Supplementary Figure 1

a

All Events Singlets Live Lymphocytes
g
Tests performed at WTSI 200 Lymphooyes oo
H < i e
H H 3 . couse
Viability
Fertility ’ ,
ReceSSIVe |Etha||ty FSC-A Live/Dead NIR FSC-A CD45 Qdot605
NK cells Not gd T cells CDd5+ 9d T cells 9d T cells gd Tcells
o KLRAG1+ NK cells 105 20 Pl w0° 4 6 67 cois 10° iz
. X-ray imaging o P g o ‘;;\ o ot } o
£ Dysmorphology z rs a 3 < < i <
5 . 3w g 3 R 5 E
= Hair dysmorphology ° o S B
c . . . - gd T cells
< Hair Follicle Cycling . ¢ : 0ost :
Heart Welght . oKm‘é‘ E\/4; * TCR-d PE-Cy7 CD62L PerCP-Cy5.5 KLRG1 BV421 CD5 BV510
NK cells D4+ NKT cels DA+ NKT cells D4 NKT cells D4 NKT colls
0 10 10° 108 "
£ Body Composition (DEXA) )
= R R 10t 8 o 0t o w0t . o w0t o 0
3 Indirect Calorimetry g - g E & e | & 210 & 208
3 3 @ e 3w " 3w I .
g Glucose Tolerance g [ - g oy _me 8 e | 8 crocer 8 Ean
Q coitikr PENT | ging
= Insulin . . St . , &, ,
s
100 o 10° 10t 10° a0® o 10° 10t 10 100 o 100 10¢ 10° 108 o 10 10 10° 10 o 10° 10t 108 a0t 0 10t 10t 108
CD62L PerCP-Cy5.5 NK1.1 BV650 CD62L PerCP-Cy5.5 KLRG1 BV421 CD62L PerCP-Cy5.5 KLRG1 BV421
) . . Not NKT cells CD5+ ap T cells CD4+ T cells CD4+ Th cells CD4+ Th cells
g3 Blood cytometric analysis ] s ~cons . + Efeercom | rasing coir s
S o CDS+ a T-colls 1o 57| Teals o 07 et calls R 032
IS Salmonella challenge : : ) ; o %
£ i g g o o o wi 3y
=2 Citrobacter challenge £ £ < £ £ L oo
H F) £ ) FRRE et
8 8 © 8 8 g%f
.
0] con . .
Modified Shirpa i o o v R R ) e A R )
. (CD8a AF700 CD8a AF700 CD25 APC CD62L PerCP-Cy5.5 KLRG1 BV421
o Grlp Strength CD8+ T cells CD8+ T cells Tregs Tregs
o Erythrocyte Micronuclei S — j @ ‘ @ B o e
= . . CDB+ 1] i | e
o Auditory Brainstem Response o e fllals 0w ‘ wrecomr| g o o i ;
Plasma Chemistry L E on F 3 0
10 10 g w0 10 \
Haematology 8 & 8 i ¢ :
o o o reg o
554
TS e e e I ) o T L I TR
CD62L PerCP-Cy5.5 KLRG1 BVv421 CD62L PerCP-Cy5.5 KLRG1 BV421
Confocal image of ear epidermis ~ Objects identified in raw image
Close-up of 3D reconstructed cell
d Score 0 Score 1 Score 2 Score 3 Score 4
(wt) (wt) (Cxcr2) (Adgrd1/) (Cxer2
* -/-
e wt Arhgef1”/

% of initial body weight

110

70 1.5% DSS

a WT

0 2 4 6

Day

& Arhgefl/-

12 1

10 4

Histopathology Score

oo
00

Mid colon

T
WT  Arhgefl /-

Distal colon




WT Baseline : CD4+ T helper cells - % of CD45+ - Males

Assay Date
2014 2015 2016
June July August September October November December  January February  March April May June July | August Septe. October = November Decem. January & February
20 20
-

Variable of Interest
CD4+ T helper cells - % of CD45+

-
18 8 21 30 13 28 8 20 13 27 10 26 10 22 14 28 9 25 16 30 13 27 11 28 8 22 13 29 10 16 12 28 11 25 18 13 27 8 22
WT Baseline : CD4+ T helper cells - % of CD45+ - Females
Assay Date
2014 2015 2016
June July August  September  October November Decomber January February  March | April May June Juy  August Septe. October November Decem. January = February

Variable of Interest
CD4+ T helper cells - % of CD45+

18 8 21 30 13 28 8 22 13 27 10 26 10 22 14 28 9 25 16 30 13 27 11 28 8 22 13 29 10 26 16 12 28 11 25 16 13 271 8 22

cellular nitrogen compound biosynthetic process (GO:0044271) ]
protein catabolic process (GO:0030163) 4
proteolysis involved in cellular protein catabolic process (GO:0051603) «
1e lipid bi hetic process (GO: 7)4
cellular response to type | interferon (GO:0071357) 4
type | interferon signaling pathway (GO:0060337) 4
lation of MRNA lic process (GO:1903312) 4
spermatogenesis (GO:0007283) 4
membrane lipid metabolic process (G0:0006643) <
cellular alcohol metabolic process (GO:0044107) 4
cellular alcohol biosynthetic process (GO:0044108) 4
NADP catabolic process (GO:0006742) 4
protein i involved in ubiquit p protein lic process (GO:0071947) 4
nucleobase-containing compound biosynthetic process (GO:0034654) 4
regulation of transcription elongation from RNA polymerase Il promoter (GO:0034243) 4
enzyme linked receptor protein signaling pathway (GO:0007167) 4
NAD metabolic process (GO:0019674) 4
positive regulation of DNA-templated transcription, elongation (GO:0032786) 4
activation of NF-kappaB-inducing kinase activity (GO:0007250) 4
Wt signaling pathway (G0:0016055) 4
cell-cell signaling by wnt (GO:0198738)
positive regulation of type | interferon production (GO:0032481) 4
GPI anchor metabolic process (GO:0006505) 4
male gamete generation (GO:0048232) 4
lar system de (G0:0072358) <
establishment or maintenance of microtubule cytoskeleton polarity (GO:0030951) 4
myoblast fate commitment (GO:0048625) 4
of MRNA poly (G0:1900363)
GPI anchor biosynthetic process (GO:0006506) 4
positive regulation of transport (GO:0051050) No of 3i genes to
defense response to virus (GO:0051607) 4 9xpected genes
process (GO:0072524) 4

ragulahon of DNA- lemplaled transcription, elongation (GO:0032784) 4 (|°92FC)
protein K63-linked deubiquitination (GO:0070536) 4
NADP metabolic process (GO:0006739) 4
1 of ylati in silencing (G0:0090310) 4 25
response to peptidoglycan (GO:0032494) 4 B
positive regulation of cell activation (GO:0050867) 4
sexual reproduction (GO:0019953) 4 0.0
multicellular organism reproduction (GO:0032504) 4
positive regulation of leukocyte activation (GO:0002696) 4
regulation of cell activation (GO:0050865) 4 . 25
gamete generation (GO:0007276) 4
behavior (GO:0007610)
response to virus (G0O:0009615) 4
regulation of lymphocyte activation (GO:0051249) 4
regulation of MRNA 3"-end processing (G0:0031440) -
pyridine nucleotide metabolic process (GO:0019362) 4
tube development (GO:0035295)
blood vessel development (GO:0001568) +
regulation of leukocy (GO 14) 4
protein K11-linked deubiguitination (GO:0035871) 4
histone H2B ubiquitination (GO:0033523) 4
vasculature development (GO:0001944) 4
nail development (GO:0035878)
small molecule metabolic process (GO:0044281) 4 J

process (G0:0048609)4 L]

cellular catabolic process (GO:0044248) 4 ]
negative ion of MRNA (GO:1900364) 4
negative regulation of mMRNA 3"-end processing (G0:0031441) 4
protein modification by small protein conjugation or removal (GO:0070647)
of mMRNA p (GO:0050686)
multi-organism reproductive process (GO:0044703) 4

organic substance catabolic process (G0:1901575) 4 ]
protein modification by small protein removal (GO:0070646)
orgar lic process (GO:1901565) 4
prolam K48~l|nked deubiguitination (GO:0071108) 4
developmental process involved in reproduction (GO:0003006) +
protein deubiquitination (GO:0016579) 4
reproduction (GO:0000003) 4
reproductive process (G0:0022414) 4

T T

3i tested genes

GOslim categories

P EEE e




. _ 3 _
© T T = 0 n
F 338 =
5a8f2E 2revvon
C@0@O0® 2 -°0000
o% |o
—
..O
P .
c o
[=%
) (6) @
®
(6] e (o)
° OO —
© =
(@)
(©) [©)
O
o i o
— o

UOIIBIIBA JO 1UBIDI}R0D)

mean population size (% of CD45), log10

Organ

@ cm
‘. Ear

-log10 p-value

QO bss

@O
000®0g00°® 000°

0%0eq

10%

10%

10%

10"

|_|I_II_|

10°

| 21005 YNV

| c1s1y SiexIew a1anes

I o1s1y eudoud euiwe]

| 2100s O}SIy [e}0 L

| o1s1y eANY

L oisiy wniiyids

FoneA 110 1:5¢9°0

FeneAnld L:Geleo

FoneAld L:Ge't

Lenea 110 162

Lenea 110 1ig

Lenfea 110 Lol

I lunoo (D7) 1192 sueylabue]

I 071 Buoeuoo 9133 +56A 0 unoy

I 013Qa +56A Bunoejuod jou/6unoeuoo jo oey
Funoo (013Q) 1190 1 [ewspids opupuag +G6A
I 07 Bunoejuoo jou 01 3@ +5BA Jo Junoo
I D130 +S6A uo sayouelq jo ou abesany
I 013Q +S6A jo sseupuno. abelony

| ebesan0o 9130

I 013a +S6A jo yibus| youeuq abesany

| D7 uo sayoueuq Jo ou abelany

I D71 Jo ssaupunous abesany

I 97 J0 yibus| youeuq abesany

I 513Q +SPA jo swn|on abelany
071/013a +56A jo oney

| D7 jo swnjon abeiany

o

300 4

200 1

T
o
o
i

(%) uonenea
40 1U3ID1Y490)

T
Q
]
[S)

0.251

0.001

-0.25

dlew/ ajewsay
98ueyd pjoj 801



Supplementary Figure 2
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Supplementary Figure 3
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Supplementary Figure 4
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Supplementary Figure 1: Assay overview.

a.

Overview of the IMPC tests performed at Wellcome Trust Sanger Institute (WTSI)
prior to the substantial expansion by 3i.

Flow cytometry screen. Representative MLN data illustrate gating strategy for T cells,
NKT cells and NK cells. Subsets of key populations are shown in gates of the same
colour. Percentages denote percentages of parent population. Panels can be found
in Supplementary Table 1, populations are quantitated in Supplementary Table 2.
Epidermis screen. Left panel: Maximal intensity projection of a z-stack 2-channel
overlay. Pseudocolouring scheme was applied to represent Dendritic Epidermal Vy5*
v6 T Cells (DETC) in red and MHC-II+ Langerhans cells (LC) in cyan, scale bar 50 um.
Middle panel: 3D quantitative object-based image analysis (Definiens Developer XD)
of DETC that contact LC (red) versus not contacting LC (yellow), and LC (cyan); scale
bar: 50 um. Right panel: 3D representation of a DETC rendering in Definiens
Developer from which parameters such as dendricity and roundness were
guantitated; scale bar: 10 um. Measurements were performed on three vision fields
from the same slide per animal.

ANA screen. Antinuclear antibody staining in Hep2 cells using serum from wt mice
and different ko lines. Sera were scored on a scale of 0 to 4. The images illustrate
that sera from wt or specific mutant strains do not all score equally. Scores of <1
were regarded as negative; scores of >2 as positive. Test performed once per
animal.

DSS histology screen. Left: Body weight curves of wt and Arhgefl_/_ mice in the same
experiment (n=4[2M2F] for wt; n=4[2M2f] for Arhgef1™"). Middle: histopathology
scores of wt and Arhgefl_/_ mice. Symbols denote the average histopathology score
for mid- and distal-colon in each mouse, and horizontal bars represent the median
across mice for this group. Right: representative photomicrographs of H&E-stained
colonic sections of wt and Arhgefl_/_ mice; scale bar 0.2 mm. One mid-colon and one
distal colon section scored per animal.

Longitudinal monitoring of manually analysed flow cytometry data for quality
controls (QC), illustrated by CD4" T helper cells. Daily inner quantiles are shaded dark

blue, outer quantiles light blue, middle line is daily median. All individual data points



are shown. Temporal QC are further considered in Materials and Methods.

g. Top GO-slim categories (all categories with raw p-value < 0.01 shown, two-sided
Fisher’s exact test) among 466 of genes with GO annotation in 3i gene set. X axis:
number of genes from given category in the 3i set. Coloured by ratio of observed to
expected number of genes. Red frame: immune-system related categories.
Categories significantly different from whole mouse genome at FDR 5% marked with
asterisk.

h. Variation in immune cell subsets (colours denote cell lineages) detected by flow
cytometry (denoted by size of circles). Data from 16-week old wt C57BL/6N SPL
(n>500 for all parameters).

i.  Variation and sexual dimorphism in analyses of ear epidermal microscopy; CD8
cytotoxicity; DSS colitis; and ANA. Lower panel: sexual dimorphism of mean values as
log2 fold change (middle panel, female/male); colour indicates p value (two tailed
unpaired t test) Upper panel: coefficient of variation; colour indicates assay. Number

of wt samples for each of the assays are listed in Supplementary Table 3.

Supplementary Figure 2: Immunological correlations across parameters
Heat map represents Pearson correlations of 46 splenic immune cell subsets with each
other in wt females (n>230 for all parameters) as determined by flow cytometry. Dark red

fields denote strong positive, dark blue fields strong negative correlations.

Supplementary Figure 3: Non-immunological correlations across parameters
Correlations of nonimmune parameters (haematological, clinical blood chemistry, and
additional data) in males (a) and females (b). Depicted are correlations with an R-value
>0.33 and p<0.001; red lines denote positive correlations; blue lines, negative correlations

(n>780 per sex for all parameters).

Supplementary Figure 4: False positive rates are far below hit rates.

Expected number of false positives estimated by simulation (re-sampling of wt controls,
performed 10000 times and adjusted to the actual number of performed tests per

parameter) compared to the number of significant phenotypes detected in: (a) PBL



(n>450 per sex for all parameters), (b) BM (n>350 per sex for all parameters), (c) SPL
(n>250 per sex for all parameters), and (d) MLN (n>250 per sex for all parameters).
Observed hits depicted in green; expected false positives in red. Significance established

by windowed 70 wt mice reference range, details in Materials and Methods.

Supplementary Figure 5: 140 out of 530 genes perturb the immunophenotype

a. Hit rate per assay.
b. Venn diagrams showing the overlap of significantly different phenotypes between

assays.

Supplementary Figure 6: Flow cytometry gating strategies. Subsets of key populations are
shown in gates of the same colour. Percentages denote percentages of parent population.
Panels can be found in Supplementary Table 1, populations are quantitated in
Supplementary Table 2. T cells from spleen can be found in Supplementary Fig 1b.
Representative data for:

a. Myeloid cells (data from spleen)

b. B cells (data from spleen)

c. Additional NK subsets (data from spleen)

d. Bone marrow

e. T/NK cells (data from blood)

f. B cells/monocytes (data from blood)



Supplementary Tables 1-5

Supplementary Table 1
Markers and fluorochromes used to identify immune cell populations by flow cytometry

Laser LP BP filter Fluoro- SPL/MLN SPL/MLN i:b{::’:;: Myzrc:-id/ Bone
Filter chrome T/NK cells B cells marrow
cells B cells

405 - 450/50 | Bv421 Klrgl CD23 CD5/19/161 | CD23 IgM
405 505 525/50 | BV510 CD5 CD5 CD11b CD11b CD11b
405 595 610/20 | Qdot-605 CD45 CD45 CD45 CD45
405 630 670/30 | BV650 CDh161 CD138 CD317 CDh161 CD138
405 750 780/60 | BV786 CD4 IgM CD11c CD11c CD3
488 505 530/30 | FITC CD44 CD21/35 MHC I MHC I IgD
488 685 710/50 | PerCP-Cy5.5 | CD62L IgD F4/80 CDh43
561 570 585/15 | PE GITR IgG1 CD103 CD21/35 BP-1
561 750 780/60 | PE-Cy7 TCR& CD95 CD86 CDh19 B220

APC CD25 Ly6G CD5 CD24
640 - 670/14

AF647 GL7
640 690 730/45 | AF700 CD8a B220 Ly6C Ly6C Grl
640 750 780/60 | NIR Live/Dead | Live/Dead | Live/Dead Live/Dead | Live/Dead

PBL
Laser FiII-tPer BP filter :ll::)):)e T/NPKB(I:-eIIs Myeloid/
B cells

405 i 450/50 BVv421 CD161

V450 Ly6G
405 505 525/50 | BV510 CD4 IgD
488 505 530/30 | FITC CD44 Ly6B
488 550 575/26 | PE CD25 MHC I
488 600 610/20 | PE-CF594 CDh62L CDh19
488 685 695/40 | PerCP-Cy5.5 | TCRPB Ly6C
488 755 | 780/60 | PE-Cy7 Kirgl CD11b
633 - 660/20 | APC TCR& CD115
633 710 730/45 | AF700 CD45 CD45
633 755 780/60 | APC-H7 CD8a




Supplementary Table 2: Parameters of flow cytometry and ear epidermis assays

Parameter Cell markers

Spleen and mesenteric lymph node

Total y& T cells TCR&6+

CD5+ y8 T cells TCR&+ CD5+

Effector yé T cells TCR&6+ CD62L- CD44+
Resting yo T cells TCR&6+ CD62L+

KLRG1+ yé T cells
Total a3 T cells
Total CD4+ T cells
CD4+ T helper cells

Effector CD4+ T helper cells
Resting CD4+ T helper cells
KLRG1+ CD4+ T helper cells

Total T, cells

Effector T, cells
Resting T, cells
KLRG1+ T, cells

Total CD8+ T cells
Effector CD8+ T cells
Resting CD8+ T cells
Naive CD8+ T cells
KLRG1+ CD8+ T cells
Total NKT cells

Total CD4- NKT cells
Effector CD4- NKT cells
Resting CD4- NKT cells
KLRG1+ CD4- NKT cells
Total CD4+ NKT cells
Effector CD4+ NKT cells
Resting CD4+ NKT cells
KLRG1+ CD4+ NKT cells
Total NK cells

Effector NK cells
Resting NK cells
KLRG1+ NK cells
Plasma cells

Bla cells

B2 cells

Follicular B cells

Memory B cells
Macrophages
Granulocytes
Eosinophils

TCR&+ KLRG1+
TCR6&- CD5+ CD4+ or CD8+

TCR&- CD5+ CD4+

TCR&- CD5+ CD4+ CD25- GITR-

TCRS- CD5+ CD4+ CD25- GITR- CD62L- CD44+
TCR&- CD5+ CD4+ CD25- GITR- CD62L+
TCR&- CD5+ CD4+ CD25- GITR- KLRG1+
TCR&- CD5+ CD4+ CD25+ GITR+

TCR&- CD5+ CD4+ CD25+ GITR+ CD62L- CD44+
TCR&- CD5+ CD4+ CD25+ GITR+ CD62L+
TCR&- CD5+ CD4+ CD25+ GITR+ KLRG1+
TCRS- CD5+ CD8+

TCR&- CD5+ CD8+ CD62L- CD44+

TCRS- CD5+ CD8+ CD62L+ CD44+

TCR&- CD5+ CD8+ CD62L+ CD44-

TCR&- CD5+ CD8+ KLRG1+

TCR&- CD5+ CD161+

TCR&- CD5+ CD161+ CD4-

TCR&- CD5+ CD161+ CD4- CD62L-

TCR&- CD5+ CD161+ CD4- CD62L+

TCRS- CD5+ CD161+ CD4- KLRG1+

TCR&- CD5+ CD161+ CD4+

TCR&- CD5+ CD161+ CD4+ CD62L-

TCR&- CD5+ CD161+ CD4+ CD62L+

TCR&- CD5+ CD161+ CD4+ KLRG1+

TCRS- CD5- CD161+

TCR&- CD5- CD161+ CD62L-

TCR&- CD5- CD161+ CD62L+

TCR&- CD5- CD161+ KLRG1+

CD138+

CD138- B220+ CD5+

CD138- B220+ CD5-

CD138- B220+ CD5- GL7- CD95- CD21/35™
IgMint

CD138- B220+ CD5- GL7- CD95- IgG+
F4/80+ CD11b™

F4/80- Ly6G™8" CD11b+

F4/80- Ly6G™ CD11b+ SSC™e"



Monocytes

Plasmacytoid DC
Conventional DC
Conventional CD11b"&" DC

Conventional CD11b"" DC

CD103+ conventional CD11b"" DC

Spleen only

Immature NK cells

Ly6C+ immature NK cells
Mature NK cells

Ly6C+ mature NK cells
Germinal centre B cells

Early germinal centre B cells
Late germinal centre B cells
Marginal zone precursor B cells

Marginal zone B cells
Transitional 1 B cells

Transitional 2 B cells

Blood

Total T cells

Total a3 T cells
Total CD4+ T cells
Effector CD4+ T cells
KLRG1+ CD4+ T cells
Total T, cells

Total CD8+ T cells
Effector CD8+ T cells
KLRG1+ CD8+ T cells
Total y& T cells

Total NKT cells
Total NK cells
KLRG1+ NK cells
Total B cells

IgD+ mature B cells
Monocytes

Ly6C+ monocytes
Ly6C- monocytes

F4/80- Ly6G- Ly6C"e" CD11b+

F4/80- Ly6G- Ly6C°"/ " CD317+

F4/80- Ly6G- Ly6C'°"/ ™ cD317- CD11c+ MHCII+
F4/80- Ly6G- Ly6C°"/ ™ cD317- CD11c+ MHCII+
CD11b"®" cD86""

F4/80- Ly6G- Ly6C'°"/ ™ cD317- CD11c+ MHCII+
CD11b"°" cD86"e"

F4/80- Ly6G- Ly6C'°"/ ™ cD317- CD11c+ MHCII+
CD11b"" CD86™®" CD103+

Ly6G- CD161+ CD5- CD11b- Ly6C-

Ly6G- CD161+ CD5- CD11b- Ly6C+

Ly6G- CD161+ CD5- CD11b+ Ly6C-

Ly6G- CD161+ CD5- CD11b+ Ly6C+

CD138- B220+ CD5- GL7+ CD95+

CD138- B220+ CD5- GL7+ CD95+ IgM+ 1gG-
CD138- B220+ CD5- GL7+ CD95+ IgM- IgG+
CD138- B220+ CD5- GL7- CD95- CD21/35+
CD23-

CD138- B220+ CD5- GL7- CD95- CD21/35+
CD23+

CD138- B220+ CD5- GL7- CD95- CD21/35-
CD23-

CD138- B220+ CD5- GL7- CD95- CD21/35-
CD23+

TCRB+ or TCR6+

TCRB+

TCRB+ CD4+

TCRB+ CD4+ CD62L- CD44+
TCRB+ CD4+ KLRG1+
TCRB+ CD4+ CD25+

TCRB+ CD8+

TCRB+ CD8+ CD62L- CD44+
TCRB+ CD8+ KLRG1+
TCR&6+

TCRB+ CD161+

TCRB- CD161+

TCRB- CD161+ KLRG1+
CD19+

CD19+ IgDh+

CD19- Ly6G- CD11b+
CD19- Ly6G- CD11b+ Ly6C+
CD19- Ly6G- CD11b+ Ly6C-



Neutrophils
Eosinophils

Bone marrow

Granulocytes

T cells

Plasma cells

Myeloid cells

Total B cell precursors

Pre-pro B cells (Hardy fraction A)
Pro-B cells (Hardy fraction B)
Pro-B cells (Hardy fraction C)
Pre-B cells (Hardy fraction D)
Immature B cells (Hardy fraction
E)

Mature B cells (Hardy fraction F)

Ear epidermis

DETC coverage

Count of DETC Vy5+

Count of atypical CD45+ cells

Count of DETC Vy5+ contacting LC

CD19- Ly6G+ Ly6B+
CD19- Ly6B- Ly6G- SSC™®" CD11b+

GR+ CD43+
GR- CD3+

GR- CD3- CD138+

GR- CD3- CD138- CD11b+

GR- CD3- CD138- B220+

GR- CD3- CD138- B220+ CD43+ BP1- CD24-
GR- CD3- CD138- B220+ CD43+ BP1- CD24+
GR- CD3- CD138- B220+ CD43+ BP1+ CD24+
GR- CD3- CD138- B220+ CD43- IgD- IgM-
GR- CD3- CD138- B220+ CD43- IgD- IgM+

GR- CD3- CD138- B220+ CD43- IgD+ IgM+

Count of DETC Vy5+ not contacting LC

Count of LC
Average volume of DETC Vy5+

Average volume of atypical CD45+ cells
Average volume of DETC Vy5+ contacting LC
Average volume of DETC Vy5+ not contacting LC

Average volume of LC

Average roundness of DETC Vy5+

Average roundness of atypical CD45+ cells
Average roundness of DETC Vy5+ contacting LC
Average roundness of DETC Vy5+ not contacting LC

Average roundness of LC

Average number of branches on DETC Vy5+
Average number of branches on DETC Vy5+ contacting LC
Average number of branches on DETC Vy5+ not contacting LC

Average number of branches on LC

Average branch length of on DETC Vy5+
Average branch length of on DETC Vy5+ contacting LC
Average branch length of on DETC Vy5+ not contacting LC



Supplementary Table 3: Summary of statistical procedures per assay and readout

Assay Readouts Statistical test Choice of Successfully
controls phenotyped
strains/mice
Ear Number of cells Mutant samples were all wt data, | 496 genes
epidermis | and morphological | considered phenodeviant | sex- 499 strains
(2F, 2M) parameters when falling into the matched 2066 ko
recorded by 3D lower or upper 2.5 mice
confocal analysis percentiles of the wild 728 wt mice
and analysed by an | type distribution of their
automated script respective sex. A mutant
using Definiens line was considered
developer phenodeviant when 260%
software of samples across sexes
(3/4 or 3/3) fell outside
their respective reference
range.
Cytotoxic | Percentage of As for ear epidermis. A all wt data, | 263 genes
T cell lysis | target cell lysis sample was considered sex- 265 strains
(2F, 2M) recorded relative outside the reference matched 1130 ko
to a positive range if three consecutive mice
control (detergent) | points in the 566 wt mice
target:effector ratio fell
outside the reference
range for this ratio.
Blood Frequencies/cell As for ear epidermis, but all wt data, | 530 genes
(7F, 7M) numbers of cell owing to the larger sex- 533 strains
populations sample size, matched 7010 ko
recorded by flow phenodeviants were also mice 2652
cytometry. identified within each sex wt mice
Frequencies are separately.*
reported as a
percentage of
parental
population,
absolute numbers
are calculated
using white blood
cell counts from
haematology data.
Spleen/ Frequencies of cell | As for ear epidermis. A 70 sex Spleen:
MLN/BM populations mutant line was matched 517 genes
(3F, 3M) recorded by flow considered phenodeviant | wt samples | 520 strains
cytometry. when 260% of samples that were 3169 ko mi.




Frequencies are across sexes (6/6, 5/6, closest in 947 wt mice
reported as a 4/6, 3/5, 3/4 or 3/3) fell time to the
percentage of outside their respective mutant MLN:
parental reference range. sample 508 genes
population or as assessed. | °1lstrains
percentage of 2986 ko m'
CD45", live, single 858 wt mice
cells.
Bone
marrow:
479 genes
482 strains
2622 ko mi.
795 wt mice
DSS A) Histological As for ear epidermis sex- 489 genes
histology | scoring of gut matched 492 strains
and sections wt data, 70 | 2001 ko
weight B) Percentage of individuals | mice
data (2F, reduction in body closest in 868 wt mice
2Mor 4F) | \weight compared starting
to the start of the weight (A)
experiment. or age (B)
Salmonella | A) Colony forming | Hits were identified by a concurrent | 516 genes
bacterial units (CFU) of Mann-Whitney-U test wt controls | 518 strains
burden bacteria cultured with a p-value cut-off of 4133 ko
and serum | on LB agar isolated | 0.05 in comparison to mice
antibodies | from spleen and concurrent wt controls, 1723 wt
(4F, 4M) liver homogenates | combining data from male mice
B) Titers of and female mice.
antigen-specific Significant lines were
antibodies in retested with a second
serum measured cohort. A final call was
by ELISA made on the combined
data from both
experiments.
Influenza Percentage of Hits were identified by concurrent | 489 genes
weight reduction in body | fitting a robust mixed wt controls | 490 strains
data: weight compared model (corresponding to 3033 ko
(3F, 3M) to the start of the | two-way Anova) with a p- mice
experiment. value cut-off of 0.0001, in 1054 wt
comparison to concurrent mice

wt controls, taking into
account sex and
genotype, using the R
package Phenstat®’.
Residuals were assumed




to be normally

loss before the end
of the experiment

of mice with above
threshold weight loss in a
mutant strain with wt
population, combining
data from both sexes.

distributed.
ANA Scores for ANA Hits were identified by wt animals | 518 genes
(3F, 3M) positivity assessed | Fisher’s exact test witha | from the 520 strains
by microscopy and | p-value cut-off of 0.01, contempor- | 3286 ko
analysed using a comparing the frequency | aneous 3 mice
Python script. of positive samples in months’ 1123 wt
Scores from 0 to mutant and wt period mice
1.5 were
considered
negative; scores of
2- 4 positive.
Trichuris | Presence or Hits were identified by all wt 287 genes
(6F) absence of worms | Fisher’s exact test witha | animals 289 strains
in the cecum on p-value cut-off of 0.01, 1704 ko
day 33 as comparing the frequency mice
categorical of positive samples in 431 wt mice
measure. mutant and wt.
DSS and Number of mice Hits were identified by all wt as for DSS
influenza having to be culled | Fisher’s exact test with a animals and
survival because of p-value cut-off of 0.01, influenza
data excessive weight comparing the frequency above

*Please note that Blood hits are analysed with a mixed model on the IMPC website as the
IMPC statistical pipeline was not offering the option of a reference range approach at the
time of writing. The number of hits for blood is therefore higher on the IMPC website.
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Supplementary Table 4: Alleles of knockout lines included in the study

1700001 CO2Rik"™ (EVCOMMWET 1" Dy 3gtmIaKOMPIWIST Pelaf ™ (EUCOMMIWE
1700007K13Rik™™2PEVCOMMIWET | iy oxq 2 mIb(KOMFIWEsi Pdlcd2 ™ BEUCOMM W]
1700011A15Rik™1eKOMPIWE Dusp5™1oKOMPIWE Pdliga™ 1 EUCOMMWEsi
1700024P04RiK"™PEVCOMMIWLST |- iy [ppp 2t alKOMPIWEsI Pk 3 2e(ROMPWIEsi
1700029H14Rik"™2PKOMPIWsi E i3t bEUCOMM)Wisi Pz 1 2BEUCOMMWsi
1700034J05Rik™ 1e(KOMPIWtsi Eif3 |yt 1a(EUCOMM]Hmgu Pep o Ia(KOMP)WesT
170006 7K01Rik"™2eKOMPIWsi Elgc2tmIb(EUCOMM)Wsi Pgap2 ™ TPIEUCOMMIWE]
1700112E06Rik ™ e(EVCOMMWEST | pj5tmIb(EUCOMM)Wsi pigf ™KoMV
1700123020Rik™™e(EVCOMMIWEST | ppy - 7 tmIa(EUCOMM)Wesi Ppig B ROMPIIEST
2010300C02Rik ™ EKOMFIWEsi Enthd2tmbKOMPIWsi Ditrym 1t 1o(KOMPIWET
2610034B18Rik ™ PEVCOMMIWLST " iy ptmIalEUCOMM)Wesi Ditx e HMPCIWEST

3300002A11Rik\™o(KOMPWsi Evj5tmIalKOMPIWesT Pla2g M 1a(EUCOMM]Wesi
3830406C13Rik ™ PKOMFIWEsI Exoc3/2tmbKOMPIWesi D]l 3 IEEUCOMMIWST
4930404H24Rik"™*oKOMPIWesi Exoscg ™ IbEVCOMM]WsT plet e MPCIWES]
4930590J08Rik ™ 1(EVCOMMIWsi Fads3tmIbEUCOMM)Wsi Plscr 2 ™ LbKOMPIWEST
4931429L15Rik ™ EVCOMMIWIST 1 £y 1 2 2 T (EUCOMM)Ws] Plxnp 3 ™o KOMPIWESi
4932431P20Rike™ MPOWESI Fam160q1™mbEVCOMMWsi Po] i eKOMPIUESi
4933402N03Rik m2(KOMPIWesi Fam163g™™m?o(KoMPIWisi o] g3t BEVCONMWES!
4933434E20Riktm1a{EUCOMM)Wtsi Falethmlu(KOMP)Wtsi PO/r3fmla(EUCOMM)WtSi

5730559Cl8Rikl’m20(EUCOMM)Wtsi

Fam4 7etm10{EUCOMM)WI‘SI

9330182L06RK ™ LaKOMPWtsi Fam69g ™ LeEUCOMM)Wisi Pp 13t IB(EUCOMMWEST
A430005L14Rik ™ KOMPIWtsI Fam71pmiakoMPIWsi Promet™ a(KOMPIWEs
A430078G23Rik" ™ e(KOMFIWtsi Fam92q"™bKOMPIWsi Priab ] T EROMPIWEST
A730017C20Rik ™ PKOMFIVET Fhf17m 1a(EUCOMMWE Prrc2p ™ IGEUCOMMWES]
Abhd14atm20(EUCOMM)Wtsi Fbxo33tmlb(EUCOMM)Wtsi Prrgztmlb(EUCOMlVl)Wtsi
Abhd17gtm1a(KOMPWtsi Fbxw 26 ™ bKOMP]Wesi Prrt 2 LalKOVPIWEST
Achd5tmIb(EUCOMM)Wtsi Flft1 ™ 1oMKOMP)Wisi Prss5 2 M 2a(KOMP)Wsi
Acerltmla(EUCOMl\/l)Wtsi Fkbp3tmza(EUCOMM)WtSi Psphtmla(EUCOIVlM)ngu
Act|10me(EUCOMM)Wsi Fnijp 2t 1o(KOMPIWsi pth 1 e(EUCOMM]Amgu
Adq (™ e(EUCOMM) Wi Fry [ IB(KOMP]Wesi pthimIe(EUCOMM)WEsT
Adamts19mAaEUCOMM)Wsi Fxyd3" ™ a(KOMPIWsi Ptprd ™2 KOMPIWEsi
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Adamts3 ™ 1b(KOMPIWesi F 7062 [EUCOMMWesi Pwpl tm1a(EUCOMM)Wisi
Adap M Ia(EUCOMM]Wsi Galnt 18 ™ bKOMPIWsi Pyc - tm1a(EUCOMMWsi
Adcy tm1a(KOMPIWEsT Galnt/5t Te(KOMP]Wsi Rab1 7™ a(KOMPIWesT

Ad Cygtmlb(EUCOMM)Wtsi Gbp e I(IVMPCIWesi Rab2 1™ bKOMPIWesT
Adgrd1 tm1b(EUCOMM)Wisi GalgtmLaKOMPIWEsT Raph1l tm1b(EUCOMM)Wisi
Adpg (20 (EUCOMMWsi Gdpd tm1a(KOMPJWEsT Rba K Ib(KOMPIWsi
Agap M Ia(EUCOMM]Wsi Gimap Gt 1a(KOMP)WesT Rbm 14t 1a(KOMP]Wisi
Aicd g™ TBEUCOMMFimgu Glo 1™ alKOMPIWesT Rbm 33 1b(EUCOMM]WsT
Aldh1b1m2aEUCOMMWesi Glyatl 3em I(IMPCWisi Rbm47 ™ 1a(EUCOMM]WesT
Aldh3b 1™ bEUCOMMWesi Gm 12253t 1a(KOMP]Wsi Rbmx ™ 2bKOMPIWesT
Alox12e ™ IbEUCOMM)WsT Gm 13119 2bKOMPIWsi Reg3 o IEUCOMMWesi
Alpk1 em1{IMPC)Wisi Gm 13125 bKOMPIWisi Repin M Ia(EUCOMM]Wsi
A 72t 1e(ROMPIWsi Gm 16432t IbKOMPIWsi Ridg™ 1e(KOMP]Wesi
Ankrd 134 1e(KOMPIWsi Gm 16515 bEUCOMM)WesT Rimbp 2em I(IMPCWEsT
Ankrd gt bKOMPWsi Gm 5544t 1a(KOMPIWesT Rnasel ™ DEUCOMM)Wsi
Ankrd gt LKOMPIWesi Gmds™ 1o(KOMP]Wesi Rnf1 M IBIKOMPWesT
Anks G BKOMPIWesT Gmnc ™ TB(KOMP]Wsi Rnf12 tm1a (EUCOMM)WesT
Ano1 0™ LaEUCOMMWsi Gnb 3t IbEUCOMM)WesT Rnf13 gt Ib[EUCOMM]Himgu
Anxa 9 BEUCOMMWesi Gpbp1/1 tm1a(EUCOMM)Wsi Rnf15 tmIb{EUCOMM]WEST
Ap2a 2emI(IMPCIWEsT Gpris tmIb(EUCOMM)Wsi Rpi o La(KOMP)WesT
Apde 1M IB(KOMPJWEsT Gpr3 5tm Ib[EUCOMM]Hmgu Rspo 4t 1a(KOMP]WEST
Apdm1 tm1b(EUCOMM)Wisi Grb 7 IEUCOMMWsi Rundc1 ™ bEUCOMMWsi
Ap iptmlb(EUCOMM)Wtsi Grsf1 tm1b(EUCOMM)Wisi Rwd g1 IbKOMPIWEsi
Apol9 T 2a(KOMPWesT Gsdme™ b(KOMPIWisi Sap13 ™ 1a(KOMP]bp
Apo oM IBIKOMPIWEsT Gstoom2a(KoMPIWsi Scafl 7€M I(IMPCIWEsT
Arap tmZbEUCOMM]Wisi Gt(ROSA)2650  RO5A26_Dre_C03 Selenow! ™ bEUCOMM]Wsi
Arhgap1 ~tmIb(EUCOMMWsi Gtf2a M Ia(KOMPJWEsT Sept1 O TalKOMPWesT
Arhgap?2 tmIa(KOMPWEsT Gtf2h tmIa(EUCOMMWesi Serinc3tm1a(koMPIWisi
Arhgef1 tm1a(EUCOMM)Wtsi 11 3t Ib(KOMP]Wsi Setd 5™ 1AEUCOMM]Wisi
Arid 1™ Tb(EUCOMM]Fmgu Hao2e ™ LIMPCIWesT Sfxn 3tmIb(KOMP)Wsi
Armc7 L LKOMPIWisi Hbs 1 [ La(KOMPIWesT Sgms1 tm1a(EUCOMM)Wisi
Armh 3t LaEUCOMM)WesT Hecw 2™ Ta(EUCOMM)Wisi Sgsm1 tm1b(EUCOMM)Wisi
Arpcl M Ia(EUCOMMWsi Herc 13 IMPCIWesT 4 Sh3bgrl 3tm2bEUCOMMWisi
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1b(E MM)Wtsi
ArrdCStm b(EUCO )Wtsi

Hibadhtmlb(EUCOMM)Wtsi

Sh 3bp4fmla(Euc0MM)Wts,-

Art4tm1a(KOMPIWisi Hmgxb 3tm Ia(EUCOMMWisi Sh3pxd2 o IEUCOMMWesi
Atad3qg‘mie(KOMPIWesi Homez ™ e(KOMPIWsi i3t 1o(EUCOMM]Fmgu
Atgl 6I2tmla(EUCOMM)Wt5i prleml(ll\/lPC)Wtsi Slamfgtmlb(EUCOMM)Wtsi
Atp11gmieKOMPIWsi Hrn M LIMPC)Wesi S/c16g4T ™2 EUCOMM W]
Atp5 oM Ib(EUCOMM)Wtsi Ifi2 7tm1b(EUCOMM)Wisi Slc25q2 0™ 1a(EUCOMM]WEsi

Atp5f1 tm1b(EUCOMM)Wisi

Ifitm Gt IB(EUCOMM]Wsi

$1c25028"™ TB(EUCOMMWisi

Atp8b tm1a{KOMP)Wsi Ifnarl tm2a(EUCOMM)Wisi S/c38g2tm1alKOMP]Wsi
Atxn10tm1b(KOMP)Wtsi Ifnir1 tm1a(EUCOMM)Wtsi Slc5g 7im1a(kOMPIWsi
Atxn3imLo(KOMP)Wtsi Ift 140 oKOVPIWEs 5/c9q 3y 2 2o (EUCOMM]Fmgu
Bach2tm1a(EUCOMM)Wisi |1 2tm1aEUCOMMWsi Slitrk4tm1b(KOMPIWtsi
Bgj1tm2a(EUCOMM)Wtsi |23t m2a(EUCOMM]Wsi §Jy 7 mIalKOMP]Wisi

Bap M Ia(EUCOMM]Hmgu ]2 7 IB(EUCONM]WEST Sixdi ptmla(EUCOMM)Wtsi
Barh| 1t EGFP_CreERT2]Wisi Irak 1 PEUCOMM]Amgu smg gt Ib(EUCOMMWisi
Bjym M 1b(KOMP)Wtsi | rf5tmle(EUCOMM)Wtsi Smpd 4tm2b(KOMP)Wisi
Bnip2tmibEUCOMM)Wsi Izumo 1 2o KOMPIWEsi Spx3 1 1a(KOVPIWIEST
Bpgm mia(koMpWisi Josd 16 IMPCIWesi Sx§ ™ 2e(EUCOMM]Fimgu
Bpifb1 tm1e(KOMP)Wisi Kat2be ™ IMPCTWesT Spatazs™ T(KONPJWisT
Bpifb 5t 2a(KOMPIWs] Kcnhat™ 1b(KOMPIWEsi Spink1 4™ 1elKOMPWesi
Brg2¢ ™ LIVPCIWEs] Kerg® ™ MMPCIWsT sql ot 1a(EUCOMM)WesT
Cambkmt ™ bETCOMM)WesT Kif13 | IB(EUCOMMWisi Srs f7tmla{EUCOMM) Wesi
Camsap 3tm1a(EUCOMM)Wisi Kif18 ptm1a(EUCOMM)Wisi Ssr2tmIB(EUCOMM)Wisi
Capn11™mib(EVCOMM)Wisi Kif 1™ 1o(KOMPIWisi Starag ™ bEUCOMMWesi
Capza tmIb(KOMP]WEsT Kif2 4 IB(KOMPJWsi Stau 2t La(EUCOMM)WesT
Card 9™ 1aEUCOMM]Hmgu Kif3 M IBEUCOMMWesi Stxbp 4tm1a(EUCOMMWsi
Casc4tm2bEUCOMM)Wtsi K|c2tm1e(EUCOMMIWsi Sult1c1imIbIKOMPIWsi
Cati ptmlb(KOMP) Wisi Kif1 tmIb(KOMPJWsi Supt 3tm Ia(EUCOMM]Hmgu
Chr 2™ bEUCOMM]Hmgu K11 18 1alKOMPIWesT Sup £ 5t 20(KOVIPJWesT
Ccdc12 7tmb(EUCOMM)Wtsi KIh 30t 1alKOMPIWesT Theld22g ™ BKOMPIWesi
Ccdc159tm1a(koMP)Wisi K|k 5tm2a(KOMP)Wsi Tcea| 5™ EKOMPIWsi
Cedc18 ™ 1a(EUCOMM]WesT Kk GE ™ IMPCIWEsi Tef7l tm1a(EUCOMM)Wisi
Cedc69 ™ bROVPIWEST KIrb gt Lo(KOVPIWesi Tch ptmla(EUCOlVlM) Wesi
Cedcee ™ IMPCIWesT Krt3 1 Le(KOMPIWesT Tepld tm1a(EUCOMM)Wisi
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Cdkn2aipn [fmIb(KOMP]Wsi Krt 7 IBIKOMPIWEsi Tctex1d 2™ 1eEUCOMMIWET
Celf 4t Ta(EUCONM] Wi Krt83tm bKOMPIWs] Teqd 3™ 1EUCOMM]WesT
Cenp [fmIB(EUCOMM]Wsi | 3mbt |2 2a(EUCOMMIWEsi Tent5cm1b(KOMPIWEST
Cep25 (" LG(EUCONM]WEs] | st IB(KOMPIWesT Tet 1 La(KOMPIWesT

Cfaps 3emI(MPCIWEsT | ce1m ™ TB[EUCOMNWesi Tex38 ™ 1(KOMPIWEsi
Cfap61 tm2a(EUCOMM)WEsi L ce 3t m2a(EUCOMM]Wesi Tafblil tm1b(KOMP)Wisi
Corrfl tmIb(KOMPWIST % % % % | dh ™ BKOMPIWesi Tgm Gt La(KOMP]WsT
Chlgt™1a(EUCOMM)Wsi LdIrad4t™ TEUCOMM)Wisi Timeless ™ 1EIEUCOMM]Amgu
Chil4™ TEIEUCOMM)Fimgu L e 1 ™ 1a(EUCOMM]Wsi Timmdc1 ™ bEUCOMMIWES]
Chmp Gt IB(KOMP)WesT Lepro £m2b(KOMP]Wesi T3t 2Zb(KOMPIWesT

Chst 1™ 1a(KOMP]Wsi Lmng®e09C #xx Tmem 110 2bKOVPIWsi
Chto ptmlu(EUCOMM)Wtsi Lon rf3tm1b(KOMP)Wtsi Tmem126gt ™ (EUCOMMWesi
Cir 1 3a(KONPIWesT Lpx T IB[EUCOMM]Hmgu Tmem 127 (KOMPTWesi
Clp ptmlu(EUCOMM} Wesi Lrm ptmlb(EUCOMM)Wtsi Tmem 18 ™ PEUCOMMIWEsi

(Cluster5N1/(tmVBrd«

[ rrc2 3t La(EUCONM)Wsi

Tmem 24 1™ bEUCOMM)Wesi

(ClusterXN1 )™+

Lrrc71 tmla(KOMP)Wtsi

Tmem254btmla(KOMP) Wtsi

Crmb [ TEIKOMPIWEST | rrc8 i La(EUCONWesi Tmem30a" ™ o(KOMPIWsi
Crmtm 5t La(KOMPTWesT Lyplall tm1a(KOMP)Wisi Tmem3 7™ 1a(EUCOMM]WEsi
Cnbd 17 PEUCOMM]WE] Lyrm Gt Ia(KORP]Mbp Tmema42t IbKOMPIWEsi
Cnot4t ™ TB[EUCOMM]WesT Macrod 1™ XMPCIWesi Tomm 20/ BEUCONMWesi
Cog Gt La(EUCOMM]WES] Mamst ™ Te[EUCOMM]WesT Tr afztmla{EUCOMM)Wtsi

Col 240 1™ BEUCOMMIWE Mast 2t 1a(KOMPIWesT Tr af6tm20(EUCOMM)Wtsi
Col4a3b ptmla(KOMP} Wesi Va2t IB(KOMPIWesT Trappcl (" Ib(KONIP]Wsi
Coro6 ™ 1eEUCOMM]WEsi Vb 16 TMPCTWesi Trapp Qi La(EUCONM]WEs]
Cpgis1 tm1.1(NCCJWCS Vb 2€ ™ LIVPCTWEs] Trem 1 1(KOMPIVicg

Cp Sf3tm1b(EUCOMM)Wt5i Mcf2 [fmIa(EUCOMM]Hmgu Trim2 1€ IMPCTWsi

Cot tmIb{KOMP]Wesi Ved 22 a(EUCOMMIWEi Trim25tm2b(EUCONN]Hmgu
Crim 16 XMPCIWesi Med23¢m MVMPCIWEsi Trim?5 6t La(EUCOMWesi
Crlf3em1(IMPC)Wtsi Meda gthb(KOMP)Wtsi Trim5 ™ bIKOMPIWesT

Crls 1t La(EUCONM)Wsi Metrn /[ bKOMPIWsi Trmt2g ™ 2b(EUCOMMIWEsi
Csmd1¢™ TMPCTWesT Mett| 24t 1a(KOMPIWesT Tro53rk |t LG(EUCOMM]WEs]
Csnklg 3t Ia(EUCOMMIWES] Mgat4 M Ia(EUCOMM]WEsi Trub 2 2a(EUCOMMIWEi

Ct Qi BEUCOMMIWES] Mir32tmiBrd Tuba3g ™ TEKOMPIWEsi
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Cttnbp tmIb(KOMPIWEST Mir9et™22MPCIWesi Tuftl tm1a(KOMP)Wisi
Cuta /™ ToEUCOMMWesi Mir12 2B Ube2d1m3e(EUCOMMWsi
Cxcr 11 (EUCOMM)WesT Mir210m 1B Ubxn 10" To(EUCOMM]Wsi
Cxcr 2™ 1e(EUCOMMWisi Mir211mDBrd Uev| g™ a(EUCOMMWesi
Cyp2b1 3tm Ib(KOMP]Wesi Mir342tm1Brd Umod| 1t 1a(KOMPIWsi
Cyp2ri tm1b(EUCOMM)Wtsi Mkrn 2t IbKOMPIWesi/emI(IMPCIWsi kx| ;-7 tm1a(EUCOMM)WsT
D630023F 18RIk ™ bKOMPIWsi Mospd1 tm1a(KOMP)Wsi Usp1 1M I(KOMP]Wsi
D6Wsu 1636 ™ DEUCOMM)WesT Mp gtmla(EUCOMM) Wisi Usp2 (M 1o(EUCOMM]Himgu
D7Ertd443etm2aKOMPIWesT Mrm 1t 2a(EUCOMMWsi Usp3 (M 2b(EUCOMM]Hmgu
D930028M14RiK ™ IAEUCOMMIWET |y o 4EmIb(KOMPIWEsi Usp3 ZemI(IMPCTWsi
Dact 3 IbKOMPIWsi Mrohg!™ IeEUCOMM]Wsi Usp tmIa(EUCOMM]Hmgu
Da fztmlu(KOMP) Wisi Mrps21 tm1e(EUCOMM)Wsi Vamp 3tmZbEUCOMM]Wsi
Da ptmla(KOMP)Mbp Mrps 5 tm Ib(EUCOMM]Wisi Vps13 o IB(EUCOMMWisi
Dapk tmIb(EUCOMM]Wsi Mybph [ Ib(KOMP]Wsi Vps33 [t Ta(EUCOMMWisi
Dbn 1t 1b(KOMP]Wsi Myh 7ptm1a(KOMP)Wesi Vps5 1M a(KOMP]Wtsi
Dcaf1 1M a(KOMPJWEsT Myo1l 2 (ROMPIWesT Vps - tm1a(EUCOMM]WEST
Dcbld 2t 1a(KOMPIWsi Myo9 o IBEUCOMMWesi Vwa3g " To(KOMPIWEsi
Dcdc2 ™ Ib(KOMPIWisi N6amt 2t 1a(EUCOMM)WsT Wa ™ IbEUCOMMWsi

D/ k 1t T(EUCOMM]Wisi Nacc2m2BEUCOMMWesi Washc2™2bKOMPIWesi
Denem L IMPCIWesT Nad k2 TBEUCOMM]Wsi WdrggtmLalKOMPIWesi
Dctnam™LIMPCIWesT Nat 10" 1KOMPIWesT Wdtc1mLaKOMPIWesT
Ddah 12 EUCOMM]Wisi N sztmla(EUCOlVlM) Wisi Wnt16 ™ 2bEUCOMM)WsT
Dlx4 .2t BEUCOMM)Wesi Ndufb gt Ia(EUCOMMWisi Wrap5 3t Ib[EUCOMMWes]
Dlx5 1 1a(KOMPIWsi Neb/ ™ BEUCOMMWesi Xk M BEUCONM]WEST
Defb1 4t IB(KONP]WEsT Nek 3 EUCOMMWsi Xpnpep 1M Ia(KOMPJWEsT
Defb2 tmIa(KOMPIWEsT Nekg! ™ 1aEUCOMMWsi Xxylt1 tm1a(EUCOMM)Hmgu
Defb3 ™ 2BIKOMPJWesT Nelf ot 1G(EUCOMM]WesT Ydj (I I(KOMPJWesT
Dennd1pt™aEUCOMM]Hmgu Nfkbill tm1a(KOMP)Wtsi Yipf7tm1e(KOMP)Wtsi
Dennd1c ™ bEUCOMMWsi Nhlrc2tm1a(KOVPIWesi Ypel 4t 1a(EUCOMMWisi
DennddcmbEUCOMM)Wsi Nipsnap3 o BIKOMPWesT Zbed 5" 1b(EUCOMM]Wsi
Deny ™ IbKOMPIWsi Nme4t™ Ta(EUCOMM]Wisi Zfo18 tmIb(KOMPIWEST
fobeml(IMPC) Wisi Nmrk 1t LaKOMPIWesi Zfp23 gt Ib(KOMP]Wesi
Dhod ™ TPEUCOMM]Wsi Np ot TB(EUCOMM]Wsi Zfo26 M IB(EUCOMM]Wsi
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Dhp SM2a(EUCOMM]WEsi Nrbp1 tm3b(EUCOMIM)Wisi Zfp28 ~tmIB(EUCOMM]WesT
Dhx 33 BKOMPIWES] Nrde2tm2a(KOMPIWesT Zfp341 tm1a(KOMP)Wtsi
Dhx3 5" PEUCOMM]W] Nudt 12t 1aKOMPIWesT Zfp36 5t Ia(KOMPJWEs]
Dip2 o 2b(KONIP]Wesi Nup8 5t 1a(KOMPJWEs] Zfp40 gt IB(EUCOMM]WEs]
Dig 3t Ia(EUCOMM]WES] Nutm 2 ZEUCOMMWesi Zfp61 Gt IB(KOMPIWesT
Dig 4 1e(EUCOMMIWsT Ny IB(EUCONM]Wtsi Zfp65 g IB(EUCOMM]WES]
D/ 1€ TMPCTWEsi Oa ftmla(EUCOMM) Wisi Zfo71 G Ia(EUCOMM]W]
Dmgdh tm1a(KOMP)Wtsi Oog Stm Ia[EUCOMM] Wi Zfo71 M IB{EUCOMM]WES]
Dnahl 7tmle(KOl\/lP)Wtsi Orcltmlu(KOMP)Wtsi pr763em1(IMPC)Wtsi
Dnajc Gt Ib(KONPIWEs] 05 9t TAEUCOMMWesT Zfp791 tm1a(KOMP)Wtsi
Dnase /2t - LKOMPIWsi Osbpl 3t Ia(EUCOMMIWES] Zfp8 4T IB(KOMP]Wesi
Dnmt3g ™ aKOMPIWesi Otud 7 b ™ TPlEUCOMMWesi Zfp8 Gt ZbKOMPIWEsi
Dnpe ptmle(EUCOMM)Wtsi Pam 16t PEUCOVMIWES] Zfyve2 gt IB(EUCOMMIWES]
Dph6tmla(KOMP)Wtsi Pcedlatmlb(EUCOMM)Wtsi Zranbltmlu(EUCOMM)ngu
Dpm1 tm1b(KOMP)Wisi

* Knockouts of multi-gene or regulatory regions:

Cluster 5N1: mmu-mir-25 (ENSMUSG00000065394), mmu-mir-93 (ENSMUSG00000065527),
mmu-mir-106b (ENSMUSG00000065514)

ClusterXN1: ENSMUSG00000070106, ENSMUSG00000065613 ENSMUSG00000065473,
ENSMUSG00000076041 ENSMUSG00000077111, ENSMUSG00000065456

Cpgi81: CpG island 81, Chr1:23255875-23257106 bp

** More than one mouse line has been phenotyped for these genes.

*** The Lmna allele is not an IMPC allele and has been described previouslyez.

**** The Cgrrfl ko strain has a mixed C57BL/6N; C57BL/6NTac background.
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Supplementary Table 5: Key resources

CD4 PE, clone RM4-5

BioLegend UK Ltd

REAGENT or RESOURCE | SOURCE | IDENTIFIER
Antibodies
CD3e Functional grade purified, clone L 16-0033-86;
) eBioscience
eBio500A2 RRID: AB_842782
CD3e BV421, clone 145-2C11 BD Biosciences 562600
CD3e BV785, clone 145-2C11 BioLegend UK Ltd 100232
00511;

RRID: AB_312714

CD4 BV510, clone RM4-5

BioLegend UK Ltd

100553 RRID:AB_2561388

CD4 BV786, clone RM4-5 BD Biosciences 563331

CD5 APC, clone 53-7.3 BD Biosciences 550035

CD5 BV510, clone 53-7.3 BD Biosciences 563069

CD8a APC, clone 53-6.7 Biolegend UK Ltd | ~00/ 12

RRID: AB_312750

CD8a AF700, clone 53-6.7 BD Biosciences 557959

CD8a APC-H7, clone 53-6.7 BD Biosciences 560182 RRID:AB_1645237
CD11b BV510, clone M1/70 BioLegend UK Ltd 101245

CD11b PE-Cy7, clone M1/70 BioLegend UK Ltd 101216 RRID:AB_312799
CD11c BV786, clone HL3 BD Biosciences 563735

CD19 BV421, clone ID3 BD Biosciences 562701

CD19 PE-CF594, clone ID3

BD Biosciences

562291 RRID:AB_11154223

CD19 PECY7, clone ID3

BD Biosciences

552854

CD21/35 FITC, clone 7G6 BD Biosciences 553818
CD21/35 PE, clone 7G6 BD Biosciences 552957
CD23 BV421, clone B3B4 BD Biosciences 562929
CD24 APC, clone M1/69 BD Biosciences 562349
CD25 APC, clone PC61 BD Biosciences 557192

CD25 PE, clone PC61

BioLegend UK Ltd

102008 RRID:AB_312857

CD28 Functional grade purified, clone

16-0281-86;RRID:

eBioscience
37.51 AB_ 468923
CD43 PerCP-Cy5.5 BioLegend UK Ltd 121224
CD44 FITC, clone 1B11 BD Biosciences 553133

CD44 FITC, clone IM7

BD Biosciences

561859 RRID:AB_10894581

CDA45 Alexa 700, clone 30-F11

BioLegend UK Ltd

103128 RRID:AB_493715

CD45 e450, clone 30-F11 eBioscience 48-0451-82
CD45 eVolve™ 605 (Qdot), clone 30-F11 | eBioscience 83-0451-42
CDA45 eFluor450, clone 30-F11 eBioscience 48-0451-82
CD45R (B220) PeCY7, clone RA3-6B2 BioLegend UK Ltd 103222
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CD45R (B220) AF700, clone RA3-6B2 BD Biosciences 557957

CD62L PE-CF594, clone MEL-14 BD Biosciences 562404 RRID:AB_11154046
CD62L PerCP Cy5.5, clone MEL-14 BD Biosciences 560513

CD86 PECY7, clone GL1 BD Biosciences 560582

CD95 PECY7, clone Jo2 BD Biosciences 557653

CD103 PE, M290 BD Biosciences 557495

CD115 APC, clone AF598 BioLegend UK Ltd 135510 RRID:AB_2085221
CD138 BV650, clone 281-2 BioLegend UK Ltd 142517

CD161 (NK1.1) BV421, clone PK136 BioLegend UK Ltd 108732 RRID:AB_2562218
CD161 (NK1.1) BV650, clone PK136 BioLegend UK Ltd 108736

CD317 BV650, clone 927 BioLegend UK Ltd 127019

F4/80 PerCP-Cy5.5, clone BMS8 BioLegend UK Ltd 123128

Fc block BD Biosciences 553142

GITR PE, clone DTA-1 BD Biosciences 558119

GL-7 AF647, clone GL7 BD Biosciences 561529

Gr-1 AF700, clone RB6-8C5 BioLegend UK Ltd 108422

Ig HRP, polyclonal Dako P0447

IgG (H+L) FITC, polyclonal Invitrogen 626511

IgG1 HRP, clone X56 BD Biosciences 559626

IgG2a HRP, clone R19-15 BD Biosciences 553391

IgD BV510, clone 11-26c¢.2a BD Biosciences 563110

IgD PerCP-Cy5.5, clone 11-26¢.2a BioLegend UK Ltd 405710

IgD AF488, clone 11-26c¢.2a BioLegend UK Ltd 405718

IgG1 PE, clone A85-1 BD Biosciences 550083

IgM BV42, clone RMM-1 BioLegend UK Ltd 406518

IgM BV786, clone R6-60.2 BD Biosciences 564028

KLRG1 BV421, clone 2F1 BD Biosciences 562897

KLRG1 PE-Cy7, clone 2F1 BioLegend UK Ltd 138416 RRID:AB_2561736
Ly-51 PE, clone BP-1 BD Biosciences 553735

Ly6B FITC, clone 7/4

AbD Serotec

MCA771FB RRID:AB_324596

Ly6C AF700, clone AL-21

BD Biosciences

561237

Ly6C PerCP-Cy5.5, clone HK1.4

BioLegend UK Ltd

128012 RRID:AB_1659241

Ly6G APC, clone 1A8

BD Biosciences

560599

Ly6G V450, clone 1A8

BD Biosciences

560603 RRID:AB_1727564

MHC Il I-A/I-E PE, clone M5/114.15.2

BioLegend UK Ltd

107608 RRID:AB_313323

MHC Il I-A/I-E AF647,
clone M5/114.15.2

BioLegend UK Ltd

107618

MHC Il I-A/I-E FITC, 2G9

BD Biosciences

553623

MHC Il I-A/I-E AF647,
clone M5/114.15.2

BioLegend UK Ltd

107618
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Vy5 (aka Vy3) FITC, clone 536

BD Biosciences

553229

TCRpB PerCP-Cy5.5, clone H57-597

BioLegend UK Ltd

109228 RRID:AB_1575173

TCR& PE CY7, clone GL3

BioLegend UK Ltd

118124

TCR& APC, clone GL3

BioLegend UK Ltd

118116 RRID:AB_1731813

Chemicals, Peptides, and Recombinant Proteins

10mM HEPES Life Signalling 15630056
Technologies

Collagenase Sigma Aldrich - 11088858001
Roche

DNAase Sigma DN25

RBC lysis buffer eBioscience 00-4300-54

EDTA (0.5 M), pH 8.0 Life Technologies AM9261

Prolong Gold Mounting Medium New England 9071S
Biolabs

Zombie NIR Fixable Viability Kit Biolegend 423106

BD FACSDiva CS&T Research Beads BD Biosciences 655051

Ammonium thiocyanate Sigma A7149-100G

Nair™ moisturizing hair removal cream | Church & Dwight N/A
Co.

Acetone VWR 20067-320

Fetal Bovine Serum Gibco FBS

Fetal Bovine Serum

Hyclone laboratories

FB-1001/500

- Biosera

RPMI 1640 GIBCO - life 21875034
technologies

RPMI 1640 (no phenol red) GIBCO - life 32404014
technologies

PBS 10x (neg for CA2+ and Mg2+) Gibco 14200-067

PBS 10x (with calcium & Magnesium) Gibco 14080-048

PBS, D’Beccos GIBCO - life 14190094
technologies

D-MEM (HG) GIBCO - life 41966029
technologies

DPBS Sigma-Aldrich D8662

Water Sigma-Aldrich W3500

Mounting Medium Dropper Vial 5mL A. Menarini 38015
Diagnostics Ltd.

2-mercaptoethanol GIBCO Invitrogen 31350010

L-Glutamine GIBCO Invitrogen 25030024
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Recombinant murine IL-2 Peprotech 212-12-100
Penicillin/Streptomycin Sigma-Aldrich P4333
Sodium Pyruvate MEM Sigma-Aldrich 11360039

Dextran sulfate, sodium salt

Affymetrix, Inc.

14489; CAS# 9011-18-1

Formaldehyde 4% solution

VWR international

9713.5000

Itd
BSA Sigma-Aldrich A9056
Sigmafast Sigma-Aldrich P9187
LB Oxoid CM1018
Ampicillin Roche 10 835242 001
Tween 20 Sigma-Aldrich P1379
Critical Commercial Assays
Zenit ANA HEp-2 Cells (12 wells) A. Menarini 37806
Diagnostics Ltd.
FITC—QC Slide A. Menarini 38015
Diagnostics Ltd.
Cytotox 96 non-radioactive assay Promega UK Ltd G1780

Deposited Data

3i statistical analysis This study www.immunophenotype.org
Raw and analyzed data This study www.immunophenotype.org
Experimental Models: Cell Lines

P815 mastocytoma cell line ATTC TIB-64

HEp-2 cell lines, coated on slides A. Menarini 37806

Diagnostics Ltd.

Experimental Models: Organisms/Strains

C57BL/6N wild type control mice

WTSI

Knockout mouse strains as detailed in
Table S4

WTSI

Salmonella typhimurium M525 :: TetC

Gordon Dougan,
WTSI

Trichuris muris

Richard Grencis,
University of
Manchester

Equipment
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Scil Vetabc hematology analyser

Horiba

http://www.horiba.com/uk/
medical/products/animal-
healthcare/haematology/scil
-vet-abc-details/scil-vet-abc-
12687/

BD LSR Il flow cytometer (Blood)

BD Biosciences

RRID:SCR_002159;
http://www.rockefeller.edu/
fcrc/pdf/BD_LSRII_Brochure_|
$J-0142-00.pdf

BD LSR Fortessa X-20 (Spleen, MLN, and
bone marrow)

BD Biosciences

http://www.bdbiosciences.c
om/us/instruments/research
/cell-analyzers/bd-
Isrfortessa-x-
20/m/1519232/overview

Leica SP2 confocal microscopes, 40x Leica https://www.leica-

1.25 NA oil immersion lens and 405 nm, microsystems.com/products

488 nm and 633 nm lasers (Ear /confocal-

epidermis) microscopes/details/product
/leica-tcs-sp2/

Leica SP5 confocal microscopes, 40x Leica https://www.leica-

1.25 NA oil immersion lens and 405 nm, microsystems.com/products

488 nm and 633 nm lasers (ear /confocal-

epidermis) microscopes/details/product
/leica-tcs-sp5/

Nikon wide-field TE2000U Microscope | Nikon TE2000U

(ANA)

Deltavision Elite widefield system
based on an Olympus microscope,
LED light source and CoolSNAP HQ2
camera (ANA)

GE Healthcare Life
Sciences, Olympus

https://www.gelifesciences.c
om/en/us/shop/deltavision-
elite-high-resolution-
microscope-p-04420

Zeiss AxioPlan Microscope with a Plan
Neofluar 5x/0.15 Ph1 objective and
Moti Cam 10 camera (DSS)

Zeiss

https://www.zeiss.com/micr
oscopy/int/home.html?gclid
=EAlalQobChMIj7KRv-
mH4QIVybHtChOC3w_OEAA
YASAAEg)2afD_BwE

Software and Algorithms

R version 3.3.1 -3.5.2 and general data
analysis packages (data.table, ggplot2,
dplyr, igraph, MASS)

The R project for
statistical
computing

WWW.r-project.org
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PhenStat_2.8
org.Hs.eg.db
org.Mm.eg.db

BioConductor

www.bioconductor.org

RStudio 1.0.136

RStudio

https://www.rstudio.com

R code for reference range analysis,
assessment of false positive rate

Anna Lorenc

https://github.com/Annalor

enc/3i _heatmapping

available on request

Flow Jo v1.10 Treestar RRID:SCR_008520;
http://www.flowjo.com
Cytoscape 3.6.1 Cytoscape www.cytoscape.org

BD DIVA 7.0 BD Biosciences RRID:SCR_001456;
http://www.bdbiosciences.c
om/instruments/software/fa
csdiva/index.jsp

flowClean Ryan Brinkman Fletez-Brant et al 2016

UFO Ryan Brinkman available on request

flowDensity Ryan Brinkman Malek et al 2015

PRISM 6 Graphpad software | http://www.graphpad.com/s

cientific-software/prism/

Definiens developer

Definiens

www.definiens.com

ANA assay Fiji/Imagel macro

Katherine Bull

www.immunophenotype.org

ANA assay Python scoring script

Katherine Bull

www.immunophenotype.org

Microsoft Excel 2010 Microsoft https://www.microsoftstore.
com/store/msuk/en_GB/ho
me

Deposited Data

3i statistical analysis This study www.immunophenotype.org

Raw and analyzed data This study www.immunophenotype.org

Other

30 um CellTrics filters Partec Cell Trics 04-0042-2316
96 Well Clear V-Bottom Not Treated SLS 353263
Polypropylene Microplate, Nonsterile

Microtube MaxyClear PP clear 1.7 mL Fisher 12756799
(Axygen)

C-Tubes Miltenyi Biotec 130-096-334
Superfrost R Plus #72, 26x76x1 mm (75 | VWR 631-0108
pieces)

Cover Glass 22 x 40 Mm No. 1,5 VWR 631-1370
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