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Figure S6. Examples of eQTL mapped by FastGxC in GTEx. A. An eQTL for the gene
MUC20P1 and variant rs139637885 shows widespread sharing across all tissues except for LCLs.
This eQTL is captured by FastGxC as a sh-eQTL, as well as a sp-eQTL in LCLs and a less-obvious
sp-eQTL in thyroid. B. An eQTL for the gene GBPS3. Another example of widespread sharing
that obscures a tissue-specific effect in the spleen. C. An eQTL for the gene GSTT2 and variant
rs369691 shows widespread sharing across all tissues in CxC. After the FastGxC procedure, two
sp-eQTLs emerge in the two skin tissues. D. Manhattan plot for LDHC eQTLs reveal a set of
variants with similar genetic effects as rs4757652. These eQTLs exhibit positive CxC genetic effects
across many tissues besides the testis, while the FastGxE procedure crystallizes this testis tissue
specificity.
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Table S1. FastGxC mapped GTEx sp-eGenes. FastGxC and CxC mapped sh- and sp-eGenes
from GTEx and CLUES cohorts are provided as a separate excel file, one sheet per study, with the
following columns: eGene type (CxC eGene, FastGxC sh-eGene, or FastGxC sp-eGene ), tissue or
cell type, gene identifier.

Table S2. EQTL enrichment in GWAS loci results. Results from enrichment of GTEx and
single-cell eQTLs from CxC and FastGxC in GWAS catalog loci are provided as a separate excel
file with two sheets. The first sheet shows manual annotation of most likely relevant tissue(s) for
GWAS catalog traits with the following columns: GWAS Trait, Most Likely Relevant Tissue(s).
The second sheet shows enrichment results with the following columns: GWAS trait, method, tissue
(GTEx) or cell type (single-cell), enrichment odds ratio (OR), OR lower confidence interval, OR
upper confidence interval, enrichment p-value.


https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-NC-ND 4.0 International license.

References

[1]

Matthew T. Maurano, Richard Humbert, et al. “Systematic Localization of Common Disease-
Associated Variation in Regulatory DNA”. In: Science (New York, N.Y.) 337.6099 (Sept. 7,
2012), pp. 1190-1195. 1sSN: 0036-8075. DOI: 10.1126/science.1222794. URL: https://www.

ncbi.nlm.nih.gov/pmc/articles/PMC3771521/ (visited on 04/23/2021).

GTEx Consortium, Laboratory, Data Analysis &Coordinating Center (LDACC)—Analysis
Working Group, et al. “Genetic effects on gene expression across human tissues”. In: Nature

550.7675 (2017), pp. 204-213. 1SSN: 1476-4687. DOI: |10.1038/nature24277.

The GTEx Consortium. “The GTEx Consortium atlas of genetic regulatory effects across
human tissues”. In: Science 369.6509 (Sept. 11, 2020). Publisher: American Association for
the Advancement of Science Section: Research Article, pp. 1318-1330. 1sSN: 0036-8075, 1095-
9203. DOI: 10.1126/science.aazl1776. URL: https://science.sciencemag.org/content/

369/6509/1318 (visited on 11/04/2020).

Yuan He, Surya B. Chhetri, et al. “sn-spMF: matrix factorization informs tissue-specific ge-
netic regulation of gene expression”. In: Genome Biology 21.1 (Sept. 11, 2020), p. 235. 1SSN:
1474-760X. DOI: 10.1186/s13059-020-02129-6. URL: https://doi.org/10.1186/s13059-

020-02129-6 (visited on 11/04/2020).

Sarah M. Urbut, Gao Wang, et al. “Flexible statistical methods for estimating and testing
effects in genomic studies with multiple conditions”. en. In: Nature Genetics 51.1 (Jan. 2019),
pp. 187-195. 1SSN: 1546-1718. DOI: 10.1038/s41588-018-0268-8. URL: https: //wuw .

nature.com/articles/s41588-018-0268-8 (visited on 09/11,/2020).

Benjamin P. Fairfax, Peter Humburg, et al. “Innate Immune Activity Conditions the Effect of
Regulatory Variants upon Monocyte Gene Expression”. In: Science 343.6175 (Mar. 7, 2014).
Publisher: American Association for the Advancement of Science Section: Research Article.
ISSN: 0036-8075, 1095-9203. DOI: 10 . 1126 / science . 1246949. URL: https://science.

sciencemag.org/content/343/6175/1246949 (visited on 11/04,/2020).


https://doi.org/10.1126/science.1222794
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3771521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3771521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3771521/
https://doi.org/10.1038/nature24277
https://doi.org/10.1126/science.aaz1776
https://science.sciencemag.org/content/369/6509/1318
https://science.sciencemag.org/content/369/6509/1318
https://science.sciencemag.org/content/369/6509/1318
https://doi.org/10.1186/s13059-020-02129-6
https://doi.org/10.1186/s13059-020-02129-6
https://doi.org/10.1186/s13059-020-02129-6
https://doi.org/10.1186/s13059-020-02129-6
https://doi.org/10.1038/s41588-018-0268-8
https://www.nature.com/articles/s41588-018-0268-8
https://www.nature.com/articles/s41588-018-0268-8
https://www.nature.com/articles/s41588-018-0268-8
https://doi.org/10.1126/science.1246949
https://science.sciencemag.org/content/343/6175/1246949
https://science.sciencemag.org/content/343/6175/1246949
https://science.sciencemag.org/content/343/6175/1246949
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[7]

[10]

[12]

[13]

available under aCC-BY-NC-ND 4.0 International license.

Brunilda Balliu, Matthew Durrant, et al. “Genetic regulation of gene expression and splicing
during a 10-year period of human aging”. In: Genome Biology 20.1 (Nov. 2019), p. 230. I1SSN:
1474-760X. DOI: |10.1186/5130569-019-1840-y. URL: https://doi.org/10.1186/s13059-

019-1840-y (visited on 09/10/2020).

Eric R. Gamazon, Ayellet V. Segre, et al. “Using an atlas of gene regulation across 44 human
tissues to inform complex disease- and trait-associated variation”. In: Nature Genetics 50.7
(July 2018), pp. 956-967. 1SSN: 1546-1718. DOI: [10.1038/s41588-018-0154-4. URL: https:

//www.nature.com/articles/s41588-018-0154-4 (visited on 04/26/2021).

Sarah Kim-Hellmuth, Francois Aguet, et al. “Cell type-specific genetic regulation of gene
expression across human tissues”. In: Science 369.6509 (Sept. 11, 2020). 1sSN: 0036-8075,
1095-9203. por: 10.1126/science . aaz8528. URL: https://science. sciencemag . org/

content/369/6509/eaaz85628 (visited on 04/23/2021).

Tiffany Amariuta, Kazuyoshi Ishigaki, et al. “Improving the trans-ancestry portability of poly-
genic risk scores by prioritizing variants in predicted cell-type-specific regulatory elements”. In:
Nature Genetics 52.12 (Dec. 2020), pp. 1346-1354. 1SSN: 1546-1718. DOI: 10.1038/s41588-
020-00740-8. URL: https://www.nature.com/articles/s41588-020-00740-8 (visited on

04/23/2021).

Bryce van de Geijn, Hilary Finucane, et al. “Annotations capturing cell type-specific TF
binding explain a large fraction of disease heritability”. In: Human Molecular Genetics 29.7
(May 8, 2020), pp. 1057-1067. 18SN: 0964-6906. DOI: 10 . 1093 /hmg/ddz226. URL: https :

//doi.org/10.1093/hmg/ddz226 (visited on 04/23/2021).

Benjamin D. Umans, Alexis Battle, and Yoav Gilad. “Where Are the Disease-Associated
eQTLs?” In: Trends in Genetics 37.2 (Feb. 1, 2021), pp. 109-124. 1ssN: 0168-9525. DOLI:
10.1016/j.tig.2020.08.009. URL: https://www.sciencedirect.com/science/article/

pii/80168952520302092 (visited on 04/26,/2021).

Mark N. Lee, Chun Ye, et al. “Common Genetic Variants Modulate Pathogen-Sensing Re-

sponses in Human Dendritic Cells”. In: Science (New York, N.Y.) 343.6175 (Mar. 7, 2014),


https://doi.org/10.1186/s13059-019-1840-y
https://doi.org/10.1186/s13059-019-1840-y
https://doi.org/10.1186/s13059-019-1840-y
https://doi.org/10.1186/s13059-019-1840-y
https://doi.org/10.1038/s41588-018-0154-4
https://www.nature.com/articles/s41588-018-0154-4
https://www.nature.com/articles/s41588-018-0154-4
https://www.nature.com/articles/s41588-018-0154-4
https://doi.org/10.1126/science.aaz8528
https://science.sciencemag.org/content/369/6509/eaaz8528
https://science.sciencemag.org/content/369/6509/eaaz8528
https://science.sciencemag.org/content/369/6509/eaaz8528
https://doi.org/10.1038/s41588-020-00740-8
https://doi.org/10.1038/s41588-020-00740-8
https://doi.org/10.1038/s41588-020-00740-8
https://www.nature.com/articles/s41588-020-00740-8
https://doi.org/10.1093/hmg/ddz226
https://doi.org/10.1093/hmg/ddz226
https://doi.org/10.1093/hmg/ddz226
https://doi.org/10.1093/hmg/ddz226
https://doi.org/10.1016/j.tig.2020.08.009
https://www.sciencedirect.com/science/article/pii/S0168952520302092
https://www.sciencedirect.com/science/article/pii/S0168952520302092
https://www.sciencedirect.com/science/article/pii/S0168952520302092
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[14]

[15]

[16]

[17]

[18]

[19]

available under aCC-BY-NC-ND 4.0 International license.

p. 1246980. 1SSN: 0036-8075. DOI: 10.1126/science. 1246980, URL: https://www.ncbi.

nlm.nih.gov/pmc/articles/PMC4124741/ (visited on 11/04/2020).

Towfique Raj, Katie Rothamel, et al. “Polarization of the Effects of Autoimmune and Neu-
rodegenerative Risk Alleles in Leukocytes”. In: Science (New York, N.Y.) 344.6183 (May 2,
2014), pp. 519-523. 18sN: 0036-8075. DOI: 10.1126/science.1249547. URL: https://www.

ncbi.nlm.nih.gov/pmc/articles/PMC4910825/ (visited on 11,/04/2020).

Alessandra Ferraro, Anna Morena D’Alise, et al. “Interindividual variation in human T reg-
ulatory cells”. In: Proceedings of the National Academy of Sciences of the United States
of America 111.12 (Mar. 25, 2014), E1111-E1120. 1SsN: 0027-8424. pOI: 10 . 1073/ pnas .
1401343111, URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3970507/ (visited

on 11,/04/2020).

Benjamin P Fairfax, Seiko Makino, et al. “GENETICS OF GENE EXPRESSION IN PRI-
MARY IMMUNE CELLS IDENTIFIES CELL-SPECIFIC MASTER REGULATORS AND
ROLES OF HLA ALLELES”. In: Nature genetics 44.5 (Mar. 25, 2012), pp. 502-510. 1SSN:
1061-4036. DOI: 10.1038/ng.2205. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC3437404/ (visited on 11/04/2020).

Chun Jimmie Ye, Ting Feng, et al. “Intersection of population variation and autoimmunity
genetics in human T cell activation”. In: Science (New York, N.Y.) 345.6202 (Sept. 12, 2014),
p. 1254665. 1SSN: 0036-8075. DOIL: 10.1126/science. 1254665. URL: https://www.ncbi.

nlm.nih.gov/pmc/articles/PMC4751028/ (visited on 11/04/2020).

Luis B. Barreiro, Ludovic Tailleux, et al. “Deciphering the genetic architecture of variation
in the immune response to Mycobacterium tuberculosis infection”. In: Proceedings of the
National Academy of Sciences of the United States of America 109.4 (Jan. 24, 2012), pp. 1204—
1209. 1SSN: 0027-8424. DOI: 10.1073/pnas.1115761109. URL: https://www.ncbi.nlm.nih.

gov/pmc/articles/PMC3268270/| (visited on 11/04/2020).

Chun Jimmie Ye, Jenny Chen, et al. “Genetic analysis of isoform usage in the human anti-viral
response reveals influenza-specific regulation of ERAP2 transcripts under balancing selection”.

en. In: Genome Research 28.12 (Dec. 2018), pp. 1812-1825. 1SSN: 1088-9051, 1549-5469. DOTI:


https://doi.org/10.1126/science.1246980
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124741/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124741/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4124741/
https://doi.org/10.1126/science.1249547
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4910825/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4910825/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4910825/
https://doi.org/10.1073/pnas.1401343111
https://doi.org/10.1073/pnas.1401343111
https://doi.org/10.1073/pnas.1401343111
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3970507/
https://doi.org/10.1038/ng.2205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3437404/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3437404/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3437404/
https://doi.org/10.1126/science.1254665
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4751028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4751028/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4751028/
https://doi.org/10.1073/pnas.1115761109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3268270/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3268270/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3268270/
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

689

690

691

692

693

694

695

696

697

698

699

700

701

702

703

704

705

707

708

709

710

711

712

713

714

715

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[20]

[21]

[22]

[23]

[24]

[25]

[26]

available under aCC-BY-NC-ND 4.0 International license.

10.1101/gr.240390.118. URL: https://genome.cshlp.org/content/28/12/1812 (visited

on 04/23/2021).

B. J. Strober, R. Elorbany, et al. “Dynamic genetic regulation of gene expression during
cellular differentiation”. In: Science 364.6447 (June 28, 2019), pp. 1287-1290. 1sSN: 0036-
8075, 1095-9203. DOI: 10.1126/science.aaw0040. URL: https://science. sciencemag.

org/content/364/6447/1287 (visited on 04/26,/2021).

Jérome Carayol, Christian Chabert, et al. “Protein quantitative trait locus study in obesity
during weight-loss identifies a leptin regulator”. en. In: Nature Communications 8.1 (Dec.
2017), p. 2084. 18SN: 2041-1723. DOI: 10.1038/s41467-017-02182-z. URL: https://www.

nature.com/articles/s41467-017-02182-z (visited on 03/29/2021).

Apolline Gallois, Joel Mefford, et al. “A comprehensive study of metabolite genetics reveals
strong pleiotropy and heterogeneity across time and context”. In: Nature Communications

10.1 (Oct. 2019), p. 4788. DOI: 10.1038/s41467-019-12703-7.

Rachel Moore, Francesco Paolo Casale, et al. “A linear mixed-model approach to study mul-

tivariate gene—environment interactions”. In: Nature Genetics 51.1 (2019), pp. 180-186.

Peter Kraft, Yu-Chun Yen, et al. “Exploiting Gene-Environment Interaction to Detect Genetic
Associations”. In: Human Heredity 63.2 (2007). Publisher: Karger Publishers, pp. 111-119.
ISSN: 0001-5652, 1423-0062. pOI: 10.1159/000099183. URL: https://www.karger . com/

Article/FullText/99183 (visited on 11/04/2020).

Eun Yong Kang, Buhm Han, et al. “Meta-Analysis Identifies Gene-by-Environment Interac-
tions as Demonstrated in a Study of 4,965 Mice”. In: PLOS Genetics 10.1 (Jan. 9, 2014).
Publisher: Public Library of Science, e1004022. 1SSN: 1553-7404. DOI: 10 . 1371/ journal .
pgen.1004022. URL: https://journals.plos.org/plosgenetics/article?id=10.1371/

journal.pgen.1004022 (visited on 11/04/2020).

Fan Zhang, Kevin Wei, et al. “Defining inflammatory cell states in rheumatoid arthritis joint
synovial tissues by integrating single-cell transcriptomics and mass cytometry”. In: Nature

Immunology 20.7 (July 2019), pp. 928-942. 1sSN: 1529-2916. DOI: 10 .1038/s41590-019-


https://doi.org/10.1101/gr.240390.118
https://genome.cshlp.org/content/28/12/1812
https://doi.org/10.1126/science.aaw0040
https://science.sciencemag.org/content/364/6447/1287
https://science.sciencemag.org/content/364/6447/1287
https://science.sciencemag.org/content/364/6447/1287
https://doi.org/10.1038/s41467-017-02182-z
https://www.nature.com/articles/s41467-017-02182-z
https://www.nature.com/articles/s41467-017-02182-z
https://www.nature.com/articles/s41467-017-02182-z
https://doi.org/10.1038/s41467-019-12703-7
https://doi.org/10.1159/000099183
https://www.karger.com/Article/FullText/99183
https://www.karger.com/Article/FullText/99183
https://www.karger.com/Article/FullText/99183
https://doi.org/10.1371/journal.pgen.1004022
https://doi.org/10.1371/journal.pgen.1004022
https://doi.org/10.1371/journal.pgen.1004022
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004022
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004022
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004022
https://doi.org/10.1038/s41590-019-0378-1
https://doi.org/10.1038/s41590-019-0378-1
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

28]

[30]

[31]

[32]

available under aCC-BY-NC-ND 4.0 International license.

0378-1. URL: https : //www .nature . com/articles/s41590-019- 0378~ 1 (visited on

06,/16,/2021).

Marna McKenzie, Anjali K. Henders, et al. “Overlap of expression Quantitative Trait Loci
(eQTL) in human brain and blood”. In: BMC Medical Genomics 7.1 (June 3, 2014), p. 31.
ISSN: 1755-8794. DOI: 10.1186/1755-8794-7-31. URL: https://doi.org/10.1186/1755-

8794-7-31 (visited on 04/02/2021).

Maria Gutierrez-Arcelus, Halit Ongen, et al. “Tissue-Specific Effects of Genetic and Epige-
netic Variation on Gene Regulation and Splicing”. In: PLOS Genetics 11.1 (Jan. 29, 2015).
Publisher: Public Library of Science, e1004958. 1SSN: 1553-7404. DOI: 10 . 1371/ journal .
pgen. 1004958, URL: https://journals.plos.org/plosgenetics/article?id=10.1371/

journal.pgen. 1004958 (visited on 04/02/2021).

Kimberly R. Kukurba, Princy Parsana, et al. “Impact of the X Chromosome and sex on
regulatory variation”. In: Genome Research 26.6 (June 2016), pp. 768-777. 1SSN: 1549-5469.

DOI: |10.1101/gr.197897.115.

Meritxell Oliva, Manuel Mutnioz-Aguirre, et al. “The impact of sex on gene expression across
human tissues”. In: Science 369.6509 (Sept. 11, 2020). 1SSN: 0036-8075, 1095-9203. DOI: 10.
1126 /science . aba3066. URL: https://science.sciencemag.org/content/369/6509/

eaba3066/ (visited on 04/16/2021).

Andrey A. Shabalin. “Matrix eQTL: ultra fast eQTL analysis via large matrix operations”.
eng. In: Bioinformatics (Ozford, England) 28.10 (May 2012), pp. 1353-1358. 1sSN: 1367-4811.

DOI: 10.1093/bioinformatics/bts163.

Buhm Han and Eleazar Eskin. “Random-Effects Model Aimed at Discovering Associations in
Meta-Analysis of Genome-wide Association Studies”. In: The American Journal of Human
Genetics 88.5 (May 13, 2011). Publisher: Elsevier, pp. 586-598. 1sSN: 0002-9297, 1537-6605.
DOI: |10.1016/j.ajhg.2011.04.014. URL: https://www.cell.com/ajhg/abstract/S0002-

9297 (11)00155-8 (visited on 11/04/2020).


https://doi.org/10.1038/s41590-019-0378-1
https://doi.org/10.1038/s41590-019-0378-1
https://www.nature.com/articles/s41590-019-0378-1
https://doi.org/10.1186/1755-8794-7-31
https://doi.org/10.1186/1755-8794-7-31
https://doi.org/10.1186/1755-8794-7-31
https://doi.org/10.1186/1755-8794-7-31
https://doi.org/10.1371/journal.pgen.1004958
https://doi.org/10.1371/journal.pgen.1004958
https://doi.org/10.1371/journal.pgen.1004958
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004958
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004958
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1004958
https://doi.org/10.1101/gr.197897.115
https://doi.org/10.1126/science.aba3066
https://doi.org/10.1126/science.aba3066
https://doi.org/10.1126/science.aba3066
https://science.sciencemag.org/content/369/6509/eaba3066
https://science.sciencemag.org/content/369/6509/eaba3066
https://science.sciencemag.org/content/369/6509/eaba3066
https://doi.org/10.1093/bioinformatics/bts163
https://doi.org/10.1016/j.ajhg.2011.04.014
https://www.cell.com/ajhg/abstract/S0002-9297(11)00155-8
https://www.cell.com/ajhg/abstract/S0002-9297(11)00155-8
https://www.cell.com/ajhg/abstract/S0002-9297(11)00155-8
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

742

743

744

745

746

747

748

749

750

752

753

754

756

757

758

760

761

762

763

764

765

766

767

768

769

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[33]

[34]

[36]

[37]

available under aCC-BY-NC-ND 4.0 International license.

Jae Hoon Sul, Buhm Han, et al. “Effectively Identifying eQTLs from Multiple Tissues by Com-
bining Mixed Model and Meta-analytic Approaches”. In: PLOS Genetics 9.6 (June 13, 2013).
Publisher: Public Library of Science, €1003491. 1SSN: 1553-7404. DOI: 10 . 1371/ journal .
pgen.1003491. URL: https://journals.plos.org/plosgenetics/article?id=10.1371/

journal.pgen.1003491 (visited on 04/02/2021).

Niek de Klein, Ellen A. Tsai, et al. “Brain expression quantitative trait locus and network
analysis reveals downstream effects and putative drivers for brain-related diseases”. en. In:

bioRxiv (Mar. 2021), p. 2021.03.01.433439. DOI: |10.1101/2021.03.01.433439.

Tom R. Gaunt, Hashem A. Shihab, et al. “Systematic identification of genetic influences on
methylation across the human life course”. In: Genome Biology 17.1 (Mar. 2016), p. 61. ISSN:
1474-760X. DOI: 10.1186/s13059-016-0926-z. URL: https://doi.org/10.1186/s13059-

016-0926-z (visited on 09/10/2020).

Yue Hu, Xi Xi, et al. “SCeQTL: an R package for identifying eQTL from single-cell parallel
sequencing data”. In: BMC Bioinformatics 21.1 (May 11, 2020), p. 184. 1SsN: 1471-2105. DOIL:
10.1186/s12859-020-3534-6. URL: https://doi.org/10.1186/s12859-020-3534-6

(visited on 11/04,/2020).

Monique G. P. van der Wijst, Harm Brugge, et al. “Single-cell RNA sequencing identifies
celltype-specific cis-eQTLs and co-expression QTLs”. In: Nature Genetics 50.4 (Apr. 2018).
Number: 4 Publisher: Nature Publishing Group, pp. 493-497. 1SSN: 1546-1718. DOI: [10.1038/
s41588-018-0089-9. URL: https://www.nature.com/articles/s41588-018-0089-9

(visited on 11/04/2020).

MGP van der Wijst, DH de Vries, et al. “The single-cell eQTLGen consortium”. In: eLife
9 (Mar. 9, 2020). Ed. by Helena Pérez Valle, Peter Rodgers, et al. Publisher: eLife Sciences
Publications, Ltd, e52155. 1SSN: 2050-084X. DOI: 10.7554/eLife.52155. URL: https://doi.

org/10.7554/eLife.52155 (visited on 11/04/2020).

Lee J. Cronbach and Noreen Webb. “Between-class and within-class effects in a reported
aptitude * treatment interaction: Reanalysis of a study by G. L. Anderson”. In: Journal of

Educational Psychology 67.6 (1975), pp. 717-724. pOI: 10.1037/0022-0663.67.6.717.


https://doi.org/10.1371/journal.pgen.1003491
https://doi.org/10.1371/journal.pgen.1003491
https://doi.org/10.1371/journal.pgen.1003491
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1003491
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1003491
https://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1003491
https://doi.org/10.1101/2021.03.01.433439
https://doi.org/10.1186/s13059-016-0926-z
https://doi.org/10.1186/s13059-016-0926-z
https://doi.org/10.1186/s13059-016-0926-z
https://doi.org/10.1186/s13059-016-0926-z
https://doi.org/10.1186/s12859-020-3534-6
https://doi.org/10.1186/s12859-020-3534-6
https://doi.org/10.1038/s41588-018-0089-9
https://doi.org/10.1038/s41588-018-0089-9
https://doi.org/10.1038/s41588-018-0089-9
https://www.nature.com/articles/s41588-018-0089-9
https://doi.org/10.7554/eLife.52155
https://doi.org/10.7554/eLife.52155
https://doi.org/10.7554/eLife.52155
https://doi.org/10.7554/eLife.52155
https://doi.org/10.1037/0022-0663.67.6.717
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

770

771

772

773

74

775

776

T

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[40]

[41]

[42]

[43]

[44]

[46]

available under aCC-BY-NC-ND 4.0 International license.

R. J. Simes. “An improved Bonferroni procedure for multiple tests of significance”. In: Biometrika

73.3 (1986), pp. 751-754. 1sSN: 0006-3444, 1464-3510. DOI: 10.1093/biomet/73.3.751. URL:
https://academic.oup.com/biomet/article-lookup/doi/10.1093/biomet/73.3.751

(visited on 04,/29/2021).
Schwarzer G. “meta: An R package for meta-analysis”. In: R News 7.7 (), pp. 40-45.

Camila M. Lopes-Ramos, Cho-Yi Chen, et al. “Sex Differences in Gene Expression and Regu-
latory Networks across 29 Human Tissues”. In: Cell Reports 31.12 (June 23, 2020), p. 107795.
ISSN: 2211-1247. DOI:110.1016/j .celrep.2020.107795. URL: https://www.sciencedirect.

com/science/article/pii/S2211124720307762 (visited on 04/16/2021).

Sven Heinz, Casey E. Romanoski, et al. “The selection and function of cell type-specific
enhancers”. In: Nature reviews. Molecular cell biology 16.3 (Mar. 2015), pp. 144-154. 1SSN:
1471-0072. pOI: 10.1038/nrm3949. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/

PMC4517609/ (visited on 10/09/2020).

D. S. Gross and W. T. Garrard. “Nuclease hypersensitive sites in chromatin”. In: Annual
Review of Biochemistry 57 (1988), pp. 159-197. 1SSN: 0066-4154. DOT: |10.1146/annurev.bi.

57.070188.001111.

Igor Mandric, Jeremy Rotman, et al. “Profiling immunoglobulin repertoires across multiple
human tissues using RNA sequencing”. In: Nature Communications 11.1 (Dec. 2020), p. 3126.
ISSN: 2041-1723. DOI: 10.1038/s41467-020-16857-7. URL: http://www.nature. com/

articles/s41467-020-16857-7 (visited on 05/10/2021).

Serghei Mangul, Harry Taegyun Yang, et al. “ROP: dumpster diving in RNA-sequencing to
find the source of 1 trillion reads across diverse adult human tissues”. In: Genome Biology
19.1 (Feb. 15, 2018), p. 36. 1sSN: 1474-760X. DOI: 10.1186/s13059-018~-1403~-7. URL:

https://doi.org/10.1186/s13059-018-1403-7 (visited on 05/10/2021).

Cory C. Funk, Alex M. Casella, et al. “Atlas of Transcription Factor Binding Sites from EN-
CODE DNase Hypersensitivity Data across 27 Tissue Types”. In: Cell Reports 32.7 (Aug. 18,

2020), p. 108029. 1SSN: 2211-1247. DOI: |10.1016/j.celrep.2020.108029.


https://doi.org/10.1093/biomet/73.3.751
https://academic.oup.com/biomet/article-lookup/doi/10.1093/biomet/73.3.751
https://doi.org/10.1016/j.celrep.2020.107795
https://www.sciencedirect.com/science/article/pii/S2211124720307762
https://www.sciencedirect.com/science/article/pii/S2211124720307762
https://www.sciencedirect.com/science/article/pii/S2211124720307762
https://doi.org/10.1038/nrm3949
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4517609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4517609/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4517609/
https://doi.org/10.1146/annurev.bi.57.070188.001111
https://doi.org/10.1146/annurev.bi.57.070188.001111
https://doi.org/10.1146/annurev.bi.57.070188.001111
https://doi.org/10.1038/s41467-020-16857-7
http://www.nature.com/articles/s41467-020-16857-7
http://www.nature.com/articles/s41467-020-16857-7
http://www.nature.com/articles/s41467-020-16857-7
https://doi.org/10.1186/s13059-018-1403-7
https://doi.org/10.1186/s13059-018-1403-7
https://doi.org/10.1016/j.celrep.2020.108029
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

[48] Ruma Banerjee and Cheng-Gang Zou. “Redox regulation and reaction mechanism of human
cystathionine-beta-synthase: a PLP-dependent hemesensor protein”. In: Archives of Biochem-
istry and Biophysics 433.1 (Jan. 1, 2005), pp. 144-156. 1ssN: 0003-9861. po1: 10.1016/7 .

abb.2004.08.037.

[49] J. P. Kraus, J. Oliveriusova, et al. “The human cystathionine beta-synthase (CBS) gene:
complete sequence, alternative splicing, and polymorphisms”. In: Genomics 52.3 (Sept. 15,

1998), pp. 312-324. ISSN: 0888-7543. DOIL: [10.1006/geno . 1998 . 5437

[50] Edith Wilson Miles and Jan P. Kraus. “Cystathionine beta-synthase: structure, function,
regulation, and location of homocystinuria-causing mutations”. In: The Journal of Biological
Chemistry 279.29 (July 16, 2004), pp. 29871-29874. 1ssN: 0021-9258. DOI: 10 . 1074/ jbc .

R400005200.

[51] Angata T, Hayakawa T, et al. “Discovery of Siglec-14, a novel sialic acid receptor undergoing
concerted evolution with Siglec-5 in primates.” In: FASEB Journal : Official Publication of
the Federation of American Societies for Ezperimental Biology 20.12 (Oct. 1, 2006), pp. 1964
1973. 18SN: 0892-6638, 1530-6860. DOI: 10.1096/fj.06-5800com. URL: https://europepmc.

org/article/MED/17012248 (visited on 04/02/2021).

[52] Erwin Goldberg, Edward M. Eddy, et al. “LDHC THE ULTIMATE TESTIS SPECIFIC
GENE”. In: Journal of andrology 31.1 (2010), pp. 86-94. 1SSN: 0196-3635. DOI: [10.2164/
jandrol.109.008367. URL: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2915756/

(visited on 04/02/2021).

[53] Annalisa Buniello, Jacqueline A. L. MacArthur, et al. “The NHGRI-EBI GWAS Catalog of
published genome-wide association studies, targeted arrays and summary statistics 2019”.
In: Nucleic Acids Research 47 (D1 Jan. 8, 2019), pp. D1005-D1012. 1sSN: 1362-4962. DOTI:

10.1093/nar/gky1120.

[54] Alex KleinJan. “The crucial role of dendritic cells in rhinitis”. In: Current Opinion in Al-
lergy and Clinical Immunology 11.1 (Feb. 2011), pp. 12-17. 1sSN: 1528-4050. DOI: 10.1097/

ACI . Ob013e328342335f. URL: https :// journals . lww . com/ co-allergy/Fulltext/


https://doi.org/10.1016/j.abb.2004.08.037
https://doi.org/10.1016/j.abb.2004.08.037
https://doi.org/10.1016/j.abb.2004.08.037
https://doi.org/10.1006/geno.1998.5437
https://doi.org/10.1074/jbc.R400005200
https://doi.org/10.1074/jbc.R400005200
https://doi.org/10.1074/jbc.R400005200
https://doi.org/10.1096/fj.06-5800com
https://europepmc.org/article/MED/17012248
https://europepmc.org/article/MED/17012248
https://europepmc.org/article/MED/17012248
https://doi.org/10.2164/jandrol.109.008367
https://doi.org/10.2164/jandrol.109.008367
https://doi.org/10.2164/jandrol.109.008367
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2915756/
https://doi.org/10.1093/nar/gky1120
https://doi.org/10.1097/ACI.0b013e328342335f
https://doi.org/10.1097/ACI.0b013e328342335f
https://doi.org/10.1097/ACI.0b013e328342335f
https://journals.lww.com/co-allergy/Fulltext/2011/02000/The_crucial_role_of_dendritic_cells_in_rhinitis.4.aspx
https://journals.lww.com/co-allergy/Fulltext/2011/02000/The_crucial_role_of_dendritic_cells_in_rhinitis.4.aspx
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

824

825

826

827

828

829

830

831

832

833

834

835

836

837

838

839

840

841

842

843

844

845

846

bioRxiv preprint doi: https://doi.org/10.1101/2021.06.17.448889; this version posted June 18, 2021. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

[55]

[56]

[57]

[58]

[60]

[61]

available under aCC-BY-NC-ND 4.0 International license.

2011/02000/The _crucial _role_of _dendritic_cells_in_rhinitis. 4. aspx (visited

on 06,/16,/2021).

Wei Wang and Matthew Stephens. “Empirical Bayes Matrix Factorization”. In: arXww:1802.06931

[stat] (May 2, 2021). arXiv: 1802.06931. URL: http://arxiv.org/abs/1802.06931 (visited

on 06/14/2021).

Ali Pazokitoroudi, Yue Wu, et al. “Efficient variance components analysis across millions of
genomes”. In: Nature Communications 11.1 (Aug. 11, 2020), p. 4020. 1sSN: 2041-1723. DOTI:
10.1038/s41467-020-17576-9. URL: https://www.nature.com/articles/s41467-020-

17576-9 (visited on 06/15/2021).

Claudia Giambartolomei, Jimmy Zhenli Liu, et al. “A Bayesian framework for multiple trait
colocalization from summary association statistics”. In: Bioinformatics (Oxford, England)
34.15 (Aug. 1, 2018), pp. 2538-2545. 1SSN: 1367-4811. DOI: |10 . 1093 / bioinformatics /

bty147.

C. B. Peterson, M. Bogomolov, et al. “TreeQTL: hierarchical error control for eQTL findings”.
In: Bioinformatics (Oxford, England) 32.16 (Aug. 15, 2016), pp. 2556-2558. 1SSN: 1367-4811.

DOI: 110.1093/bioinformatics/btw198.

Gabriel E. Hoffman and Eric E. Schadt. “variancePartition: Interpreting drivers of variation
in complex gene expression studies”. In: BMC' Bioinformatics 17 (483 2016). DOI: |10.1186/

512859-016-1323-2z|

Daniel Ho, Kosuke Imai, et al. “Matching as Nonparametric Preprocessing for Reducing Model

Dependence in Parametric Causal Inference”. In: Political Analysis 15 (2007), pp. 199-236.

Jian Yang, S. Hong Lee, et al. “GCTA: A Tool for Genome-wide Complex Trait Analysis”.
In: The American Journal of Human Genetics 88.1 (2011), pp. 76-82.


https://journals.lww.com/co-allergy/Fulltext/2011/02000/The_crucial_role_of_dendritic_cells_in_rhinitis.4.aspx
https://journals.lww.com/co-allergy/Fulltext/2011/02000/The_crucial_role_of_dendritic_cells_in_rhinitis.4.aspx
https://arxiv.org/abs/1802.06931
http://arxiv.org/abs/1802.06931
https://doi.org/10.1038/s41467-020-17576-9
https://www.nature.com/articles/s41467-020-17576-9
https://www.nature.com/articles/s41467-020-17576-9
https://www.nature.com/articles/s41467-020-17576-9
https://doi.org/10.1093/bioinformatics/bty147
https://doi.org/10.1093/bioinformatics/bty147
https://doi.org/10.1093/bioinformatics/bty147
https://doi.org/10.1093/bioinformatics/btw198
https://doi.org/10.1186/s12859-016-1323-z
https://doi.org/10.1186/s12859-016-1323-z
https://doi.org/10.1186/s12859-016-1323-z
https://doi.org/10.1101/2021.06.17.448889
http://creativecommons.org/licenses/by-nc-nd/4.0/

