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Abstract
The Disease Portal at Rat Genome Database (RGD) is a premier disease resource where 
disease-associated genome objects are integrated with their associated data in one 
place according to disease areas.  In response to SARS-CoV-2 pandemic, RGD 
developed a “COVID-19 Disease Portal” 
https://rgd.mcw.edu/rgdweb/portal/home.jsp?p=14). In the COVID-19 Portal, gene-
disease associations are established by manual curation of PubMed literature. All the 
functional annotations and genome data associated with these disease genes are 
accessible from the portal. We performed analyses on the COVID-19 disease gene set 
using tools developed at RGD. The Disease Ontology term enrichment analysis showed 
that the COVID-19 disease gene set was highly enriched with coronavirus infectious 
disease and related diseases. Several less related disease areas such as liver disease, 
and rheumatic disease were also highly enriched. Using the comparison heatmap, we 
showed that close to 60 percent of the COVID-19 genes were associated with nervous 
system disease and 40 percent were associated with gastrointestinal disease.  Our 
analysis confirms the role of the immune system in COVID-19 pathogenesis as shown 
by substantial enrichment of immune system-related Gene Ontology terms.  Using the 
integrated data sets in the RGD COVID-19 Portal will help elucidate mechanisms of 
COVID-19 and ultimately lead to prevention or treatments. 

RGD is grateful for funding support from the National Heart, Lung, and Blood Institute (NHLBI; R01HL064541) and from the National Human Genome Research Institute (NHGRI) as part of the Alliance of Genome Resources (U24HG010859).
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IAGP 21 19 1 1221
IDA 4 3 2 28
IMP 3 3 3 7
IEP 145 63 4 1
HEP 1195 1175
EXP 37 37
ISO 2 2
Total 1407 1257

IAGP
IDA
IMP
IEP
HEP
EXP
ISO Inferred from Sequence Orthology

Table 1.  Evidence code analysis of COVID-19 
disease annotations and associated genes

B. Unique  ECO  among genesA. Evidence code (ECO ) distribution 

Inferred by Association of Genotype from Phenotype

Inferred from Direct Assay

Inferred from Mutant Phenotype

Inferred from Expression Pattern

Inferred by High-throughput Expression 

Inferred by EXPeriment

The coronavirus disease gene distribution among Convarius (Coronavirus 
infectious disease), COVID-19,MERS (middle East respiratory syndome) 
and SARS (severe acute respiratory syndrome ). There are1257 genes 
associated with COVID-19, 19 genes associated with MERS, and 90 genes 
with SARS, totaling 1338 coronavirus infectious disease genes on display.

Table 2. Top 40 enriched disease ontology terms from MOET and Set Analyzer
A. MOET B. Set Analyzer

Rank Disease term (ID) p* count# Ref count& MESH term (ID) p*  count# Ref count&

1 Respiratory Tract Infections(DOID:9008680) 1.92E-40 135 553 Neoplasms(MESH:D009369) 5.22E-126 387 3777
2 liver disease(DOID:409) 2.16E-35 335 2638 Digestive System Diseases(MESH:D004066) 1.52E-117 325 2810
3 hepatocellular carcinoma(DOID:684) 9.75E-34 161 853 Liver Diseases(MESH:D008107) 1.22E-114 272 1974
4 liver carcinoma(DOID:686) 1.13E-33 161 854 Neoplasms by Site(MESH:D009371) 4.75E-99 310 2978
5 hepatobiliary disease(DOID:3118) 1.49E-32 337 2745 Immune System Diseases(MESH:D007154) 2.63E-91 195 1219
6 liver cancer(DOID:3571) 5.51E-32 164 908 Carcinoma(MESH:D002277) 1.28E-84 196 1341
7 hepatobiliary system cancer(DOID:0080355) 7.52E-32 171 975 Digestive System Neoplasms(MESH:D004067) 8.85E-79 197 1461
8 adenocarcinoma(DOID:299) 1.31E-28 228 1617 Respiratory Tract Diseases(MESH:D012140) 2.39E-77 171 1099
9 Liver Neoplasms(DOID:9007188) 1.05E-27 176 1100 Carcinoma, Hepatocellular(MESH:D006528) 7.71E-76 122 515

10 rheumatic disease(DOID:1575) 1.18E-27 133 698 Adenocarcinoma(MESH:D000230) 1.00E-74 163 1028

11
autoimmune disease of musculoskeletal 
system(DOID:0060032) 7.15E-27 156 922 Liver Neoplasms(MESH:D008113) 1.47E-72 136 707

12
allergic disease(DOID:1205)

3.50E-26 122 624 Skin and Connective Tissue Diseases(MESH:D017437) 7.70E-72 200 1650
13 pneumonia(DOID:552) 1.18E-25 79 292 Lung Diseases(MESH:D008171) 1.13E-71 151 910
14 nephritis(DOID:10952) 7.85E-25 91 388 Urogenital Diseases(MESH:D000091642) 1.08E-70 226 2135
15 bacterial infectious disease(DOID:104) 4.20E-24 130 728 Nervous System Diseases(MESH:D009422) 3.17E-69 253 2695

16
respiratory allergy(DOID:0060496)

2.25E-23 90 397
Female Urogenital Diseases and Pregnancy 
Complications(MESH:D005261) 1.42E-65 185 1535

17 glomerulonephritis(DOID:2921) 2.83E-23 82 337 Respiratory Tract Infections(MESH:D012141) 2.29E-65 74 177
18 Wounds and Injuries(DOID:9001600) 3.76E-23 147 906 Infections(MESH:D007239) 1.62E-64 114 543
19 Immediate Hypersensitivity(DOID:9002850) 8.83E-23 99 477 Skin Diseases(MESH:D012871) 2.51E-63 170 1336
20 Bacterial Infections and Mycoses(DOID:9004384) 1.24E-22 149 936 Pneumonia(MESH:D011014) 1.51E-62 57 93
21 Glomerular Diseases(DOID:9000104) 1.26E-22 82 344 Female Urogenital Diseases(MESH:D052776) 3.36E-62 172 1392
22 Inflammation(DOID:9005372) 3.57E-22 297 2605 Pneumonia, Viral(MESH:D011024) 1.02E-57 38 38
23 parasitic protozoa infectious disease(DOID:2789) 3.64E-22 56 170 Fibrosis(MESH:D005355) 4.37E-57 142 1020
24 rheumatoid arthritis(DOID:7148) 3.65E-22 94 444 Male Urogenital Diseases(MESH:D052801) 3.56E-56 172 1528
25 obstructive lung disease(DOID:2320) 6.72E-22 96 464 COVID-19(MESH:D000086382) 3.99E-56 37 37
26 carcinoma(DOID:305) 1.02E-21 346 3235 Urologic Diseases(MESH:D014570) 6.12E-55 128 852
27 arthritis(DOID:848) 2.80E-21 140 875 Autoimmune Diseases(MESH:D001327) 1.01E-53 104 552
28 bone inflammation disease(DOID:3342) 5.18E-21 143 910 Virus Diseases(MESH:D014777) 5.58E-48 78 324
29 lung disease(DOID:850) 9.56E-21 248 2066 Kidney Diseases(MESH:D007674) 2.34E-47 108 694
30 parasitic infectious disease(DOID:1398) 9.89E-21 77 327 Musculoskeletal Diseases(MESH:D009140) 5.70E-47 159 1529
31 Orthomyxoviridae Infections(DOID:9001499) 8.07E-20 49 144 Hypersensitivity(MESH:D006967) 4.50E-45 76 331
32 asthma(DOID:2841) 8.18E-20 80 361 Nephritis(MESH:D009393) 6.61E-45 52 126
33 hepatitis(DOID:2237) 1.05E-19 71 293 Gastrointestinal Diseases(MESH:D005767) 2.78E-44 129 1072
34 Thoracic Injuries(DOID:9001954) 1.35E-19 68 272 Liver Cirrhosis(MESH:D008103) 3.25E-44 118 897
35 bronchial disease(DOID:1176) 1.57E-19 145 962 Vascular Diseases(MESH:D014652) 5.72E-44 122 965
36 lower respiratory tract disease(DOID:0050161) 1.92E-19 248 2110 Cardiovascular Diseases(MESH:D002318) 4.13E-42 151 1515
37 influenza(DOID:8469) 2.23E-19 48 141 Connective Tissue Diseases(MESH:D003240) 5.25E-41 88 521
38 autoimmune disease of central nervous 

system(DOID:0060004)
4.09E-19 72 307 Liver Cirrhosis, Experimental(MESH:D008106) 6.80E-41 106 777

39 respiratory system disease(DOID:1579) 4.16E-19 343 3306 Central Nervous System Diseases(MESH:D002493) 3.99E-40 138 1330
40 Lung Injury(DOID:9000310) 1.17E-18 66 267 Glomerulonephritis(MESH:D005921) 4.90E-40 46 109

Table 2. *The Bonferroni 
corrected P-values are 
shown; # the number of the 
COVID-19 related disease 
gene annotated with the 
disease term and its child 
terms; & the number of 
genes in the reference 
genome annotated with the 
disease term and its child 
terms. The Gene Ontology Ancestor chart showing the relations among the enriched molecular function and  

biological process  terms associated with COVID-19  genes. The enriched GO terms are highlighted in 
yellow, and the circled terms are enriched high level terms

nervous system disease  (772) Gastrointestinal system disease  (513) Endocrine system disease (498) musculoskeletal system disease (498) Skin and connective tissue disease (479) Immune & inflammatory disease (431)
central nervous system disease (676) gastrointestinal disease (401) liver disease (335) connective tissue disease (376) bone disease (270) primary innunodeficiency disease (348)

sensory system disease (477) digestive system neoplasm (339) endocrine gland neoplasm (301) bone disease (270) connective tissue neoplasm (161) autoimmune disease (246)
neurologic Manifestation (356) liver disease (335) diabetes Mellitus (134) neuromusclular disease (174) breast disase (161) lymphatic system disease (176)

neurodegenerative disease (278) intestinal disease (248) pancreas disease (119) musculoskeletal annormalities (157) rheumatic disease (123) rheumatic disease (133)
peripheral nervous system disease (232) mouth disease (120) gonaldal disease (109) autoimmune disease of musculoskeletal genetic skin disease (119) allergic disease (121)

nervous system neoplasm (148) stomach disease (99) parathyoid gland disease (88) joint disease (156) interstitial lung disease (85) immunoproliferative disorders (127)
nervous system malformation (122) gastroenteritis (97) autoimmune disease of endcrine muscular disease (113) dermatitis (78) immune ststem cancer (99)

nervous system trauma (98) biliary tract disease (66) thyroid gland disease (53) musculoskeletal  system cancer (93) collagen disease (65) gastroenteritis (97)
autoimmune disease of the nervous system  esophageal disease (56) dwarfism (29) jaw disease (37) eczematous skin disease (57) dermatitis (78)
congenital nervous system abnormality (75) autoimmune disease of gastrointestinal tract adrenal gland disease (24) musculoskeketal system benign neoplasm infectious skin disease (62) pneumonia (79)

Table 3. COVID-19 disease gene  distribution  within organ systems


