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ENCSR552YAE Roadmap Right renal pelvis CL:10004971165
ENCSR352GCS Roadmap Right renal pelvis CL:10004971165
ENCSR543TQW Roadmap Right renal pelvis CL:10004971165
ENCSR928CEQ Roadmap Right renal pelvis CL:10004971165
ENCSR899NLW Roadmap Spinal cord CL:00050002081
ENCSR333FZW Roadmap Spinal cord CL:00050002081
ENCSR822A0E Roadmap Right renal cortex interstitium CL:10005961200
ENCSR884EVS Roadmap Right renal cortex interstitium CL:10005961200
ENCSR400DJE Roadmap Right renal cortex interstitium CL:10005961200
ENCSR265NZF Roadmap Spleen CL:000265120

ENCSR817TLH Roadmap Psoas muscle CL:0000188171
ENCSR531RKI Roadmap Muscle of trunk CL:0000188171
ENCSR727VTD Roadmap Ovary CL:00020941469
ENCSR725TPW Roadmap Ovary CL:00020941469
ENCSR629VMZ Roadmap Pancreas CL:10015991552
ENCSR571BML Roadmap Pancreas CL:10015991552
ENCSR755LFM Roadmap Testis CL:00022381649
ENCSR711INGL Roadmap Forelimb muscle CL:0000188171
ENCSR516VDS Roadmap Hindlimb muscle CL:0000188171
ENCSR911GQI Roadmap H1-hESC CL:000003429

ENCSR844HLP Roadmap H1-hESC CL:000003429

Supplementary Table 1: Sample IDs (DEEP and Blueprint)/ Experiment IDs(ENCODE, Roadmap) are

listed with the assigned tissue, the related consortium, and mapped Cell Ontology Terms. Note that

Roadmap samples originating from the different biosamples are considered as biological replicates.
The biosample IDs can be accessed via the Experiment IDs provided here.

\ Consortia Counts \
DEEP 12
ENCODE 36
Blueprint 56
Roadmap 112

Supplementary Table 2: Sample Counts per Consortium for IHEC data

Tissue Consortia Counts Cell Ontology Term
Thyroid TCGA 59 CL:0000452
Thyroid GTEx 355 CL:0000452

Liver TCGA 50 CL:0000182
Liver GTEX 176 CL:0000182

Kidney TCGA 72 CL:1000497

Kidney GTEx 36 CL:1000497

Colon TCGA 41 CL:1001588

Colon GTEx 376 CL:1001588
Prostate TCGA 52 CL:0002231
Prostate GTEx 119 CL:0002231

Supplementary Table 3: Sample Counts per Tissue, Consortium and Cell Ontology Terms for GTex
and TCGA data



2. Results

(a) (b)
Pearson | Spearman Pearson Spearman
- 10+
— —_
1ol . -*_ . . *
0.5+ 2 e
.
B
g : L S I
2 0.0+ : . -3
0.04 £ @ ! 5
054 Ontology
o 054 ©
S ] Original
5] I+
@ . H @
> >
2 2 10 : : T T - o -Handcmized
° = 1| s | = g :
£ 1.0 — — = HE B . .
o = = 1 - Fixed
. 0
0.54 . - :
05 . h . ’r . : P
[ -
o . . 1 H H . 5
8 0.04 - 3 4 B [} 8
0.0 H 1 a o] | N =
L] . L]
051 051
T ]
Original Randomized Fixed Original Randomized Fixed colon kid;wey liver proétate thyr‘oid colon kidﬁey liver proélate thyr‘oid
Tissue

Supplementary Figure 1: a) Shows the ontology score computed using the original ontology mapping, a fixed ontology
assignment (1.0 for samples from the same tissue, 0.25 otherwise), and randomly sampled ontologies. For all score
variations, the difference between the original ontology score and the alternative versions is significant (Wilcoxon Man-
Whitney Test) b) Shows the same data as a) but split into individual tissues.
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Supplementary Figure 2: a) Ontology score depending on the percentage of samples with added Gaussian noise. One can
see that the score is declining for all four score variants. b) Shows the same as a) but for individual tissues. . c¢) Ontology
score depending on the mean of added Gaussian noise. Except for the score combination Spearman and Jaccard, one can
see that the score drops with increasing mean and stays roughly constant after the mean is larger than ten. d) Shows the
same as c) but zoomed on the tissue level.
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Supplementary Figure 3: This Figure shows the results of a PCA analysis (PC1-PC4) for three different

b) Data after adding Gaussian noise with mean
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Supplementary Figure 4: Ontology score for individual GTEx tissues before noise addition (Original),
after Noise addition (Orange) and after noise removal with Combat (blue). One can see that only for
liver samples, Combat is not able to restore the ontology score. For the remaining tissues, combat is
able to adequately remove the artificial noise.
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Supplementary Figure 5: a) Ontology score for the TCGA/GTEx scenario in all score variants. According
to Pearson correlation using SVA improves the score slightly, while this cannot be seen in Spearman
correlation. To understand this difference, the tissue specific plots in b) can be used. As one can see, the
score for Prostate is largely negative using Spearman correlation, which affects the median strongly,
those no beneficial effect can be seen on average. c) Here, the scores are depicted depending on tissue
and consortia of origin. One can see that prostate samples cannot be corrected well in both consortia,
whereas liver data is significantly boosted in GTEx but not in TCGA data. This explains why SVA performs
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better for GTEX data on average than for TCGA data (Fig. 5a).
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Supplementary Figure 6: PCA analysis showing PC1-PC4 for the TCGA/GTEX experiment a) Original TCGA
and GTEx data. b) Data after Combat normalization. ¢) SVA normalization d) RUV normalization.
Although SVA seems to perform very well in PC2, PC3, and PC4, it seems that the cluster generated in
PC1 is not meaningful and affects the ontology score, as shown in Sup. Fig 5, in a negative way for the
liver samples.
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Supplementary Figure 7: General performance of Combat, SVA, and RUV on the IHEC data set. On
average, the RUV method obtains the highest ontology scores across all four score combinations.
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Supplementary Figure 8: PCA analysis showing PC1-PC4 for the IHEC experiment a) Original TCGA and
GTEx data. b) Data after Combat normalization. ¢) SVA normalization d) RUV normalization. Here, the
RUV normalization generates a clustering that tends to represent rather tissue similarities than consortia
effects.
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Supplementary Figure 9: Ontology score shown for all tissues of the IHEC data set and depending on the
used data normalization method. One can see that no method is generally applicable across all tissues.
Although the RUV method performs favorably in most cases. Here, we show Spearman correlation with
Cosine similarity. The same observations can be made using the remaining score variants.
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Supplementary Figure 10: Ontology score for GTEx data illustrating the effect of a log2 transformation
of the read counts after applying Deseq2 normalization.
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Supplementary Figure 11: Spearman correlation of prostate samples among each other computed for
the original and SVA corrected data as well as for the Cell Ontology. In the SVA corrected data, the
prostate samples are negatively correlated to thyroid and obtain a high correlation to the colon samples.
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Supplementary Figure 12: PCA analysis comparing original (a) gene expression data against RUV
normalized data (b). Highlighted are hepatocyte and kidney samples. One can see (1) that DEEP
hepatocyte samples cluster closer to ENCODE hepatocytes and (2) kidney samples now form a separate
cluster, detached from the remaining Roadmap samples.
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Supplementary Figure 13: Example for the computation of the expected similarity. We show the
successor for term 7 and term 9, as well as the vector representations for term 7 and 9 in (a) and (b)

respectively. An example for the computation of the Jaccard similarity is shown in (c), and an example
for the cosine similarity is shown in (d).




