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ABSTRACT 
HOTAIR is a long noncoding RNA transcribed between HOXC11 and HOXC12 in mammals. 

The proposed function(s) of HOTAIR lacks consensus as to whether it regulates HoxD cluster 

genes in trans or HoxC cluster genes in cis. We have identified a 32-nucleotide long 

conserved noncoding element (CNE) as HOTAIR ancient sequence which has a paralogous 

copy embedded in HOXD11 noncoding transcript. All vertebrates except teleosts have two 

copies of CNE and the paralogous CNEs exhibit sequence complementarity in the transcribed 

orientation. Moreover, paralogous CNEs underwent compensatory mutations suggesting they 

co-evolved and might hybridize. In both human and mouse, HOTAIR CNE exhibits 

characteristic features of a poised enhancer in HOTAIR-unexpressed stem cells and of an 

active enhancer in HOTAIR-expressed cells. Tight correlation between the transcriptional 

activity of the CNE and HOTAIR promoter suggests HOTAIR transcription is crucial for 

enhancer activity. In HOTAIR-expressed cells, HOTAIR expression is positively correlated 

with HOXC11 in cis and negatively correlated with HOXD11 in trans, suggesting a dual 

modality of HOTAIR ancient sequence. 

	

	

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted January 22, 2018. ; https://doi.org/10.1101/250621doi: bioRxiv preprint 

https://doi.org/10.1101/250621
http://creativecommons.org/licenses/by-nc-nd/4.0/


	 3	

INTRODUCTION 
Mammalian genomes are pervasively transcribed, giving rise to thousands of long noncoding 

RNAs (lncRNAs) (1,2). Only a handful of lncRNAs have well-characterized functions, which 

are attained through diverse mechanisms (chromatin regulation, alternative splicing, gene 

silencing, cis-regulation, trans-regulation) (3,4). Among these, HOTAIR is a prototypic model 

for lncRNAs regulating chromatin modifications. HOTAIR is an intergenic (between HOXC11 

and HOXC12) lncRNA proposed to regulate HOXD cluster genes (i.e., HOXD8, HOXD9, 

HOXD10 and HOXD11) in trans by recruiting Polycomb Repressive Complex 2 (PRC2) (5). 

The proposed model has been questioned as PRC2 binding is promiscuous (6) and PRC2 is 

dispensable for HOTAIR-mediated transcriptional repression (7). Deletion of the entire mouse 

Hoxc cluster (including Hotair) showed little effect on gene expression and H3K27me3 levels 

at Hoxd genes (8). Specific deletion of Hotair produced a phenotype of homeotic 

transformation, skeletal malformation, global decrease in H3K27me3 levels and upregulation 

of posterior HoxD genes (i.e., Hoxd10, Hoxd11 and Hoxd13) (9). These observations are now 

challenged as specific knockouts of Hotair locus in vivo show neither homeotic transformation 

nor upregulation of HoxD genes but, instead, a significant change in Hoxc (especially Hoxc11 

and Hoxc12) cluster genes, which argue in favor of a DNA-dependent effect of the Hotair 

deletion (10). The observed different regulatory mechanisms (cis versus trans) might be due 

to different tissues and developmental stages from different genetic backgrounds (11) and 

hence there is no consensus unifying model of HOTAIR regulation (12). 

 

Some lncRNAs have enhancer-like functions (13), although it is unclear whether lncRNAs 

function through lncRNA transcripts or through the underlying genomic DNA with cis-

regulatory functions. Genomic deletion of lncRNA also removes cis-regulatory DNA elements, 

thus confounding whether the observed phenotype is due to the act of transcription of a 

lncRNA transcript or underlying genomic DNA (14). A systematic analysis involving 

transcription blockage and perturbation of the Lockd lncRNA sequence showed that it 

regulates Cdkn1b transcription through an enhancer element, while the lncRNA transcript is 

dispensable for Cdkn1b expression (15). Deletion of 12 genomic loci encoding lncRNAs 

revealed five loci where the deletion showed effects on the general process of transcription 

and enhancer-like activity but no requirement for the lncRNA products themselves (16). 

Identification of accurate 5’ start sites of lncRNAs revealed that a large majority of lncRNA 

have enhancer-like features (1). Others like Haunt lncRNA have dual roles where Haunt DNA 

encodes potential enhancers to activate HoxA genes and Haunt RNA prevents aberrant HoxA 

expression (17).  

 

Here, we set to address whether HOTAIR regulates HOXC cluster genes in cis (10) or HOXD 

cluster genes in trans (5,9). HOXC and HOXD clusters are duplicated from the ancestral 

HOXC/D cluster, by the second round of whole genome duplication (WGD), thus we asked 

whether HOTAIR and HOXD cluster have retained some sequence from ancestral HOXC/D 
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cluster. We have identified a 32-nucleotide conserved noncoding element (CNE) as the 

HOTAIR ancestral sequence that is present across all jawed vertebrates (except teleost) and 

has a paralogous copy embedded within HOXD11 noncoding transcript. Paralogous CNEs 

underwent compensatory mutations and exhibit sequence complementarity. HOTAIR CNE 

represents an active or poised enhancer in different cellular context. HOTAIR expression is 

positively correlated with HOXC11 and negatively correlated with HOXD11, suggesting dual 

modality of HOTAIR CNE.  

 

RESULTS 
Identification of HOTAIR ancient sequence and its paralog in HoxD cluster  
Hox clusters have multiple conserved noncoding elements (CNEs) that are highly conserved 

from human to fish (18,19); thus, we asked whether any region of HOTAIR (which resides on 

HOXC cluster) is conserved across vertebrates. We used human and zebrafish CNEs from 

ANCORA (19) (see Materials and Methods) and identified a 32-nucleotide long CNE that 

overlapped with HOTAIR intronic region (Fig. 1A), which is eight nucleotides away from the 

splice site and overlaps a CpG island (CGI). Identification of the homolog of CNE in zebrafish 

is intriguing because HOTAIR was proposed to have a de novo origin in marsupials (20) and 

a homolog(s) of HOTAIR RNA have not been reported in zebrafish (21-23). Thus, we mapped 

the orthogonal position of the CNE in zebrafish and identified its location between hoxd11a 

and hoxd12a (Fig. 1B), but not in the expected hoxc clusters (Fig. 1A).  

 

As this CNE is conserved across all vertebrates (Supplementary Fig. S1A-B), we investigated 

whether the CNE is located in the HoxC (the capitalization “HoxC” is used to represent the 

HoxC cluster across multiple species) or HoxD cluster. We systematically mapped the CNE 

sequences across 37 organisms (34 vertebrates and 3 invertebrates) (Supplementary Table 

S1) and identified a homologous CNE in HoxD and HoxC clusters common to all jawed 

vertebrates except in teleosts and birds, but absent in lamprey (jawless vertebrate) and 

invertebrates (Fig. 1C). The homologous CNEs mapped between HoxD11 and HoxD12 in 

HoxD cluster and between HoxC11 and HoxC12 in HoxC cluster (Fig. 1C). The absence of 

HoxC CNE in birds is likely due to unassembled HoxC cluster (Supplementary Table S2). In 

contrast, teleosts have well-annotated HoxC11 and HoxC12 genes in the same cluster 

(Supplementary Table S2) but underwent an additional round of teleost-specific whole 

genome duplication (WGD) that might have resulted in lineage-specific loss. Thus, we 

conclude that all jawed vertebrates except teleosts have a homolog(s) of HOTAIR CNE in the 

HoxC and HoxD clusters. 
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Figure 1 Identification of the HOTAIR conserved noncoding element (CNE) and its homolog in HOXD cluster across 

vertebrates. (A) A genome browser view around HOTAIR locus showing CNE from ANCORA browser and UCSC 

PhyloP conservation track. The CNE highlighted in a rectangular box is located eight nucleotides away from the 

splice site. (B) Orthologs of HOTAIR CNE mapped to the zebrafish hoxd (between hoxd11 and hoxd12) cluster. (C) 

Homology search of the CNE across 37 species identified homologous CNEs in only HoxC and HoxD clusters. 

Homologs of the CNE are undetected in jawless vertebrate and invertebrates. Homologs in HoxC and HoxD clusters 

are represented by blue and red, respectively. Empty boxes indicate absence of homologs. (D) Schematic 

representation for the proposed model on the origin of the CNE. The CNE might have de novo origin in ancestral 

HoxC/D cluster after the first round of whole genome duplication (1R-WGD), where the second round of whole 

genome duplication (2R-WGD) resulted two copies of the CNE at HoxC and HoxD clusters. Additional round of 

teleosts specific duplication might have resulted in loss of CNE from both HoxC clusters and from one of the HoxD 

cluster.  

 

 

Two rounds of WGD at the root of vertebrates have resulted in four Hox clusters (24), where 

the second round of WGD resulted HoxC and HoxD clusters from the ancestral HoxC/D 

cluster (25). Two copies of the CNE in the basal group of jawed vertebrates, such as elephant 

shark (cartilaginous fish) and spotted gar (basal ray-finned fish; sister group of teleosts) (Fig. 

1C), suggest that the CNE was already present in the ancestral HoxC/D cluster. Therefore, it 

is likely that the ancestral CNE might have had a de novo origin in jawed vertebrates after the 

first WGD (Fig. 1D). However, it is also possible that the CNE was present before the first 

WGD and then disappeared from ancestral HoxA/B cluster. To understand how CNE flanking 
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sequences evolved after WGD, we aligned flanking sequences within species and observed 

limited homology (for example, in human and elephant shark; Supplementary Fig. S2A) 

suggesting only CNEs were under selection. Then we separately aligned HoxC and HoxD 

CNE flanking sequences and observed independent conservation along each cluster 

(Supplementary Fig. S2B) and, in turn, identified a relatively long stretch of about 175 

nucleotides of HOTAIR sequence that is conserved across vertebrates (except teleosts).  

 

Paralogous HoxD CNE is transcribed from HoxD11 noncoding transcript and exhibit 
sequence complementarity with HOTAIR CNE 
Some CNEs are transcribed from noncoding transcripts (26); thus, we asked if human HOXD 

CNE is transcribed from coding/noncoding transcript. We intersected the genomic 

coordinates of the CNE with Ensembl genes and observed HOXD CNE is transcribed from an 

alternative noncoding isoform of HOXD11 (referred to as HOXD11 noncoding transcript) (Fig. 

2A), which is a reported target gene that is silenced by HOTAIR in both human (5) and mouse 

(9). As both CNEs are embedded within their respective transcripts, we asked whether these 

CNEs exhibit sequence complementarity, similar to a miRNA seed and target sites. We 

aligned paralogous CNEs in the orientation of their respective transcripts and observed 

sequence complementarity (Fig. 2A), suggesting paralogous CNEs might hybridize.  

To confirm whether the observed sequence complementarity in human is conserved in other 

vertebrates, we analyzed Ensembl-annotated genes and RNA-seq transcripts (22,27) across 

a subset of species and identified the HOTAIR and HoxD11 noncoding transcripts in mouse, 

ferrets, dog and coelacanth (Supplementary Fig. S3A-B). The HoxD11 noncoding transcript 

was detected in chicken but undetected in teleosts (zebrafish and tetraodon; Supplementary 

Fig. S3A-B). For other species, we inferred the putative orientation of the missing transcript 

(see Materials and Methods), as illustrated for chimp and painted turtle (Supplementary Fig. 

S3C-D). We aligned CNEs in the 5’ -> 3’ orientation and observed two interesting patterns. 

First, the sequence complementarity observed in human is conserved across vertebrates 

(Fig. 2B). This suggests that sequence complementarity between paralogous CNEs is an 

ancient feature that has been under selection pressure for more than 300 million years. This 

raises an important question as to whether the key function of these transcripts is to provide 

transcription of the CNE. Second, both CNEs underwent substitutions at specific positions 

that evolved in two separate waves in vertebrates and mammals (Fig. 2B). One of the 

substitutions resulted in gain of complementarity in mammals and the other substitution 

resulted in loss of complementarity in mammals (Fig. 2B). Collectively, the co-evolution of 

CNEs and retention of sequence complementarity in the transcribed orientation suggest that 

paralogous CNEs might interact and be co-regulated. 
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Figure 2	 Sequence complementarity of the HOTAIR CNE and the paralogous HoxD CNE. (A) HOTAIR CNE and 

HOXD CNE are represented by rectangular blue and red bars, respectively. HOTAIR CNE and HOXD CNE are 

zoomed and show the genomic DNA sequences. HOTAIR is transcribed from negative strand and the CNE 

sequence is reverse transcribed to show in 5’ to 3’ orientation. Paralogous CNEs are complementary in the 

orientation of transcripts suggesting they might hybridize if co-expressed in the same cells. (B) Alignment of the 

HOTAIR CNE and HoxD CNE in transcribed orientation reveal sequence complementarity is conserved across 

vertebrates. Genetic substitution within paralogous CNEs occurred at specific positions that co-evolved in two 

successive waves in vertebrates and mammals resulting in gain of complementarity at one position and loss of 

complementarity at other position. 	

 

HOTAIR CNE reflects a poised enhancer in HOTAIR-unexpressed stem cells  
CNEs are putative regulatory elements (28) where many of them function as enhancers (29); 

we thus asked whether CNEs have open chromatin state as in active regulatory elements 
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(30,31). We selected 29 cell lines (Supplementary Table S3; see Materials and Methods) 

from Roadmap Epigenome (30) and classified them as HOTAIR-expressed (N=10) and 

HOTAIR-unexpressed (N=19) groups based on RNA-seq expression levels (Supplementary 

Fig. S4A). Among HOTAIR-unexpressed cells, H1-hESC cell line is unique as the CNE is 

enriched for both repressive (H3K27me3) and open chromatin (as indicated by DNase 

hypersensitive sites (DHSs)) marks (Supplementary Fig. S4B), suggesting it to be in the 

poised state. We observed enriched DHS signals around the CNE in HOTAIR-expressed 

cells and HOTAIR-unexpressed stem cells, but not in HOTAIR-unexpressed differentiated 

cells (Fig. 3A). The paralogous HOXD CNE also has a similar chromatin state in 

corresponding cell lines (Supplementary Fig. S4C). Similar analysis on mouse cell lines (32) 

(see Materials and Methods) revealed that open chromatin state around the CNE is 

conserved in Hotair-expressed cells and Hotair-unexpressed stem cells (Fig. 3A; 

Supplementary Table S3). The chromatin state of Hotair CNE gradually becomes open during 

reprogramming of mouse embryonic fibroblasts (MEF) to induced pluripotent stem cells 

(iPSC) (33) (Supplementary Fig. S4D). We conclude that the chromatin state of CNE is open 

in HOTAIR-unexpressed stem cells and HOTAIR-expressed cells in both human and mouse.      

	
Figure 3 The HOTAIR CNE represents a poised enhancer in HOTAIR-unexpressed stem cells in both human and 

mouse. (A) The HOTAIR CNE chromatin is open in HOTAIR-expressed and HOTAIR-unexpressed stem cells in 

human and mouse. Y-axis is normalized DNase I hypersensitive sites (DHS) coverage in reads per million (RPM). 

“N” denotes the number of cell lines. (B) The HOTAIR CNE is marked by p300, H3K4me1 and bimodal H3K27me3 

peaks in H9-hESC (human) and iPSC (mouse) cell line that collectively define a poised enhancer. Y-axis is 

normalized coverage in reads per million (RPM). (C) A genome browser view around the HOTAIR locus with 

transcription factors, DHS, histone modifications and RNA-seq tracks from H1-hESC cell line. HOTAIR is 

unexpressed (as shown by RNA-seq track) and marked by broad H3K27me3 peak. The CNE is marked by depleted 
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H3K27me3 marks, reflecting a nucleosome-depleted region which is supported by enriched DHS peaks and binding 

of multiple transcription factors.  

	
A subset of embryonic stem cell-specific enhancers are poised, characterized by presence of 

both activating and repressing marks (34); thus, we asked whether CNE reflects a poised 

enhancer in HOTAIR-unexpressed stem cells. We observed that H3K4me1, H3K27me3 and 

p300 signals are enriched at the CNE (Fig. 3B) in human H9-hESC (34) and mouse iPSC 

(33), supporting that HOTAIR CNE is a poised enhancer. However, the HOXD CNE lacks 

p300 and bimodal H3K27me3 peaks (Supplementary Fig. S4E). Poised enhancers have 

bimodal H3K27me3-modified nucleosomes (34), which is observed in HOTAIR CNE (H1-

hESC and H9-hESC) (Fig. 3B; Supplementary Fig. S4F) but not in HOXD CNE.  

 

We next analyzed all ENCODE transcription factors (TFs) (35) and observed CTBP2, YY1, 

SP1 and CHD1 are specifically enriched on the CNE exclusively in H1-hESC (Fig. 3C; 

Supplementary Table S4). YY1 has a known dual function in repressing or activating 

transcription depending upon the cofactors it recruits (36). The binding of YY1 on regulatory 

elements and their associated RNA species has been shown to play a role at enhancers (37). 

PRC2 components (SUZ12 and EZH2) are marked throughout the locus (Fig. 4C) that are not 

specific to stem cells (Supplementary Table S4). A recent study on mouse embryonic stem 

cells using promoter capture Hi-C data showed extensive promoter contacts for HoxC and 

HoxD clusters (38). Poised enhancers establish physical interactions with their target genes 

in ESCs in a PRC2-dependent manner (39), whether HOTAIR CNE might have a similar role 

in stem cells remains speculative. We conclude that in both human and mouse, the HOTAIR 

CNE possess characteristics features of a poised enhancer in stem cells. 

 

HOTAIR CNE reflects an active enhancer in HOTAIR-expressed cells 
Bidirectional transcription of enhancer RNAs (eRNAs) is a hallmark of active enhancers (40). 

We therefore analyzed the FANTOM5 (41) CAGE signals at the CNE and observed 

bidirectional transcription flanking the CNE (Fig. 4A; dashed rectangular box), supporting its 

role as an active enhancer. The CNE and the promoter region of HOTAIR primary and 

alternative transcripts are co-expressed (Fig. 4B; Supplementary Table S5), as exemplified 

during differentiation of myoblast to myotube (Supplementary Fig. S5A). The expression of 

HOTAIR promoter and CNE are positively correlated (Fig. 4C), which also holds true for two 

other alternative promoters except for the distal promoter (labelled as dp1) (Supplementary 

Fig. S5B). Negative correlation of distal promoter is mostly due to large number of samples 

where only distal promoter is expressed (Fig. 4B). The genomic region between bidirectional 

CAGE tags around the CNE is about the length of one nucleosome (Fig. 4D) and is 

conserved across vertebrates (Supplementary Fig. S2B). DHS, H3K4me1 and H3K27ac 

peaks are also enriched around the CNE (Fig. 4A) in myoblast and myotube (30), thus 

providing additional evidence as an active enhancer. The CNE is flanked by bimodal 

H3K4me1 peaks, a characteristic feature of active enhancers (Fig. 4E). Due to lack of 
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appropriate cell lines (embryonic hindlimbs, genital tubercle and piece of trunk corresponding 

to the sacro-caudal region) where Hotair is expressed (8-10), we did not detect CAGE tags in 

either Hotair CNE or promoter across mouse FANTOM5 samples (Supplementary Fig. S5C). 

However, we observed that H3K4me1 and H3K27ac are enriched in mouse embryonic (E10.5 

days) hindlimbs (42) (Fig. 4F; Supplementary Fig. S5D).    

 

	

Figure 4 The HOTAIR CNE reflects an active enhancer in HOTAIR-expressed muscle cells. (A) A genome browser 

view with FANTOM5 CAGE tags (combined tracks) and individual tracks on myoblast and myotube along with RNA-

seq, H3K4me/me3, H3K27ac/me3, and DNase hypersensitive site (DHS) tracks from ENCODE. Horizontal bars 

across each histone and DHS tracks are annotated peaks. Forward and reverse strand CAGE tags are represented 

by blue and red. Bidirectional CAGE tags flanking the HOTAIR CNE is shown in dashed rectangular boxes. In both 

myoblast and myotube, the HOTAIR CNE is flanked by bidirectional CAGE tags and overlaps H3K4me1 and 

H3K27ac peaks. (B) Expression levels of the HOTAIR CNE and alternative promoters across FANTOM5 samples. 

(C) Expression level of the CNE is correlated with the HOTAIR promoter. (D) A zoomed view of CAGE tags (from 

myoblast and myotube differentiation time points) around the CNE shows bidirectional CAGE peaks that roughly 

represent the length of a nucleosome. (E-F) Bimodal H3K4me1 peaks flank the CNE in human myoblast (e) and 

embryonic 10.5days hindlimbs in mouse (F). 

 

 

Thus, we have shown that HOTAIR CNE possesses characteristic features of an active 

enhancer in HOTAIR-expressed cells, in both human and mouse. Importantly, transcription of 
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the HOTAIR promoter is tightly linked to enhancer activity of the CNE, suggesting 

transcription of the CNE is a key function of the HOTAIR transcript. This notion is further 

supported by the evolution of CNE paralogs that reveal transcribed paralogous CNEs have 

retained sequence complementarity and thus have been actively selected during evolution 

(Fig. 2; Supplementary Fig. S3C-D). This observation suggests that transcription directly on 

the CNE might be a key contributor to the selection acting on the CNE.  

HOTAIR CNE expression is positively correlated with HOXC11 and negatively 
correlated with HOXD11 
The lack of consensus on whether HOTAIR regulates the HoxD cluster posterior (HoxD11, 

HoxD12) genes in trans (5,9) or HoxC cluster (Hoxc10, Hoxc11) genes in cis (10) prompted 

us to ask how the expression levels of HOTAIR CNE is correlated with reported target genes 

in large samples of HOTAIR-expressed cells. We reasoned that HOTAIR CNE reflects an 

active enhancer and could potentially explain cis regulation, while the sequence 

complementarity between HOTAIR CNE and HOXD CNE (embedded within HOXD11) could 

potentially regulate HOXD cluster genes in trans. To this end, we analyzed 694 cell types 

from FANTOM5 (41) and plotted the expression levels of genes across four HOX clusters 

(Supplementary Fig. S6A). We next selected only the HOTAIR-expressed cells and observed 

positive correlation with HOXC posterior genes and a trend towards negative correlation with 

HOXD posterior genes (Fig. 5A). It is striking to note that among HOXC and HOXD cluster 

posterior genes, HOXC11 expression has the best positive correlation (R=0.64; p-value: 

2.2E-13) in the HOXC cluster and HOXD11 coding (R=-0.25; p-value: 0.009) and noncoding 

transcript (R=-0.23; p-value: 0.017) has the best negative correlation, both of which are target 

genes regulated by HOTAIR in human (5) and mouse (9,10). The observed negative 

correlation on HOXD cluster genes will diminish if analyzed by combining HOTAIR-expressed 

and HOTAIR-unexpressed cells. To confirm whether the observed correlation is present in 

other datasets, we analyzed gene expression data of breast cancer patients from TCGA (43). 

We selected only those patients (N=605) where HOTAIR is expressed (see Materials and 

Methods) and observed a similar trend of positive correlation with HOTAIR and HOXC cluster 

posterior genes and a trend of weak negative correlation with HOTAIR and HOXD cluster 

posterior genes (Supplementary Fig. S6B). Similarly, HOXC11 has the highest positive 

correlation (R=0.207; p-value:2.63E-07) and HOXD11 has highest negative correlation (R=-

0.107; p-value:0.008). The act of transcription by HOTAIR, transcribes the HOTAIR CNE 

(putative enhancer) and collectively regulates neighboring genes in cis. On the other hand, 

sequence complementarity of HOTAIR CNE with paralogous HOXD CNE embedded in the 

HOXD11 noncoding transcript might negate the expression of HOXD11. Our observations 

suggest that HOTAIR CNE might simultaneously regulate HOXC11 in cis and HOXD11 in 

trans. 
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Figure 5 Correlation of expression levels of HOTAIR CNE with HOXC and HOXD clusters posterior genes in 

HOTAIR-expressed cells across FANTOM5 samples. (A) Expression levels of HOTAIR CNE with HOXC and HOXD 

cluster posterior genes on individual cell types. X-axis represents expression level of HOTAIR CNE and y-axis 

represents the expression levels of HOXC and HOXD cluster genes. Expression level is measured as tags per million 

(TPM). Expression levels of HOTAIR CNE and HOXC cluster genes show a trend of positive correlation where 

HOXC11 (highlighted in green) has the highest positive correlation. Expression levels of HOTAIR CNE and HOXD 

cluster genes showed a trend of weak negative correlation where HOXD11 coding and noncoding (highlighted in 

green) is the most negatively correlated gene. 
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DISCUSSION 
We have identified and characterized the HOTAIR CNE as the ancestral sequence, which 

also has a paralogous coy in the HoxD cluster across vertebrates. Lack of the CNE in teleosts 

HoxC cluster is unexplained given it is conserved in other fish (spotted gar and elephant 

shark) and is likely one of the consequences of teleosts lineage whole genome duplication. 

Conservation of HOTAIR CNE and flanking sequences even in early fish (elephant shark, 

spotted gar) and tetrapod (coelacanth) (Supplementary Fig. S2B) does suggest an ancestral 

form of HOTAIR across all vertebrates, but needs additional RNA-seq transcript evidence 

which is currently limited to only few species due to limited data. Importantly, the length of the 

HOTAIR CNE flanking sequences that is conserved across vertebrates (Supplementary Fig. 

S2B) roughly represents region of DHS peak and bidirectional CAGE tags.      

 

 

	
Figure 6 Schematic representation of various features of the HOTAIR CNE and its paralog in HoxD cluster in human 

and mouse. (A) The HOTAIR CNE has a paralog in HoxD cluster. Transcribed paralogous CNEs exhibits sequence 

complementarity and this complementarity is conserved across vertebrates. Based on HOTAIR expression, cell types 

are divided into HOTAIR-expressed and HOTAIR-unexpressed groups, where HOTAIR-unexpressed cells are further 

divided into stem cells and terminally differentiated cells based on DHS signals. Chromatin states, transcription factor 

bindings and CAGE signals on homologous CNEs are shown schematically.  

 

Many of the tested CNEs act as enhancers in reporter construct (29). In fact, the homologous 

Hoxd CNE drives expression in a proximal posterior part of developing forelimbs (44) but 

does not work in its own context in zebrafish, as it requires the mouse promoter. However, 
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deletion of  Hoxd CNE in vivo revealed no phenotype (45), and it was speculated that the 

difference might be due to other phenotypes that were not detected or has a redundant copy 

of the sequence that have masked the effect. We have now identified a paralog of the Hoxd 

CNE in Hotair (Fig. 1). This raises an interesting question whether paralogous CNEs have 

redundant functions, such that deletion of one CNE might be compensated by the other CNE. 

Putting this into the context of deletion of Hotair locus (including CNE) in vivo (9,10), it 

remains unknown whether the effects of Hotair CNE deletion is compensated for, to a certain 

extent, by paralogous Hoxd CNE. Duplicated CNEs have retained only a single copy (28); 

thus, retention of both copies of duplicated CNE is rare and provides an interesting model to 

test redundancy/sub-functionalization of CNEs.  

 

Mechanistically, HOTAIR was proposed to regulate HOXD cluster genes by recruiting PRC2 

(5), but this model has now been questioned since PRC2 is dispensable from HOTAIR-

mediated transcriptional repression (7). Our observation of sequence complementarity 

between HOTAIR CNE and HOXD CNE (Fig. 2; Supplementary Fig. S3A-B; Fig. 6), suggest 

sequence-specific binding. This notion is further supported by the observed simultaneous 

genetic substitutions of CNEs during evolution. Moreover, paralogous CNEs are generally co-

expressed in the same cell lines (Fig. 6a), simultaneously maintaining open or closed 

chromatin (Fig. 6) and expression of the HOTAIR CNE and HOXD11 (previously reported 

target gene of HOTAIR (5,9)) is negatively correlated which collectively provide strong 

arguments that these CNEs might interact.  

 

HOTAIR has been the prototypic model of functional lncRNA and, thus, the presence of an 

embedded enhancer (characterization based on bidirectional CAGE tags, DHS and histone 

peaks) was unexpected (Fig. 6). Most importantly, transcriptional activity of the CNE is 

coupled to HOTAIR transcription, suggesting that a key function of the HOTAIR transcript is 

to provide active transcription for the CNE. Though the expression of the HOTAIR CNE is 

positively correlated with HOXC11 (Fig. 5), it remains unknown whether the observed cis 

regulation of Hotair (10) is mediated through the CNE. However, we observed that HOTAIR 

expression is positively correlated with HOXC11 and negatively correlated with HOXD11 and 

suggest a unifying model of HOTAIR regulation through CNE. Our findings have opened an 

avenue for multiple testable hypotheses that should clarify ongoing controversies whether 

HOTAIR regulates HoxC or HoxD cluster genes in cis or trans (5,7-10) or can regulate both 

HoxC and HoxD cluster genes simultaneously. Our results should guide future experiments to 

resolve ongoing controversies. Future studies should focus on understanding how specific 

deletion of CNE(s) alters HOTAIR regulation in different cellular contexts.  

 
MATERIALS AND METHODS 
Genome assemblies and gene annotations 
Analyses on human and mouse were done in hg19 and mm9 genome version respectively.  
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The genome assemblies of 37 species are listed in Supplementary Table S1. Gene models 

were downloaded from UCSC (46). The conserved noncoding elements (CNEs) were 

downloaded from ANCORA (19).  

Roadmap Epigenome, ENCODE, mouse ENCODE and FANTOM5 data sets 
Roadmap Epigenome data were downloaded from NIH Roadmap Epigenome browser (30). 

Annotated chromatin states were downloaded from 127 cell lines. Histone modifications 

(H3K4me1/3, H3K27ac/me3) and DNase I hypersensitive sites (DHSs) data were 

downloaded as mapped (tagAlign format) files. RNA-seq data for 57 cell lines were 

downloaded in the computed gene expression (RPKM) matrix (30). Only 29 cell lines that 

have all four (H3K4me1/3, H3K27ac/me3) histone modifications, DHS and RNA-seq were 

used for downstream analysis.  

Histone modification and RNA-seq data from ENCODE were downloaded as mapped BAM 

files. ENCODE transcription factor ChIP-seq were downloaded as annotated peaks (35). 

Histone modifications (H3K4me1/3, H3K27ac/me3), DHS and RNA-seq data from mouse 

ENCODE were downloaded as mapped BAM files (32). Samples with replicates were merged 

into a single file. A threshold of 0.5 RPKM (reads per kilobase per million) was used as the 

cutoff expression to determine whether HOTAIR is expressed or not in the given RNA-seq 

samples. 

Human and mouse CAGE-seq data were downloaded from FANTOM5 (41,47). Replicates 

were pooled into single file and resulting CAGE tags in each sample were quantified as tags 

per million (TPM) (21). CAGE tags with the highest expression level defined dominant 

transcription start site (TSS). CAGE based expression level was computed by summing all 

CAGE tags in defined the promoter region (300 bases upstream and downstream of TSS). To 

compare the expression correlation across four HOX clusters genes, we selected only 694 

cell types only if any of HOX genes was expressed at the minimum of 5 TPM.  

Data sets used from multiple studies 
RNA-seq transcripts for multiple species were used from previous studies(21,22,27). Raw 

data during reprogramming of mouse embryonic fibroblast to iPSC were download from GEO 

(GSE90894) (33). Raw data for H3K27me3, H3K4me1, H3K27ac and p300 from H9-hESC 

cell lines were download from GEO (GSE24447) (34). Mouse embryonic (10.5 days) hind 

limb data were downloaded from GEO (GSE84793) (42). Raw fastq reads were mapped 

using bowtie2 (48). Only unique mapping reads were considered for downstream analysis. 

Breast cancer patients mRNA (Illumina Human v3 microarray) data (43) were downloaded 

from TCGA portal. Expression levels are measured in z-scores. We filtered samples where 

HOTAIR expression (<= 0.5) and were left with 605 patients.      
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Mapping of HOTAIR CNE across multiple species 
The HOTAIR CNE sequences from both human and zebrafish was used as a query 

sequence. We used BLAST (blastall –p blastn –d –e 0.01 –m 8)(49) to find homologous 

sequences against 37 species (Supplementary Table S1). Even at the permissive e-value 

cutoff of 0.01, only two homologous sequences were identified.  

 
Determining the orientation of transcripts overlapping CNEs 
The HOTAIR transcript is annotated in multiple species (22,46), such as human, chimp, 

mouse, ferret and dog, and its orientation is antisense to HoxC11 and HoxC12 genes. 

Species lacking HOTAIR annotation, orientation of HOTAIR CNE was assigned antisense to 

annotated HoxC cluster genes. In multiple species, such as human, chimp, mouse, ferret, dog 

and chicken, HoxD CNE is embedded within the untranslated region of HoxD11 noncoding 

transcript, which is an alternative splice variant of HoxD11 coding gene. Thus, orientation of 

HoxD CNE was assigned similar to that of annotated HoxD11 gene. Among teleosts fish, we 

analyzed RNA-seq transcripts in zebrafish(21,22) and tetraodon (27), and did not identify 

HoxD11 noncoding transcript.   

 

Software and tools 
Multiple alignments were generated using ClustalW (50) and Jalview (51). Sequence logos 

were generated using WebLogo (52). Visualization of multiple data were done by uploading 

bigwig tracks on UCSC genome browser and images were downloaded. Bedtools (53), bash, 

perl and R scripts were used for data analysis.  
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SUPPLEMENTARY TABLES LEGENDS 
Supplementary Table S1. The genomic coordinates of the CNE in HoxC and HoxD cluster 

across species. Lack of homolog is denoted by “-“. The orientation of the HOTAIR CNE is 

antisense to the annotated HoxC11 gene and the orientation of the transcript overlapping 

HoxD CNE is similar to that of annotated HOXD11. Number of mismatches between 

paralogous CNEs is shown. Evidence of Ensembl or RNA-seq annotated host transcript-

encoding CNEs is denoted by “Y” and if there is no evidence, as in case of teleosts it is 

denoted by “N”. No evidence of transcripts due to lack of data is denoted by “NA”.    

 

Supplementary Table S2. Summary of annotation of HoxC cluster genes in aves and 

teleosts. Only few HoxC genes are annotated in aves and are located in different contigs. 

Except chicken, other aves do not have annotated HoxC11 and HoxC12 genes. In teleosts, 

HoxC cluster genes are well annotated and located in the same cluster. 

 

Supplementary Table S3. List of cell lines from Roadmap Epigenome samples that are 

classified into three groups based on HOTAIR expression from RNA-seq. 

 

Supplementary Table S4. Enrichment of transcription factors bound on the HOTAIR CNE 

and promoter. 

 
Supplementary Table S5. Expression level of the HOTAIR CNE and promoter across 

FANTOM5 samples. 
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Supplementary Figure S1. A genome browser view of HOTAIR in human and mouse to show sequence conservation. (A) 
Conserved noncoding elements (CNEs) track from ANCORA browser is shown as horizontal black bars on top. CNE that is 
conserved across all mammals and vertebrates is highlighted. CNE is located eight nucleotides away from splice site. CNE is 
mapped across all vertebrates, but flanking sequences (corresponding HOTAIR exons) are mapped in other fish and tetrapod 
(excluding teleost). (B) Structure of mouse Hotair transcript is different than in human. Homolog of CNE is also located eight nucle-
otides away from splice site of Hotair transcript. CNE is conserved across mammals and vertebrates. 
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Supplementary Figure S2. Alignment of CNEs and flanking sequences across HoxC and HoxD clusters within and across 
species. (A) Schematic representation on the origin of HoxC and HoxD cluster from the ancestral HoxC/D cluster after second 
round of whole genome duplication (2R-WGD). Alignment of flanking sequences around paralogous CNEs, in human and 
elephant shark, show little conservation despite both sequences are duplicated from the same ancestral sequences. (B) Sche-
matic representation of alignment HoxC and HoxD CNE and flanking sequences across vertebrates. Alignment of 70 nucleo-
tides flanking the HOTAIR CNE (across 22 vertebrates (excluding aves and teleosts)) and HOXD CNE (across 32 vertebrates) 
show conservation of flanking sequences across vertebrates. Species are aligned in the same order as in Supplementary 
Figure S1A.  
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Supplementary Figure S3. Evidence of HOTAIR and HoxD11 noncoding transcript across multiple species and sequence complementarity 
of paralogous CNEs. (A) The HOTAIR CNE is represented by rectangular blue bar. A homolog of the HOTAIR CNE is undetected in chicken. 
Intergenic region between hoxc11 and hoxc12 remains unassembled as hoxc11 and hoxc12 genes are assembled in different contigs. 
Zebrafish hoxc11 and hoxc12 is assembled but lacks the CNE. (B) The HoxD CNE is represented by rectangular red bar. HoxD11 noncoding 
transcript is detected across tetrapods but not in teleosts. (C-D) Schematic representation to show how the orientation of missing Hotair and 
HoxD11 noncoding transcripts were inferred. HOTAIR is antisense to HoxC11 genes across species, and thus the same convention was used 
to infer the orientation of Hotair CNE. HoxD11 noncoding transcript is an alternative splice variant of HoxD11 across multiple species; thus, 
the same convention was used. Expected transcripts are represented by dashed rectangular boxes and lines and arrows indicate transcript 
orientation. The CNE sequences are zoomed in on to show the genomic DNA. Aligning sequences in 5’ to 3’ orientation show paralogous 
CNEs are complementary. (E) Sequence logos of HOTAIR CNE and HoxD CNE show paralogous CNEs exhibit sequence complementarity 
in transcribed orientation. 
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Supplementary Figure S4. Chromatin environment of the HOTAIR CNE. (A) Twenty-nine cell lines 
were separated into HOTAIR-expressed and HOTAIR-unexpressed cell lines using a threshold of 0.5 
RPKM (reads per kilobase per million mapped reads). HOTAIR-unexpressed cell lines were further 
separated into stem cells (N=1) and terminally differentiated cells (N=18). (B) Heatmaps show the 
normalized read counts in 250 nucleotides flanking HOTAIR CNE across 29 cell lines from Roadmap 
Epigenome Consortium. Cell line IDs are the same as provided by Roadmap Epigenome Consorti-
um. (C) DHS signals around the HOXD CNE across three groups (HOTAIR-expressed cells, 
HOTAIR-unexpressed stem cells and HOTAIR-unexpressed cells) show similar trends as that of the 
HOTAIR CNE. Y-axis represents normalized read counts in reads per million (RPM). (D) Open 
chromatin state of mouse Hotair CNE is dynamically acquired during reprogramming of mouse 
embryonic fibroblast to iPSC. (E) Human HOXD CNE is not a poised enhancer as it lacks p300, 
H3K4me1 and bimodal H3K27me3 peaks in H9-hESC cell line. (F) Pattern of H3K27me3 marks 
around HOTAIR CNE across three groups are different. H3K27me3 patterns around the HOXD CNE 
show similar enrichment across three groups.
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Supplementary Figure S5. Transcriptional dynamics of HOTAIR promoters. (A) Expression levels of HOTAIR 
promoter, alternative promoters and CNE across nine different stages during differentiation from myoblast to 
myotube. (B) Expression correlation of HOTAIR promoter, alternative promoters and CNE across FANTOM5 
samples are positively correlated except for distal promoter (dp1). (C) No significant CAGE tags are identified on 
mouse Hotair across FANTOM5 samples as it lacks tissues (embryonic hindlimbs, genital tubercle and a piece of 
trunk corresponding to sacro-caudal region) where Hotair is expressed. Orthologs of promoter region of HOTAIR are 
aligned to mouse. (D) Hotair CNE is flanked by bidirectional H3K27ac on mouse hindlimbs (E10.5 days).
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Supplementary Figure S6. Co-expression analysis of HOTAIR with four HOXC clusters genes across FANTOM5 samples. (A) Heatmap 
shows the expression level of HOTAIR and four HOX cluster genes. Cell types are sorted based on HOTAIR CNE and HOTAIR distal promoter 
expression. Expression levels are scaled between 0-1 across each column, where the most highly expressed gene is assigned 1. (B) Expres-
sion levels of HOTAIR with HOXC and HOXD cluster posterior genes on individual breast cancer patients show a trend of positive correlation 
with HOXC cluster genes and a trend of weak negative correlation with HOXD cluster genes.     
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Count
HoxC cluster HoxD cluster

Chr:Start-End(Strand) Chr:Start-End(Strand) Mismatches HoxC HoxD
Primates
Human(hg19) chr12:54359707-54359739(-) chr2:176969157-176969189(+) 2 Y Y
Chimp(panTro4) chr12:35284661-35284693(+) chr2B:180579781-180579813(+) 2 Y Y
Gorilla(gorGor3) chr12:52012160-52012192(-) chr2B:64029540-64029572(+) 3 Y Y
Orangutan(ponAbe2) chr12:53740632-53740664(-) chr2b:66260351-66260383(+) 3 Y Y
Euarchontoglires
Squirrel(speTri2) JH393322:11187590-11187622(-) JH393319:5591308-5591340(+) 3
Mouse(mm10) chr15:102947454-102947486(-) chr2:74679612-74679644(+) 4 Y Y
Rat(rn5) chr7:142349588-142349620(-) chr3:68068756-68068788(+) 4 Y
GuineaPig(chiLan1) scaffold_9:45845103-45845135(+) scaffold_3:14206941-14206973(-) 4
Rabbit(oryCun2) chr4:37750144-37750176(-) chr7:115664606-115664638(+) 3
Laurasiatheria
Cow(bosTau8) chr5:26225443-26225475(+) chr2:20844410-20844442(-) 2
Dog(canFam3) chr27:1296692-1296724(+) chr36:19912089-19912121(+) 3 Y Y
HedgeHog(eriEur3) JH835374:2711697-2711729(+) JH835538:1267467-1267499(+) 4
Afrotheria 
Elephant(loxAfr3) scaffold_2:40399191-40399223(-) scaffold_3:51280894-51280926(-) 3 NA NA
Tenrec(echTel2) JH980427:730939-730971(-) JH980302:1668675-1668707(+) 4 NA NA
Manatee(triMan1) JH594633:22473672-22473704(+) JH594643:8289255-8289287(-) 3 NA NA
Mammals
Armadilo(dasNov3) JH569064:163083-163115(+) JH575655:3643342-3643374(+) 0
Platypus(ornAna1) Contig13135:14368-14400(+) Contig13670:14779-14811(+) 3
Aves
MediumGroundFinch(geoFor1) -- JH739888:20155410-20155442(+) - NA
ZebraFinch(taeGut2) -- chr7:17035450-17035482(+) - NA
Budgegerigar(melUnd1) -- JH556613:11953860-11953892(-) - NA
Chicken(galGal4) -- chr7:15818298-15818330(-) - NA Y
Turkey(melGal1) -- chr7:16893541-16893573(-) - NA
Sarcopterygii
AmericanAlligator(allMis1) JH739658:224031-224063(-) JH736379:590770-590802(-) 3
PaintedTurtle(chrPic2) JH584844:1113401-1113433(+) JH584712:2171341-2171373(+) 3
Frog(xenTro3) GL172862:354043-354075(-) GL172799:638809-638841(-) 7 Y
Coelacanth(latCha1) JH126829:1709983-1710015(+) JH127184:433817-433849(-) 4 Y Y
Holesti Fish
Spottedgar (lepOcu1) LG12:15577478-15577509(-) LG4:15815626-15815646(-) 3
Teleost Fish
Tetraodon(tetNig2) -- chr2:13442915-13442947(-) - N N
Fugu(fr3) -- chr1:15039680-15039712(-) - N N
Medaka(oryLat2) -- chr21:24604991-24605023(+) - N N
AtlanticCod(gadMor1) -- HE566826:374754-374786(-) - N N
Zebrafish(danRer7) -- chr9:1970782-1970814(-) - N N
Cartilaginous Fish
ElephantShark(calMal1) KI636119:205590-205622(-) KI635868:5106636-5106668(+) 7
Jawless Vertebrates
Lamprey(petMar2) -- -- - - -
Deuterostome
C.Intestinalis(ci2) -- -- - - -
Insect
D.melanogaster(dm6) -- -- - - -
Nematode
C.elegans(ce6) -- -- - - -

hg19_chr2:176969157-176969189_HOXD CTAACTTGACCTTAACTTTGTCAGGGCGCCCC

Sequence used for homology search

Table Supplemental S1. Coordinates of CNE in HoxC and HoxD cluster across vertebrates.

Coordinates of CNE homologs Host Transcript Evidence

hg19_chr12:54359708-54359739_HOXC  CTAACTTGACCTTCACTTTGTCATGGCGCCCC
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Same Same 

Genes Chr Genes Chr Genes Chr Genes Chr hoxc11 hoxc12 Chr hoxd11 hoxd12 Chr

Aves
ZebraFinch 9 1 5 1 2 2 5 2 NO NO NA YES YES YES

Chicken 8 1 9 1 5 5 7 1 YES YES Diff YES YES YES

Turkey 4 1 4 2 2 1 5 1 NO NO NA YES YES YES

Teleost
Tetraodon 13 2 9 2 11 2 6 1 YES YES YES YES YES YES

Fugu 9 3 7 3 6 1 4 1 NO YES NA NO YES NA

Atlantic Cod 12 5 9 3 10 1 6 1 YES YES YES YES YES YES

Zebrafish 12 2 15 2 15 2 7 1 YES YES YES YES YES YES

Table	Supplemental	S2.	Summary	of	annotation	of	hoxc	cluster	genes	in	aves	and	telesot.

hoxa hoxb hoxc hoxd Annotation Annotation
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Table	Supplemental	S3:	Roadmap	Epigenome	cell	lines	classified	into	three	groups	based	on	HOTAIR	expression.

E055 Epithelial Foreskin	Fibroblast	Primary	Cells	skin01
E056 Epithelial Foreskin	Fibroblast	Primary	Cells	skin01
E117 CRVX.HELAS3.CNCR HeLa-S3	Cervical	Carcinoma	Cell	Line
E120 MUS.HSMM HSMM	Skeletal	Muscle	Myoblasts	Cells
E057 Epithelial Foreskin	Keratinocyte	Primary	Cells	skin02
E127 BONE.OSTEO Osteoblast	Primary	Cells
E006 ES-deriv H1	Derived	Mesenchymal	Stem	Cells
E005 ES-deriv H1	BMP4	Derived	Trophoblast	Cultured	Cells

E003 ESC H1-hESC	cells

E004 ES-deriv H1	BMP4	Derived	Mesendoderm	Cultured	Cells
E007 ES-deriv H1	Derived	Neuronal	Progenitor	Cultured	Cells
E028 Epithelial Breast	variant	Human	Mammary	Epithelial	Cells	(vHMEC)
E114 LNG.A549.ETOH002.CNCR A549	EtOH	0.02pct	Lung	Carcinoma	Cell	Line
E119 BRST.HMEC HMEC	Mammary	Epithelial	Primary	Cells
E100 Digestive	 Gastric
E059 SKIN.PEN.FRSK.MEL.01 Foreskin	Melanocyte	Primary	Cells	skin01
E085 Digestive	 Fetal	Intestine	Small
E123 BLD.K562.CNCR K562	Leukemia	Cells
E097 Ovary Ovary
E084 Digestive	 Fetal	Intestine	Large
E109 Digestive	 Small	Intestine
E050 HSC	&	B-cell Primary	hematopoietic	stem	cells	G-CSF-mobilized	Female
E082 Brain Fetal	Brain	Female
E094 GI.STMC.GAST Gastric
E098 Pancreas Pancreas
E116 BLD.GM12878 GM12878	Lymphoblastoid	Cells
E118 LIV.HEPG2.CNCR HepG2	Hepatocellular	Carcinoma	Cell	Line
E122 VAS.HUVEC HUVEC	Umbilical	Vein	Endothelial	Primary	Cells
E128 LNG.NHLF NHLF	Lung	Fibroblast	Primary	Cells

HOTAIR -unexpressed	stem	cells

HOTAIR -unexpressed	differentiated	cells	

HOTAIR -expressed	differentiated	cells	
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Table	Supplemental		S4:	Enrichment	of	transcription	factors	(TFs)	bound	on	HOTAIR 	CNE	and	promoter.

chr start end region - strand chr start_TFPeak End_TFPeak TF PeakScore Celllines
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359825 54360441 CHD1 261 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359540 54359800 TCF12 178 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359918 54360194 EGR1 319 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359520 54359844 SP1 240 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359673 54359803 SRF 631 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359955 54360245 ZNF143 158 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359398 54360436 CTBP2 262 H1-hESC
chr12 54359507 54360239 HotairCNE 1000 - chr12 54360179 54360920 SUZ12 224 H1-hESC,NT2-D1
chr12 54359507 54360239 HotairCNE 1000 - chr12 54359205 54365366 EZH2 1000 GM12878,H1-hESC,HepG2,HUVEC,NH-A,NHLF

chr12 54362255 54362956 HotairPromoter 1000 - chr12 54362190 54362660 POLR2A 204 PANC-1,SK-N-MC
chr12 54362255 54362956 HotairPromoter 1000 - chr12 54362520 54363116 TCF7L2 426 PANC-1
chr12 54362255 54362956 HotairPromoter 1000 - chr12 54359205 54365366 EZH2 1000 GM12878,H1-hESC,HepG2,HUVEC,NH-A,NHLF
chr12 54362255 54362956 HotairPromoter 1000 - chr12 54362041 54362337 GATA3 234 T-47D
chr12 54362255 54362956 HotairPromoter 1000 - chr12 54361277 54362537 SUZ12 167 H1-hESC,NT2-D1

chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176969091 176969421 CTCF 526 A549,Fibrobl,Gliobla,HEK293,SK-N-SH_RA
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968367 176975129 EZH2 1000 H1-hESC,HepG2,HMEC,HSMM,HSMMtube,HUVEC,NH-A,NHDF-Ad,NHEK,NHLF
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968464 176968800 POLR2A 382 SK-N-MC
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968988 176969498 POLR2A 471 A549,SK-N-MC,Gliobla
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968889 176969429 EP300 381 A549
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176969019 176969197 FOSL2 813 A549
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968813 176969389 TCF12 356 A549
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176969043 176969353 SUZ12 96 H1-hESC
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968819 176969335 TCF7L2 185 HEK293
chr2 176968657 176969389 HoxD11CNE 1000 + chr2 176968726 176969412 KAP1 329 HEK293,U2OS
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CellLines HotairCNE HotairPromoter HotairDistalPromoter
thymic_carcinoma_cell_line:Ty-82.CNhs14139.10803-111A2 30.4203 65.3784 3.52943
anaplastic_squamous_cell_carcinoma_cell_line:RPMI_2650.CNhs11889.10805-111A427.0834 8.63282 8.12501
Myoblast_differentiation_to_myotubes_day04_Duchenne_Muscular_Dystrophy 12.1681 12.299 1.70092
synovial_sarcoma_cell_line:HS-SY-II.CNhs11244.10441-106E9 11.4788 21.5956 5.6421
Myoblast_differentiation_to_myotubes_day12_Duchenne_Muscular_Dystrophy 10.1772 9.99862 0.178547
Myoblast_differentiation_to_myotubes_day03_Duchenne_Muscular_Dystrophy 9.57464 11.9683 0.828574
Myoblast_differentiation_to_myotubes_day06_Duchenne_Muscular_Dystrophy 8.82344 8.59719 0.678726
Myoblast_differentiation_to_myotubes_day10_Duchenne_Muscular_Dystrophy 7.87918 7.87919 1.57583
Myoblast_differentiation_to_myotubes_day04_control 7.25976 7.3942 1.07552
Myoblast_differentiation_to_myotubes_day08_Duchenne_Muscular_Dystrophy 7.15724 7.26568 0.759101
Myoblast_differentiation_to_myotubes_day08_control 6.77128 4.06276 1.62511
Myoblast_differentiation_to_myotubes_day01_control 6.70502 8.65165 2.16291
Myoblast_differentiation_to_myotubes_day00_Duchenne_Muscular_Dystrophy 6.46354 2.30208 1.23958
Fibroblast_skin_walker_warburg 6.22247 9.87012 0.858272
Myoblast_differentiation_to_myotubes_day02_Duchenne_Muscular_Dystrophy 5.36296 6.01843 0.774649
osteosarcoma_cell_line:HS-Os-1.CNhs11290.10558-107I9 5.31048 1.2644 2.78168
Myoblast_differentiation_to_myotubes_day01_Duchenne_Muscular_Dystrophy 5.15176 8.04178 1.00522
rhabdomyosarcoma_cell_line:KYM-1.CNhs11877.10787-110H4 4.90892 4.04264 1.87694
Myoblast_differentiation_to_myotubes_day02_control 4.54831 6.40133 1.17919
glioblastoma_cell_line:T98G.CNhs11272.10485-107A8 4.21675 1.22422 3.12855
Myoblast_differentiation_to_myotubes_day12_control 4.21364 3.04318 0.234091
rhabdomyosarcoma_cell_line:RMS-YM.CNhs11269.10477-106I9 3.99914 9.19803 5.39884
Ewing's_sarcoma_cell_line:Hs_863.T.CNhs11836.10705-109H3 3.77785 2.93833 0.839522
Skeletal_muscle_cells_differentiated_into_Myotubes_multinucleated 3.6675 3.19208 1.01875
Myoblast_differentiation_to_myotubes_day03_control 3.58488 6.48035 0.96516
Skeletal_Muscle_Satellite_Cells 3.49648 3.98333 2.87685
Smooth_Muscle_Cells_Umbilical_artery 3.06971 9.97656 1.15114
Smooth_Muscle_Cells_Umbilical_Artery 3.0678 7.53801 0.788862
Myoblast_differentiation_to_myotubes_day00_control 3.06205 11.8108 0.437436
Myoblast_differentiation_to_myotubes_day06_control 3.05534 2.23275 0.587565
penis_adult.CNhs12850.10200-103F2 2.91042 0.793752 0.793752
Wilms'_tumor_cell_line:G-401.CNhs11892.10809-111A8 2.89832 2.46357 1.44916
neuroepithelioma_cell_line:SK-N-MC.CNhs11853.10728-110A8 2.85884 15.7236 12.8648
Myoblast_differentiation_to_myotubes_day10_control 2.81173 2.49932 0.937243
gall_bladder_carcinoma_cell_line:TGBC14TKB.CNhs11256.10470-106I2 2.66414 1.2296 1.63947
neuroectodermal_tumor_cell_line:FU-RPNT-2.CNhs11753.10663-109C6 2.1708 5.09665 3.49215
mixed_mullerian_tumor_cell_line:HTMMT.CNhs11944.10689-109F5 2.01418 2.01418 1.00709
glioblastoma_cell_line_A172_tech_rep 1.99065 7.00707 5.33493
neuroectodermal_tumor_cell_line:FU-RPNT-1.CNhs11744.10637-108I7 1.72277 14.9881 6.89109
Smooth_Muscle_Cells_Umbilical_Vein 1.47242 5.28734 0.602355
Mesenchymal_Stem_Cells_amniotic_membrane 1.44254 0.480846 0
Myoblast 1.40605 4.53772 1.72561
optic_nerve 1.40304 0 0.701522
smooth_muscle_adult_pool1.CNhs11755.10048-101G3 1.37865 0.45955 0.229775
Skeletal_Muscle_Cells 1.28172 1.5536 1.04868
Adipocyte_subcutaneous 1.1394 0.976626 0.325542
breast_carcinoma_cell_line:MDA-MB-453.CNhs10736.10419-106C5 1.11707 7.44713 7.1989
Mesenchymal_Stem_Cells_umbilical 1.11189 1.94581 1.38987
spinal_cord_fetal 1.05831 0.352769 0
alveolar_cell_carcinoma_cell_line:SW_1573.CNhs11838.10708-109H6 1.03233 0 4.81753
H9_Embryoid_body_cells_melanocytic_induction_day41 1.02534 0.31549 0.31549
Schwann_Cells 0.962829 0.412641 0.550188
Mesenchymal_stem_cells_umbilical 0.932464 1.86493 1.86493
colon_carcinoma_cell_line:COLO-320.CNhs10737.10420-106C6 0.932445 2.79733 9.63526
embryonic_pancreas_cell_line:1B2C6.CNhs11731.10604-108F1 0.908405 0 0.908405
lymphoma_malignant_hairy_B-cell_cell_line:MLMA.CNhs11935.10775-110G1 0.880812 0.440406 3.67005
astrocytoma_cell_line:TM-31.CNhs10742.10425-106D2 0.857292 0 0.285764
tenocyte 0.815759 0.233074 1.16537
hepatoblastoma_cell_line:HuH-6.CNhs11742.10633-108I3 0.808134 0 0
malignant_trichilemmal_cyst_cell_line:DJM-1.CNhs10730.10412-106B7 0.791457 0 3.16582
signet_ring_carcinoma_cell_line:Kato_III.CNhs10753.10436-106E4 0.716565 11.465 6.87902
H9_Embryoid_body_cells_melanocytic_induction_day34 0.699504 0.349752 0.233168
neuroectodermal_tumor_cell_line:TASK1.CNhs11866.10774-110F9 0.628068 6.07132 0.628068
mesothelioma_cell_line:Mero-48a.CNhs13068.10852-111F6 0.530414 0 1.32604
cord_blood_derived_cell_line:COBL-a_24h_infection-C.CNhs11049.10452-106G2 0.480273 0 0.320182
Chondrocyte_re_diff 0.472242 0 0.708363
skeletal_muscle_adult_pool1.CNhs10629.10023-101D5 0.470991 0.313994 0.156997
uterus_adult_pool1.CNhs11676.10100-102D1 0.452895 0.754825 0
mesothelioma_cell_line:Mero-83.CNhs13070.10854-111F8 0.43783 3.50264 2.40807
skin_fetal 0.413779 2.89645 0.413779
testis_adult_pool2.CNhs12998.10096-102C6 0.40702 0 1.42457
Mesenchymal_stem_cells_adipose 0.403383 0 1.21015
Mesenchymal_Stem_Cells_adipose 0.400448 0 0
293SLAM_rinderpest_infection_12hr 0.39192 1.76364 1.04512
uterus_fetal 0.388385 0.388385 0.388385
mesothelioma_cell_line:ONE58.CNhs13075.10858-111G3 0.377385 0 1.13216
testis_adult_pool1.CNhs10632.10026-101D8 0.373867 0.149547 0.672961
Nucleus_Pulposus_Cell 0.353576 0.088394 0.530364
H9_Embryoid_body_cells_melanocytic_induction_day30 0.33992 0.0849801 0.16996
spindle_cell_sarcoma_cell_line:Hs_132.T.CNhs11857.10737-110B8 0.33086 0.992579 0.99258
cervix_adult_pool1.CNhs10618.10013-101C4 0.330704 0 0.0826761
pancreatic_carcinoma_cell_line:NOR-P1.CNhs11832.10698-109G5 0.324531 0 0
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day14 0.322118 0 0.644236
somatostatinoma_cell_line:QGP-1.CNhs11869.10781-110G7 0.319492 0 5.75085
293SLAM_rinderpest_infection_24hr 0.316059 1.05353 0.842824
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day01 0.314902 0 0
neuroblastoma_cell_line:NB-1.CNhs11284.10539-107G8 0.311682 1.09089 0
adipose_tissue_adult_pool1.CNhs10615.10010-101C1 0.303246 0.303246 0.303246
epitheloid_carcinoma_cell_line_HelaS3_ENCODE 0.301746 1.05611 12.5225
medulla_oblongata_newborn 0.300847 0 0
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_00hr30min 0.295061 0 0.885183
Mesenchymal_Stem_Cells_Whartons_Jelly 0.294368 1.32466 0
spinal_cord_newborn 0.284439 0 0
mesothelioma_cell_line:Mero-41.CNhs13067.10851-111F5 0.27739 0 1.94173
H9_Embryoid_body_cells_melanocytic_induction_day21 0.273645 0.205234 0.889347
ductus_deferens_adult.CNhs12846.10196-103E7 0.271755 0 0
glassy_cell_carcinoma_cell_line:HOKUG.CNhs11824.10688-109F4 0.267359 0 2.40623
mesothelioma_cell_line:Mero-95.CNhs13073.10856-111G1 0.262177 0 3.14612
chorionic_membrane_cells 0.259444 0.454027 0.259444
Melanocyte_light 0.251665 0 0.50333
cord_blood_derived_cell_line:COBL-a_24h_infection.CNhs11050.10453-106G3 0.251192 0.125596 1.25596
Mesenchymal_Stem_Cells_bone_marrow 0.237586 0.633563 1.34632
H9_Embryoid_body_cells_melanocytic_induction_day24 0.233871 0.155914 0.23387
skeletal_muscle_soleus_muscle 0.227041 0.454082 0.227041
pagetoid_sarcoma_cell_line:Hs_925.T.CNhs11856.10732-110B3 0.221289 0 0.442578
293SLAM_rinderpest_infection_06hr 0.220601 1.69127 0.441202
Fibroblast_skin_normal 0.218184 0.72728 1.01819
kidney_fetal_pool1.CNhs10652.10045-101F9 0.217599 0.290132 2.03092
maxillary_sinus_tumor_cell_line:HSQ-89.CNhs10732.10414-106B9 0.217009 0 1.73607
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_01hr00min 0.206936 0 0.206936
testicular_germ_cell_embryonal_carcinoma_cell_line:NEC15.CNhs12362.10593-108D80.204782 0 0.307173
Perineurial_Cells 0.20372 0.339533 0
H9_Embryoid_body_cells_melanocytic_induction_day18 0.200948 0.0669828 0.267931
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_01hr40min 0.200195 0 1.86849
Renal_Glomerular_Endothelial_Cells 0.198427 0 0.198427
Urothelial_Cells 0.193531 0 0.580593
Osteoblast 0.19252 0.385039 0.898424
neuroblastoma_cell_line:NBsusSR.CNhs11818.10607-108F4 0.189386 0.378772 0.189386
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_04hr 0.187737 0 2.62832
Renal_Mesangial_Cells 0.184659 0 1.10795
gastric_adenocarcinoma_cell_line:MKN45.CNhs11819.10612-108F9 0.182401 0 6.38403
medulloblastoma_cell_line:ONS-76.CNhs11861.10759-110E3 0.174261 0.174261 0.174261
Burkitt's_lymphoma_cell_line:RAJI.CNhs11268.10476-106I8 0.173602 0 0
H9_Embryoid_body_cells_melanocytic_induction_day27 0.171645 0.0858223 0.171645
Fibroblast_Villous_Mesenchymal 0.169655 0.67862 0.169655
liposarcoma_cell_line:SW_872.CNhs11851.10726-110A6 0.161908 0.323816 1.78099
Keratinocyte_epidermal 0.160772 1.23258 0.91104
Hep-2_cells_treated_with_Streptococci_strain_JRS4 0.159953 0 1.19965
Smooth_Muscle_Cells_Uterine 0.158375 0 0
pharyngeal_carcinoma_cell_line:Detroit_562.CNhs11849.10723-110A3 0.152721 0 0.916326
epididymis_adult.CNhs12847.10197-103E8 0.152543 0.457629 0
embryonic_kidney_cell_line:_HEK293%2FSLAM_infection_24hr.CNhs11047.10451-106G10.148211 0.889266 0.296422
MCF7_breast_cancer_cell_line_response_to_HRG_00hr45min_biol 0.147557 0 1.77068
MCF7_breast_cancer_cell_line_response_to_EGF1_00hr30min_biol 0.147229 0 3.38627
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_day04 0.144789 0 3.47494
bronchial_squamous_cell_carcinoma_cell_line:KNS-62.CNhs11862.10760-110E4 0.143426 0.143426 3.8725
Clontech_Human_Universal_Reference_Total_RNA_pool1.CNhs10608.10000-101A10.143408 0.215112 0.717039
MCF7_breast_cancer_cell_line_response_to_EGF1_03hr00min_biol 0.143269 0 4.72788
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_day21 0.141598 0 2.05317
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_00hr00min 0.141001 0 0
serous_cystadenocarcinoma_cell_line:HTOA.CNhs11827.10693-109F9 0.138097 0 0
oral_squamous_cell_carcinoma_cell_line:Ca9-22.CNhs10752.10434-106E2 0.137314 0 2.19702
hepatoma_cell_line:Li-7.CNhs11271.10484-107A7 0.134991 0 0.809946
Hep-2_cells_mock_treated 0.132984 0 1.6623
epidermoid_carcinoma_cell_line:A431.CNhs10743.10426-106D3 0.132748 0 1.32748
small_cell_lung_carcinoma_cell_line:NCI-H82.CNhs12809.10842-111E5 0.125064 0 0.750384
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_02hr00min 0.116556 0 2.44767
H9_Embryoid_body_cells_melanocytic_induction_day12 0.115901 0.0289752 0.289752
Fibroblast_Dermal 0.109952 0.403155 0.842962
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_01hr00min 0.109296 0.0546482 1.69409
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_00hr45min 0.107935 0 0.43174
mesenchymal_precursor_cell_ovarian_cancer_right_ovary 0.101357 0.0506787 0
Preadipocyte_visceral 0.0999748 0.0499874 0.149962
prostate_adult_pool1.CNhs10628.10022-101D4 0.0996597 0 0.0996597
293SLAM_rinderpest_infection_00hr 0.0986706 1.87474 0.690694
ovary_adult_pool1.CNhs10626.10020-101D2 0.0945743 0.189149 0
spleen_fetal_pool1.CNhs10651.10044-101F8 0.0878343 0 0
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_03hr 0.0864712 0 2.24825
kidney_adult_pool1.CNhs10622.10017-101C8 0.0862249 0 0.517349
Adipocyte_omental 0.0831063 0 0
Renal_Cortical_Epithelial_Cells 0.0818381 0.0818381 0.818381
MCF7_breast_cancer_cell_line_response_to_EGF1_00hr45min_biol 0.0795939 0 4.85523
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_24hr 0.0758276 0.0758276 2.27483
Chondrocyte_de_diff 0.0731245 0.0731245 0.511871
Preadipocyte_subcutaneous 0.072715 0.072715 0.509005
H9_Embryoid_body_cells_melanocytic_induction_day15 0.0665311 0 0.399187
Smooth_Muscle_Cells_Internal_Thoracic_Artery 0.06555 0 0.06555
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_00hr30min 0.0654595 0 1.63649
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_day07 0.0633087 0 2.34242
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_day28 0.0624056 0 2.80825
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_08hr 0.0608321 0 2.61578
Endothelial_Cells_Umbilical_vein 0.0576147 0 0
Preadipocyte_omental 0.0539395 0.0539395 0.0539395
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_day14 0.0523936 0 3.61516
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_01hr20min 0.0458477 0 2.47578
Fibroblast_skin_spinal_muscular_atrophy 0.0430613 0 0.0861226
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_00hr00min 0.0425184 0 2.38103
carcinoid_cell_line:SK-PN-DW.CNhs11846.10719-109I8 0 7.18939 0
peripheral_neuroectodermal_tumor_cell_line:KU-SN.CNhs11830.10697-109G4 0 5.78314 0.598257
tridermal_teratoma_cell_line:HGRT.CNhs11828.10694-109G1 0 3.68066 0
Krukenberg_tumor_cell_line:HSKTC.CNhs11822.10687-109F3 0 2.19917 8.79668
embryonic_kidney_cell_line:_HEK293%2FSLAM_untreated.CNhs11046.10450-106F9 0 1.99331 0.427137
squamous_cell_lung_carcinoma_cell_line:RERF-LC-AI.CNhs14240.10501-107C6 0 1.11977 0
vagina_adult.CNhs12854.10204-103F6 0 0.688197 0
cervical_cancer_cell_line:D98-AH2.CNhs11288.10552-107I3 0 0.480339 13.6096
small-cell_gastrointestinal_carcinoma_cell_line:ECC4.CNhs11734.10609-108F6 0 0.405768 0
papillotubular_adenocarcinoma_cell_line:TGBC18TKB.CNhs10734.10417-106C3 0 0.383018 3.63867
mesothelioma_cell_line:Mero-84.CNhs13072.10855-111F9 0 0.350564 0
rectal_cancer_cell_line:TT1TKB.CNhs11255.10469-106I1 0 0.335102 4.02123
Fibroblast_Lymphatic 0 0.322583 0.967749
mesenchymal_precursor_cell_bone_marrow 0 0.310185 1.34414
mucinous_cystadenocarcinoma_cell_line:MCAS.CNhs11873.10784-110H1 0 0.273743 1.64246
Anulus_Pulposus_Cell 0 0.227752 1.48039
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_01hr40min 0 0.221577 0.443154
Osteoblast_differentiated 0 0.206794 0.206794
Renal_Epithelial_Cells 0 0.201588 0.403176
fibrosarcoma_cell_line:HT-1080.CNhs11860.10758-110E2 0 0.179406 0
MCF7_breast_cancer_cell_line_response_to_EGF1_01hr00min_biol 0 0.166966 3.33932
prostate_cancer_cell_line:DU145.CNhs11260.10490-107B4 0 0.152432 3.20107
Renal_Proximal_Tubular_Epithelial_Cell 0 0.13561 1.08488
Endothelial_Cells_Lymphatic 0 0.13357 0
neuroblastoma_cell_line:NH-12.CNhs11811.10555-107I6 0 0.127376 0
MCF7_breast_cancer_cell_line_response_to_HRG_02hr30min_biol 0 0.122593 1.96149
carcinoid_cell_line:NCI-H727.CNhs14244.10735-110B6 0 0.1146 5.5008
colon_adult 0 0.0909269 0.454635
mesenchymal_precursor_cell_ovarian_cancer_left_ovary 0 0.0660822 0
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_00hr45min 0 0.0577398 1.90541
Melanocyte_dark 0 0.0502861 0.553147
hepatocellular_carcinoma_cell_line_HepG2_ENCODE 0 0.0302548 0
Adipocyte_breast 0 0 0
Adipocyte_perirenal 0 0 0
Amniotic_Epithelial_Cells 0 0 0
B_lymphoblastoid_cell_line_GM12878_ENCODE 0 0 0
Burkitt's_lymphoma_cell_line:DAUDI.CNhs10739.10422-106C8 0 0 0
Endothelial_Cells_Artery 0 0 0
Endothelial_Cells_Microvascular 0 0 0
Endothelial_Cells_Thoracic 0 0 0
Endothelial_Cells_Vein 0 0 0
Fibroblast_Mammary 0 0 0.364684
Fibroblast_skin_dystrophia_myotonica 0 0 0.0597769
H9_Embryoid_body_cells_melanocytic_induction_day09 0 0 0.0539071
HES3-GFP_Embryonic_Stem_cells_cardiomyocytic_induction_day10 0 0 0.109606
Hair_Follicle_Dermal_Papilla_Cells 0 0 0
Hair_Follicle_Outer_Root_Sheath_Cells 0 0 0.264705
Hepatic_Sinusoidal_Endothelial_Cells 0 0 0
Hepatic_Stellate_Cells_lipocyte 0 0 0
K562_erythroblastic_leukemia_response_to_hemin_02hr30min 0 0 0
MCF7_breast_cancer_cell_line_response_to_EGF1_00hr00min_biol 0 0 4.45423
MCF7_breast_cancer_cell_line_response_to_EGF1_00hr15min_biol 0 0 4.232
MCF7_breast_cancer_cell_line_response_to_EGF1_01hr20min_biol 0 0 3.16871
MCF7_breast_cancer_cell_line_response_to_EGF1_01hr40min_biol 0 0 3.0907
MCF7_breast_cancer_cell_line_response_to_EGF1_02hr00min_biol 0 0 2.63071
MCF7_breast_cancer_cell_line_response_to_EGF1_02hr30min_biol 0 0 2.06752
MCF7_breast_cancer_cell_line_response_to_EGF1_03hr30min_biol 0 0 4.18254
MCF7_breast_cancer_cell_line_response_to_EGF1_04hr_biol 0 0 3.47076
MCF7_breast_cancer_cell_line_response_to_EGF1_05hr_biol 0 0 3.9272
MCF7_breast_cancer_cell_line_response_to_EGF1_06hr_biol 0 0 4.71024
MCF7_breast_cancer_cell_line_response_to_EGF1_07hr_biol 0 0 3.05983
MCF7_breast_cancer_cell_line_response_to_EGF1_08hr_biol 0 0 2.77045
MCF7_breast_cancer_cell_line_response_to_HRG_00hr15min_biol 0 0 2.79542
MCF7_breast_cancer_cell_line_response_to_HRG_00hr30min_biol 0 0 3.80455
MCF7_breast_cancer_cell_line_response_to_HRG_01hr00min_biol 0 0 2.69916
MCF7_breast_cancer_cell_line_response_to_HRG_01hr20min_biol 0 0 2.96587
MCF7_breast_cancer_cell_line_response_to_HRG_01hr40min_biol 0 0 2.87747
MCF7_breast_cancer_cell_line_response_to_HRG_02hr00min_biol 0 0 2.72178
MCF7_breast_cancer_cell_line_response_to_HRG_03hr00min_biol 0 0 2.69304
MCF7_breast_cancer_cell_line_response_to_HRG_03hr30min_biol 0 0 3.35574
MCF7_breast_cancer_cell_line_response_to_HRG_04hr_biol 0 0 2.62723
MCF7_breast_cancer_cell_line_response_to_HRG_05hr_biol 0 0 3.96071
MCF7_breast_cancer_cell_line_response_to_HRG_06hr_biol 0 0 2.74485
MCF7_breast_cancer_cell_line_response_to_HRG_07hr_biol 0 0 2.72462
MCF7_breast_cancer_cell_line_response_to_HRG_08hr_biol 0 0 3.59312
Mammary_Epithelial_Cell 0 0 0
Mesenchymal_Stem_Cells_Vertebral 0 0 0.386221
Mesothelial_Cells 0 0 0
Preadipocyte_breast 0 0 0.119358
Preadipocyte_perirenal 0 0 0
Prostate_Epithelial_Cells 0 0 1.30481
Prostate_Epithelial_Cells_polarized 0 0 3.71606
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_00hr15min 0 0 1.66755
Saos-2_osteosarcoma_treated_with_ascorbic_acid_and_BGP_02hr30min 0 0 2.09241
Sebocyte 0 0 0.644428
Sertoli_Cells 0 0 0
Smooth_Muscle_Cells_Bladder 0 0 1.24456
Smooth_Muscle_Cells_Colonic 0 0 0.0695481
Smooth_Muscle_Cells_Intestinal 0 0 0
Urothelial_cells 0 0 0
Wilms'_tumor_cell_line:HFWT.CNhs11728.10597-108E3 0 0 0
acantholytic_squamous_carcinoma_cell_line:HCC1806.CNhs11844.10717-109I6 0 0 0.862608
acute_lymphoblastic_leukemia_B-ALL_cell_line:BALL-1.CNhs11251.10455-106G5 0 0 0
acute_lymphoblastic_leukemia_T-ALL_cell_line:Jurkat.CNhs11253.10464-106H5 0 0 0.415644
acute_myeloid_leukemia_FAB_M5_cell_line:U-937_DE-4.CNhs13058.10834-111D6 0 0 1.24701
acute_myeloid_leukemia_FAB_M6_cell_line:F-36P.CNhs13505.10837-111D9 0 0 0
adenocarcinoma_cell_line:IM95m.CNhs11882.10796-110I4 0 0 5.23548
adrenal_cortex_adenocarcinoma_cell_line:SW-13.CNhs11893.10810-111A9 0 0 0
argyrophil_small_cell_carcinoma_cell_line:TC-YIK.CNhs11725.10589-108D4 0 0 1.13434
b_cell_line:RPMI1788.CNhs10744.10427-106D4 0 0 0
bone_marrow_stromal_cell_line:StromaNKtert.CNhs11931.10686-109F2 0 0 2.46216
brain_adult 0 0 0
brain_adult_pool1.CNhs10617.10012-101C3 0 0 0
breast_adult 0 0 0
bronchioalveolar_carcinoma_cell_line:NCI-H358.CNhs11840.10709-109H7 0 0 0
bronchogenic_carcinoma_cell_line:ChaGo-K-1.CNhs11841.10710-109H8 0 0 0
carcinoid_cell_line:NCI-H1770.CNhs11834.10703-109H1 0 0 0.28007
carcinosarcoma_cell_line:JHUCS-1.CNhs11747.10642-109A3 0 0 0.86532
cervical_cancer_cell_line:ME-180.CNhs11289.10553-107I4 0 0 0.499497
chondrosarcoma_cell_line:SW_1353.CNhs11833.10700-109G7 0 0 2.27881
chronic_myelogenous_leukemia_cell_line_K562_ENCODE 0 0 0
clear_cell_carcinoma_cell_line:TEN.CNhs11930.10636-108I6 0 0 0
colon_fetal 0 0 0.52788
cord_blood_derived_cell_line:COBL-a_untreated.CNhs11045.10449-106F8 0 0 0.483764
corpus_callosum_adult_pool1.CNhs10649.10042-101F6 0 0 0
diaphragm_fetal 0 0 0
diencephalon_adult.CNhs12610.10193-103E4 0 0 0
diffuse_large_B-cell_lymphoma_cell_line:CTB-1.CNhs11741.10631-108I1 0 0 0
ductal_cell_carcinoma_cell_line:KLM-1.CNhs11100.10438-106E6 0 0 0.58072
embryonic_pancreas_cell_line:1C3D3.CNhs11732.10605-108F2 0 0 0
embryonic_pancreas_cell_line:1C3IKEI.CNhs11733.10606-108F3 0 0 0
embryonic_pancreas_cell_line:2C6.CNhs11814.10603-108E9 0 0 0
endometrial_carcinoma_cell_line:OMC-2.CNhs11266.10497-107C2 0 0 0
endometrial_stromal_sarcoma_cell_line:OMC-9.CNhs11249.10448-106F7 0 0 0
endometrioid_adenocarcinoma_cell_line:JHUEM-1.CNhs11748.10643-109A4 0 0 0
epidermoid_carcinoma_cell_line:Ca_Ski.CNhs10748.10431-106D8 0 0 1.20557
epithelioid_sarcoma_cell_line:HS-ES-1.CNhs11247.10443-106F2 0 0 0.952405
epithelioid_sarcoma_cell_line:HS-ES-2R.CNhs14239.10495-107B9 0 0 0
esophagus_adult_pool1.CNhs10620.10015-101C6 0 0 0
extraskeletal_myxoid_chondrosarcoma_cell_line:H-EMC-SS.CNhs10728.10410-106B5 0 0 0
fibrous_histiocytoma_cell_line:GCT_TIB-223.CNhs11842.10711-109H9 0 0 1.54735
frontal_lobe_adult_pool1.CNhs10647.10040-101F4 0 0 0
gastric_adenocarcinoma_cell_line:MKN1.CNhs11737.10614-108G2 0 0 0.961
gastric_cancer_cell_line:AZ521.CNhs11286.10549-107H9 0 0 0
gastric_cancer_cell_line:GSS.CNhs14241.10560-108A2 0 0 0
gastrointestinal_carcinoma_cell_line:ECC12.CNhs11738.10615-108G3 0 0 0
giant_cell_carcinoma_cell_line:Lu99B.CNhs10751.10433-106E1 0 0 0.170575
glioma_cell_line:GI-1.CNhs10731.10413-106B8 0 0 0
globus_pallidus_adult 0 0 0
globus_pallidus_newborn 0 0 0
hairy_cell_leukemia_cell_line:Mo.CNhs11843.10712-109I1 0 0 0
hepatic_mesenchymal_tumor_cell_line:LI90.CNhs11868.10778-110G4 0 0 0
keratoacanthoma_cell_line:HKA-1.CNhs11880.10791-110H8 0 0 0.781094
large_cell_non-keratinizing_squamous_carcinoma_cell_line:SKG-II-SF.CNhs11825.10692-109F80 0 0.255469
leiomyoblastoma_cell_line:G-402.CNhs11848.10721-110A1 0 0 0
leiomyoma_cell_line:10964C.CNhs11722.10569-108B2 0 0 1.01778
leiomyoma_cell_line:15242A.CNhs11723.10570-108B3 0 0 0
leiomyoma_cell_line:15425.CNhs11724.10571-108B4 0 0 0.326543
lens_epithelial_cell_line:SRA_01%2F04.CNhs11750.10647-109A8 0 0 3.4104
liposarcoma_cell_line:KMLS-1.CNhs11870.10782-110G8 0 0 1.55216
locus_coeruleus_adult 0 0 0
lung_adenocarcinoma_cell_line:A549.CNhs11275.10499-107C4 0 0 0.444542
lung_adenocarcinoma_papillary_cell_line:NCI-H441.CNhs14245.10742-110C4 0 0 0.151773
lung_adult_pool1.CNhs10625.10019-101D1 0 0 0
lung_fetal 0 0 0
lung_right_lower_lobe_adult 0 0 0
medulla_oblongata_adult 0 0 0
medulla_oblongata_adult_pool1.CNhs10645.10038-101F2 0 0 0
medulloblastoma_cell_line:D283_Med.CNhs12805.10838-111E1 0 0 0
melanoma_cell_line:COLO_679.CNhs11281.10514-107E1 0 0 1.227
melanoma_cell_line:G-361.CNhs11254.10465-106H6 0 0 0
merkel_cell_carcinoma_cell_line:MKL-1.CNhs12838.10843-111E6 0 0 0.403427
merkel_cell_carcinoma_cell_line:MS-1.CNhs12839.10844-111E7 0 0 6.58838
mesenchymal_precursor_cell_adipose 0 0 0.0907535
mesenchymal_precursor_cell_ovarian_cancer_metastasis 0 0 0.130664
mesenchymal_stem_cell_line:Hu5%2FE18.CNhs11718.10568-108B1 0 0 0.791496
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_00hr15min 0 0 0.93135
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_01hr20min 0 0 1.35835
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_02hr00min 0 0 0.592466
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_02hr30min 0 0 0.427351
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_03hr00min 0 0 0.498649
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_12hr00min 0 0 0
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day02 0 0 0.239379
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day04 0 0 0.416579
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day08 0 0 0.433128
mesenchymal_stem_cells_adipose_derived_adipogenic_induction_day12 0 0 0.249441
mesothelioma_cell_line:ACC-MESO-1.CNhs11263.10493-107B7 0 0 0
mesothelioma_cell_line:ACC-MESO-4.CNhs11264.10494-107B8 0 0 4.63216
mesothelioma_cell_line:Mero-14_tech_rep1.CNhs13065.10849-111F3 0 0 0
mesothelioma_cell_line:Mero-82.CNhs13069.10853-111F7 0 0 0.538346
mesothelioma_cell_line:NCI-H2052.CNhs13063.10847-111F1 0 0 1.68905
mesothelioma_cell_line:No36.CNhs13074.10857-111G2 0 0 1.39316
mucinous_adenocarcinoma_cell_line:JHOM-1.CNhs11752.10648-109A9 0 0 0
myxofibrosarcoma_cell_line:MFH-ino.CNhs11729.10600-108E6 0 0 2.19889
myxofibrosarcoma_cell_line:NMFH-1.CNhs11821.10684-109E9 0 0 0.952184
neuroblastoma_cell_line:CHP-134.CNhs11276.10508-107D4 0 0 0
nucleus_accumbens_adult_pool1.CNhs10644.10037-101F1 0 0 0
occipital_lobe_adult 0 0 0
occipital_pole_adult_pool1.CNhs10643.10036-101E9 0 0 0
oral_squamous_cell_carcinoma_cell_line:HO-1-u-1.CNhs11287.10550-107I1 0 0 0.490038
oral_squamous_cell_carcinoma_cell_line:HSC-3.CNhs11717.10545-107H5 0 0 0.45169
oral_squamous_cell_carcinoma_cell_line:SAS.CNhs11810.10544-107H4 0 0 1.02066
osteoclastoma_cell_line:Hs_706.T.CNhs11835.10704-109H2 0 0 0.43602
osteosarcoma_cell_line:143B%2FTK^-neo^R.CNhs11279.10510-107D6 0 0 1.90092
paracentral_gyrus_adult_pool1.CNhs10642.10035-101E8 0 0 0
parietal_lobe_adult_pool1.CNhs10641.10034-101E7 0 0 0
pleomorphic_hepatocellular_carcinoma_cell_line:SNU-387.CNhs11933.10706-109H4 0 0 0
pons_adult_pool1.CNhs10640.10033-101E6 0 0 0
postcentral_gyrus_adult_pool1.CNhs10638.10032-101E5 0 0 0
rectum_fetal 0 0 0
renal_cell_carcinoma_cell_line:OS-RC-2.CNhs10729.10411-106B6 0 0 4.50124
renal_cell_carcinoma_cell_line:TUHR10TKB.CNhs11257.10471-106I3 0 0 0
retinoblastoma_cell_line:Y79.CNhs11267.10475-106I7 0 0 0.174207
schwannoma_cell_line:HS-PSS_tech_rep1.CNhs11183.10442-106F1 0 0 0.375633
schwannoma_cell_line:HS-PSS_tech_rep2.CNhs11245.10442-106F1 0 0 0
seminal_vesicle_adult.CNhs12851.10201-103F3 0 0 0
serous_adenocarcinoma_cell_line:JHOS-2.CNhs11746.10639-108I9 0 0 1.56548
serous_adenocarcinoma_cell_line:SK-OV-3-R_biol_rep1.CNhs13099.11841-124H5 0 0 0
signet_ring_carcinoma_cell_line:NUGC-4.CNhs11270.10483-107A6 0 0 10.2718
skeletal_muscle_fetal 0 0 1.49854
skin_adult 0 0 0
small_cell_cervical_cancer_cell_line:HCSC-1.CNhs11885.10800-110I8 0 0 4.36503
small_cell_lung_carcinoma_cell_line:DMS_144.CNhs12808.10841-111E4 0 0 1.87482
small_cell_lung_carcinoma_cell_line:LK-2.CNhs11285.10541-107H1 0 0 0.59336
small_cell_lung_carcinoma_cell_line:WA-hT.CNhs11812.10562-108A4 0 0 0.88345
small_intestine_fetal 0 0 0.447544
spinal_cord_adult 0 0 0
splenic_lymphoma_with_villous_lymphocytes_cell_line:SLVL.CNhs10741.10424-106D1 0 0 0
squamous_cell_carcinoma_cell_line:EC-GI-10.CNhs11252.10463-106H4 0 0 0
squamous_cell_carcinoma_cell_line:JHUS-nk1.CNhs11749.10646-109A7 0 0 2.27021
squamous_cell_carcinoma_cell_line:T3M-5.CNhs11739.10616-108G4 0 0 0.432339
squamous_cell_lung_carcinoma_cell_line:LC-1F.CNhs14238.10457-106G7 0 0 0.478697
stomach_fetal 0 0 0
substantia_nigra_newborn 0 0 0
temporal_lobe_adult_pool1.CNhs10637.10031-101E4 0 0 0
thalamus_adult 0 0 0
thyroid_carcinoma_cell_line:KHM-5M.CNhs14140.10776-110G2 0 0 0.590888
thyroid_carcinoma_cell_line:TCO-1.CNhs11872.10783-110G9 0 0 0
transitional-cell_carcinoma_cell_line:5637.CNhs10735.10418-106C4 0 0 0.228726
transitional-cell_carcinoma_cell_line:JMSU1.CNhs11261.10492-107B6 0 0 0.68224
tubular_adenocarcinoma_cell_line:SUIT-2.CNhs11883.10797-110I5 0 0 1.95811
xeroderma_pigentosum_b_cell_line:XPL_17.CNhs11813.10563-108A5 0 0 0

Table	Supplemental		S5.	Expression	level	of	HOTAIR	CNE	and	promoters	across	FANTOM5	samples.
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