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Fig. S1. (A) Expression profiles, phenotypic profiles, and EPCt of VGF nerve growth factor inducible (Vgf), beta-1,4-N-acetyl-galactosaminyl transferase 1 gene
(B4galnt1), WD and tetratricopeptide repeats 1 (Wdtc1), NAD-dependent methylenetetrahydrofolate dehydrogenase-methenyltetrahydrofolate cyclo-
hydrolase gene (Mthfd2), fermitin family member 1 (Fermt1), and sterol O-acyltransferase 2 (Soat2) genes. The complete tissue expression profiles of B4galnt1
(B) and Mthfd2 (C) genes, obtained from dataset “GeneAtlas GNF1M, gcrma” of BioGPS (biogps.org/) are shown.
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Fig. S2. Ratios of the percentage of mouse genes with EPCg ≥ Zth (Zth = 1.5, 2.0, 2.5, 3.0, or 3.5) to the percentage estimated from 2,500 experiments
with permutated phenotypic profiles increases as the Zth used increased. Zth, the cutoff value used to define statistically significant expression-phenotype
connection.
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Fig. S3. Regenerated Fig. 1A using phenotypic entries of 2,532 genes obtained before the publication date of GeneAtlas v2.
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Fig. S4. Box plots for the percentage of mouse genes with EPCg ≥1.96 when expression noises within a range of magnitude (5–50% of the original values)
were added. Each box presents the distribution of estimations calculated based on 50 replicates. The values of the upper quartile, median, and lower quartile
are indicated in each box, whereas the bars outside the box indicate semiquartile ranges.
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hyperpigmentation (MP:0001188)
pigmentation phenotype (MP:0001186) abnormal skin pigmentation (MP:0002095)
tumorigenesis (MP:0002006) altered tumor susceptibility (MP:0002166) abnormal tumor incidence (MP:0002019) increased tumor incidence (MP:0002020)

abnormal forebrain morphology (MP:0000783)
abnormal brain morphology (MP:0002152) abnormal hindbrain morphology (MP:0000841)
abnormal autonomic nervous system morphology (MP:0002751) abnormal parasympathetic system morphology (MP:0001033)

abnormal Purkinje cell morphology (MP:0000877)
neuron degeneration (MP:0003224)
abnormal serotonergic neuron morphology (MP:0003877)

abnormal neuron morphology (MP:0002882) abnormal neurite morphology (MP:0008415)
abnormal nervous system morphology (MP:0003632) abnormal glial cell morphology (MP:0003634) abnormal CNS glial cell morphology (MP:0000952)

abnormal myelination (MP:0000920)
seizures (MP:0002064) abnormal seizure response to inducing agent (MP:0009357)
neurodegeneration (MP:0002229) neuron degeneration (MP:0003224)
abnormal synaptic transmission (MP:0003635) abnormal CNS synaptic transmission (MP:0002206)

nervous system phenotype (MP:0003631) abnormal nervous system physiology (MP:0003633) abnormal autonomic nervous system physiology (MP:0006276) abnormal sympathetic nervous system physiology (MP:0004183)
large ureter (MP:0003585)

abnormal urinary system morphology (MP:0000516) abnormal ureter morphology (MP:0000534) ureter stenosis (MP:0003588)
abnormal urination (MP:0001756) polyuria (MP:0001762)

kidney inflammation (MP:0001859)
kidney failure (MP:0003606)

abnormal kidney physiology (MP:0002136) abnormal kidney excretion (MP:0005555)
renal/urinary system phenotype (MP:0005367) abnormal urinary system physiology (MP:0005502) abnormal urine homeostasis (MP:0009643)

muscle weakness (MP:0000747)
abnormal muscle relaxation (MP:0004036)
cardiomyopathy (MP:0005330) dilated cardiomyopathy (MP:0002795)

impaired muscle contractility (MP:0000738)
abnormal muscle physiology (MP:0002106) abnormal muscle contractility (MP:0005620) abnormal cardiac muscle contractility (MP:0002972)

abnormal skeletal muscle fiber morphology (MP:0003084)
abnormal skeletal muscle morphology (MP:0000759) abnormal skeletal muscle mass (MP:0004817)
abnormal smooth muscle morphology (MP:0000767) abnormal esophageal smooth muscle morphology (MP:0003159)

abnormal myocardial fiber morphology (MP:0000278)
abnormal muscle fiber morphology (MP:0004087) abnormal skeletal muscle fiber morphology (MP:0003084)

muscle phenotype (MP:0005369) abnormal muscle morphology (MP:0002108) abnormal cardiac muscle tissue morphology (MP:0010630) abnormal myocardial fiber morphology (MP:0000278)
abnormal liver development (MP:0000596)
pale liver (MP:0000603)
hepatic steatosis (MP:0002628)
liver degeneration (MP:0003103)
abnormal liver size (MP:0004848)
abnormal liver parenchyma morphology (MP:0008986)

abnormal liver morphology (MP:0000598) increased liver cholesterol level (MP:0010027)
abnormal hepatobiliary system morphology (MP:0002138) abnormal hepatobiliary system development (MP:0003943) abnormal liver development (MP:0000596)

liver inflammation (MP:0001860)
abnormal liver physiology (MP:0000609) abnormal hepatocyte physiology (MP:0010080)

liver/biliary system phenotype (MP:0005370) abnormal hepatobiliary system physiology (MP:0002139) abnormal gallbladder physiology (MP:0005085) abnormal bile composition (MP:0004773)
abnormal limb morphology (MP:0002109) abnormal autopod morphology (MP:0000572)

limbs/digits/tail phenotype (MP:0005371) abnormal limbs/digits/tail morphology (MP:0000545) abnormal skeleton extremities morphology (MP:0002115) abnormal phalanx morphology (MP:0005306)
abnormal white adipose tissue morphology (MP:0002970) abnormal white adipose tissue amount (MP:0001781)

adipose tissue phenotype (MP:0005375) abnormal adipose tissue morphology (MP:0000003) abnormal adipose tissue amount (MP:0005452) abnormal white adipose tissue amount (MP:0001781)
edema (MP:0001785)

abnormal fluid regulation (MP:0001784) pericardial effusion (MP:0005312)
abnormal lipid level (MP:0001547)
abnormal cholesterol homeostasis (MP:0005278)

abnormal lipid homeostasis (MP:0002118) abnormal lipolysis (MP:0008032)
abnormal enzyme/ coenzyme level (MP:0005319) abnormal circulating enzyme level (MP:0001570)
abnormal protein level (MP:0008469) abnormal circulating protein level (MP:0005416)

abnormal circulating lipid level (MP:0003949)
abnormal blood homeostasis (MP:0009642) abnormal circulating protein level (MP:0005416)

abnormal homeostasis (MP:0001764) abnormal urine homeostasis (MP:0009643)
homeostasis/metabolism phenotype (MP:0005376) abnormal metabolism (MP:0005266) abnormal DNA replication (MP:0008057)
hearing/vestibular/ear phenotype (MP:0005377) abnormal ear physiology (MP:0003878)

abnormal postnatal growth (MP:0001731) postnatal growth retardation (MP:0001732)
abnormal body weight (MP:0001259)

abnormal postnatal growth/weight/body size (MP:0002089) abnormal body size (MP:0003956) decreased body size (MP:0001265)
abnormal embryo size (MP:0001697)

abnormal embryonic growth/weight/body size (MP:0002088) embryonic growth retardation (MP:0003984)
abnormal fetal size (MP:0004198)

abnormal fetal growth/weight/body size (MP:0004197) fetal growth retardation (MP:0004201)
embryonic growth retardation (MP:0003984)

prenatal growth retardation (MP:0010865) fetal growth retardation (MP:0004201)
abnormal embryo size (MP:0001697)

abnormal prenatal growth/weight/body size (MP:0004196) abnormal prenatal body size (MP:0010866) abnormal fetal size (MP:0004198)
abnormal birth weight (MP:0009672) decreased birth weight (MP:0009674)

growth/size phenotype (MP:0005378) abnormal birth body size (MP:0009701) decreased birth body size (MP:0009703) decreased birth weight (MP:0009674)
abnormal salivary gland morphology (MP:0000613)

abnormal pituitary gland morphology (MP:0000633)
abnormal neuroendocrine gland morphology (MP:0000631) abnormal subcommissural organ morphology (MP:0009716)
abnormal adrenal gland morphology (MP:0000639) enlarged adrenal glands (MP:0000642)

abnormal testis morphology (MP:0001146)
abnormal gland morphology (MP:0002163) abnormal sex gland morphology (MP:0000653) abnormal prostate gland morphology (MP:0001158)

endocrine/exocrine gland phenotype (MP:0005379) abnormal gland physiology (MP:0002164) abnormal sex gland physiology (MP:0005647)
abnormal embryo size (MP:0001697) decreased embryo size (MP:0001698)
embryonic growth arrest (MP:0001730)

abnormal placenta morphology (MP:0001711)
abnormal visceral yolk sac morphology (MP:0001718)
abnormal vitelline vasculature morphology (MP:0003229)

abnormal extraembryonic tissue morphology (MP:0002086) abnormal embryonic hematopoiesis (MP:0003396)
abnormal inner cell mass (MP:0002718)
embryonic growth retardation (MP:0003984)

embryogenesis phenotype (MP:0005380) abnormal embryogenesis/ development (MP:0001672) abnormal blastocyst morphology (MP:0004957) abnormal inner cell mass (MP:0002718)
abnormal esophageal smooth muscle morphology (MP:0003159)
abnormal esophageal development (MP:0003160)

abnormal esophagus morphology (MP:0000467) dilated esophagus (MP:0004548)
abnormal stomach morphology (MP:0000470) abnormal stomach wall morphology (MP:0010783)
abnormal salivary gland morphology (MP:0000613)

abnormal digestive system morphology (MP:0000462) abnormal digestive system development (MP:0003119) abnormal esophageal development (MP:0003160)
abnormal digestion (MP:0001664)

digestive/alimentary phenotype (MP:0005381) abnormal digestive system physiology (MP:0001663) abnormal gastrointestinal motility (MP:0011082) abnormal intestinal transit time (MP:0006001)
abnormal nucleus morphology (MP:0003111) abnormal chromosome morphology (MP:0003702)

abnormal cell content or morphology (MP:0000358) abnormal lysosome morphology (MP:0005058)
abnormal cell death (MP:0000313) abnormal apoptosis (MP:0001648)
abnormal cell proliferation (MP:0000350) decreased cell proliferation (MP:0000352)
abnormal redox activity (MP:0003186) oxidative stress (MP:0003674)
abnormal cellular replicative senescence (MP:0008007) early cellular replicative senescence (MP:0008008)

cellular phenotype (MP:0005384) abnormal cell physiology (MP:0005621) abnormal DNA replication (MP:0008057)
Levl 2 Levl 3 Levl 4 Levl 5
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heart inflammation (MP:0001853)
abnormal blood circulation (MP:0002128) hemorrhage (MP:0001914)
abnormal cardiac muscle contractility (MP:0002972) decreased cardiac muscle contractility (MP:0005140)
abnormal impulse conducting system conduction (MP:0003137) heart block (MP:0010559)
abnormal heartbeat (MP:0004085) absent heartbeat (MP:0004086)
cardiomyopathy (MP:0005330) dilated cardiomyopathy (MP:0002795)

abnormal cardiovascular system physiology (MP:0001544) congestive heart failure (MP:0006138)
abnormal pericardium morphology (MP:0000288)
cardiac fibrosis (MP:0003141)
dilated heart (MP:0004937)
abnormal heart ventricle morphology (MP:0005294)
abnormal heart size (MP:0005406)

abnormal heart morphology (MP:0000266) abnormal heart layer morphology (MP:0010545)
abnormal blood vessel morphology (MP:0001614) abnormal vascular development (MP:0000259)

cardiovascular system phenotype (MP:0005385) abnormal cardiovascular system morphology (MP:0002127) abnormal cardiovascular development (MP:0002925) abnormal vascular development (MP:0000259)
abnormal learning/memory/conditioning (MP:0002063) abnormal learning/ memory (MP:0001449)
seizures (MP:0002064) abnormal seizure response to inducing agent (MP:0009357)

abnormal posture (MP:0001504)
abnormal motor coordination/ balance (MP:0001516)

abnormal motor capabilities/coordination/movement (MP:0002066) abnormal physical strength (MP:0004262)
abnormal sensory capabilities/reflexes/nociception (MP:0002067) abnormal touch/ nociception (MP:0001968)
abnormal eating/drinking behavior (MP:0002069) abnormal drinking behavior (MP:0001422)
abnormal social/conspecific interaction (MP:0002557) increased aggression towards mice (MP:0001353)

abnormal aggression-related behavior (MP:0002061)
abnormal fear/anxiety-related behavior (MP:0002065)

abnormal emotion/affect behavior (MP:0002572) abnormal response to novelty (MP:0003107)
abnormal seizure response to pharmacological agent (MP:0000950)
abnormal alcohol consumption (MP:0001425)

behavior/neurological phenotype (MP:0005386) abnormal behavior (MP:0004924) abnormal behavioral response to xenobiotic (MP:0009745) impaired behavioral response to xenobiotic (MP:0009747)
abnormal leukopoiesis (MP:0005460)
abnormal antigen presenting cell morphology (MP:0008195)

abnormal immune system cell morphology (MP:0000716) abnormal leukocyte morphology (MP:0008246)
abnormal spleen morphology (MP:0000689)
abnormal thymus morphology (MP:0000703)
abnormal lymph organ size (MP:0002221)

abnormal immune system morphology (MP:0000685) abnormal immune system organ morphology (MP:0002722) abnormal lymph node morphology (MP:0002339)
abnormal humoral immune response (MP:0001800) abnormal immunoglobulin level (MP:0002490)

abnormal leukocyte physiology (MP:0002442)
abnormal immune cell physiology (MP:0001819) abnormal antigen presenting cell physiology (MP:0002452)
abnormal inflammatory response (MP:0001845) increased inflammatory response (MP:0001846)

abnormal leukocyte physiology (MP:0002442)
abnormal antigen presenting cell physiology (MP:0002452)

abnormal adaptive immunity (MP:0002420) abnormal class switch recombination (MP:0004816)
abnormal leukocyte physiology (MP:0002442)

abnormal cell-mediated immunity (MP:0002421) abnormal antigen presenting cell physiology (MP:0002452)
abnormal antigen presenting cell physiology (MP:0002452) abnormal B cell physiology (MP:0002459)
abnormal immune serum protein physiology (MP:0002723) abnormal immunoglobulin level (MP:0002490)
abnormal immune organ physiology (MP:0003762) abnormal thymus physiology (MP:0003763)
abnormal immune tolerance (MP:0005000) abnormal self tolerance (MP:0005005)

immune system phenotype (MP:0005387) abnormal immune system physiology (MP:0001790) abnormal response to infection (MP:0005025) altered susceptibility to infection (MP:0001793)
abnormal left lung morphology (MP:0009569)
abnormal pulmonary alveolar system morphology (MP:0010899)

abnormal lung morphology (MP:0001175) abnormal lung lobe morphology (MP:0010975)
abnormal respiratory system morphology (MP:0002132) abnormal trachea morphology (MP:0002282) small trachea (MP:0004549)

abnormal respiration (MP:0001943) abnormal lung volume (MP:0001942)
emphysema (MP:0001958)
respiratory system inflammation (MP:0002405) lung inflammation (MP:0001861)
pulmonary edema (MP:0003828)

respiratory system phenotype (MP:0005388) abnormal respiratory system physiology (MP:0002133) abnormal surfactant physiology (MP:0004782) abnormal surfactant secretion (MP:0004780)
reduced fertility (MP:0001921)

abnormal fertility/fecundity (MP:0002161) infertility (MP:0001924)
reduced male fertility (MP:0001922)
male infertility (MP:0001925)

abnormal male reproductive system physiology (MP:0003698) abnormal sperm physiology (MP:0004543)
reduced female fertility (MP:0001923)

abnormal female reproductive system physiology (MP:0003699) female infertility (MP:0001926)
abnormal reproductive system physiology (MP:0001919) abnormal sex gland physiology (MP:0005647)

abnormal testis morphology (MP:0001146)
abnormal sex gland morphology (MP:0000653) abnormal prostate gland morphology (MP:0001158)
abnormal male reproductive system morphology (MP:0001145) abnormal male genitalia morphology (MP:0009198)

abnormal spermatogenesis (MP:0001156)
abnormal meiosis (MP:0001930)
abnormal oogenesis (MP:0001931)
abnormal germ cell morphology (MP:0002208)

abnormal gametogenesis (MP:0001929) abnormal sperm number (MP:0002673)
reproductive system phenotype (MP:0005389) abnormal reproductive system morphology (MP:0002160) abnormal sex determination (MP:0002210) abnormal primary sex determination (MP:0002211)

abnormal joint morphology (MP:0002932) fused joints (MP:0003189)
abnormal bone marrow cavity morphology (MP:0000065)
abnormal bone marrow morphology (MP:0002397)

abnormal bone structure (MP:0003795) abnormal bone mineral density (MP:0010119)
skeleton phenotype (MP:0005390) abnormal skeleton morphology (MP:0005508) abnormal appendicular skeleton morphology (MP:0009250) abnormal skeleton extremities morphology (MP:0002115)

abnormal eye morphology (MP:0002092) abnormal anterior eye segment morphology (MP:0005193) abnormal lens morphology (MP:0001303)
abnormal rod electrophysiology (MP:0004021)

vision/eye phenotype (MP:0005391) abnormal eye physiology (MP:0005253) abnormal eye electrophysiology (MP:0005551) abnormal cone electrophysiology (MP:0004022)
taste/olfaction phenotype (MP:0005394) abnormal olfactory system physiology (MP:0001983)
other phenotype (MP:0005395) other aberrant phenotype (MP:0002168)

abnormal thymus physiology (MP:0003763) abnormal thymocyte activation (MP:0003850)
abnormal hematopoietic system physiology (MP:0001545) abnormal bone marrow cell physiology (MP:0009278)

abnormal spleen size (MP:0002224)
abnormal spleen red pulp morphology (MP:0002356)
abnormal spleen white pulp morphology (MP:0002357)

abnormal spleen morphology (MP:0000689) abnormal splenic cell ratio (MP:0008826)
decreased thymocyte number (MP:0000715)
abnormal thymus size (MP:0002364)

abnormal thymus morphology (MP:0000703) abnormal thymus lobule morphology (MP:0002367)
abnormal bone marrow cell number (MP:0000172)
abnormal megakaryocyte progenitor cell morphology (MP:0002413)
abnormal myeloblast morphology/development (MP:0002414)
abnormal proerythroblast morphology (MP:0002416)
abnormal common myeloid progenitor cell morphology (MP:0006410)

abnormal bone marrow cell morphology/development (MP:0002398) abnormal erythroid progenitor cell morphology (MP:0008801)
abnormal hematopoiesis (MP:0002123)
abnormal embryonic hematopoiesis (MP:0003396)

abnormal blood cell morphology/development (MP:0002429) abnormal leukocyte morphology (MP:0008246)
hematopoietic system phenotype (MP:0005397) abnormal hematopoietic system 

morphology/development (MP:0002396)
abnormal hematopoietic stem cell morphology (MP:0004808)
increased sensitivity to induced morbidity/mortality (MP:0009763)

abnormal induced morbidity/mortality (MP:0001657) altered susceptibility to infection induced morbidity/mortality (MP:0009785) increased susceptibility to infection induced morbidity/mortality (MP:0009787)
embryonic lethality (MP:0008762)
complete prenatal lethality (MP:0011091)

prenatal lethality (MP:0002080) partial prenatal lethality (MP:0011101)
perinatal lethality (MP:0002081) partial perinatal lethality (MP:0011090)
postnatal lethality (MP:0002082)
premature death (MP:0002083)

prenatal lethality (MP:0002080)
preweaning lethality (MP:0010770) lethality during fetal growth through weaning (MP:0010832)

mortality/aging (MP:0010768) abnormal survival (MP:0010769) partial lethality (MP:0010831) decreased survivor rate (MP:0008770)
abnormal thermal nociception (MP:0002733)

abnormal touch/ nociception (MP:0001968) abnormal mechanical nociception (MP:0002734)
abnormal skin condition (MP:0001191)

epidermal hyperplasia (MP:0001222)
abnormal epidermis stratum corneum morphology (MP:0001240)

abnormal epidermal layer morphology (MP:0001216) abnormal keratinocyte morphology (MP:0002655)
abnormal dermal layer morphology (MP:0001243)
abnormal skin pigmentation (MP:0002095)

flaky skin (MP:0001195)
abnormal skin morphology (MP:0002060) abnormal skin appearance (MP:0009931) pallor (MP:0003717)

abnormal keratinocyte physiology (MP:0003453) abnormal keratinocyte proliferation (MP:0009582)
abnormal skin physiology (MP:0005501) abnormal skin tensile strength (MP:0005275) decreased skin tensile strength (MP:0003089)

abnormal coat/ hair morphology (MP:0000367)
abnormal nail morphology (MP:0000579) deformed nails (MP:0000580)

integument phenotype (MP:0010771) abnormal skin adnexa morphology (MP:0010678) abnormal hypodermis morphology (MP:0003705)
Levl 2 Levl 3 Levl 4 Levl 5

Fig. S5. Enriched/depleted phenotypes of mouse genes showing mutant phenotypes without a corresponding expression-expressed tissue (i.e., genes with
NEP = 0, NE > 0, NP > 0) vs. genes with NEP > 0. Analysis was conducted by Mammalian Phenotype Enrichment Analysis (MamPhEA, evol.nhri.org.tw/MamPhEA)
using default parameters.

Liao and Weng www.pnas.org/cgi/content/short/1415046112 4 of 9

http://evol.nhri.org.tw/MamPhEA
www.pnas.org/cgi/content/short/1415046112


0% 10% 20% 30% 40% 50%

0

200

400

600

800

1000

EPC  =1.96t

Observed: 46.81%

-2 0
0

1

2

3

4

5

6

2 4 6 8

N
um

be
r o

f t
is

su
es

Expression-phenotype connection (EPC  )t

N
um

be
r o

f e
xp

er
im

en
ts

Percent of tissues with EPCt ≥ 1.96

Fig. S6. Percentage of mouse tissues with EPCt ≥ 1.96 was 46.81% (arrowhead from the distribution in the Inset) and was significantly greater than the
percentage of mouse tissues with EPCt ≥ 1.96 estimated from 2,500 experiments with permutated phenotypic profiles.
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Fig. S7. Under the neutral model of transcriptome evolution, genes with higher EPCg do not have more conserved gene expression (Expr.) profiles following
the rodent-primate divergence. The 1 − R values of human-mouse orthologs under the neutral model were calculated after randomizing the tissue expression
profile of the human gene of each ortholog. The box plots show the distributions of 1 − R for mouse genes with three different ranges of EPCg. The values of
the upper quartile, median, and lower quartile are indicated in each box, and the bars outside the box indicate semiquartile ranges. P values are from the
Mann–Whitney U test.
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Table S1. Forty-seven mouse tissues profiled by Gene Altas v2 oligonucleotide microarray experiments and their
corresponding tissue names, presented as MA codes, in MGI for the records of mutant strain phenotyping

No. Gene Atlas v2 tissues* Corresponding tissues with MGI phenotypic code (MA code)

1 Adipose tissue Adipose tissue (MA:0000009)
2 Adrenal gland Adrenal gland (MA:0000116)
3 Amygdala Amygdala (MA:0000887)
4 Bladder Urinary bladder (MA:0000380)
5 Bone Bone (MA:0001459)
6 Bone marrow Bone marrow (MA:0000134)
7 Brown fat Brown adipose tissue (MA:0000057)
8 Cerebellum Cerebellum (MA:0000198)
9 Cerebral cortex Cerebral cortex (MA:0000185)
10 Digits Limb digit (MA:0000690)
11 Dorsal root ganglia Dorsal root ganglion (MA:0000232)
12 Dorsal striatum Dorsal striatum (MA:0002971)
13 Epidermis Epidermis (MA:0000153)
14 Eye Eye (MA:0000261)
15 Frontal cortex Frontal cortex (MA:0000905)
16 Heart Heart (MA:0000072)
17 Hippocampus Hippocampus (MA:0000191)
18 Hypothalamus Hypothalamus (MA:0000173)
19 Kidney Kidney (MA:0000368)
20 Large intestine Large intestine (MA:0000333)
21 Liver Liver (MA:0000358)
22 Lung Lung (MA:0000415)
23 Lymph node Lymph node (MA:0000139)
24 Mammary gland Mammary gland (MA:0000145)
25 Medial olfactory epithelium Nasal cavity olfactory epithelium (MA:0001325)
26 Olfactory bulb Main olfactory bulb (MA:0000194)
27 Oocyte Oocyte (MA:0000388)
28 Ovary Ovary (MA:0000384)
29 Pancreas Pancreas (MA:0000120)
30 Pituitary Pituitary gland (MA:0000176)
31 Placenta Placenta (MA:0000386)
32 Prostate Prostate gland (MA:0000404)
33 Salivary gland Salivary gland (MA:0000346)
34 Skeletal muscle Skeletal muscle tissue (MA:0002439)
35 Small intestine Small intestine (MA:0000337)
36 Spinal cord lower and spinal cord upper Spinal cord (MA:0000216)
37 Spleen Spleen (MA:0000141)
38 Stomach Stomach (MA:0000353)
39 Substantia nigra Substantia nigra (MA:0000210)
40 Testis Testis (MA:0000411)
41 Thymus Thymus (MA:0000142)
42 Thyroid Thyroid gland (MA:0000129)
43 Tongue Tongue (MA:0000347)
44 Trachea Trachea (MA:0000441)
45 Trigeminal Trigeminal V nerve (MA:0001100)
46 Uterus Uterus (MA:0000389)
47 Vomeronasal organ Vomeronasal organ (MA:0000289)

The substructures of each tissue (in MA codes) and the associated phenotypic codes (in MP IDs) are available as Dataset S1. MA,
Mouse Anatomy.
*Tissues profiled by Gene Altas v2 but not included in the present study due to the lack of a corresponding MGI MA code are “B220+ B
cells,” “blastocysts,” “CD4+ T cells,” “CD8+ T cells,” “embryo day 6.5,” “embryo day 7.5,” “embryo day 8.5,” “embryo day 9.5,”
“embryo day 10.5,” “fertilized egg,” “preoptic,” “snout epidermis,” and “umbilical cord.”
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Table S2. Results of hypergeometric tests in searching for tissues with enriched mutant phenotypes for a given gene
set, defined as genes expressed in the tissue indicated

Expressed tissue of
the gene set (EPCt)*

Tissue with enriched
mutant phenotypes

P value after Bonferroni correction
for multiple testing

Placenta (8.73) Placenta 3.36E-14
Placenta (8.73) Heart 1.75E-08
Placenta (8.73) Liver 2.45E-05
Liver (8.47) Liver 1.60E-14
Liver (8.47) Heart 9.10E-04
Liver (8.47) Placenta 5.39E-03
Heart (8.17) Heart 3.53E-13
Heart (8.17) Liver 1.33E-04
Thymus (6.91) Thymus 1.75E-08
Thymus (6.91) Thyroid 2.42E-06
Thymus (6.91) Bone marrow 2.50E-06
Thymus (6.91) Spleen 5.38E-04
Thymus (6.91) Liver 9.18E-04
Thymus (6.91) Placenta 1.49E-03
Bone marrow (6.74) Bone marrow 2.04E-08
Bone marrow (6.74) Heart 3.14E-05
Bone marrow (6.74) Liver 1.99E-03
Testis (6.47) Testis 3.69E-07
Testis (6.47) Placenta 1.75E-03
Skeletal muscle (5.61) Heart 6.08E-06
Skeletal muscle (5.61) Skeletal muscle 3.93E-05
Skeletal muscle (5.61) Liver 1.64E-03
Cerebellum (5.55) Cerebellum 4.64E-05
Epidermis (5.44) Heart 7.93E-07
Epidermis (5.44) Epidermis 1.26E-04
Epidermis (5.44) Liver 5.39E-03
Eye (5.4) Eye 7.50E-05
Eye (5.4) Heart 1.05E-03
Spleen (4.86) Bone marrow 6.24E-04
Spleen (4.86) Spleen 2.94E-03
Spleen (4.86) Liver 2.38E-02
Lymph node (4.41) Spleen 5.09E-11
Lymph node (4.41) Bone marrow 1.34E-07
Lymph node (4.41) Thymus 1.51E-05
Lymph node (4.41) Liver 5.32E-05
Lymph node (4.41) Thyroid 1.71E-04
Lymph node (4.41) Heart 5.02E-03
Lymph node (4.41) Lymph node 1.31E-02
Brown fat (4.2) Heart 2.45E-08
Brown fat (4.2) Liver 6.48E-06
Brown fat (4.2) Skeletal muscle 4.19E-02
Kidney (3.95) Liver 3.46E-06
Kidney (3.95) Heart 2.51E-03
Kidney (3.95) Placenta 1.07E-02
Hippocampus (3.78) Cerebellum 6.77E-03
Small intestine (3.29) Liver 1.53E-05
Small intestine (3.29) Placenta 8.76E-03
Lung (3.21) Heart 3.41E-12
Lung (3.21) Liver 1.37E-05
Lung (3.21) Placenta 4.74E-05
Lung (3.21) Bone marrow 2.89E-02
Pituitary (3.03) Liver 5.68E-03
Pituitary (3.03) Heart 3.85E-02
Bladder (2.32) Heart 1.41E-07
Bladder (2.32) Placenta 4.94E-04
Bladder (2.32) Liver 1.43E-02
Oocyte (2.29) Heart 2.53E-03
Oocyte (2.29) Placenta 2.63E-03
Stomach (2.21) Heart 6.48E-06
Stomach (2.21) Liver 4.20E-04
Stomach (2.21) Placenta 3.83E-03
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Table S2. Cont.

Expressed tissue of
the gene set (EPCt)*

Tissue with enriched
mutant phenotypes

P value after Bonferroni correction
for multiple testing

Medial olfactory epithelium (1.95) Liver 2.04E-02
Bone (1.94) Bone marrow 7.09E-11
Bone (1.94) Liver 1.00E-04
Bone (1.94) Heart 3.34E-04
Bone (1.94) Spleen 5.35E-03
Bone (1.94) Epidermis 1.35E-02
Mammary gland (1.86) Placenta 3.68E-04
Mammary gland (1.86) Liver 4.47E-04
Mammary gland (1.86) Heart 2.18E-03
Trachea (1.64) Heart 6.35E-04
Trachea (1.64) Epidermis 7.17E-04
Trachea (1.64) Liver 7.96E-04
Trachea (1.64) Bone marrow 2.30E-03
Trachea (1.64) Placenta 3.48E-03
Trachea (1.64) Spleen 3.73E-03
Digits (1.46) Epidermis 4.59E-10
Digits (1.46) Heart 1.54E-03
Digits (1.46) Placenta 5.01E-03
Adipose tissue (1.42) Liver 9.01E-07
Adipose tissue (1.42) Bone marrow 8.48E-05
Adipose tissue (1.42) Placenta 1.23E-03
Adipose tissue (1.42) Spleen 3.52E-03
Adipose tissue (1.42) Heart 3.54E-03
Adipose tissue (1.42) Thymus 1.66E-02
Uterus (1.39) Heart 9.96E-06
Uterus (1.39) Placenta 1.37E-04
Uterus (1.39) Liver 2.53E-04
Vomeronasal organ (1.28) Heart 4.83E-05
Vomeronasal organ (1.28) Placenta 3.23E-02
Adrenal gland (1.05) Heart 2.01E-08
Adrenal gland (1.05) Liver 8.88E-08
Adrenal gland (1.05) Placenta 1.09E-03
Tongue (1.01) Heart 5.11E-08
Tongue (1.01) Epidermis 4.92E-05
Tongue (1.01) Liver 9.83E-03
Tongue (1.01) Placenta 1.35E-02
Tongue (1.01) Skeletal muscle 3.16E-02
Pancreas (0.92) Heart 6.00E-03
Olfactory bulb (0.85) Cerebellum 6.22E-03
Olfactory bulb (0.85) Hippocampus 3.75E-02
Thyroid (0.79) Heart 7.58E-03
Prostate (0.77) Heart 8.42E-06
Prostate (0.77) Liver 2.21E-04
Large intestine (0.3) Placenta 8.92E-03
Large intestine (0.3) Heart 2.23E-02
Large intestine (0.3) Liver 3.80E-02
Spinal cord (0.29) Heart 1.11E-02
Spinal cord (0.29) Cerebellum 1.80E-02
Hypothalamus (0.24) Cerebellum 5.71E-03
Salivary gland (0.15) Liver 7.57E-04
Salivary gland (0.15) Heart 5.86E-03
Salivary gland (0.15) Placenta 9.70E-03
Dorsal root ganglia (0.04) Heart 2.44E-02
Frontal cortex (−0.01) Cerebellum 1.49E-03
Ovary (−0.33) Heart 4.27E-07
Ovary (−0.33) Liver 9.26E-06
Ovary (−0.33) Placenta 2.37E-05
Substantia nigra (−0.59) Cerebellum 8.76E-05
Dorsal striatum (−0.76) Cerebellum 7.37E-03
Amygdala (−1.75) Cerebellum 3.79E-03

Only the results with a Bonferroni-corrected P value <0.05 are shown. The tests supporting a gene set expressed in a tissue with
enrichment of abnormal phenotypes in the same tissue are highlighted in bold font.
*Sorted by EPCt.
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Table S3. Information on genes with mRNA in situ
hybridization data used to produce Fig. 4

Theiler stage

Corresponding EMAP IDs (no. of genes* used
to generate Fig. 4)

Eye Heart

TS12 EMAP:304 (3) EMAP:315 (18)
TS13 EMAP:540 (0) EMAP:560 (3)
TS14 EMAP:873 (8) EMAP:897 (21)
TS15 EMAP:1285 (42) EMAP:1317 (67)
TS16 EMAP:1786 (32) EMAP:1827 (26)
TS17 EMAP:2364 (31) EMAP:2411 (41)
TS18 EMAP:3003 (11) EMAP:3056 (10)
TS19 EMAP:3605 (9) EMAP:3666 (3)
TS20 EMAP:4327 (13) EMAP:4396 (1)
TS21 EMAP:5201 (1) EMAP:5285 (0)
TS23 EMAP:7786 (438) EMAP:7907 (137)

Developmental stages with insufficient sample sizes (<10 genes) are
marked with bold font and were not computed for stage-specific EPCt.
*Genes with mRNA in situ hybridization data in the EMAGE database.

Other Supporting Information Files

Dataset S1 (TXT)
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