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Results of genome-wide association study of plasma proteome
N-glycosylation in 10,000 samples
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Abstract — One of the common co-translational and post-
translational modifications of human proteins is glycosylation.
Glycosylation influences the physical properties of proteins as
well as their biological function. Alteration in glycosylation is
observed in many human diseases. Defining genetic factors
altering glycosylation may provide a basis for novel approaches
to diagnostic and pharmaceutical applications. Here, we
conducted a genome-wide association study (GWAS) of human
total blood plasma N-glycome measured by ultra-performance
liquid chromatography technology in almost 10 000 samples.
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Introduction

Glycosylation — the covalent attachment of carbohydrate
(glycan) to a substrate - is a common and structurally diverse
post-translational modification of protein. Addition of glycans
influences the physical properties of protein (solubility,
conformation, folding, stability, trafficking, etc.) [1]-[3] as
well as the biological function including protein-protein, cell-
cell, cell-matrix, and host-pathogen interactions [1], [2], [4].
Alteration in glycosylation is observed in many human
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diseases such as type 1 and 2 diabetes mellitus [5], rheumatoid
arthritis [6], Parkinson's disease [7] and cancer [8], [9].
Glycans are considered potential therapeutic targets [10] and
biomarkers for early diagnosis and disease prognosis [11]-
[14], making glycobiology a promising field for future clinical
applications. Genome-wide association studies (GWAS)
allow a hypothesis-free search of genetic variants involved in
the regulation of glycosylation [15]. In our recent study [16]
we analyzed the genetic control of total plasma N-Glycome
(TPNG) measured by ultra performance liquid
chromatography (UPLC) by conducting a GWAS using up to
3 800 samples. We found and confirmed the association of
twelve loci with TPNG. In the present study we present results
of the next stage, where we tripled the sample size and
recruited up to 10 000 samples for further discovery of genetic
control of the human blood plasma proteins N-glycosylation.

Materials and methods

Quality control of the TPNG data for 10 000 samples from
seven cohorts: TwinsUK, EPIC, PainOmics, SOCCS,
SABRE, QMDiab, and CEDAR was performed. As the
number of quantified glycan traits measured by UPLC varied



across cohorts from 36 to 42, we applied our recently
developed protocol that resulted in the harmonized set of 36
glycan traits. Based on the biochemical structure of 36 original
glycans, we computed an additional 81 derived traits leading
to a total of 117 glycan traits. We conducted an inverse-
variance weighted meta-analysis of GWAS for 117 traits from
seven the cohorts. The discovery and replication datasets had
sample size of 7 500 and 3 100 samples respectively. For the
replicated loci, we performed an in silico functional
annotation to prioritize potentially causal genes. Prioritization
used multiple lines of evidence such as presence of predicted
damaging variants in a gene, pleiotropic effects of glycan-
associated SNPs on gene expression and the results of
DEPICT (Data-driven Expression Prioritized Integration for
Complex Traits). Meta-analysis of 117 traits and seven
cohorts as well as in silico follow up was performed using the
GWAS-MAP tool [17], that provides researchers a “swiss
army knife” tool for GWAS and post-GWAS analyses. An
association was considered statistically significant at the
genome- wide level if the P-value for an individual SNP was
less than 5x10—8/(27+1) =1.78%10—-9, where 27 is an effective
number of tests (traits) that was estimated as the number of
principal components that jointly explained 99% of the total
plasma glycome variance in the TwinsUK sample

Results

We found 38 loci that were significantly associated (p
<1.79 x 10”) with at least one glycan trait. Of the 38 loci, 12
were previously reported to be associated with plasma
glycome composition [15], [16], 14 loci were associated with
N-glycome composition of IgG [18]- one of the most
prevalent N-glycoprotein in plasma, while six loci were
known to be associated with both plasma and IgG N-Glycome.
For the 14 loci, the significant association with plasma
glycome was demonstrated for the first time. The majority of
loci were replicated in a combined set of replication cohorts.
For the replicated loci we conducted an extensive in silico
functional follow up to priorities the functional genes and
variants.
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