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I. Introduction
- Large scale Genome-wide association studies (GWAS) with COVID-19 
patients have been published by COVID-19 Host Genetics Initiative (HGI) 
and other research groups.
- While GWAS data alone can provide valuable information about dis-
ease-related genotypes, it is often difficult to use for translational research 
or to make phenotypic connections to diseases.
- GWAS data can be enhanced by network-based boosting methods, such 
as GWAB.
- Updated version of GWAB specialized in analyzing COVID-19 GWAS 
data is in development progress.

II. GWAB 
- Genome-Wide Association Boosting 
(GWAB) is a web server for the net-
work based boosting of human 
GWAS data¹.
- GWAB uses co-functional gene net-
work called HumanNet².
- GWAB enhances GWAS results by 
suggesting new candidate genes 
connected to neighbors genes with 
optimal p-value threshold within net-
works 

III. COVID GWAB Pipeline (development in progress) 

HGI GWAS data
or

User Input GWAS

GWAB
HumanNet-XC V3
HumanNet-PI V3

STRING

COVID GWAB Pipeline

GWAB Top results
With or without GWAS significant genes

Network visualizationCOVID-19 Gene set 
enrichment analysis

Discovery of disease-
related module

- Either COVID-19 HGI GWAS data or user input COVID-19 GWAS data 
can be used as input for COVID GWAB
- Networks available for GWAB include updated version of HumanNet (ver-
sion 3, publication in progress) and STRING
- Top candidate genes after GWAB boosting can be additionally filtered 
based on several categories (GWAS p-value, gene families, etc.)
- COVID-19 gene sets from single-cell and bulk RNA-seq data are available 
as validation sets for gene set enrichment analysis
- Network visualization and sub-network module analysis are available

IV. GWAB with various networks
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A) Network weight distribution B) Significant GWAS genes in top results

C) Network coverage D) Boosting proportion

- A) GWAB was orginally built for HumanNet which utilizes likelihood score 
for network weight. Since other networks often use different approaches for 
network weight, distributions of the weights were checked for similarity with 
HumanNet. Networks with similar distributions tend to result in similar 
boosting patterns as HumanNet
- B) Proportion of GWAS significant genes (5x10-⁵ p-value) in top 
50/100/250/500 GWAB genes. Too many GWAS significant genes often 
mean under-boosting results and too few mean possible false positives.
- C) Proportion of GWAB genes in each network’s nodes.
- D) Proportion of GWAB genes that are boosted by each network.

V. COVID-19 Geneset overlap

0

0.01

0.02

0.03

0.05

0.06

0.07

0.08

0.09

0.1

0.11BALF
_C

OVvN
_M

ye
loi

d_
COVID

BALF
_C

OVvN
_T

_C
OVID

BALF
_C

OVvN
_E

pi_
COVID

BALF
_C

OVvN
_B

_C
OVID

BALF
_C

OVvN
_Im

mun
e_

COVID

EGAS_1
0X

_P
BMC_C

OVvN
_M

ye
loi

d_
COVID

EGAS_1
0X

_P
BMC_C

OVvN
_T

_C
OVID

EGAS_1
0X

_P
BMC_C

OVvN
_B

_C
OVID

EGAS_1
0X

_P
BMC_C

OVvN
_N

K_C
OVID

EGAS_1
0X

_P
BMC_C

OVvN
_Im

mun
e_

COVID

EGAS_R
ha

p_
PBMC_C

OVvN
_M

ye
loi

d_
COVID

EGAS_R
ha

p_
PBMC_C

OVvN
_T

_C
OVID

EGAS_R
ha

p_
PBMC_C

OVvN
_B

_C
OVID

EGAS_R
ha

p_
PBMC_C

OVvN
_N

K_C
OVID

EGAS_R
ha

p_
PBMC_C

OVvN
_Im

mun
e_

COVID

EGAS_R
ha

p_
WB_C

OVvN
_M

ye
loi

d_
COVID

EGAS_R
ha

p_
WB_C

OVvN
_T

_C
OVID

EGAS_R
ha

p_
WB_C

OVvN
_B

_C
OVID

EGAS_R
ha

p_
WB_C

OVvN
_N

K_C
OVID

EGAS_R
ha

p_
WB_C

OVvN
_Im

mun
e_

COVID

GSE15
80

55
_P

BMC_C
OVvN

_B
_C

OVID

GSE15
80

55
_P

BMC_C
OVvN

_T
_C

OVID

GSE15
80

55
_P

BMC_C
OVvN

_M
ye

loi
d_

COVID

GSE15
80

55
_P

BMC_C
OVvN

_N
K_C

OVID

GSE15
80

55
_P

BMC_C
OVvN

_Im
mun

e_
COVID

Han
iffa

_C
OVvN

_M
ye

loi
d_

COVID

Han
iffa

_C
OVvN

_T
_C

OVID

Han
iffa

_C
OVvN

_B
_C

OVID

Han
iffa

_C
OVvN

_N
K_C

OVID

Han
iffa

_C
OVvN

_Im
mun

e_
COVID

B1_50000_XC

B2_50000_XC

C2_50000_XC

A2_50000_XC

B1_50000_PI

B2_50000_PI

C2_50000_PI

A2_50000_PI

B1_50000_STR

B2_50000_STR

C2_50000_STR

A2_50000_STR

B1_50000_GM

B2_50000_GM

C2_50000_GM

A2_50000_GM

B1_50000_FC

B2_50000_FC

C2_50000_FC

A2_50000_FC

B1_50000_CPDB

B2_50000_CPDB

C2_50000_CPDB

A2_50000_CPDB

Top 100 GWAB Score overlap proportion (COVID vs normal (COVID) − ALL)
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A) COVID vs Healthy (COVID genes) B) COVID vs Healthy (Healthy genes)

- Single-cell RNA-seq data for COVID-19 for BALF³,⁴ and PBMC4,5,6 were 
collected for three phenotypic comparisons: severe and mild, severe and 
healthy, COVID (severe and mild) and healthy.
- Major celltypes (B, NK, T, myeloid, epithelial) are provided
- GWAB results with HumanNet_XC and STRING showed the most over-
laps with single-cell data for COVID-specific genes and not much overlaps 
for healthy-specific genes
- Other networks (GeneMania, FunCoup, CPDB) did not show as much 
overlaps as HumanNet or STRING

VI. GWAB networks
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- The example network is constructed with top 100 GWAB results with 
COVID-19 HGI B2 (Hospitalized covid vs. population) and HumanNet-PI.
- The GWAB top results are indicated as squares while boosting genes 
(over GWAB p-value threshold) are indicated as circles.
- Blue nodes are new candidates genes (below GWAS p-value threshold) 
and purple nodes are genes in top GWAB results and GWAS-significant.
- Betweenness centrality was visualized with transparency with more solid 
colors indicating more betweenness
- Sub-network modules can be analyzed with network clustering. C1,3,4,7 
are results of louvain clustering methods and each cluster can be interpret-
ed as disease-related modules.
- Genes in C1 cluster are mostly related to kinase activities while genes in 
C4 are related to various chemokines. 
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