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Abstract

Many complex disease risk loci map to intergenic regions containing long intergenic noncoding 

RNAs (lincRNAs). The majority of these is not conserved outside humans, raising the 

question whether genetically regulated expression of non-conserved and conserved lincRNAs 

has similar rates of association with complex traits. Here we leveraged data from the Genotype-

Tissue Expression (GTEx) project and multiple public genome-wide association study (GWAS) 

resources. Using an established transcriptome-wide association study (TWAS) tool, FUSION, 

we interrogated the associations between cis-regulated expression of lincRNAs and multiple 

cardiometabolic traits. We found that cis-regulated expression of non-conserved lincRNAs had a 

strikingly similar trend of association with complex cardiometabolic traits as conserved lincRNAs. 

This finding challenges the conventional notion of conservation that has led to prioritization of 

conserved loci for functional studies and calls attention to the need to develop comprehensive 

strategies to study the large number of non-conserved human lincRNAs that may contribute to 

human disease.
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Numerous complex disease risk loci reside in intergenic regions and map to long intergenic 

noncoding RNAs (lincRNAs) (1–2). While most human lincRNAs are not conserved across 
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species (3), researchers prioritize research on conserved lincRNAs (4). This is due in large 

part to the belief that conserved genetic elements are more likely to be functional than 

non-conserved genetic elements. Because the majority of GWAS findings are in intergenic 

regions that regulate gene expression (6–7), a question of critical importance is whether 

cis-regulated expression levels of non-conserved lincRNAs have similar rates of association 

with complex traits as cis-regulated expression of conserved lincRNAs. Data were leveraged 

from the Genotype-Tissue Expression (GTEx) project version 7 (8) to identify tissue specific 

lincRNA expression quantitative trail loci (eQTL) SNPs. Integrating with summary statistics 

from publicly available large-scale GWAS meta-analyses, we examined the relationships 

between lincRNAs’ cis-regulated expression and complex disease traits. Our findings 

challenge the conventional notion of conservation that has led to prioritization of conserved 

loci for functional studies and calls attention to the need to develop comprehensive strategies 

to study the large number of non-conserved human lincRNAs that may contribute to human 

disease.

We used 7089 well-annotated lincRNAs in Human GENCODE v33 (9). The primary 

definition of lincRNA conservation was based on synteny of lincRNA loci between human 

and mouse genomes, i.e., positional genomic conservation (10). A secondary definition was 

based on synteny and lincRNA expression in mouse tissues, as described previously (5). We 

focused on four complex cardiometabolic traits: waist-to-hip ratio adjusted for body mass 

index (WHRadjBMI), height, body mass index (BMI) and type 2 diabetes (T2D). Genetic 

Investigation of Anthropometric Traits (GIANT)/UK Biobank (UKBb) summary data were 

examined for WHRadjBMI, height and BMI (11–12). DIAbetes Genetics Replication And 

Meta-analysis (DIAGRAM) data were examined for T2D (13). Using the transcriptome-

wide association study (TWAS) tool FUSION (14) to integrate GTEx analysis version 7 

summary data on tissue-specific eQTLs (8) and GWAS summary level data, we evaluated 

the association between cis-regulated expression of lincRNAs and each trait. The FUSION 

tool produced a TWAS z-score and p-value for each lincRNA under interrogation, and 

association of each lincRNA’s cis-regulated expression with the trait (termed as having 

“GWAS signal”) was determined using a Bonferroni corrected p-value threshold of 0.05 

(based on the number of lincRNAs being investigated for each trait in each tissue).

To evaluate the association between lincRNA conservation and GWAS signal, Pearson’s 

chi-square tests were performed for WHRadjBMI, height and BMI, and Fisher’s exact 

tests were performed for T2D as the number of lincRNAs with GWAS signal was low. 

Multivariable logistic regression models were fitted, adjusting for the length of the lincRNA. 

Adjusted odds ratios (ORs) and corresponding 95% confidence intervals were calculated. 

We examined eQTL SNPs in: 1) visceral adipose tissues (VAT) and subcutaneous adipose 

tissues (SAT) for WHRadjBMI, 2) skeletal muscle tissues (SMT) and SAT for height; 3) 

SAT and hypothalamus (Hypo) for BMI; 4) SAT and VAT for T2D. We adjusted for the eight 

tests (two tissues for each of the four traits) using an additional Bonferroni correction.

Unadjusted analyses using the primary definition of conservation revealed that the 

proportion of lincRNAs with GWAS signal was consistently higher (though not statistically 

significant) for non-conserved compared to conserved lincRNAs for all traits and in all 

tissues, except for height in SAT where the proportion of GWAS signal was slightly higher 
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for conserved lincRNAs but did not reach statistical significance (Table 1). A similar trend 

was observed using the secondary definition of conservation (Table 2).

Multivariate modeling results were consistent with unadjusted analyses. Figure 1 illustrates 

adjusted ORs and corresponding 95% confidence intervals for GWAS signal for non-

conserved lincRNAs relative to conserved lincRNAs. Point estimates of ORs were >1.0 for 

both definitions of conservation and for all 4 traits across all tissues considered, except for 

height in SAT under primary definition (Figure 1A: OR=0.98, unadjusted p=0.916, adjusted 

p=1.000) and secondary definition (Figure 1B: OR=0.93, unadjusted p=0.763, adjusted 

p=1.000) and for BMI in SAT under secondary definition (Figure 1B: OR=0.95, unadjusted 

p=0.889, adjusted p=1.000) but none of them reached statistical significance.

The majority of human lincRNAs lacks conservation; yet established examples of functional 

and disease relevant non-conserved lincRNAs have emerged (15–17). We found that non-

conserved lincRNAs’ cis-regulated expression had a strikingly similar trend of association 

with multiple complex traits as conserved lincRNAs’ expression. Our findings are 

significant as the majority of human genetic variation that associates with complex traits 

falls in intergenic regions that overlaps regulatory features. Given the expansive role of 

regulatory variation, this work provides strong evidence that that lack of conservation does 

not reduce the probability that a human lincRNA will have genetic variation associated with 

complex human traits.

Relative to mRNAs, lincRNAs are more abundant in the human transcriptome and are of 

increasing importance in human diseases (18). Species conservation is an important feature 

that is often used as triage when determining whether a gene is likely to be functionally 

important in human disease. However, many cell-specific regulatory elements, including 

most lincRNAs, are not conserved outside primates (19). Further, established genomic 

markers of function including tissue-enrichment and binding of tissue-specific transcription 

factors at lincRNAs do not differ significantly between conserved and non-conserved 

lincRNAs (17, 19). Of a handful of lincRNAs that overlap loci for human cardiometabolic 

traits (1, 15), including ANRIL, H19, MALAT1, MEXIS, LOC157273, and LASER, several 

including LOC157273 and H19 are not conserved in mice (20–21). These results are also 

consistent with our recent work, in which we found that SNPs physically located within 

non-conserved lincRNAs have genetic association with complex human cardiometabolic 

traits at similar rates as SNPs at conserved lincRNAs (5). In conclusion, our work and that of 

others suggest that strategies considering key regulatory and functional features (13, 15) as 

well as disease association, rather than an initial triage based on conservation, are required to 

prioritize important human lincRNAs for translational study.
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Figure 1. Multivariable analysis:
A. Adjusted odds ratio (OR) for GWAS signal for non-syntenic lincRNAs relative to 

syntenic lincRNAsa, with 95% confidence interval, p-values, and adjusted p-valuesb. B. 
Adjusted odds ratio (OR) for GWAS signal for non-syntenic or syntenic but not expressed 

lincRNAs relative to syntenic and expressed lincRNAsa, c, with 95% confidence interval, 

p-values, and adjusted p-valuesb.
aSeparate multivariable adjusted models are fitted for each trait, adjusting for the length (kb) 

of lincRNAs. Syntenic lincRNAs (n=2069) tended to be longer (median length: 2624 bps vs. 

2471 bps) than non-conserved lincRNAs (n=707). For conservation defined as synteny and 

expression in mouse, conserved lincRNAs (n=998) were also longer (median length: 3219.5 

bps vs. 2359 bps) than non-conserved lincRNAs (n=1761).
bBonferroni adjusted p-values accounting for eight tests
cUnder secondary definition of conservation, there was no conserved lincRNA with GWAS 

signals for T2D in VAT and thus no multivariate logistic regression model was fitted for T2D 

in VAT.
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