNPL [73]. Additionally, another independent study identified a RNA 

Binding domain in the thyroid receptor and these receptors are single stranded RNA Binding Proteins 

[74]. All these observations further emphasize the under-appreciated role of RBPs in mediating 

inflammatory and immune responses. Further, we have also analysed the proportion of each class of 

RBPs in each of the enriched diseases and identified that diseases like Pancreatitis and Endotheliitis 

have higher proportion of non-classical RBPs (See Supplementary Table 5 and Supplementary Figure 

2). This observation suggests an increased prevalence of non-classical RBPs in some inflammatory 

diseases. In addition, we also calculated the proportion of RBPs that are ubiquitously expressed or 

tissue specific in their expression patterns, for each enriched disease. This analysis revealed 55 

enriched diseases - one-third of the total diseases significantly enriched for RBPs, to have a significant 

proportion of ubiquitously expressed RBPs (p < 0.01, Fishers exact test, Supplementary Figure 3). We 

also found that only 16 diseases exhibited a prevalence for tissue-specific RBPs compared to 

ubiquitous ones. Since many of the 165 diseases enriched for RBPs are complex multigenic disorders, 

these results support the notion that majority of these diseases are enriched with RBPs which are 

expressed in multiple tissues and hence their observed phenotypic contributions might extend beyond 

the tissue of origin. 

Conclusions 

RNA Binding proteins are major players mediating the post-transcriptional regulation and dearth in 

data has limited our understanding on their regulatory mechanisms and interactions for several years. 

Recent advances in various experimental methods has led to an expansion of the RBPome and thus 

unravelling the RNA binding ability of several proteins. In this study, we present a meta-analysis of 

the RBP catalogue to study their domain architecture, protein structural disorder, tissue wide 

expression, evolutionary conservation and their role in the disease context. We identified several RBPs 

to have domains that are not known for their role in facilitating the function of an RBP (termed as 

“Unclassified” in the present study). This analysis would broaden the scope for researchers in the field 

of proteomics to explore the unknown functions of these domains in mediating post-transcriptional 



regulatory control. For instance, several genes currently annotated as bonafide kinases can also 

function as RNA-binding proteins, so it remains unclear how their interplay between post-

translational and post-transcriptional regulation would drive specific cellular signalling events. It is 

also unclear whether such signalling proteins would also form RNP complexes as do the canonical 

RNA-binding proteins. Our results also show that RBPs are highly unstructured when compared to 

the non-RBPs and are over-represented to be occurring as the hubs of the protein-protein interaction 

networks, suggesting a likely occurrence of their dynamic RNP complexes in the cell. Analysis of the 

extent of conservation of RBPs clearly revealed that RBPs are preserved across majority of the species 

studied here suggestive of a wider conservation of post-transcriptional processes. Our data also 

supports that while majority of the highly conserved RBPs are highly ordered, we found that even the 

highly conserved RBPs are significantly over-represented for structural disorder compared to non-

RBPs indicating the importance of their disorder in the formation and maintenance of RNPs. Since 

RBPs predominantly function by forming RNP complexes it would be interesting to dissect their 

interplay with other protein partners in various cell types such as immune cells, where currently there 

is limited understanding of either their RNP complexes or post-transcriptional regulatory networks 

they govern. Our analysis of expression data revealed that RBPs are largely tissue specific in their 

protein levels. Disease association analysis of RBPs showed a clear enrichment for their association 

with several inflammatory diseases and immune responses among other complex disease phenotypes 

such as cancer and neurological disorders. RBPs associated with these complex disorders were also 

found to be over-represented for ubiquitously expressed RBPs. Together, this analyses uncovers 

several characteristics of ~1300 RBPs which would help researchers in the field of proteomics to 

develop strategies that can target specific RBPs of interest to gain further insights into their function 

in specific tissues and disease states.   

Majority of the RNA binding proteins in this study are unclassified and uncharacterised for their 

protein domains which bind to RNA or mediate RNA binding. So future computational and 

experimental efforts should be able to uncover the specific protein domains which can bind and 

recognize the RNA species in the cell. Our results also suggest that RBPs are highly unstructured when 

compared to the rest of the proteome implying an active role of RBPs in regulating cellular events. 

This study also expands the existing knowledge on tissue expression patterns of RBPs, their 

evolutionary conservation and disease associations. Altogether, providing a snapshot of the 



characteristics of RNA Binding proteins and will be a valuable resource to unravel many 

unconventional, novel functions and dynamics of RNP complexes in the context of post-

transcriptional regulatory networks. 

Acknowledgements 

The authors would also like to thank members of the Janga Lab for critically reading a 

previous version of the manuscript and providing helpful comments. The authors report no 

financial or other conflict of interest relevant to the subject of this article. 

Conflict of Interest 

The authors have no competing interests to declare.  

Funding 

SCJ acknowledges support from the School of Informatics and Computing at IUPUI in the 

form of start-up funds. 

References 

[1]	
   Castello	
   A,	
   Fischer	
   B,	
   Eichelbaum	
  K,	
   Horos	
   R,	
   Beckmann	
   BM,	
   Strein	
   C,	
   et	
   al.	
   Insights	
   into	
   RNA	
  
biology	
  from	
  an	
  atlas	
  of	
  mammalian	
  mRNA-­‐binding	
  proteins.	
  Cell.	
  2012;149:1393-­‐406.	
  
[2]	
  Kechavarzi	
  B,	
   Janga	
  SC.	
  Dissecting	
   the	
  expression	
   landscape	
  of	
  RNA-­‐binding	
  proteins	
   in	
  human	
  
cancers.	
  Genome	
  biology.	
  2014;15:R14.	
  
[3]	
  Mittal	
  N,	
  Roy	
  N,	
  Babu	
  MM,	
  Janga	
  SC.	
  Dissecting	
  the	
  expression	
  dynamics	
  of	
  RNA-­‐binding	
  proteins	
  
in	
  posttranscriptional	
  regulatory	
  networks.	
  Proceedings	
  of	
  the	
  National	
  Academy	
  of	
  Sciences	
  of	
  the	
  
United	
  States	
  of	
  America.	
  2009;106:20300-­‐5.	
  
[4]	
  Glisovic	
   T,	
   Bachorik	
   JL,	
   Yong	
   J,	
  Dreyfuss	
  G.	
   RNA-­‐binding	
  proteins	
   and	
  post-­‐transcriptional	
   gene	
  
regulation.	
  FEBS	
  letters.	
  2008;582:1977-­‐86.	
  
[5]	
  Lukong	
  KE,	
  Chang	
  KW,	
  Khandjian	
  EW,	
  Richard	
  S.	
  RNA-­‐binding	
  proteins	
  in	
  human	
  genetic	
  disease.	
  
Trends	
  in	
  genetics	
  :	
  TIG.	
  2008;24:416-­‐25.	
  
[6]	
   Mitchell	
   SF,	
   Parker	
   R.	
   Principles	
   and	
   properties	
   of	
   eukaryotic	
   mRNPs.	
   Molecular	
   cell.	
  
2014;54:547-­‐58.	
  
[7]	
  Castello	
  A,	
  Fischer	
  B,	
  Hentze	
  MW,	
  Preiss	
  T.	
  RNA-­‐binding	
  proteins	
  in	
  Mendelian	
  disease.	
  Trends	
  in	
  
genetics	
  :	
  TIG.	
  2013;29:318-­‐27.	
  
[8]	
  Lukong	
  KE,	
  Fatimy	
  RE.	
  Implications	
  of	
  RNA-­‐binding	
  Proteins	
  for	
  Human	
  Diseases.	
  	
  eLS:	
  John	
  Wiley	
  
&	
  Sons,	
  Ltd;	
  2001.	
  
[9]	
   Riordan	
   DP,	
   Herschlag	
   D,	
   Brown	
   PO.	
   Identification	
   of	
   RNA	
   recognition	
   elements	
   in	
   the	
  
Saccharomyces	
  cerevisiae	
  transcriptome.	
  Nucleic	
  acids	
  research.	
  2011;39:1501-­‐9.	
  
[10]	
   Galarneau	
   A,	
   Richard	
   S.	
   Target	
   RNA	
   motif	
   and	
   target	
   mRNAs	
   of	
   the	
   Quaking	
   STAR	
   protein.	
  
Nature	
  structural	
  &	
  molecular	
  biology.	
  2005;12:691-­‐8.	
  



[11]	
   Ule	
   J,	
   Jensen	
   KB,	
   Ruggiu	
   M,	
   Mele	
   A,	
   Ule	
   A,	
   Darnell	
   RB.	
   CLIP	
   identifies	
   Nova-­‐regulated	
   RNA	
  
networks	
  in	
  the	
  brain.	
  Science.	
  2003;302:1212-­‐5.	
  
[12]	
  Hafner	
  M,	
   Landthaler	
  M,	
   Burger	
   L,	
   Khorshid	
  M,	
  Hausser	
   J,	
   Berninger	
   P,	
   et	
   al.	
   Transcriptome-­‐
wide	
   identification	
   of	
   RNA-­‐binding	
   protein	
   and	
   microRNA	
   target	
   sites	
   by	
   PAR-­‐CLIP.	
   Cell.	
  
2010;141:129-­‐41.	
  
[13]	
  Ascano	
  M,	
  Hafner	
  M,	
  Cekan	
  P,	
  Gerstberger	
  S,	
  Tuschl	
  T.	
  Identification	
  of	
  RNA-­‐protein	
  interaction	
  
networks	
  using	
  PAR-­‐CLIP.	
  Wiley	
  interdisciplinary	
  reviews	
  RNA.	
  2012;3:159-­‐77.	
  
[14]	
  Huppertz	
   I,	
   Attig	
   J,	
   D'Ambrogio	
  A,	
   Easton	
   LE,	
   Sibley	
   CR,	
   Sugimoto	
   Y,	
   et	
   al.	
   iCLIP:	
   protein-­‐RNA	
  
interactions	
  at	
  nucleotide	
  resolution.	
  Methods.	
  2014;65:274-­‐87.	
  
[15]	
  Ray	
  D,	
  Kazan	
  H,	
  Chan	
  ET,	
  Pena	
  Castillo	
   L,	
  Chaudhry	
  S,	
   Talukder	
  S,	
  et	
  al.	
  Rapid	
  and	
   systematic	
  
analysis	
   of	
   the	
   RNA	
   recognition	
   specificities	
   of	
   RNA-­‐binding	
   proteins.	
   Nature	
   biotechnology.	
  
2009;27:667-­‐70.	
  
[16]	
   Baltz	
   AG,	
   Munschauer	
   M,	
   Schwanhausser	
   B,	
   Vasile	
   A,	
   Murakawa	
   Y,	
   Schueler	
   M,	
   et	
   al.	
   The	
  
mRNA-­‐bound	
   proteome	
   and	
   its	
   global	
   occupancy	
   profile	
   on	
   protein-­‐coding	
   transcripts.	
  Molecular	
  
cell.	
  2012;46:674-­‐90.	
  
[17]	
  Ray	
  D,	
  Kazan	
  H,	
  Cook	
  KB,	
  Weirauch	
  MT,	
  Najafabadi	
  HS,	
  Li	
  X,	
  et	
  al.	
  A	
  compendium	
  of	
  RNA-­‐binding	
  
motifs	
  for	
  decoding	
  gene	
  regulation.	
  Nature.	
  2013;499:172-­‐7.	
  
[18]	
  Kwon	
  SC,	
  Yi	
  H,	
  Eichelbaum	
  K,	
  Fohr	
  S,	
  Fischer	
  B,	
  You	
  KT,	
  et	
  al.	
  The	
  RNA-­‐binding	
  protein	
  repertoire	
  
of	
  embryonic	
  stem	
  cells.	
  Nature	
  structural	
  &	
  molecular	
  biology.	
  2013;20:1122-­‐30.	
  
[19]	
   Cook	
   KB,	
   Kazan	
   H,	
   Zuberi	
   K,	
   Morris	
   Q,	
   Hughes	
   TR.	
   RBPDB:	
   a	
   database	
   of	
   RNA-­‐binding	
  
specificities.	
  Nucleic	
  acids	
  research.	
  2011;39:D301-­‐8.	
  
[20]	
   Sonnhammer	
   EL,	
   Eddy	
   SR,	
   Durbin	
   R.	
   Pfam:	
   a	
   comprehensive	
   database	
   of	
   protein	
   domain	
  
families	
  based	
  on	
  seed	
  alignments.	
  Proteins.	
  1997;28:405-­‐20.	
  
[21]	
  Gough	
  J,	
  Karplus	
  K,	
  Hughey	
  R,	
  Chothia	
  C.	
  Assignment	
  of	
  homology	
  to	
  genome	
  sequences	
  using	
  a	
  
library	
  of	
  hidden	
  Markov	
  models	
  that	
  represent	
  all	
  proteins	
  of	
  known	
  structure.	
  Journal	
  of	
  molecular	
  
biology.	
  2001;313:903-­‐19.	
  
[22]	
  Dosztanyi	
  Z,	
  Csizmok	
  V,	
  Tompa	
  P,	
  Simon	
  I.	
  The	
  pairwise	
  energy	
  content	
  estimated	
  from	
  amino	
  
acid	
   composition	
   discriminates	
   between	
   folded	
   and	
   intrinsically	
   unstructured	
   proteins.	
   Journal	
   of	
  
molecular	
  biology.	
  2005;347:827-­‐39.	
  
[23]	
  Dosztanyi	
  Z,	
  Csizmok	
  V,	
  Tompa	
  P,	
  Simon	
  I.	
  IUPred:	
  web	
  server	
  for	
  the	
  prediction	
  of	
  intrinsically	
  
unstructured	
  regions	
  of	
  proteins	
  based	
  on	
  estimated	
  energy	
  content.	
  Bioinformatics.	
  2005;21:3433-­‐
4.	
  
[24]	
   Kim	
  MS,	
   Pinto	
   SM,	
   Getnet	
   D,	
   Nirujogi	
   RS,	
  Manda	
   SS,	
   Chaerkady	
   R,	
   et	
   al.	
   A	
   draft	
  map	
   of	
   the	
  
human	
  proteome.	
  Nature.	
  2014;509:575-­‐81.	
  
[25]	
   Necsulea	
   A,	
   Soumillon	
  M,	
  Warnefors	
  M,	
   Liechti	
   A,	
   Daish	
   T,	
   Zeller	
   U,	
   et	
   al.	
   The	
   evolution	
   of	
  
lncRNA	
  repertoires	
  and	
  expression	
  patterns	
  in	
  tetrapods.	
  Nature.	
  2014;505:635-­‐40.	
  
[26]	
   Yanai	
   I,	
   Benjamin	
   H,	
   Shmoish	
   M,	
   Chalifa-­‐Caspi	
   V,	
   Shklar	
   M,	
   Ophir	
   R,	
   et	
   al.	
   Genome-­‐wide	
  
midrange	
   transcription	
   profiles	
   reveal	
   expression	
   level	
   relationships	
   in	
   human	
   tissue	
   specification.	
  
Bioinformatics.	
  2005;21:650-­‐9.	
  
[27]	
   Lee	
   PD,	
   Sladek	
   R,	
   Greenwood	
   CM,	
   Hudson	
   TJ.	
   Control	
   genes	
   and	
   variability:	
   absence	
   of	
  
ubiquitous	
   reference	
   transcripts	
   in	
   diverse	
   mammalian	
   expression	
   studies.	
   Genome	
   research.	
  
2002;12:292-­‐7.	
  
[28]	
  Rappaport	
  N,	
  Nativ	
  N,	
  Stelzer	
  G,	
  Twik	
  M,	
  Guan-­‐Golan	
  Y,	
  Stein	
  TI,	
  et	
  al.	
  MalaCards:	
  an	
  integrated	
  
compendium	
  for	
  diseases	
  and	
   their	
  annotation.	
  Database	
   :	
   the	
   journal	
  of	
  biological	
  databases	
  and	
  
curation.	
  2013;2013:bat018.	
  
[29]	
   Lunde	
   BM,	
   Moore	
   C,	
   Varani	
   G.	
   RNA-­‐binding	
   proteins:	
   modular	
   design	
   for	
   efficient	
   function.	
  
Nature	
  reviews	
  Molecular	
  cell	
  biology.	
  2007;8:479-­‐90.	
  
[30]	
  Maris	
  C,	
  Dominguez	
  C,	
  Allain	
  FH.	
  The	
  RNA	
  recognition	
  motif,	
  a	
  plastic	
  RNA-­‐binding	
  platform	
  to	
  
regulate	
  post-­‐transcriptional	
  gene	
  expression.	
  The	
  FEBS	
  journal.	
  2005;272:2118-­‐31.	
  
[31]	
  Grishin	
  NV.	
  KH	
  domain:	
  one	
  motif,	
  two	
  folds.	
  Nucleic	
  acids	
  research.	
  2001;29:638-­‐43.	
  



[32]	
   Garcia-­‐Mayoral	
   MF,	
   Hollingworth	
   D,	
   Masino	
   L,	
   Diaz-­‐Moreno	
   I,	
   Kelly	
   G,	
   Gherzi	
   R,	
   et	
   al.	
   The	
  
structure	
  of	
   the	
  C-­‐terminal	
  KH	
  domains	
  of	
  KSRP	
  reveals	
  a	
  noncanonical	
  motif	
   important	
   for	
  mRNA	
  
degradation.	
  Structure.	
  2007;15:485-­‐98.	
  
[33]	
   Rocak	
   S,	
   Linder	
   P.	
   DEAD-­‐box	
   proteins:	
   the	
   driving	
   forces	
   behind	
   RNA	
   metabolism.	
   Nature	
  
reviews	
  Molecular	
  cell	
  biology.	
  2004;5:232-­‐41.	
  
[34]	
  Stefl	
  R,	
  Skrisovska	
  L,	
  Allain	
  FH.	
  RNA	
  sequence-­‐	
  and	
  shape-­‐dependent	
  recognition	
  by	
  proteins	
  in	
  
the	
  ribonucleoprotein	
  particle.	
  EMBO	
  reports.	
  2005;6:33-­‐8.	
  
[35]	
  Lau	
  CK,	
  Bachorik	
  JL,	
  Dreyfuss	
  G.	
  Gemin5-­‐snRNA	
  interaction	
  reveals	
  an	
  RNA	
  binding	
  function	
  for	
  
WD	
  repeat	
  domains.	
  Nature	
  structural	
  &	
  molecular	
  biology.	
  2009;16:486-­‐91.	
  
[36]	
  Masliah	
  G,	
  Barraud	
  P,	
  Allain	
  FH.	
  RNA	
  recognition	
  by	
  double-­‐stranded	
  RNA	
  binding	
  domains:	
  a	
  
matter	
  of	
  shape	
  and	
  sequence.	
  Cellular	
  and	
  molecular	
  life	
  sciences	
  :	
  CMLS.	
  2013;70:1875-­‐95.	
  
[37]	
   Jammi	
  NV,	
  Beal	
   PA.	
   Phosphorylation	
  of	
   the	
  RNA-­‐dependent	
  protein	
   kinase	
   regulates	
   its	
  RNA-­‐
binding	
  activity.	
  Nucleic	
  acids	
  research.	
  2001;29:3020-­‐9.	
  
[38]	
   Castresana	
   J,	
   Saraste	
   M.	
   Does	
   Vav	
   bind	
   to	
   F-­‐actin	
   through	
   a	
   CH	
   domain?	
   FEBS	
   letters.	
  
1995;374:149-­‐51.	
  
[39]	
  Wu	
  JY,	
  Kar	
  A,	
  Kuo	
  D,	
  Yu	
  B,	
  Havlioglu	
  N.	
  SRp54	
  (SFRS11),	
  a	
  regulator	
  for	
  tau	
  exon	
  10	
  alternative	
  
splicing	
   identified	
  by	
  an	
  expression	
  cloning	
  strategy.	
  Molecular	
  and	
  cellular	
  biology.	
  2006;26:6739-­‐
47.	
  
[40]	
  Cui	
  XA,	
  Zhang	
  H,	
  Palazzo	
  AF.	
  p180	
  promotes	
  the	
  ribosome-­‐independent	
  localization	
  of	
  a	
  subset	
  
of	
  mRNA	
  to	
  the	
  endoplasmic	
  reticulum.	
  PLoS	
  biology.	
  2012;10:e1001336.	
  
[41]	
   Uversky	
   VN,	
   Oldfield	
   CJ,	
   Dunker	
   AK.	
   Intrinsically	
   disordered	
   proteins	
   in	
   human	
   diseases:	
  
introducing	
  the	
  D2	
  concept.	
  Annual	
  review	
  of	
  biophysics.	
  2008;37:215-­‐46.	
  
[42]	
  Babu	
  MM,	
  van	
  der	
  Lee	
  R,	
  de	
  Groot	
  NS,	
  Gsponer	
  J.	
   Intrinsically	
  disordered	
  proteins:	
  regulation	
  
and	
  disease.	
  Current	
  opinion	
  in	
  structural	
  biology.	
  2011;21:432-­‐40.	
  
[43]	
  Dunker	
  AK,	
   Brown	
  CJ,	
   Lawson	
   JD,	
   Iakoucheva	
   LM,	
  Obradovic	
   Z.	
   Intrinsic	
   disorder	
   and	
  protein	
  
function.	
  Biochemistry.	
  2002;41:6573-­‐82.	
  
[44]	
   Haynes	
   C,	
   Oldfield	
   CJ,	
   Ji	
   F,	
   Klitgord	
   N,	
   Cusick	
   ME,	
   Radivojac	
   P,	
   et	
   al.	
   Intrinsic	
   disorder	
   is	
   a	
  
common	
   feature	
   of	
   hub	
   proteins	
   from	
   four	
   eukaryotic	
   interactomes.	
   PLoS	
   computational	
   biology.	
  
2006;2:e100.	
  
[45]	
   Barabasi	
   AL,	
   Oltvai	
   ZN.	
   Network	
   biology:	
   understanding	
   the	
   cell's	
   functional	
   organization.	
  
Nature	
  reviews	
  Genetics.	
  2004;5:101-­‐13.	
  
[46]	
  Hsu	
  WL,	
  Oldfield	
  C,	
  Meng	
   J,	
  Huang	
  F,	
  Xue	
  B,	
  Uversky	
  VN,	
  et	
   al.	
   Intrinsic	
  protein	
  disorder	
  and	
  
protein-­‐protein	
   interactions.	
   Pacific	
   Symposium	
   on	
   Biocomputing	
   Pacific	
   Symposium	
   on	
  
Biocomputing.	
  2012:116-­‐27.	
  
[47]	
  Kim	
  PM,	
  Sboner	
  A,	
  Xia	
  Y,	
  Gerstein	
  M.	
  The	
  role	
  of	
  disorder	
  in	
  interaction	
  networks:	
  a	
  structural	
  
analysis.	
  Molecular	
  systems	
  biology.	
  2008;4:179.	
  
[48]	
   Stark	
   C,	
   Breitkreutz	
   BJ,	
   Reguly	
   T,	
   Boucher	
   L,	
   Breitkreutz	
   A,	
   Tyers	
   M.	
   BioGRID:	
   a	
   general	
  
repository	
  for	
  interaction	
  datasets.	
  Nucleic	
  acids	
  research.	
  2006;34:D535-­‐9.	
  
[49]	
   Kirschner	
  M,	
  Gerhart	
   J.	
   Evolvability.	
   Proceedings	
   of	
   the	
  National	
   Academy	
   of	
   Sciences	
   of	
   the	
  
United	
  States	
  of	
  America.	
  1998;95:8420-­‐7.	
  
[50]	
   Spassov	
  DS,	
   Jurecic	
  R.	
   The	
  PUF	
   family	
  of	
  RNA-­‐binding	
  proteins:	
  does	
  evolutionarily	
   conserved	
  
structure	
  equal	
  conserved	
  function?	
  IUBMB	
  life.	
  2003;55:359-­‐66.	
  
[51]	
  Wiszniak	
  SE,	
  Dredge	
  BK,	
  Jensen	
  KB.	
  HuB	
  (elavl2)	
  mRNA	
  is	
  restricted	
  to	
  the	
  germ	
  cells	
  by	
  post-­‐
transcriptional	
  mechanisms	
  including	
  stabilisation	
  of	
  the	
  message	
  by	
  DAZL.	
  PloS	
  one.	
  2011;6:e20773.	
  
[52]	
  Kallberg	
   Y,	
   Segerstolpe	
  A,	
   Lackmann	
  F,	
   Persson	
  B,	
  Wieslander	
   L.	
   Evolutionary	
   conservation	
  of	
  
the	
  ribosomal	
  biogenesis	
  factor	
  Rbm19/Mrd1:	
  implications	
  for	
  function.	
  PloS	
  one.	
  2012;7:e43786.	
  
[53]	
  Lai	
  WS,	
  Stumpo	
  DJ,	
  Kennington	
  EA,	
  Burkholder	
  AB,	
  Ward	
  JM,	
  Fargo	
  DL,	
  et	
  al.	
  Life	
  without	
  TTP:	
  
apparent	
  absence	
  of	
  an	
  important	
  anti-­‐inflammatory	
  protein	
  in	
  birds.	
  American	
  journal	
  of	
  physiology	
  
Regulatory,	
  integrative	
  and	
  comparative	
  physiology.	
  2013;305:R689-­‐700.	
  
[54]	
   Cullen	
   BR.	
   Role	
   and	
  mechanism	
   of	
   action	
   of	
   the	
   APOBEC3	
   family	
   of	
   antiretroviral	
   resistance	
  
factors.	
  Journal	
  of	
  virology.	
  2006;80:1067-­‐76.	
  



[55]	
  Tian	
  X,	
  Pascal	
  G,	
  Monget	
  P.	
  Evolution	
  and	
  functional	
  divergence	
  of	
  NLRP	
  genes	
   in	
  mammalian	
  
reproductive	
  systems.	
  BMC	
  evolutionary	
  biology.	
  2009;9:202.	
  
[56]	
   Sawicka	
   K,	
   Bushell	
   M,	
   Spriggs	
   KA,	
   Willis	
   AE.	
   Polypyrimidine-­‐tract-­‐binding	
   protein:	
   a	
  
multifunctional	
  RNA-­‐binding	
  protein.	
  Biochemical	
  Society	
  transactions.	
  2008;36:641-­‐7.	
  
[57]	
   Apponi	
   LH,	
   Corbett	
   AH,	
   Pavlath	
   GK.	
   Control	
   of	
   mRNA	
   stability	
   contributes	
   to	
   low	
   levels	
   of	
  
nuclear	
  poly(A)	
  binding	
  protein	
  1	
  (PABPN1)	
  in	
  skeletal	
  muscle.	
  Skeletal	
  muscle.	
  2013;3:23.	
  
[58]	
  Toyo-­‐oka	
  K,	
  Shionoya	
  A,	
  Gambello	
  MJ,	
  Cardoso	
  C,	
  Leventer	
  R,	
  Ward	
  HL,	
  et	
  al.	
  14-­‐3-­‐3epsilon	
   is	
  
important	
   for	
   neuronal	
  migration	
   by	
   binding	
   to	
  NUDEL:	
   a	
  molecular	
   explanation	
   for	
  Miller-­‐Dieker	
  
syndrome.	
  Nature	
  genetics.	
  2003;34:274-­‐85.	
  
[59]	
   Imai	
   K,	
   Hiramatsu	
   A,	
   Fukushima	
   D,	
   Pierschbacher	
   MD,	
   Okada	
   Y.	
   Degradation	
   of	
   decorin	
   by	
  
matrix	
   metalloproteinases:	
   identification	
   of	
   the	
   cleavage	
   sites,	
   kinetic	
   analyses	
   and	
   transforming	
  
growth	
  factor-­‐beta1	
  release.	
  The	
  Biochemical	
  journal.	
  1997;322	
  (	
  Pt	
  3):809-­‐14.	
  
[60]	
  Chong	
  CL,	
  Huang	
  SF,	
  Hu	
  CP,	
  Chen	
  YL,	
  Chou	
  HY,	
  Chau	
  GY,	
  et	
  al.	
  Decreased	
  expression	
  of	
  UK114	
  is	
  
related	
   to	
   the	
   differentiation	
   status	
   of	
   human	
   hepatocellular	
   carcinoma.	
   Cancer	
   epidemiology,	
  
biomarkers	
   &	
   prevention	
   :	
   a	
   publication	
   of	
   the	
   American	
   Association	
   for	
   Cancer	
   Research,	
  
cosponsored	
  by	
  the	
  American	
  Society	
  of	
  Preventive	
  Oncology.	
  2008;17:535-­‐42.	
  
[61]	
  Kim	
  B,	
  Cooke	
  HJ,	
  Rhee	
  K.	
  DAZL	
  is	
  essential	
  for	
  stress	
  granule	
  formation	
  implicated	
  in	
  germ	
  cell	
  
survival	
  upon	
  heat	
  stress.	
  Development.	
  2012;139:568-­‐78.	
  
[62]	
   Ladd	
  AN,	
  Charlet	
  N,	
  Cooper	
  TA.	
  The	
  CELF	
   family	
  of	
  RNA	
  binding	
  proteins	
   is	
   implicated	
   in	
  cell-­‐
specific	
   and	
   developmentally	
   regulated	
   alternative	
   splicing.	
   Molecular	
   and	
   cellular	
   biology.	
  
2001;21:1285-­‐96.	
  
[63]	
  Dauber	
  A,	
  Golzio	
  C,	
  Guenot	
  C,	
  Jodelka	
  FM,	
  Kibaek	
  M,	
  Kjaergaard	
  S,	
  et	
  al.	
  SCRIB	
  and	
  PUF60	
  are	
  
primary	
   drivers	
   of	
   the	
   multisystemic	
   phenotypes	
   of	
   the	
   8q24.3	
   copy-­‐number	
   variant.	
   American	
  
journal	
  of	
  human	
  genetics.	
  2013;93:798-­‐811.	
  
[64]	
  Wurth	
  L.	
  Versatility	
  of	
  RNA-­‐Binding	
  Proteins	
   in	
  Cancer.	
  Comparative	
  and	
   functional	
  genomics.	
  
2012;2012:178525.	
  
[65]	
   Upadhyay	
   R,	
   Sanduja	
   S,	
   Kaza	
   V,	
   Dixon	
   DA.	
   Genetic	
   polymorphisms	
   in	
   RNA	
   binding	
   proteins	
  
contribute	
  to	
  breast	
  cancer	
  survival.	
  International	
  journal	
  of	
  cancer	
  Journal	
  international	
  du	
  cancer.	
  
2013;132:E128-­‐38.	
  
[66]	
  Shao	
  C,	
  Zhao	
  L,	
  Wang	
  K,	
  Xu	
  W,	
  Zhang	
  J,	
  Yang	
  B.	
  The	
  tumor	
  suppressor	
  gene	
  RBM5	
  inhibits	
  lung	
  
adenocarcinoma	
  cell	
  growth	
  and	
  induces	
  apoptosis.	
  World	
  journal	
  of	
  surgical	
  oncology.	
  2012;10:160.	
  
[67]	
  Yang	
  C,	
  Strobel	
  P,	
  Marx	
  A,	
  Hofmann	
  I.	
  Plakophilin-­‐associated	
  RNA-­‐binding	
  proteins	
   in	
  prostate	
  
cancer	
   and	
   their	
   implications	
   in	
   tumor	
   progression	
   and	
   metastasis.	
   Virchows	
   Archiv	
   :	
   an	
  
international	
  journal	
  of	
  pathology.	
  2013;463:379-­‐90.	
  
[68]	
   Musunuru	
   K.	
   Cell-­‐specific	
   RNA-­‐binding	
   proteins	
   in	
   human	
   disease.	
   Trends	
   in	
   cardiovascular	
  
medicine.	
  2003;13:188-­‐95.	
  
[69]	
   Radomska	
   KJ,	
   Halvardson	
   J,	
   Reinius	
   B,	
   Lindholm	
   Carlstrom	
   E,	
   Emilsson	
   L,	
   Feuk	
   L,	
   et	
   al.	
   RNA-­‐
binding	
  protein	
  QKI	
   regulates	
  Glial	
   fibrillary	
  acidic	
  protein	
  expression	
   in	
  human	
  astrocytes.	
  Human	
  
molecular	
  genetics.	
  2013;22:1373-­‐82.	
  
[70]	
   Noureddine	
  MA,	
  Qin	
   XJ,	
   Oliveira	
   SA,	
   Skelly	
   TJ,	
   van	
   der	
  Walt	
   J,	
   Hauser	
  MA,	
   et	
   al.	
   Association	
  
between	
   the	
  neuron-­‐specific	
  RNA-­‐binding	
  protein	
  ELAVL4	
  and	
  Parkinson	
  disease.	
  Human	
  genetics.	
  
2005;117:27-­‐33.	
  
[71]	
  Qiang	
  X,	
  Yang	
  WL,	
  Wu	
  R,	
  Zhou	
  M,	
  Jacob	
  A,	
  Dong	
  W,	
  et	
  al.	
  Cold-­‐inducible	
  RNA-­‐binding	
  protein	
  
(CIRP)	
   triggers	
   inflammatory	
   responses	
   in	
   hemorrhagic	
   shock	
   and	
   sepsis.	
   Nature	
   medicine.	
  
2013;19:1489-­‐95.	
  
[72]	
  Katsanou	
  V,	
  Milatos	
  S,	
  Yiakouvaki	
  A,	
   Sgantzis	
  N,	
  Kotsoni	
  A,	
  Alexiou	
  M,	
  et	
  al.	
  The	
  RNA-­‐binding	
  
protein	
  Elavl1/HuR	
  is	
  essential	
  for	
  placental	
  branching	
  morphogenesis	
  and	
  embryonic	
  development.	
  
Molecular	
  and	
  cellular	
  biology.	
  2009;29:2762-­‐76.	
  
[73]	
  Cho	
  V,	
  Mei	
  Y,	
  Sanny	
  A,	
  Chan	
  S,	
  Enders	
  A,	
  Bertram	
  EM,	
  et	
  al.	
  The	
  RNA-­‐binding	
  protein	
  hnRNPLL	
  
induces	
   a	
   T	
   cell	
   alternative	
   splicing	
   program	
   delineated	
   by	
   differential	
   intron	
   retention	
   in	
  
polyadenylated	
  RNA.	
  Genome	
  biology.	
  2014;15:R26.	
  



[74]	
   Xu	
   B,	
   Koenig	
   RJ.	
   An	
   RNA-­‐binding	
   domain	
   in	
   the	
   thyroid	
   hormone	
   receptor	
   enhances	
  
transcriptional	
  activation.	
  The	
  Journal	
  of	
  biological	
  chemistry.	
  2004;279:33051-­‐6.	
  

 

  



Figure legends 

Figure 1: Domain Architecture of RNA Binding Proteins| Pfam domains listed by Castello et 

al (2012) to define classical and non-classical RBPs were used to annotate the RBP catalogue. Those 

that could not be classified into either of the categories were termed ‘Unclassified’. Figure A shows the 

overall domain distribution in RNA binding proteins. Figure B shows the distribution of individual 

pfam domains in RBPs. Figure C shows the distribution of various superfamilies’ of RBPs (* against 

the Superfamily name indicates that the name has been abbreviated). Superfamilies’ like P-loop 

nucleoside triphosphate hydrolases (P-loop NTH), beta-beta-alpha zinc finger (BBA-Zinc finger) were 

found to be enriched in RBPs when compared to the Non-RBPs (** indicates p<0.05, Fisher’s exact 

test). Figure D shows the distribution of classical and non-classical RBPs in each superfamily. In all 

the figures 1B,1C,1D domains and superfamilies’ associated with less than 1% of the RBPs are not 

shown. 

Figure 2: Intrinsic Disorder of RNA Binding Proteins| The extent of disorder was predicted 

using IUPred. A protein was considered to be disordered if the normalized disorder score is greater 

than 0.5. Figure A compares the intrinsic disorder between RBPs and Non-RBPs suggesting RBPs to 

be more disordered than Non-RBPs (p<2.2e-16, Fisher’s exact test). Figure B compares the intrinsic 

disorder between the classical and non-classical RBPs showing classical RBPs to be more disordered 

than the non-classical (p<2.2e-16, Fisher’s exact test). 

Figure 3: Evolutionary conservation of RBPs| A complete linkage hierarchical clustering of 

RBP orthologs in 62 different species illustrating high conservation levels (Figure A). Based on their 

conservation levels, RBPs were categorized into three levels - high (conservation in >=80% of the 

species), medium (conservation in >=50% and <=80% of the species), low (conservation in <=50% of 

the species). Figure B shows a subset of RBPs that are highly conserved. Figure C, a subset of RBPs 

which exhibited medium level of conservation. Figure D shows RBPs that are poorly conserved. Figure 

E compares the extent of conservation in classical and non-classical RBPs suggesting similar 

conservation patterns in the two groups (p=0.1, Fisher’s exact test). 

Figure 4: Tissue-wide expression patterns of RBPs| Expression of  RBPs across 25 different 

tissues obtained from the human protein catalogue [24]. Complete linkage hierarchical clustering of 

the expression data is shown in Figure A. Based on the expression patterns, RBPs were classified as 

ubiquitous and tissue-specific [26]. Figure B and C show a subset of RBPs that are ubiquitous and 

tissue-specific respectively. Figure D compares the expression levels of classical and non-classical 

RBPs in each tissue (* indicates p<0.05, Wilcoxon test). 

Figure 5: Diseases and anatomical contexts associated with RBPs| Diseases enriched for 

RBPs were obtained by using the annotations available from the malacards database [28] and filtered 

for at least 10 RBP associations, p-value < 1e-05 and FDR <1%. Among these, top 50 are displayed in 

the figure (Figure A) and the complete list is available as Supplementary Table 5. Figure 5B shows the 

top 20 anatomical contexts significantly associated with diseases enriched for RBPs (p<0.001, Fishers 

exact test). A complete list is available as Supplementary Table 5. 



 

Supplementary Tables 

Supplementary Table 1: Detailed catalogue of RBPs and their domain architecture 

Supplementary Table 2: Intrinsic Disorder of RNA Binding Proteins 

Supplementary Table 3: Ortholog Information 

Supplementary Table 4: Expression levels of RBPs across tissues 

Supplementary Table 5: Disease associations 

 

Supplementary Figures  

Figure 1: Scatter plot showing the conservation levels vs the disorder score for all the 
RBPs. 

Figure 2: Top 50 enriched diseases with the proportion of Classical, Non-classical and 
Unclassified RBPs. 

Figure 3: Diseases with significant over-representation of ubiquitous RBPs compared to 
tissue specific ones (p < 0.01, Fishers exact test). 
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 CKAP4 
 SUGP1 
 ADARB1 
 RBM4 
 CXorf57 
 MRPL42 
 ZNF593 
 TLR2 
 MRPS15 
 TDRKH 
 TSNAX 
 LLPH 
 TRA2B 
 DUSP14 
 SCAF8 
 DDX3X 
 UBE2D1 
 MAPRE1 
 CELF1 
 CPSF7 
 RALY 
 TRA2A 
 ZNF638 
 TIPARP 
 FAM103A1 
 RDM1 
 KNOP1 
 HOXB6 
 RBM41 
 ENOX2 
 MRPS26 
 C1orf52 
 NOL7 
 FRG1 
 MAGOH 
 RBM4B 
 C2orf15 
 RPP25 
 ZC3H7B 
 ESRP2 
 ZC3H18 
 YTHDF1 
 UBTF 
 LRP1 
 HMGB2 
 FASN 
 UTP3 
 RRP1 
 SF3A2 
 REXO4 
 DDX51 
 NOC4L 
 AKAP17A 
 FSCN1 
 LARP6 
 TUBB 
 RP9 
 ARL6IP4 
 CARHSP1 
 FASTKD3 
 NKRF 
 ALYREF 
 HELZ2 
 FASTKD5 
 IFIT2 
 RBM20 
 C1orf35 
 ZYX 
 NPM1 
 FAM207A 
 FAM133B 
 NPM3 
 LGALS1 
 FBRSL1 
 CSTB 
 S100A4 
 MTPAP 
 ZC3HAV1 
 CCDC59 
 MRPL22 
 MRPL32 
 METTL16 
 MBNL1 
 MTHFSD 
 DHX57 
 ZNF346 
 SRSF4 
 NTPCR 
 TBRG4 
 CSRP1 
 UBE2O 
 MRPL14 
 RBM14 
 PCBP4 
 C15orf52 
 AHNAK 
 CDC42EP4 
 HEXIM1 
 HSP90AA1 
 SNRPN 
 RBM12B 
 HNRNPH2 
 HNRNPF 
 SNRNP35 
 MKI67 
 C7orf50 
 HNRNPH1 
 LSM7 
 RPL5 
 P4HB 
 SLBP 
 MRPL20 
 PCSK9 
 SURF2 
 FKBP3 
 EWSR1 
 LSM10 
 PCDH20 
 HNRNPA3 
 ZRSR2 
 ZRSR1 
 NUDT16L1 
 H1F0 
 MRPL41 
 ZFP36L1 
 HSPA9 
 DHX38 
 MRPS21 
 RBM3 
 PCBP1 
 NGRN 
 MTERF 
 C11orf68 
 MAZ 
 HNRNPA1L2 
 LENG9 
 HNRNPA1 
 CDKN2A 
 ZFR2 
 SNRNP70 
 GRWD1 
 GTF2F1 
 PPAN 
 PPAN-P2RY11 
 SLC35G6 
 ZFP36L2 
 ISG20L2 
 PTRH1 
 LSM2 
 PARP10 
 PABPC1L2B 
 PABPC1L2A 
 CCDC124 
 CIRBP 
 POLR2B 
 RPL18A 
 HSPA5 
 HNRNPA0 
 KXD1 
 CELF6 
 RBM12 
 EDF1 
 EIF3G 
 BOP1 
 KM-PA-2 

 HSPB1 
 CELF3 
 CCDC86 
 RBFOX3 
 MEX3A 
 KCTD12 
 MRPL28 
 CACTIN 
 RPL3 
 RPS11 
 GSPT2 
 RPL36 
 RPL13 
 RPL10A 
 MEX3D 
 NME1 
 GAPDH 
 RPL7A 
 PA2G4 
 PKM 
 RPL12 
 UBE2L3 
 HSPD1 
 RPL30 
 RPS21 
 GPX4 
 SNRPE 
 PABPN1L 
 KRT18 
 COA6 
 HIST1H1D 
 HIST1H1E 
 HIST1H1C 
 HIST1H1B 
 RRP36 
 TWF2 
 UBE2D3 
 RPL29 
 RPL27A 
 SRSF10_SUPERCONTIG 
 NACA2 
 UBE2D2 
 RBMX 
 SRSF10 
 PABPN1 
 NCBP2L 
 EEF2 
 FBLL1 
 RPL26 
 RNF113B 
 RPSA 
 PABPC1 
 PABPC3 
 DAZ3 
 DAZ1 
 DAZ4 
 DAZ2 
 SRSF2 
 ANP32A 
 CPEB1 
 RPL17 
 RPS10 
 RRS1 
 MKRN3 
 UBE2N 
 PURB 
 ZFP36 
 PURA 
 POLR2A 
 HSPA1B 
 HSPA1A 
 EXOSC6 
 RPS28 
 RPL10 
 RPS17L 
 RPS17 
 RBMXL2 
 RBMXL3 
 RBMY1F 
 RBMY1J 
 RBMY1A1 
 RBMY1E 
 RBMY1B 
 RBMY1D 
 RBMXL1 
 HNRNPC 
 HNRNPCL1 
 C1orf204 
 PCBP2 
 EPPK1 
 PCDHGA9 
 HLA-A 
 SNRPEP3 
 SRSF8 
 WDR46_SUPERCONTIG 
 HNRNPA1P7 
 DDX39B_SUPERCONTIG 
 RBMS2P1 
 MAGOH2 
 PRRC2A_SUPERCONTIG 
 MKRN4P 
 VCP 
 UBC 
 PPIA 
 RPL36A 
 PABPC4L 
 HIST1H4H 
 EIF1AX 
 RPL17-C18orf32 
 DCD 
 IFI16 
 H1FX 
 L1TD1 
 TDRD10 
 NLRP11 
 C11orf31 
 HIST2H4B 
 C16orf80 
 RBFOX1 
 BOLL 
 TPR 
 EIF1B 
 HNRNPA2B1 
 YBX3 
 SYNJ2 
 CDK13 
 EIF4G1 
 HMGB1 
 CLK3 
 TIA1 
 RBM39 
 ATP5A1 
 RBM23 
 DDX39B 
 RBM11 
 SLIRP 
 MAP4 
 RPS27L 
 MRPS28 
 FUS 
 SURF6 
 NAA38 
 MRPS9 
 OTUD4 
 SREK1 
 RCAN2 
 MRPS18C 
 AKAP8L 
 MRPL54 
 MRPL9 
 POP7 
 MSI1 
 C12orf43 
 U2AF1L4 
 ZNF239 
 RPS27 
 SLC25A5 
 ZC3H3 
 HMGB3 
 YWHAH 
 U2AF1 
 SUGP2 
 AKAP8 
 NDUFV3 
 RBM44 
 AGO3 
 ERI3 
 ANKRD17 
 YWHAQ 
 DIMT1 
 SPATS2L 
 RBM43 
 C4BPA 
 G3BP1 
 FAM120A 
 PTBP3 
 SRSF1 
 BCLAF1 
 ANXA7 
 ZNF326 
 BZW2 
 SCAF11 
 RBM33 
 PPARGC1B 
 CCDC108 
 TRIM28 
 HNRNPDL 
 YWHAZ 
 TUBB2B 
 RBM38 
 ZC3H12D 
 SFN 
 TUBB2A 
 NOVA2 
 DUS3L 
 TAGLN2 
 CPSF4L 
 EEF1A1 
 SUMO2 
 CGGBP1 
 HMGN2 
 TMSB4X 
 TUBB4A 
 ZCCHC3 
 SNRPA 
 RPUSD3 
 TCOF1 
 C14orf93 
 SRRM2 
 CCAR2 
 POU5F1 
 PLEC 
 CD3EAP 
 CHCHD1 
 ZC3HAV1L 
 OASL 
 DZIP3 
 S100A16 
 RPP25L 
 XIRP1 
 PFN1 
 ZNF768 
 REPIN1 
 FLYWCH2 
 TRIM56 
 APOBEC3H 
 BST2 
 PABPC5 
 HMGN5 
 DPPA5 
 ZNF579 
 NBPF10 
 APOBEC3B 
 ZNF74 
 APOBEC3F 
 APOBEC3C 
 PEG10 
 HNRNPA1P36 
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 RPS18_SUPERCONTIG 
 RP1-37E16.12 
 EMG1 
 EIF5A 
 RPLP0 
 RPL21 
 RPL31 
 RPS2 
 RPL35A 
 TPT1 
 RPL7 
 MRPS12 
 EIF5 
 PSMD4 
 DDX43 
 ZFR 
 FMR1 
 UBAP2L 
 CSDE1 
 PNISR 
 G3BP2 
 KIAA1429 
 ROCK2 
 RRP15 
 FUBP3 
 GTPBP1 
 MKRN2 
 MRPS35 
 CELF2 
 ESRP1 
 BUD13 
 ESF1 
 GTPBP10 
 ZNF622 
 RBM18 
 TCEA1 
 EIF3E 
 UCHL5 
 ZC3H7A 
 RNMTL1 
 PNN 
 CTNNA1 
 MRPS14 
 HEATR6 
 LARP7 
 GTF3A 
 NSUN6 
 RBM26 
 SERBP1 
 API5 
 FAM46A 
 MRPL10 
 RNPC3 
 PDAP1 
 PTPN1 
 RBM24 
 LGALS3 
 PABPC4 
 HNRNPH3 
 GEMIN5 
 TOE1 
 APTX 
 RAVER2 
 RPUSD4 
 LSM11 
 POLDIP3 
 SEC23IP 
 UTP6 
 XPO5 
 SKIV2L2 
 EIF4G2 
 KHDRBS1 
 KHDRBS3 
 CIRH1A 
 KMT2C 
 YTHDF2 
 CAPRIN1 
 TFAM 
 SRSF5 
 EIF4H 
 ERH 
 TNRC6C 
 XRCC5 
 MRPS30 
 FXR1 
 WDR75 
 GIGYF2 
 L3MBTL3 
 GRB2 
 DHX36 
 KIAA0430 
 GRSF1 
 ZCRB1 
 TEX10 
 STRBP 
 NCL 
 URB2 
 DSP 
 NUPL2 
 CMSS1 
 SRFBP1 
 ILF3 
 CHTOP 
 TARDBP 
 THUMPD2 
 NOLC1 
 SNRNP40 
 C14orf166 
 RBM17 
 R3HDM1 
 CPSF6 
 TRNAU1AP 
 MRPS7 
 STAU2 
 ADD1 
 SSR1 
 ATXN2 
 LRPPRC 
 R3HDM2 
 NONO 
 RBPMS 
 SAMD4A 
 EED 
 CASC3 
 IGF2BP1 
 LARP4B 
 ZNF207 
 SFSWAP 
 RTCB 
 RBFOX2 
 EIF3D 
 CCDC47 
 TCERG1 
 PTBP2 
 ALDH6A1 
 IMMT 
 MKRN1 
 SYNCRIP 
 EIF3H 
 SRP68 
 SMNDC1 
 PRPF3 
 ACO1 
 MDH2 
 MACF1 
 RIMS1 
 ANKHD1 
 SRP72 
 LRRC59 
 SF3B1 
 ETF1 
 DROSHA 
 MRPL39 
 XRN2 
 SRPK1 
 TNPO1 
 DDX52 
 NOC3L 
 FNDC3B 
 ACTN1 
 SRBD1 
 MRPL19 
 ZCCHC8 
 SART3 
 FNDC3A 
 ELAVL2 
 DNAJC8 
 NASP 
 PARP1 
 LARP4 
 FUBP1 
 U2SURP 
 DDX21 
 LIN28B 
 RBM47 
 ASCC1 
 ADK 
 NOP58 
 KPNB1 
 NCBP1 
 KRR1 
 CEBPZ 
 EIF4E2 
 MRPL15 
 PPIG 
 MPHOSPH10 
 STXBP1 
 PDCD11 
 RARS2 
 MKI67IP 
 ACAA2 
 EXOSC1 
 BMS1 
 XRCC6 
 CPEB2 
 DDX55 
 DBR1 
 SRPR 
 ARCN1 
 TCP1 
 MRPL2 
 IGF2BP2 
 NSRP1 
 POP1 
 PSPC1 
 DDX50 
 TES 
 PSIP1 
 FAM98B 
 RPF1 
 NMD3 
 DDX10 
 MSI2 
 MRPL1 
 C9orf114 
 GOT2 
 SRSF7 
 EIF4E 
 SRSF11 
 MRPL45 
 ELAVL1 
 CSTF2 
 YWHAE 
 DDX27 
 IREB2 
 LSM1 
 HNRNPM 
 DNM1 
 RTF1 
 RBMS3 
 CS 
 IPO5 
 RBBP6 
 SNRPB 
 STRAP 
 GSPT1 
 EIF4A2 
 DHX8 
 MRPL3 
 WDR33 
 CPEB4 
 PRPF38A 
 DDX47 
 SNRPB2 
 RPF2 
 NOP56 
 ZC3H15 
 TFB1M 
 MYEF2 
 CSTF1 
 SRP54 
 SNW1 
 TRMT6 
 MTIF2 
 DIS3 
 DDX1 
 EIF4G3 
 WDR3 
 GDI2 
 LSG1 
 AQR 
 NSUN2 
 LUC7L2 
 LSM14A 
 EIF3A 
 AATF 
 EFTUD2 
 LTA4H 
 BRIX1 
 XRN1 
 CCT4 
 HDLBP 
 NOL10 
 DARS 
 PRDX1 
 HEATR1 
 FCF1 
 UTP20 
 BICC1 
 CNOT1 
 YARS 
 GNL2 
 SRPK2 
 PWP1 
 DDX42 
 HADHB 
 NOVA1 
 CLTC 
 EIF2D 
 C7orf55-LUC7L2 
 RPP30 
 TIAL1 
 PAN3 
 RBMS1 
 SUPV3L1 
 PRPF40A 
 SUCLG1 
 WDR43 
 GNL3 
 NAA15 
 HSP90B1 
 PDIA3 
 CHD2 
 PRPF8 
 UTP11L 
 UTP18 
 CNOT4 
 DDX6 
 WDR36 
 MCM3AP 
 DNAJC21 
 UTP15 
 USO1 
 MRPL13 
 RPL37A 
 RCC2 
 GNB2L1 
 TNRC6A 
 ZAK 
 THUMPD3 
 NKAP 
 CPEB3 
 XPO1 
 LUC7L3 
 PUM1 
 OLA1 
 LEMD3 
 SRP19 
 CISD2 
 DHX33 
 CRNKL1 
 NAT10 
 TRIM71 
 SRP14 
 DNAJC17 
 TBL2 
 PRRC2B 
 PTCD1 
 ATP5J2-PTCD1 
 DDX41 
 TBL3 
 FKBP4 
 TNS1 
 EZR 
 HSPG2 
 ZGPAT 
 RPN1 
 SUPT6H 
 MRTO4 
 GCN1L1 
 SF3A1 
 GTPBP4 
 PRKDC 
 TCF25 
 DYNC1H1 
 LUC7L 
 CRKL 
 RPL8 
 NOP2 
 TOP3B 
 NOP14 
 DDX54 
 PNO1 
 CANX 
 METAP2 
 EBNA1BP2 
 DKC1 
 CPSF4 
 NMT1 
 SUPT5H 
 RPL11 
 MYH9 
 PUF60 
 TPI1 
 CSNK1E 
 PWP2 
 NFX1 
 DDX18 
 PHF5A 
 SFPQ 
 SPTBN1 
 IGF2BP3 
 EIF3B 
 KIN 
 ATP5C1 
 TSR1 
 RPUSD2 
 YTHDF3 
 THUMPD1 
 PAK1IP1 
 NAP1L4 
 SRSF3 
 EXOSC2 
 SEC61A1 
 CCT3 
 PKN2 
 DDX46 
 PAPD5 
 RPS3 
 PSMC1 
 RPL4 
 MYO5A 
 EIF5B 
 PDIA6 
 TOP1 
 CSTF3 
 RBM22 
 CNN3 
 RPS8 
 SNRPD1 
 MTO1 
 ISY1 
 ISY1-RAB43 
 RPS6 
 RPS24 
 SYF2 
 CWC15 
 RBM5 
 HNRNPR 
 KPNA2 
 NUDT21 
 RPS13 
 NHP2L1 
 SNRNP200 
 PPIE 
 SNRPF 
 RPL23 
 FAM98A 
 RPS23 
 RPL15 
 TRUB2 
 PPP1CC 
 LSM5 
 SNRPC 
 PIN4 
 NUFIP1 
 CDC5L 
 TOP2A 
 RTN4 
 ERAL1 
 PRPF38B 
 WBSCR22 
 SEC63 
 PUM2 
 KIAA0020 
 DNAJC2 
 MDN1 
 QKI 
 PRPF4B 
 FARSB 
 CCBL2 
 FIP1L1 
 UTP23 
 CDC40 
 EXOSC10 
 DCAF13 
 ALKBH8 
 TROVE2 
 RBM6 
 PPIL4 
 DUSP11 
 LARP1 
 RBM25 
 ZC3H6 
 RNPS1 
 DAZL 
 ZRANB2 
 SPTAN1 
 EIF1 
 MCAT 
 SUB1 
 GAR1 
 NELFE 
 EIF5A2 
 TWISTNB 
 MRPL44 
 UBFD1 
 BCCIP 
 BAG4 
 PUS7 
 DDX31 
 MRPL27 
 KHDRBS2 
 HNRNPD 
 MAK16 
 DIDO1 
 SORBS2 
 MFAP1 
 SRRM1 
 ELAVL4 
 UBAP2 
 NAF1 
 RPL7L1 
 ELAC2 
 PRPF6 
 RBMX2 
 SBDS 
 TPD52L2 
 AKAP1 
 SMG1 
 RPS14 
 RPS16 
 TDRD3 
 A1CF 
 ZCCHC9 
 DAP3 
 SNRPA1 
 DDX24 
 HK2 
 GFM1 
 ILF2 
 HSPE1 
 DDX5 
 NSA2 
 MOV10L1 
 RPL14 
 ZCCHC7 
 SNRPD3 
 HDAC2 
 UPF3B 
 EIF2S2 
 YARS2 
 RTCA 
 SF3A3 
 EXOSC9 
 NVL 
 HNRNPK 
 DNTTIP2 
 TRMT10A 
 ZNF598 
 HTATSF1 
 SSRP1 
 LSM14B 
 CCT6A 
 NIP7 
 LSM6 
 ASCC3 
 EIF4A3 
 LIN28A 
 SNIP1 
 PEBP1 
 IBA57 
 SAP18 
 ZCCHC24 
 MRPL40 
 MRPS23 
 PES1 
 RAN 
 SNRPG 
 HSP90AB1 
 ALDOA 
 WIBG 
 PURG 
 LRRC47 
 SETD1B 
 RPL24 
 RPS7 
 PDIA4 
 DUT 
 MRPS5 
 SDAD1 
 RPL22L1 
 MCTS1 
 UPF1 
 POLRMT 
 RPS20 
 UBE2I 
 PUS1 
 GLRX3 
 FTSJ3 
 BYSL 
 LARP1B 
 NHP2 
 RPS15A 
 RBM19 
 NOM1 
 RPL19 
 TRMT44 
 PTBP1 
 MRPL21 
 RBPMS2 
 YBX1 
 LSM4 
 NCBP2 
 CNBP 
 CSTF2T 
 CHERP 
 DDX49 
 RRP9 
 CALR 
 DGKQ 
 DAZAP1 
 CELF5 
 TRMT2A 
 TRAP1 
 NOL6 
 PPIB 
 PEF1 
 NOC2L 
 RRP1B 
 HUWE1 
 ACIN1 
 UBA1 
 RBM28 
 ANP32B 
 DDX56 
 SETD1A 
 SLC25A11 
 SF3B2 
 DDX23 
 SF1 
 ABCF1 
 DHX9 
 APEX1 
 SF3B4 
 FARSA 
 RPL13A 
 RPL6 
 RP11-603J24.9 
 RPL35 
 RPL27 
 NAP1L1 
 ZNHIT6 
 MRM1 
 PABPC1L 
 SPEN 
 SERPINH1 
 MRPL37 
 CSDC2 
 USP10 
 ASS1 
 HNRNPAB 
 USP36 
 UNK 
 URB1 
 WBSCR16 
 ZMAT5 
 MOV10 
 WDR6 
 AEN 
 RPS25 
 RPS27A 
 RPL22 
 BTF3 
 FDPS 
 RPS3A 
 RPL23A 
 ENO1 
 ARF1 
 RPS12 
 RPS4X 
 RPS15 
 RNF113A 
 RPL32 
 DDX28 
 HSPA8 
 HDGF 
 RPS26 
 DHX15 
 RBM15B 
 JUN 
 DDX53 
 YBX2 
 MRPS24 
 RPS19 
 FAM32A 
 IMP3 
 U2AF2 
 ZNF385A 
 ZC3H10 
 RPL28 
 CCDC9 
 LSMD1 
 MEX3B 
 GRN 
 MRPL43 
 RBM8A 
 MRPL4 
 CLASRP 
 SAMD4B 
 DDX39A 
 FBL 
 SNRPD2 
 TRMT1 
 TACO1 
 ACTN4 
 SLC3A2 
 SRRT 
 EEF1G 
 ZC3H4 
 NXF1 
 C19orf47 
 GLTSCR2 
 FAM50A 
 NOSIP 
 EXOSC4 
 HNRNPUL1 
 HSD17B10 
 SYNE1 
 RBMS2 
 STIP1 
 IMP4 
 NOP9 
 SMC1A 
 SND1 
 DIAPH1 
 ABT1 
 SRSF9 
 TSFM 
 DHX16 
 DHX34 
 RBM10 
 WDR46 
 TRIP6 
 RPS9 
 MEPCE 
 PRMT1 
 PPP1R10 
 CORO1A 
 FLNA 
 CHD3 
 KRI1 
 ELAVL3 
 RAVER1 
 CTD-2369P2.12 
 CELF4 
 GNL3L 
 RPS5 
 RRP8 
 ZC3H8 
 SRSF12 
 PRR3 
 PQBP1 
 HARS2 
 FAM120C 
 KHSRP 
 MRPL11 
 GANAB 
 SUPT16H 
 POLR2G 
 PRPF31 
 EIF4A1 
 HNRNPUL2 
 MEX3C 
 FAU 
 FXR2 
 PRKRA 
 RBM42 
 HLTF 
 TUFM 
 NGDN 
 ATXN2L 
 TUT1 
 MARK2 
 TEFM 
 PELP1 
 MECP2 
 TEP1 
 PRRC2A 
 KIF1C 
 SART1 
 SAMD14 
 HERC5 
 SEC61B 
 RBM15 
 LSM3 
 ARHGEF1 
 CDK11B 
 SARS2 
 EIF3C 
 EIF3CL 
 RPS18 
 EIF4B 
 ALG13 
 IFIT5 
 TAF15 
 SUMO1 
 RPGR 
 CLNS1A 
 ALDH18A1 
 DDX17 
 RBM27 
 ZC3H14 
 DYNC1LI1 
 SCAF4 
 HNRNPU 
 GTF2E2 
 NOA1 
 STAU1 
 PTCD3 

 MBNL2 
 RC3H1 
 BZW1 
 ZC3H12B 
 MBNL3 
 MYO18A 
 RBM46 
 SOGA2 
 RC3H2 
 SAMSN1 
 C17orf85 
 ZBTB11 
 DHX29 
 ZFC3H1 
 NUSAP1 
 PATL1 
 NOP16 
 ZCCHC6 
 CPNE3 
 KIAA1324 
 PARN 
 ZCCHC11 
 EIF4ENIF1 
 NOL8 
 TRIM25 
 NUFIP2 
 FASTKD2 
 PHF6 
 ZC3H11A 
 PARP14 
 SCG3 
 TRMT1L 
 TFRC 
 LBR 
 YTHDC2 
 FYTTD1 
 FLNB 
 ZC3H12C 
 NUCKS1 
 MATR3 
 PPHLN1 
 HNRNPLL 
 CAST 
 ZMAT3 
 POLR1E 
 MTDH 
 FAM208A 
 ENOX1 
 TNRC6B 
 PPARGC1A 
 RSRC2 
 YLPM1 
 TMA16 
 SECISBP2L 
 SLTM 
 SAFB 
 TMEM63A 
 YTHDC1 
 NOL12 
 EIF2AK2 
 NSUN5 
 PRRC2C 
 ADAR 
 SFMBT2 
 ZC3H12A 
 LAS1L 
 RPS19BP1 
 CCDC137 
 ZNF106 
 WBP11 
 SECISBP2 
 C1orf131 
 PARP12 
 CCAR1 
 DMGDH 
 ZCCHC17 
 PTCD2 
 DCN 
 THRAP3 
 MRPS27 
 NCOA5 
 GOLGB1 
 DEK 
 RBM45 
 TTC14 
 RALYL 
 HNRNPL 
 SNTB2 
 SARNP 
 ZC3H13 
 KTN1 
 TFB2M 
 COL14A1 
 SPATS2 
 AGO1 
 NQO1 
 SSBP1 
 AGO2 
 ANXA2 
 SRSF6 
 SAFB2 
 ADARB2 
 NOL11 
 FASTKD1 
 GPATCH8 
 ANXA11 
 TCF20 
 RRP7A 
 MYBBP1A 
 APEH 
 SLC16A3 
 PCBP3 
 PTRF 
 DHX30 
 TRMT10C 
 HMCES 
 RRP12 
 PPRC1 
 TXN 
 RRBP1 
 YWHAG 
 UTP14C 
 AC104534.3 
 EIF3L 
 LYAR 
 NOMO3 
 NOMO1 
 NOMO2 
 UHMK1 
 RSL1D1 
 MRPS31 
 SF3B14 
 RDX 
 PNPT1 
 SON 
 TBCA 
 HRSP12 
 SSB 
 SYNJ1 
 ZNFX1 
 DIEXF 
 EIF2S1 
 RBM7 
 RP11-212D19.4 
 UTP14A 
 HELZ 
 RBM34 
 MRPS11 
 ALKBH5 
 GPATCH4 
 CKAP4 
 SUGP1 
 ADARB1 
 RBM4 
 CXorf57 
 MRPL42 
 ZNF593 
 TLR2 
 MRPS15 
 TDRKH 
 TSNAX 
 LLPH 
 TRA2B 
 DUSP14 
 SCAF8 
 DDX3X 
 UBE2D1 
 MAPRE1 
 CELF1 
 CPSF7 
 RALY 
 TRA2A 
 ZNF638 
 TIPARP 
 FAM103A1 
 RDM1 
 KNOP1 
 HOXB6 
 RBM41 
 ENOX2 
 MRPS26 
 C1orf52 
 NOL7 
 FRG1 
 MAGOH 
 RBM4B 
 C2orf15 
 RPP25 
 ZC3H7B 
 ESRP2 
 ZC3H18 
 YTHDF1 
 UBTF 
 LRP1 
 HMGB2 
 FASN 
 UTP3 
 RRP1 
 SF3A2 
 REXO4 
 DDX51 
 NOC4L 
 AKAP17A 
 FSCN1 
 LARP6 
 TUBB 
 RP9 
 ARL6IP4 
 CARHSP1 
 FASTKD3 
 NKRF 
 ALYREF 
 HELZ2 
 FASTKD5 
 IFIT2 
 RBM20 
 C1orf35 
 ZYX 
 NPM1 
 FAM207A 
 FAM133B 
 NPM3 
 LGALS1 
 FBRSL1 
 CSTB 
 S100A4 
 MTPAP 
 ZC3HAV1 
 CCDC59 
 MRPL22 
 MRPL32 
 METTL16 
 MBNL1 
 MTHFSD 
 DHX57 
 ZNF346 
 SRSF4 
 NTPCR 
 TBRG4 
 CSRP1 
 UBE2O 
 MRPL14 
 RBM14 
 PCBP4 
 C15orf52 
 AHNAK 
 CDC42EP4 
 HEXIM1 
 HSP90AA1 
 SNRPN 
 RBM12B 
 HNRNPH2 
 HNRNPF 
 SNRNP35 
 MKI67 
 C7orf50 
 HNRNPH1 
 LSM7 
 RPL5 
 P4HB 
 SLBP 
 MRPL20 
 PCSK9 
 SURF2 
 FKBP3 
 EWSR1 
 LSM10 
 PCDH20 
 HNRNPA3 
 ZRSR2 
 ZRSR1 
 NUDT16L1 
 H1F0 
 MRPL41 
 ZFP36L1 
 HSPA9 
 DHX38 
 MRPS21 
 RBM3 
 PCBP1 
 NGRN 
 MTERF 
 C11orf68 
 MAZ 
 HNRNPA1L2 
 LENG9 
 HNRNPA1 
 CDKN2A 
 ZFR2 
 SNRNP70 
 GRWD1 
 GTF2F1 
 PPAN 
 PPAN-P2RY11 
 SLC35G6 
 ZFP36L2 
 ISG20L2 
 PTRH1 
 LSM2 
 PARP10 
 PABPC1L2B 
 PABPC1L2A 
 CCDC124 
 CIRBP 
 POLR2B 
 RPL18A 
 HSPA5 
 HNRNPA0 
 KXD1 
 CELF6 
 RBM12 
 EDF1 
 EIF3G 
 BOP1 
 KM-PA-2 
 HSPB1 
 CELF3 
 CCDC86 
 RBFOX3 
 MEX3A 
 KCTD12 
 MRPL28 
 CACTIN 
 RPL3 
 RPS11 
 GSPT2 
 RPL36 
 RPL13 
 RPL10A 
 MEX3D 
 NME1 
 GAPDH 
 RPL7A 
 PA2G4 
 PKM 
 RPL12 
 UBE2L3 
 HSPD1 
 RPL30 
 RPS21 
 GPX4 
 SNRPE 
 PABPN1L 
 KRT18 
 COA6 
 HIST1H1D 
 HIST1H1E 
 HIST1H1C 
 HIST1H1B 
 RRP36 
 TWF2 
 UBE2D3 
 RPL29 
 RPL27A 
 SRSF10_SUPERCONTIG 
 NACA2 
 UBE2D2 
 RBMX 
 SRSF10 
 PABPN1 
 NCBP2L 
 EEF2 
 FBLL1 
 RPL26 
 RNF113B 
 RPSA 
 PABPC1 
 PABPC3 
 DAZ3 
 DAZ1 
 DAZ4 
 DAZ2 
 SRSF2 
 ANP32A 
 CPEB1 
 RPL17 
 RPS10 
 RRS1 
 MKRN3 
 UBE2N 
 PURB 
 ZFP36 
 PURA 
 POLR2A 
 HSPA1B 
 HSPA1A 
 EXOSC6 
 RPS28 
 RPL10 
 RPS17L 
 RPS17 
 RBMXL2 
 RBMXL3 
 RBMY1F 
 RBMY1J 
 RBMY1A1 
 RBMY1E 
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 PCBP2 
 EPPK1 
 PCDHGA9 
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 SNRPEP3 
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 CDK13 
 EIF4G1 
 HMGB1 
 CLK3 
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 SLIRP 
 MAP4 
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 Metazoan Vertebrates         Aves        PrimatesMammals



 RC3H1 
 MTERF 
 HIST1H1D 
 HIST1H1E 
 HIST1H1C 
 HIST1H1B 
 ZBTB11 
 PAPD5 
 IMP3 
 SDAD1 
 NIP7 
 CHD2 
 ZC3H13 
 SFSWAP 
 CORO1A 
 APOBEC3F 
 APOBEC3C 
 RBMX2 
 RSRC2 
 MARK2 
 CELF2 
 MAZ 
 CELF3 
 DGKQ
 TOP3B 
 LENG9 
 TTC14 
 OASL 
 TCF20 
 DHX33 
 NLRP11 
 L3MBTL3 
 DUSP11 
 SETD1B 
 ZC3H6 
 MRPS18C 
 C1orf131 
 DDX28 
 NSUN5 
 TOE1 
 KRR1 
 DNTTIP2 
 C11orf31 
 DDX18 
 NAT10 
 APTX 
 SF1 
 RBM23 
 FRG1 
 WBP11 
 RBM10 
 RTF1 
 SCAF4 
 SART1 
 SCAF11 
 DBR1 
 IFI16 
 PRPF40A 
 RBM15 
 RAVER1 
 DDX47 
 WDR3 
 DDX27 
 PDCD11 
 CIRH1A 
 PWP2 
 KIAA0020 
 POLR1E 
 IMP4 
 BYSL 
 NOP14 
 ZGPAT 
 CPSF4 
 POLDIP3 
 UTP15 
 NOP58 
 NOP56 
 ZCCHC8 
 EXOSC9 
 BOP1 
 NOP2 
 URB2 
 GTPBP10 
 ZCCHC9 
 MRPL42 
 EXOSC10 
 NOL8 
 RBM6 
 TRMT6 
 NOSIP 
 SRSF11 
 PARP10 
 MEPCE 
 HEATR1 
 PRPF38B 
 EXOSC2 
 PIN4 
 USP36 
 C9orf114 
 UTP14A 
 DDX54 
 NOL10 
 NOL6 
 DDX51 
 SRFBP1 
 DDX55 
 CLASRP 
 RRP8 
 BMS1 
 UTP11L 
 UTP6 
 C12orf43 
 DDX31 
 ABT1 
 S100A4 
 LBR 
 ARHGEF1 
 RNF113A 
 KRI1 
 DHX34 
 CLNS1A 
 MRPL54 
 AKAP17A 
 DNAJC2 
 LARP7 
 SLTM
 U2SURP 
 WDR33 
 PNN 
 POLR2B 
 BCLAF1 
 AKAP8L 
 NCOA5 
 SUPT5H
 DDX42 
 TPR 
 CDC5L 
 SAFB2 
 SAFB 
 SUPT16H
 RBM12B 
 SRPK2 
 NASP 
 LAS1L 
 SARNP 
 SUMO1
 CCDC9 
 GEMIN5 
 EIF5B 
 WIBG 
 EDF1 
 BRIX1 
 ELAC2 
 GTF2F1 
 RRP9 
 TRMT2A 
 TRMT1 
 DDX41 
 ISY1-RAB43
 ISY1 
 ZNF346 
 YLPM1 
 WBSCR22 
 RBM26 
 ALKBH5 
 YTHDC1 
 XPO5 
 ZNF638 
 PHF6 
 PABPN1L 
 FAM98B 
 ZFR 
 SYNE1 
 DHX30 
 RRP36 
 DCAF13 
 DDX52 
 HIST1H4H 
 HIST2H4B 
 C7orf55-LUC
 LUC7L2 
 HMGB2 
 FBL 
 EXOSC1 
 FUBP1 
 XRCC5 
 HMGB1 
 UNK 
 FLYWCH2 
 SYF2 
 PUM1 
 PUM2 
 DZIP3 
 EIF2D 
 PARP12 
 RPP30 
 SRP54 
 EIF4B 
 NUPL2 
 ZNF598 
 WDR46 
 ZC3H12C 
 DDX10 
 EIF4E2 
 TNRC6B 
 FUBP3 
 LSM14A 
 MRPL1 
 LSM6 
 RTCA 
 UBA1 
 SNRPD1 
 NCL 
 HNRNPU 
 RNPS1 
 HNRNPCL1 
 HNRNPC 
 XRCC6 
 HNRNPR 
 HNRNPD 
 EIF2AK2 
 POP1 
 CSTF2T 
 CSTF2 
 MRPL40 
 GTPBP4 
 IREB2 
 EEF2 
 G3BP1 
 PTBP3 
 DDX21 
 SERBP1 
 ABCF1 
 EIF3CL 
 EIF3C 
 EIF3A 
 PTBP1 
 SYNCRIP 
 NPM1 
 EXOSC6 
 GAR1 
 DHX57 
 SUMO2
 TCOF1 
 PRPF3 
 SCAF8 
 RRP1B 
 RBM15B 
 RRP15 
 PUS7 
 DNAJC17 
 DHX8 
 LYAR 
 DDX24 
 DIMT1 
 RBM5 
 SON 
 WDR43 
 NGDN
 DDX56 
 NOL11 
 DDX50 
 C17orf85 
 UTP18 
 DIDO1 
 GPATCH8 
 CCDC86 
 RBM28 
 PPP1R10 
 C1orf35 
 SNIP1 
 RBM19 
 SETD1A 
 BUD13 
 SUGP1 
 PRRC2C 
 RPL7L1 
 CHD3 
 CGGBP1 
 XRN1 
 THRAP3 
 EMG1
 POLR2G
 BTF3 
 ZC3H4 
 NOP16 
 ZC3H14 
 POLR2A 
 SNW1 
 SMNDC1 
 RBM39 
 MBNL3 
 CAST 
 MBNL1 
 ZC3HAV1 
 NAA15 
 NMT1 
 KIN 
 ZCCHC6 
 DEK 
 URB1 
 SF3A2 
 DNAJC8 
 ZNF207 
 ADAR 
 PRPF31 
 FAM50A 
 NOP9 
 TCEA1 
 CDK11B 
 DDX46 
 CCAR1 
 CHERP 
 DIS3 
 ACIN1 
 SUPT6H
 FCF1 
 SUPV3L1 
 ZC3H18 
 RBM25 
 TRMT1L 
 TWISTNB 
 ZC3H15 
 AKAP8 
 UBTF 
 UPF3B 
 RRP12 
 PRPF4B 
 PES1 
 THUMPD1 
 FTSJ3 
 NOC2L 
 MYBBP1A 
 WDR75 
 TMA16 
 TCERG1 
 SRRT 
 HTATSF1 
 MFAP1 
 STRBP 
 PARP1 
 PNO1 
 PUS1 
 RPF2 
 PARN 
 PRRC2B 
 PPAN-P2RY
 PPAN 
 SURF6 
 DNAJC21 
 MEX3C 
 LSG1 
 ATXN2L 
 FASTKD5 
 HEATR6 
 GNL2 
 PPIG 
 RSL1D1 
 DKC1 
 MECP2 
 CMSS1 
 RBBP6 
 NELFE 
 MCM3AP 
 HEXIM1
 ADK 
 GLTSCR2 
 GTF2E2 
 CEBPZ 
 EIF4ENIF1 
 ESF1 
 RBM34 
 NVL 
 ISG20L2 
 EED 
 NFX1 
 MKRN2 
 NOM1
 TRUB2 
 UTP20 
 ZFP36L2 
 MRPL15 
 HELZ2 
 PCDH20 
 MTO1
 NSA2 
 RRP7A
 MKI67IP 
 NOL7 
 RPUSD2 
 NOC4L 
 UTP14C 
 RRP1 
 EBNA1BP2 
 NOLC1 
 ASCC3 
 GNL3 
 RRS1 
 FAM207A 
 PATL1 
 RPS19BP1 
 SECISBP2L 
 ZNF593 
 FAM46A 
 AEN 
 LIN28B 
 LIN28A 
 TFRC 
 IGF2BP3 
 KRT18 
 SERPINH1 
 MTHFSD 
 PTCD2 
 PTCD1 
 RBM45 
 CSDC2 
 TRMT44 
 RPUSD4 
 PEG10 
 UHMK1 
 CDKN2A 
 CDC42EP4 
 ZRANB2 
 NUCKS1 
 MRPS5 
 TBCA 
 HSPD1 
 FDPS 
 MRPL32 
 RBM47 
 ALG13 
 MRPS24 
 RNMTL1 
 TFB2M
 TFB1M
 MRPS12 
 TEFM
 MRPS21 
 FASTKD2 
 NOL12 
 ZNF579 
 HMGN5 
 UTP3 
 FASTKD1 
 SORBS2 
 BOLL 
 XIRP1 
 ZMAT3 
 MRM1
 RNPC3 
 CELF1 
 CCDC108 
 TDRD10 
 DAZ3 
 DAZ2 
 DAZ1 
 DAZ4 
 KPNA2 
 RBM46 
 SLBP 
 CPEB1 
 MEX3D 
 MEX3B 
 TRIM71 
 TRMT10A 
 RNF113B 
 RPGR 
 NBPF10 
 HLTF 
 IGF2BP1 
 LARP4B 
 THUMPD3 
 ANKHD1 
 RARS2 
 ATXN2 
 ZCRB1 
 NUSAP1 
 UBAP2 
 TDRD3 
 FAM133B 
 SRBD1 
 GNL3L 
 FAM208A 
 CASC3 
 HELZ 
 TDRKH 
 PPHLN1 
 PRRC2A 
 OTUD4 
 ZNF622 
 DUS3L 
 ZFR2 
 ZCCHC17 
 SAMD4B 
 FAM120C 
 MYEF2 
 CNOT4 
 C19orf47 
 TNRC6A 
 SPATS2 
 C15orf52 
 DDX53 
 CPSF4L 
 CPEB4 
 CPEB3 
 SOGA2 
 CPEB2 
 NOVA2 
 CELF4 
 PCDHGA9 
 CELF6 
 MACF1 
 MSI1
 ZNF385A 
 RCAN2 
 HK2 
 PCBP4 
 DROSHA 
 IGF2BP2 
 THUMPD2 
 LSM5 
 RBM43 
 DSP 
 ZC3H7A 
 ERI3 
 SMG1 
 NPM3 
 CSTB 
 SFN 
 TNRC6C 
 FAM32A 
 GPATCH4 
 KXD1 
 REXO4 
 SPEN 
 ZC3H12A 
 DIEXF 
 PAN3 
 NKRF 
 ZC3H8 
 CD3EAP 
 RPF1 
 CCDC59 
 R3HDM1
 MKI67 
 LLPH
 PAK1IP1 
 MPHOSPH1
 AATF 
 NOC3L 
 ZNF239 
 ENOX1 
 ZNHIT6 
 TIPARP 
 CELF5 
 TLR2 
 CXorf57 
 MRPL41 
 BAG4 
 FAM103A1 
 CDK13 
 SAMSN1 
 PARP14 
 RCC2 
 APOBEC3B 
 CACTIN 
 PCSK9 
 SFMBT2 
 ACAA2 
 MRPL10 
 ASS1 
 DMGDH
 ALDH6A1 
 HRSP12 
 MRPL22 
 EZR 
 RDX 
 SNRPE 
 RBMXL3 
 MRPL11 
 ANP32B 
 ANP32A 
 TRMT10C 
 IFIT5 
 MRPL3 
 MRPL37 
 MRPL44 
 MRPL28 
 MRPS35 
 MRPS26 
 MRPL21 
 RPLP0 
 GNB2L1 
 CARHSP1 
 EEF1A1 
 HSD17B10 
 RPS3 
 RPSA 
 POLRMT 
 MRPS30 
 ZC3H12D 
 SNRPF 
 SNRPG 
 RPS12 
 RPS28 
 RPS21 
 SREK1 
 YTHDF3 
 YTHDF1 
 CNBP 
 RBM42 
 SRSF10 
 SRSF12 
 TRA2A 
 TRA2B 
 NUDT16L1 
 SRSF5 
 EFTUD2 
 SNRNP200 
 SRSF7 
 SRSF3 
 SRSF1 
 ILF2 
 U2AF2 
 U2AF1 
 SNRPA1 
 NUDT21 
 U2AF1L4 
 HNRNPA2B
 HNRNPA3 
 HNRNPA1 
 HNRNPA1L2
 CIRBP 
 SUB1 
 EXOSC4 
 HNRNPF 
 ERH 
 LSM2 
 GRWD1 
 SF3B4 
 NAA38 
 LSM3 
 KIAA1429 
 SNRPN 
 SNRPB 
 DDX39B 
 DDX39A 
 NSUN2 
 DAZAP1 
 UBE2I
 RBM8A 
 API5 
 PRPF8 
 PRKDC 
 PRPF38A 
 NCBP1 
 RBM12 
 ASCC1 
 CNOT1 
 PELP1 
 XRN2 
 PPIL4 
 SRRM2 
 CWC15 
 CRNKL1 
 SRPK1 
 NXF1 
 DHX38 
 TIAL1 
 TIA1 
 YTHDF2 
 TSR1 
 CDC40 
 ZC3H7B 
 RBM7 
 CSTF1 
 RBM17 
 EIF1 
 EIF1B 
 PURB 
 NTPCR 
 SRSF9 
 SAP18 
 ELAVL1 
 EIF4A3 
 TARDBP 
 HNRNPH3 
 PSPC1 
 DDX1 
 MATR3 
 PCBP3 
 TROVE2 
 C14orf166 
 RALYL 
 G3BP2 
 PTBP2 
 C16orf80 
 SNRPA 
 RBMXL1 
 RBMX 
 SNRPD2 
 HNRNPA0 
 NHP2 
 UCHL5 
 NHP2L1 
 TSNAX 
 CAPRIN1 
 SNRPB2 
 SRSF8 
 PCBP2 
 PCBP1 
 FAM120A 
 EIF3H
 GTPBP1 
 HNRNPAB 
 APEX1 
 HNRNPH1 
 HNRNPH2 
 HNRNPK 
 SNRPC 
 NCBP2 
 PHF5A 
 USP10 
 KHDRBS2 
 FUS 
 CPSF6 
 TAF15 
 TOP1 
 CPSF7 
 ALYREF 
 LSM4 
 PABPN1 
 CHTOP 
 SRP14 
 H1FX 
 C7orf50 
 TRIM28 
 HNRNPUL2 
 SSB 
 MRTO4 
 DDX23 
 SART3 
 ILF3 
 PRPF6 
 SMC1A 
 SF3B2 
 EWSR1 
 SNRNP40 
 SSRP1 
 SF3B1 
 FIP1L1 
 SRSF4 
 SRSF6 
 DDX5 
 DDX17 
 MAGOH 
 DHX15 
 HDAC2 
 KHDRBS1 
 SF3A3 
 KHSRP 
 DHX9 
 SNRNP70 
 SF3B14 
 SRSF2 
 RALY 
 SNRPD3 
 RBM14 
 UBAP2L 
 HNRNPL 
 NONO
 SFPQ 
 HNRNPM
 RBM22 
 PQBP1 
 LUC7L3 
 SF3A1 
 HNRNPUL1 
 CSTF3 
 RBM4 
 RBM4B 
 LUC7L 
 SNRNP35 
 ANKRD17 
 YARS2 
 KHDRBS3 
 PSMD4 
 TFAM
 LSM14B 
 DYNC1LI1 
 NAP1L4 
 DDX6 
 KPNB1 
 XPO1 
 IPO5 
 MAP4 
 LRRC47 
 FARSB 
 FARSA
 EIF4G3 
 HUWE1 
 AGO1 
 AGO2 
 AGO3 
 PRKRA 
 KTN1 
 FKBP4 
 CSDE1 
 GPX4 
 RPL36A 
 CCDC124 
 LEMD3 
 YBX1 
 EIF3G
 EIF4A2 
 EIF4A1 
 BZW1 
 TRIM56 
 TRIM25 
 NDUFV3 
 RPS19 
 RPL30 
 RPS20 
 RPS15 
 RPL23 
 RPS23 
 RPL32 
 RPL29 
 PA2G4 
 EIF3B 
 PABPC1 
 PABPC3 
 PSMC1 
 DUT 
 EIF2S1 
 EIF1AX 
 RPS14 
 RPL10A 
 RPL11 
 RPS5 
 PABPC1L 
 PABPC1L2B
 PABPC1L2A
 FKBP3 
 CCBL2 
 PDAP1 
 NMD3 
 EIF3D 
 RPS15A 
 DDX3X 
 EIF2S2 
 EIF4G2 
 EIF5 
 C11orf68 
 GSPT2 
 GSPT1 
 ETF1 
 EIF4E 
 USO1 
 EIF4G1 
 MTDH 
 HARS2 
 TNPO1 
 EIF3E 
 GLRX3 
 METAP2 
 DHX36 
 GRN 
 KCTD12 
 CKAP4 
 EIF3L 
 LTA4H
 QKI 
 ARF1 
 YWHAZ 
 YWHAH 
 YWHAG 
 YWHAQ 
 LSM1 
 BZW2 
 SLC16A3 
 ZNFX1 
 ARL6IP4 
 NKAP 
 PNISR 
 RBM27 
 DHX16 
 RBM33 
 NSRP1 
 MAK16 
 WBSCR16 
 TCF25 
 GIGYF2 
 SEC23IP 
 SRRM1 
 GCN1L1 
 TBL3 
 SKIV2L2 
 LARP1B 
 MRPS11 
 PWP1 
 PNPT1 
 MTPAP 
 NOA1 
 DCD 
 CHCHD1 
 PTRH1 
 TUFM
 MDH2 
 ATP5C1 
 ATP5A1 
 IMMT
 SUCLG1 
 HADHB 
 ATP5J2-PTC
 SLC25A11 
 SLC25A5 
 CS 
 MRPL43 
 KIAA0430 
 TSFM
 TACO1 
 LRPPRC 
 TRAP1 
 PEBP1 
 PRDX1 
 MRPS27 
 TBRG4 
 MRPL4 
 MRPS7 
 DAP3 
 MRPS14 
 GOT2 
 IBA57 
 MRPL19 
 RBM3 
 MRPL45 
 NACA2 
 ZC3H11A 
 MRPS28 
 POP7 
 MRPL20 
 MBNL2 
 SRP19 
 SARS2 
 SLIRP 
 CCDC137 
 PUF60 
 HDGF
 HSP90AB1 
 HSP90AA1 
 MTIF2 
 PTCD3 
 MRPS15 
 GFM1 
 HSPA9 
 MRPS9 
 TEP1 
 GRSF1 
 HSPE1 
 WDR36 
 TWF2 
 GRB2 
 PPP1CC 
 HLA-A 
 MYH9 
 PTPN1 
 TPD52L2 
 PPIE 
 NAP1L1 
 MAPRE1 
 CRKL 
 ZYX 
 TMEM63A 
 TAGLN2 
 ROCK2 
 ERAL1 
 UBE2O
 MYO18A 
 PFN1 
 DIAPH1 
 TMSB4X 
 MRPL27 
 MRPL2 
 MRPS31 
 FAU
 MRPL9 
 MRPL39 
 MRPL14 
 C14orf93 
 ZNF768 
 ZNF74 
 PURG
 RBM20 
 IFIT2 
 REPIN1 
 METTL16 
 BCCIP 
 MSI2
 PSIP1 
 ADARB1 
 ENOX2 
 ZC3H10 
 MEX3A 
 ELAVL4 
 ELAVL2 
 CSNK1E 
 FSCN1 
 PURA 
 DYNC1H1 
 SPTBN1 
 SPTAN1 
 ADD1 
 COA6 
 STIP1 
 OLA1
 UBE2D2 
 UBE2D3 
 UBE2N 
 UBE2L3 
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