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In Brief

Tan et al. identify and characterize 69

human complex trait/disease-associated

lincRNAs in LCLs. They show that these

loci are often associated with cis-

regulation of gene expression and tend to

be localized at TAD boundaries,

suggesting that these lincRNAs may

influence chromosomal architecture.
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SUMMARY

Intergenic long noncoding RNAs (lincRNAs) are the
largest class of transcripts in the human genome.
Althoughmany have recently been linked to complex
human traits, the underlying mechanisms for most
of these transcripts remain undetermined. We inves-
tigated the regulatory roles of a high-confidence
and reproducible set of 69 trait-relevant lincRNAs
(TR-lincRNAs) in human lymphoblastoid cells whose
biological relevance is supported by their evolu-
tionary conservation during recent human history
and genetic interactions with other trait-associated
loci. Their enrichment in enhancer-like chromatin
signatures, interactions with nearby trait-relevant
protein-coding loci, and preferential location at
topologically associated domain (TAD) boundaries
provide evidence that TR-lincRNAs likely regulate
proximal trait-relevant gene expression in cis by
modulating local chromosomal architecture. This is
consistent with the positive and significant correla-
tion found between TR-lincRNA abundance and
intra-TADDNA-DNA contacts. Our results provide in-
sights into the molecular mode of action by which
TR-lincRNAs contribute to complex human traits.

INTRODUCTION

An increasing number of reports suggest that long intergenic

noncoding RNAs (lincRNAs), which were previously regarded

as ‘‘junk RNA’’ (H€uttenhofer et al., 2005), can contribute to

normal and disease phenotypes in humans (Esteller, 2011). For

example, candidate screens followed by detailed functional

characterization of a few individual trait-associated lincRNAs

illustrate how genetic variants affecting the lincRNA sequence

can underlie human complex traits (Ishii et al., 2006; Zheng

et al., 2016). Recently, RNA capture followed by sequencing in

multiple disease-associated protein-coding gene deserts led to

the identification of lowly and tissue-specifically expressed

lincRNA loci (Mercer et al., 2014). Detailed experimental analysis

of these lincRNA candidates is now required to establishwhether

and how these loci contribute to disease.

Although thousands of common genetic variants have been

associated with complex human traits through genome-wide as-

sociation studies (GWASs), only a small proportion fall within

exonic coding sequences (Hindorff et al., 2009; Maurano et al.,

2012). Instead, most GWAS variants map within noncoding reg-

ulatory regions that are enriched inpopulation and tissue-specific

expression quantitative trait loci (eQTLs) (Edwards et al., 2013).

eQTL analysis has previously led to the identification of protein-

coding genesandpathways that are disrupted in humancomplex

traits (for example, Emilsson et al., 2008; Fairfax et al., 2012;Gilad

et al., 2008). Recently, lincRNAswhose expression correlate with

GWAS variants were also identified using this approach (Kumar

et al., 2013; Lappalainen et al., 2013; McDowell et al., 2016; Po-

padin et al., 2013), suggesting that the transcription or the tran-

scripts arising from lincRNA loci in eQTLs with GWAS variants

may similarly contribute to phenotypes. Although a handful of

studies have investigated the relationship between individual

lincRNAs with risk-variant-associated expression and their

linked traits (for example, Ishii et al., 2006; Jendrzejewski et al.,

2012), the underlying mechanism of action for most remains

undetermined.

So far, functionally characterized lincRNAs have been impli-

cated in both transcriptional and post-transcriptional regulation

of local or distal genes (Vance and Ponting, 2014). We have

previously shown that chromatin signatures at lincRNA tran-

scriptional start sites allow the distinction between these

two regulatory classes (Marques et al., 2013). Specifically, the

expression of lincRNAs arising from regulatory elements that

carry enhancer-like chromatin signatures correlates with neigh-

boring protein-coding gene abundance, suggesting that tran-

scription at these loci contributes to local regulation of expres-

sion (Marques et al., 2013). Interestingly, eQTL GWAS variants

are enriched within enhancer regions (Ernst et al., 2011; Schaub
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