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Figure S1. Estimating robust XCI ratios from GTEXx tissue samples. Related to Figqure 2

A, Binary heatmap of female donor tissue contributions in the GTEx dataset for samples that
pass our quality control filters. Data from cell lines was excluded in the final analysis.

B, Scatter plot with 2d density overlay of all XCl ratio estimates for 5046 GTEx samples and
the number of filtered heterozygous SNPs used to estimate the sample XClI ratio.

C, Scatter plot with 2d density overlay of all XCl ratio estimates for 5046 GTEx samples and
the width of the 95% confidence interval around the XCI ratio estimate (bootstrap sampling, n =
200).

D, Scatter plot with 2d density overlay of the number of filtered heterozygous SNPs used to
estimate the sample XCI ratio and the width of the 95% confidence interval around the XCI
ratio estimate. Red lines indicate thresholds for XClI ratio estimate filtering, requiring >= 10
heterozygous SNPs and a Cl width < 0.15.

E, Matrix of root mean squared error for estimated XCI ratios per GTEx sample as read depth
per SNP is gradually reduced. Tissue sample annotations for the confidence interval about the
original XClI ratio estimate (Cl), the original XCI ratio estimate (XClI ratio), and the number of
SNPs used to estimate the original XCI ratio estimate (# of snps) are provided as column
annotations.
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Figure S2. XCI escape genes exhibit balanced allelic expression in skewed XCI tissues.

Related to Figure 3

A, Histogram of gene reference allelic expression ratio deviations from 0.5 for a sample with
an estimated XClI ratio >= 0.70. An example known escape gene in the sample is colored red,
an example putative inactive gene is colored blue, and the inactive genes are colored in grey.
After ranking the allelic expression ratio deviations, the empirical p-value for the given test
gene is calculated as the rank of the test gene divided by the total number of ranks, i.e. the
number of inactive genes plus one.
B, Central histograms are the same plots as in Figure 3E.
C, empirical p-value distributions for the 19 genes that we classify as novel escape genes,
each gene has a FDR corrected meta-analytic p-value (Fisher’'s method) < .001.
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Figure S3. All tissues strongly predict skewed donors and are correlated in XCI ratios.
Related to Figure 4

A, ROC curves for individual tissue XCI ratios predicting skewed donors at various thresholds
for classifying skewed donors (top row). 2d density estimations across all tissue ROC curves
(bottom row).

B, AUROC distributions at each skewed donor threshold.

C, All pairwise tissue-tissue XCI ratio correlations regardless of sample size or significance,
grouped by germ layer lineage. The global trend is a positive correlation.

A Mean donor skew threshold: 0.65 Mean donor skew threshold: 0.70 Mean donor skew threshold: 0.75 B
e o o g
o | o | @ |
o o o
© @ b=
x © x < x S 7 Mean donor skew threshold: 0.65
o o o
o o [
S s s
& N N
o o o
o | o | o |
° T T T T T ° 5 T T T T T °q T T T T T
0.0 02 04 06 08 1.0 00 02 04 06 08 1.0 00 02 04 06 08 1.0 | Mean donor skew threshold: 0.70
1.00 1.00 1.00
0.75 0.75 0.75 )
density density d\:lleuy
2.0 3 L .
E 0.50 18 g 050 I2 g 0.50 4 Mean donor skew threshold: 0.75
10 F = 2
05 1
0.25 0.25 0.25
05 06 07 08 09 10
0.00 0.00 0.00 AUROC
0.00 025 050 075 1.00 0.00 025 050 075 1.00 0.00 025 050 075 1.00
FPR FPR FPR
(o4 Ectoderm Mesoderm Endoderm
2R = BYPSIhalanLe, can
| rain - auFa e q ?
rain - S, Rﬁm lia)
- Fgm - An enoni cn‘ﬁu %o 4
E = — SiEG il
9 - - {)gqe“um 9
e}
kel m m e|1r|1n_ ﬁ}l or?e @N
8 xpose uprapublc)
| | at M
- - i I . | q ram X&:erwcalc 1)
- |norS 8éry %T’f

-

Mesoderm

Adipose - Visceral (Omentum)
Spleen

Adipose - Subcutaneous
Artery — Tibial

Artery — Aorta

Artery — Coronary

Uterus

Heart - Atrial Appendage
Cells - Transformed fibroblasts
Muscle - Skeletal

Heart — Left Ventricle

Whole Blood

Adrenal Gland

Cells - EBV-transformed lymphocytes

Endoderm

Thyroid

Small Intestine — Terminal lleum
Esophagus — Mucosa

Liver

Pancreas

Esophagus - Gastroesophageal Junction
Esophagus - Muscularis

Colon - Sigmoid

Colon - Transverse

\Vagina

Lung

Stomach
Ovary



Figure S4. Bulk tissue samples represent a mix of germ layer lineages.
Related to Figure 4

A, Violin plots of the deconvolved cell type percentages across all bulk breast tissue samples.
B, Violin plots of the deconvolved cell type percentages across all bulk esophagus mucosa
tissue samples.

C, Violin plots of the deconvolved cell type percentages across all bulk esophagus muscularis
tissue samples.

D, Violin plots of the deconvolved cell type percentages across all bulk heart atrial appendage
tissue samples.

E, Violin plots of the deconvolved cell type percentages across all bulk heart left ventricle
tissue samples.

F, Violin plots of the deconvolved cell type percentages across all lung breast tissue samples.
G, Violin plots of the deconvolved cell type percentages across all skeletal muscle breast
tissue samples.

H, Violin plots of the deconvolved cell type percentages across all skin lower leg breast tissue
samples.

I, Violin plots of the deconvolved cell type percentages across all bulk skin suprapubic tissue
samples.

Cell types are color coded according to their developmental germ layer origin: Ectoderm (red),
Endoderm (yellow), Mesoderm (blue)



A breast

06

Deconvolved cell type percentages

00

"

Celltype
Epiheliacell. uminal,
Adipocyle
Immune..DC.macrophage.
Myoepithelial. basal
Fibrobiast
Endothelial.cel. vascular
Endothelial.cell. lymphatic.

Pericyte.SMC

Adipocyte

Epithelial cell. luminal
Immune..DC.macrophage.

£
Celltype

D heartAtrialAppendage

Endothelial.cell vascular.

Endothelial.celllymphatic

Pericyte. SMC

Deconvolved cell type percentages

00

U‘ o

Celltype

. Myocyte. cardiac..cytoplasmic.
Bl oo

Endothelial cell.vascular.
Fibroblast
Perioyte.SMC

Endothelial cell. lymphatic.

Immune. .DC.macrophage.
. Adipocyte

Schwann.cell

Immune. 8 cell

Immune. Teell.

Deconvolved cell type percentages

00

£ 3 £ E Q2 ¢ 8 £ % 3 3 3
£ $ 225 83 g 8 8
£ £ 3 8 83 5§ &g 2
IEEEEEEEEEREEE
£ ¢ E 2 E g 35 2 25 S ¢
g 3 8% & 3 £ 8 £ E 3
§ £ 2 s 8 g E E E
R i -
H @ gk
s
2
Celltype
G skeletalMuscle
Celltype
[ erconetai et vascutar,
Myocyte.NMJ.ich.
Fibroblast
Myocyte.sk
Endothelial.cell. lymphac.
B Asvocre
B sactie.cen
Immune. Teell
) Pericyte.SMC
Immune. DC.macrophage.
Immune. NK el
B e, mastcen
i* L
5 £ I % £ € % : 9 8 = =
£ 8 2 £ 3 88 3 8 8 3
§ 28 ¢ 2 8 £ - %2 £ ¢ 3
RN
s H g 8 ¢ 3
g 3 ) cE & E o8
gL s - 8 E E
2 = s £
£ £ £
3 ] g
u & £
Celltype

B esophagusMucosa

Celltype

Deconvolved cell type percentages

‘i hidrdes

[SAS—
o E—
My
[E———
———
P
-~
Endobotaol.hphse
o MG
S ——
———
-
——
A
Semamont

Immune. NK cell,

00
s 3 5 559 3
L 5283
5383 B R
s = 5 £ E
B 3@ E

E 3 s 8
£ & 2 .
gg 8 & E

Celltype

E heartLeftventricle

Immune..DC,

Neuroendocrine

Immune. mast.cel.

Deconvolved cell type percentages

*” wiall

Celltype

. Myocyte..cardiac..cytoplasmic.
. Myocyte..cardiac.

B e, mast ot
Endothelialcel. vascular.
Fibroblast

Pericyte. SMC

Endothelial cell lymphatic.

Immune. DC.macrophage.

| -

Schwann.cell

Immune. 8.cell

Immune. T.ell

00
$ §$ % 5 3 Q S 8 2% % o3
$ § 3 5 % g g T F 3
IEEEEEEREREE
s g e s E R R
- g3 f 3 EE
£:E3 318 c
H v 5 E
2
Celltype
H skinLowerLeg
8os
g
c
o
O o4
[
o
[
Q
203
3
8
B
oz
o
g
g
Sos
[
e +
00
F I ER
3 & 3 i i
E 2 2
£ ¢ <
z 3
&
Celltype

E

Celltype
‘Sebaceous.gland.cell
Melanocyte:
Adipocyte

Immune. DC.macrophage.
Endothelial cell. vascular.
Perioyte.SMC

Fibroblast

Epithelial cell. basal keratinocyte,

Epithelial cell. suprabasal keratinocyte.

CesophagusMuscuIaris

Deconvolved cell type percentages

Y

M

Celltype
Immune. mast.coll
Endothelial.cel. vascular
Myocyte. smooth muscle
Endothelial.cell. lymphatc
iccs
Fibrobiast
Immune..DC.macrophage.
Pericyle.SMC
Neuronal
Immune. Teel.
Immune. NK.cell
Adipocyle

Immune. 8.cell

Immune. mast.cell
cell.lymphatic.
iccs

Endothelial cellvascular.

Endothel

Fibroblast
Pericyte. SMC

Immune..DC.macrophage.

Celltype

Neuronal

Immune. T.ell

Immune. NKcell,

Adipocyte

Immune. B.cell

Celltype

Flung
06

B

Y

Deconvolved cell type percentages

004

M

Epithelial.cell. ciliated.
Epithelial.cell. alveolar ype..
Immune. alveolar macrophage.
Pericyte.SMC

Fibroblast

Endothelial cell.vascular.

B e

Immune.

mast.cell.
el
Immune. .DC.macrophage.

Immune. 8cell

alveolar.type.l
Epithelial.cell. club.
Pericyte.SMC

Epithelial.c

Epithelial.cell.alveolar type..

&

Immune. alveolar. macrophage.

| skinSuprapubic

Fibroblast
Endothelial.cel. vascuar.
ymphatic
Epitholialcolbasal

Celltype

Immune..mast.cell

Immune. Tell

Immune..DC.macrophage.

Immune..8.cell

Deconvolved cell type percentages

Melanocyte
Adipocyte

Sebaceousgland.cel
Immune..DC.macrophage.

Pericyte.SMC
Fibroblast

Endothelial cell. vascular.

Celltype

H
]

Epithel

H
§
g

B e

NK.cell

M
H
H
£

Celltype
‘Sebaceous.gland.cell
Melanocyte
Adipocyte
Immune..DC.macrophage.
Endotholal.collvascular.
Pericyte.SMC
Fibroblast
Epithelial.cell.. basal keratinocyte.

Epithelial.cell. suprabasal keratinocyte.



