
Pathway Count FDR Targets
response to endoplasmic reticulum stress 15 8.67E-17 AARS,ASNS,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA4,PDIA6,SD

F2L1,SELK,SYVN1,TRIB3

response to topologically incorrect protein 14 1.30E-16 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,MANF,PDI
A6,SDF2L1,SYVN1

cellular response to topologically incorrect protein 13 1.30E-16 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA6,SD
F2L1,SYVN1

response to unfolded protein 13 1.89E-15 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,MANF,PDI
A6,SYVN1

endoplasmic reticulum unfolded protein response 12 1.89E-15 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA6,SY
VN1

cellular response to unfolded protein 12 2.24E-15 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA6,SY
VN1

ERAD pathway 8 4.37E-10 DERL2,DNAJB9,HERPUD1,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1
ER-associated ubiquitin-dependent protein catabolic process 7 2.20E-08 DERL2,DNAJB9,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1
retrograde protein transport, ER to cytosol 5 8.76E-08 DERL2,HERPUD1,HSP90B1,SEL1L,SYVN1
IRE1-mediated unfolded protein response 6 1.39E-06 DNAJB11,DNAJB9,HSPA5,HYOU1,PDIA6,SYVN1
cellular response to stress 16 4.51E-06 AARS,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA4,PD

IA6,SDF2L1,SELK,SYVN1,TRIB3

PERK-mediated unfolded protein response 4 5.44E-06 ASNS,DDIT3,HERPUD1,HSPA5
ubiquitin-dependent protein catabolic process 9 5.66E-05 DDIT3,DERL2,DNAJB9,HERPUD1,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1
proteasome-mediated ubiquitin-dependent protein catabolic 
process

8 5.66E-05 DDIT3,DERL2,DNAJB9,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1

response to stress 20 8.97E-05 AARS,ANG,ASNS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,MAN
F,PDIA4,PDIA6,SDF2L1,SELK,SLC7A5,SLFN11,SYVN1,TRIB3

regulation of endoplasmic reticulum stress-induced intrinsic 
apoptotic signaling pathway

4 0.00012 DDIT3,HERPUD1,HYOU1,SYVN1

cellular protein catabolic process 9 0.000122 DDIT3,DERL2,DNAJB9,HERPUD1,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1
negative regulation of response to endoplasmic reticulum stress 4 0.000171 DERL2,HERPUD1,HYOU1,SYVN1
ATF6-mediated unfolded protein response 3 0.000294 DDIT3,HSP90B1,HSPA5
response to organic substance 16 0.000654 AARS,ANG,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,MANF,PDI

A6,SDF2L1,SEL1L,SYVN1,TRIB3

protein folding 6 0.000973 AARS,DNAJB11,HSP90B1,HSPA5,PDIA4,PDIA6
negative regulation of endoplasmic reticulum stress-induced 
intrinsic apoptotic signaling pathway

3 0.00174 HERPUD1,HYOU1,SYVN1

cell redox homeostasis 4 0.00267 DDIT3,ERO1LB,PDIA4,PDIA6
cellular response to organic substance 13 0.00349 AARS,DDIT3,DERL2,DNAJB11,DNAJB9,HERPUD1,HSP90B1,HSPA5,HYOU1,PDIA6,SDF2L1,

SYVN1,TRIB3

proteolysis 10 0.00555 DDIT3,DERL2,DNAJB9,ERO1LB,HERPUD1,HSP90B1,HSPA5,SDF2L1,SEL1L,SYVN1
ER-nucleus signaling pathway 3 0.0113 ASNS,HERPUD1,HSP90B1
intrinsic apoptotic signaling pathway in response to endoplasmic 
reticulum stress

3 0.012 DDIT3,SELK,TRIB3

protein folding in endoplasmic reticulum 2 0.0367 HSP90B1,HSPA5

Supplemental Table 3A. STRING-DB network analysis for biological process enrichment of Cluster 1 transcripts



Pathway Count FDR Targets
response to endoplasmic reticulum stress 14 1.39E-09 ASNS,ATF4,ATP2A2,DNAJC10,EIF2AK3,FAM129A,FKBP14,GFPT1,PDIA5,SEC31A,SYVN1,UB

A5,WFS1,WIPI1

endoplasmic reticulum unfolded protein response 10 1.58E-07 ASNS,ATF4,EIF2AK3,FKBP14,GFPT1,PDIA5,SEC31A,SYVN1,WFS1,WIPI1
cellular response to unfolded protein 10 1.58E-07 ASNS,ATF4,EIF2AK3,FKBP14,GFPT1,PDIA5,SEC31A,SYVN1,WFS1,WIPI1
protein N-linked glycosylation via asparagine 10 2.87E-07 GFPT1,MLEC,OSTC,PGM3,RPN1,SEC24D,SEC31A,ST6GALNAC4,SYVN1,UAP1
IRE1-mediated unfolded protein response 7 6.85E-06 FKBP14,GFPT1,PDIA5,SEC31A,SYVN1,WFS1,WIPI1
cellular response to stress 22 0.000222 ASNS,ATF4,ATP2A2,CISD2,DDIT4,DNAJC10,EIF2AK3,FAM129A,FKBP14,GFPT1,LARP1B,MS

H2,PDIA5,RAD9A,SEC31A,SLC1A4,SYVN1,TMEM39A,UBA5,UBE2T,WFS1,WIPI1

nucleotide-sugar biosynthetic process 4 0.000491 GFPT1,PGM3,UAP1,UGDH
single-organism carbohydrate metabolic process 13 0.000538 ATF4,GFPT1,GOT1,MLEC,OSTC,PGM3,RPN1,SEC24D,SEC31A,ST6GALNAC4,SYVN1,UAP1,

UGDH

UDP-N-acetylglucosamine biosynthetic process 3 0.000599 GFPT1,PGM3,UAP1
glycoprotein biosynthetic process 10 0.00125 GFPT1,MLEC,OSTC,PGM3,RPN1,SEC24D,SEC31A,ST6GALNAC4,SYVN1,UAP1
protein folding 8 0.00147 DNAJC10,FKBP11,FKBP14,MLEC,PDIA5,PPIL1,TUBB3,WFS1
carbohydrate metabolic process 14 0.00158 ATF4,GFPT1,GOT1,MLEC,OSTC,PGM3,RPN1,SEC24D,SEC31A,SLC3A2,ST6GALNAC4,SYVN

1,UAP1,UGDH

signal peptide processing 3 0.00257 SEC11C,SPCS2,SPCS3
carbohydrate derivative biosynthetic process 12 0.00318 GFPT1,MLEC,OSTC,PGM3,PIGA,RPN1,SEC24D,SEC31A,ST6GALNAC4,SYVN1,UAP1,UGDH
peptidyl-amino acid modification 14 0.00354 EIF2AK3,FKBP11,FKBP14,GFPT1,MLEC,OSTC,PGM3,PPIL1,RPN1,SEC24D,SEC31A,ST6GAL

NAC4,SYVN1,UAP1

ER-nucleus signaling pathway 4 0.00416 ASNS,ATF4,ATP2A2,WFS1
amide biosynthetic process 10 0.00416 ASNS,C12orf65,CARS,EIF2AK3,MTHFD2,RPN1,SEC11C,SPCS2,SPCS3,TARS
post-translational protein modification 9 0.00416 GFPT1,MLEC,PGM3,PIGA,RPN1,SEC24D,SEC31A,ST6GALNAC4,UAP1
cellular protein metabolic process 29 0.00583 APP,ASNS,ATF4,C12orf65,CARS,DNAJC10,FKBP11,FKBP14,GFPT1,MLEC,MTMR4,OSTC,PDI

A5,PGM3,PIGA,PPIL1,RPN1,SEC24D,SEC31A,ST6GALNAC4,SYVN1,TARS,TRIM5,TUBB3,UA
P1,UBA5,UBE2T,WFS1,WIPI1

PERK-mediated unfolded protein response 3 0.00685 ASNS,ATF4,EIF2AK3
single-organism metabolic process 32 0.0155 ALDH1L2,ANG,APP,ASNS,ATF4,CARS,CISD2,DNAJC10,EIF2AK3,GFPT1,GPT2,MLEC,MSH2,

MTFR1,MTHFD2,MTMR4,OSTC,PDIA5,PGM3,PIGA,RAD9A,RPN1,SEC24D,SEC31A,ST6GALN
AC4,SYVN1,TARS,UAP1,UBE2T,UGDH,WFS1,WIPI1

glutamine transport 2 0.0217 SLC1A4,SLC1A5
endoplasmic reticulum calcium ion homeostasis 3 0.0228 APP,ATP2A2,WFS1
translation 8 0.0274 C12orf65,CARS,EIF2AK3,RPN1,SEC11C,SPCS2,SPCS3,TARS
response to stress 27 0.0464 ANG,ASNS,ATF4,ATP2A2,CISD2,DDIT4,DNAJC10,EIF2AK3,FAM129A,FKBP14,GFPT1,HABP4,

LARP1B,MSH2,PDIA5,RAD9A,SEC31A,SLC1A4,SLC3A2,SP140,SYVN1,TMEM39A,TRIM5,UB
A5,UBE2T,WFS1,WIPI1

Supplemental Table 3B. STRING-DB network analysis for biological process enrichment of Cluster 2 transcripts



Pathway Count FDR Targets
response to lipopolysaccharide 10 6.73E-06 ANKRD1,CYP27B1,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TRIB1,ZC3H12A
positive regulation of B cell proliferation 5 7.14E-05 ADA,CD38,GPR183,PELI1,TNFRSF4
response to other organism 12 7.14E-05 ANKRD1,BATF,CYP27B1,IER3,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TRIB1,ZC3H12A
regulation of cell activation 10 8.10E-05 ADA,C1QTNF1,CD38,EBI3,GPR183,HSPH1,MERTK,PELI1,TNFRSF4,ZC3H12A
response to bacterium 10 0.000127 ANKRD1,CYP27B1,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TRIB1,ZC3H12A
regulation of leukocyte activation 9 0.000275 ADA,CD38,EBI3,GPR183,HSPH1,MERTK,PELI1,TNFRSF4,ZC3H12A
positive regulation of lymphocyte proliferation 6 0.000275 ADA,CD38,EBI3,GPR183,PELI1,TNFRSF4
response to external stimulus 17 0.000287 ADA,ANKRD1,BATF,CCL23,CCL4L2,CYP27B1,FPR1,FPR3,IER3,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SER

PINE1,TRIB1,ZC3H12A

cellular response to lipopolysaccharide 6 0.000484 ANKRD1,IRAK2,NFKBIA,PDE4B,SERPINE1,ZC3H12A
positive regulation of lymphocyte activation 7 0.000594 ADA,CD38,EBI3,GPR183,HSPH1,PELI1,TNFRSF4
negative regulation of sequence-specific DNA 
binding transcription factor activity

6 0.000643 IRAK2,NFKBIA,PELI1,TNFRSF4,TRIB1,ZC3H12A

regulation of lymphocyte activation 8 0.000655 ADA,CD38,EBI3,GPR183,HSPH1,MERTK,PELI1,TNFRSF4
response to lipid 11 0.000753 ANKRD1,CD38,CYP27B1,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TRIB1,ZC3H12A
regulation of cytokine production 9 0.0013 ALOX15B,EBI3,NFKBIA,PDE4B,PELI1,SERPINE1,TNFRSF4,TNFRSF9,ZC3H12A
regulation of cell proliferation 14 0.00138 ADA,ALOX15B,CCL23,CD38,CYP27B1,EBI3,GPR183,NFKBIA,PELI1,PTGES,SLAMF1,TNFRSF4,TNFRSF9,

TRIB1

regulation of localization 17 0.0019 ADA,ALOX15B,ANKRD1,C1QTNF1,CD38,CLIC2,HSPH1,IER3,MERTK,NFKBIA,PDE4B,SERPINE1,SLAMF1,
TNFRSF4,TNFRSF9,TRIB1,ZC3H12A

cellular response to zinc ion 3 0.00324 MT1G,MT1H,MT1M
negative regulation of biological process 23 0.00336 ALOX15B,ANKRD1,C1QTNF1,CCL23,CLIC2,CYP27B1,DNAJA4,GPR132,HSPH1,IRAK2,LIMA1,MERTK,MT1

G,MT1H,MT1M,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TNFRSF4,TRIB1,ZC3H12A

negative regulation of multicellular organismal 
process

11 0.00336 ADA,C1QTNF1,CD38,FKBP4,NFKBIA,PDE4B,SERPINE1,TNFRSF4,TNFRSF9,TRIB1,ZC3H12A

defense response 13 0.00353 BATF,CCL23,CCL4L2,CD163,CHST2,CYP27B1,IRAK2,NFKBIA,PELI1,PTGES,RNF19B,SERPINE1,TNFRSF4
positive regulation of immune system process 10 0.00477 ADA,CD38,EBI3,GPR183,HSPH1,IRAK2,PDE4B,SERPINE1,TNFRSF4,TRIB1
multi-organism process 16 0.00503 ANKRD1,BATF,CD38,CYP27B1,FKBP4,IER3,IRAK2,MERTK,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,SLA

MF1,TRIB1,ZC3H12A

response to stress 20 0.00588 ANKRD1,BATF,CCL23,CCL4L2,CD163,CD38,CHST2,CYP27B1,DNAJA4,FKBP4,HSPH1,IER3,IRAK2,NFKBIA
,PELI1,PTGES,RNF19B,SERPINE1,TNFRSF4,TRIB1

regulation of transport 14 0.00588 ADA,ALOX15B,ANKRD1,C1QTNF1,CD38,CLIC2,IER3,MERTK,NFKBIA,PDE4B,SERPINE1,SLAMF1,TNFRSF
4,TNFRSF9

negative regulation of NF-kappaB transcription 
factor activity

4 0.00642 IRAK2,NFKBIA,PELI1,ZC3H12A

regulation of sequence-specific DNA binding 
transcription factor activity

7 0.00642 IRAK2,NFKBIA,PELI1,TNFRSF4,TRAF1,TRIB1,ZC3H12A

cellular response to stimulus 27 0.00642 ANKRD1,BATF,CCL23,CCL4L2,CD38,CLIC2,CYP27B1,EBI3,FPR1,FPR3,GPR132,GPR183,HSPH1,IER3,IRA
K2,MT1G,MT1H,MT1M,NFKBIA,PDE4B,PTGES,SERPINE1,SLAMF1,TNFRSF4,TRAF1,TRIB1,ZC3H12A

immune response 12 0.00784 ADA,BATF,CCL23,CCL4L2,CYP27B1,EBI3,GPR183,IRAK2,NFKBIA,PELI1,RNF19B,TNFRSF4
response to oxygen-containing compound 12 0.00839 ADA,ANKRD1,CD38,CYP27B1,IRAK2,NFKBIA,PDE4B,PELI1,PTGES,SERPINE1,TRIB1,ZC3H12A
leukocyte activation 7 0.00922 BATF,EBI3,GPR183,MERTK,MT1G,SLAMF1,TNFRSF4
regulation of immune system process 12 0.00981 ADA,CD38,EBI3,GPR183,HSPH1,IRAK2,MERTK,PDE4B,SERPINE1,TNFRSF4,TRIB1,ZC3H12A
inflammatory response 7 0.015 CCL23,CCL4L2,CD163,CHST2,IRAK2,PTGES,TNFRSF4
B cell activation involved in immune response 3 0.0166 ADA,BATF,GPR183
response to chemical 20 0.0166 ADA,ANKRD1,CCL23,CCL4L2,CYP27B1,EBI3,FPR1,FPR3,HSPH1,IRAK2,MT1G,MT1H,MT1M,PDE4B,PELI1,

PTGES,SERPINE1,TNFRSF4,TRIB1,ZC3H12A

cell activation 8 0.0219 BATF,EBI3,GPR183,MERTK,MT1G,SERPINE1,SLAMF1,TNFRSF4
lymphocyte activation 6 0.0263 BATF,EBI3,GPR183,MERTK,SLAMF1,TNFRSF4
response to stimulus 28 0.0263 ANKRD1,BATF,CCL23,CCL4L2,CD163,CHST2,CLIC2,CYP27B1,DNAJA4,EBI3,FPR1,FPR3,GPR132,GPR183

,HSPH1,IER3,IRAK2,MT1G,MT1H,MT1M,NFKBIA,PDE4B,RNF19B,SERPINE1,SLAMF1,TRAF1,TRIB1,ZC3H
12A

regulation of multicellular organismal process 15 0.03 ADA,ANKRD1,C1QTNF1,CD38,CLIC2,CYP27B1,EBI3,FKBP4,PDE4B,PELI1,SERPINE1,TNFRSF4,TNFRSF9,
TRIB1,ZC3H12A

negative regulation of molecular function 10 0.0331 CCL23,CLIC2,CYP27B1,IRAK2,NFKBIA,PELI1,SERPINE1,TNFRSF4,TRIB1,ZC3H12A
regulation of molecular function 16 0.0347 ARHGEF10L,CCL23,CLIC2,CYP27B1,FPR1,HSPH1,IRAK2,NFKBIA,PDE4B,PELI1,SERPINE1,SLAMF1,TNF

RSF4,TRAF1,TRIB1,ZC3H12A

positive regulation of multicellular organismal 
process

11 0.0377 ADA,ANKRD1,C1QTNF1,CD38,CYP27B1,EBI3,NFKBIA,PDE4B,PELI1,SERPINE1,TRIB1

positive regulation of cytokine production 6 0.0393 ALOX15B,EBI3,NFKBIA,PDE4B,PELI1,SERPINE1
negative regulation of growth 5 0.0393 ALOX15B,CYP27B1,MT1G,MT1H,MT1M
negative regulation of immune system process 6 0.041 ADA,MERTK,NFKBIA,PELI1,TRIB1,ZC3H12A
positive regulation of alpha-beta T cell activation 3 0.041 ADA,EBI3,HSPH1
response to organic substance 15 0.0423 ADA,ANKRD1,CD38,CYP27B1,EBI3,HSPH1,IRAK2,MT1G,PDE4B,PELI1,PTGES,SERPINE1,TNFRSF4,TRIB

1,ZC3H12A

mature B cell differentiation involved in immune 
response

2 0.0449 ADA,GPR183

Supplemental Table 3C. STRING-DB network analysis for biological process enrichment of Cluster 6 transcripts
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