density

o -
T 9e+071 T
D . w
2 . L
‘T 6e+07; i
o e s
© . -
8 3e+07 # :
8
(@)
— 0Oe+00 e"\ é‘\
= g
\\e\* ’{\00
P NS
OV Y
1.00+
(2]
o 9
$ 50.75] " :
=g
> .
= E s
5 S0 %
() v,
T 5 )
@ ]
o) g 0.25
o\o >
0.00: , ,
\\\66\ '0098\
‘ c,0“e ‘\g&\\
0\9 q?
Discovery set
0.201
0.151
0.10
0.05+
0.001_ , ,
0 15 30
TPM

density

@_ § 9e+07
30
£ @ 6e+07 v .
> CE ~ }."
25 5
O 3e+07 P
€3 % £
o N R
0e+00 . .
e L
Qe(\‘ ’{}0(\
P N
0\ Q?}
1.00
Q
©
= 0.751 K
2 é
“E’, 0.501 i .
® %’
- 2
wn - ‘e
a 0.25 A
O
0.001 '
X &
2 2
P WO
0\5 Q2
Validation set
0.091
0.061
0.031
0.001_ ' '
0 15 30
TPM

Fig. S1. RNA-seq quality control; related to Fig. 1 and Table S1.

A. Distributions of sequencing amounts of the discovery set (the number of read pairs

per sample) and the validation set (the number of reads per sample). Each dot



represents a sample. Red line specifies the cutoff (20 million total reads) and samples
below the red line were excluded.

B-C. Distributions of per sample total amount (B) and percentage (C) of read pairs
(discovery set) or reads (validation set) that are uniquely (and concordantly for the
discovery set) mapped to the canFam3 genome. Red line specifies the cutoff (20
million reads for B; 0.3 for C) and samples below the red line were excluded.

D. Distributions of per sample CDS-targeting rate. Red line specifies the cutoff (0.21)
and samples below the red line were excluded.

E. Gene expression distributions in each sample. Each line represents a sample, with

the TPM value of each of all ~20,000 protein-coding genes plotted.
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Fig. S2. Validation of canine mammary tumor subtyping results shown in Fig. 1
using different strategies and data set; related to Fig. 1 and Table S1.

A-C. K-means (A), consensus clustering (ConsensusClusterPlus) (B), and permutation-
based hierarchical clustering (pvclust) (C) were applied using the top 10% most variably
expressed genes in samples of the discovery set (top plots) or the validation set (bottom
plots). These approaches all yield two subtypes, the same as the NMF strategy shown
in Fig. 1.

D. The proportions of samples assigned to the same subtype by each approach
indicated in A-C as the NMF strategy shown in Fig. 1.

E-F. Heatmaps of the discovery (E) and validation (F) sets as presented in Fig. 1, with
NMF clustering conducted on the top 2,000 most variably expressed genes within each

cohort.
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Fig. S3. Dog-alone and cross-species PAMS50 classification using canFam4 and

its annotation; hBLBC- and hLumA feature gene identification via machine

learning; related to Fig. 2 and Table S2.

A. PAMSO classification of 143 subtyped canine mammary tumors using 49 PAM50

genes from canFam4, as presented in Fig. 2A.

B. An example of cross-species PAM50 classification, as presented in Fig. 2B, with 49

PAMS50 genes from canFam4.

C. Bar plot showing the number of random samplings in which hBLBC and cBLMT or

hLumA and cNBLMT clustered together or separately, as presented in Fig. 2C, using

the 49 PAM50 genes from canFam4.



D. Multidimensional scaling plot of the cross-species PAM50 classification shown in B,
plotted as in Fig. 2D, using the 49 PAM50 genes from canFam4.

E. Violin plot indicating the distribution of the mahalanobis distances between the
centers of two subtypes on the multidimensional scaled plot, as presented in Fig. 2E,
using the 49 PAMS50 genes from canFam4.

F. PAMSO0 classification of the 57 tumors of the validation set, presented as described
in Fig. 2A.

G. PAMSO0 classification of 267 human breast tumors sampled from TCGA as described
in the Methods section. The 50 PAMS50 genes were used, and the tumor subtypes
shown were from cBioportal.

H. PAMS50 classification of 40 canine tumors from two gene expression microarray
studies [1, 2]. Logz-transformed expression values of 40 genes out of the 50 PAMS50
genes were used (see Methods).

I. An example of cross-species PAMSO0 classification using canine and human
microarray data. Human tumors (30 tumors per PAMS50 subtype) were randomly
sampled from a microarray data study [3] as described in the Methods section. The
figure is presented as described for Fig. 2B.

J. Principal component analysis (PCA) plots using machine learning (ML)-selected
feature gene sets that separate hBLBC from hLumA, LumB, and HER2 (top three plots,
from top to bottom, respectively) breast cancer samples from TCGA. Bottom PCA plot
is done using all 143 subtyped canine mammary tumors with the union of feature genes
indicated in the top three plots (115 genes in total), with the number of feature genes

specified by “n”.



K. PCA plots using ML-selected feature gene sets that separate hLumA from hBLBC,
LumB, and HERZ2 (top three plots, from top to bottom, respectively) breast cancer
samples from TCGA. Bottom PCA plot is done using all 143 subtyped canine mammary
tumors with the union of feature genes indicated in the top three plots (n = 130).

L-O. PCA plots of all 143 subtyped canine mammary tumors using different
combinations of ML-selected feature gene sets, including hBLBC and hLumA feature
genes combined (L), hBLBC-unique feature genes (M), hLumA-unique feature genes

(N), and feature genes shared by both hBLBC and hLumA (O).
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Fig. S4. Differentially expressed (DE) gene analysis indicates enrichment of
hBLBC signatures in cBLMT of the validation set; related to Fig. 3 and Table S3.
A. Heatmap of the row scaled log2(TPM) values of the 761 DE genes between cBLMT
and cNBLMT of the validation set, presented as described for Fig. 3A.

B & C. Distributions of ssGSEA scores, presented as described for Figs. 3B-C.
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Fig. S5. Canine tumors, especially cBLMTs, express PGR more abundantly than

hBLBCs; related to Fig. 4 and Table S4.

A-B. Scatter plots showing the log2(FPKM) values of ESR1 and PGR for both cBLMTs

and cNBLMTs (n=143) (A), and only cBLMTs (n=69) with the PAMS50 subtype (B), using

ESR1 and PGR values from canFam4.



C. Scatter plot showing the log2(FPKM) values of ESR1 and PGR for canine tumors of
the validation set (n=57) [4].

D-F. Scatter plots showing the logz-tranformed expression values of ESR7 and PGR
from microarray studies of human breast cancers (n=327) [3] (D ), as well as of canine

mammary tumors by one group (n=40) (E) [1, 2] and by another group (n=51) (F) [5].
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Fig. S6. Purine de novo synthesis and serine synthesis are more activated in cBLMTs and hBLBCs, compared to
normal mammary tissues; related to Fig. 5 and Table S5.

A-B. Distributions of ssGSEA enrichment scores for metabolic pathways using signature genes identified for each
pathway as described [6], in canine tumor subgroups and subtypes (A) and human PAMS50 subtypes (B). Each dot
represents a sample. Significantly up- or downregulated pathways are identified with BH adjusted p < 0.05 and

|log,(fold change)| > 0.5, by comparing the cancer types with normal samples.
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Fig. S7. PGR, but not ESR1 or PRLR, correlates with several T-cell exhaustion
signature genes in mRNA expression in ER-PR+ cBLMTs; PRL and PRLR
expression in canine and human tumors; related to Fig. 6.

A-C. Pearson (top) and Spearman (bottom) correlation analysis between PGR (A),
ESR1 (B), or PRLR (C) and PDCD1, HAVCR2, CTLA4, or TIGIT in mRNA expression in
each canine subgroup and subtype shown. Correlation coefficients, p-values, and

linear regression lines are indicated.



D. Distribution of FPKM expression values of PRL in canine and human subgroups and
subtypes. P-values are derived from Wilcox tests. The black line specifies FPKM = 1,
the threshold for classifying a gene as being expressed, which no canine and few
human samples pass. Human samples are from TCGA breast cancer study.

E. Distributions of log2(TPM+1) (top) and FPKM (bottom) expression values of PRLR in
canine and human subgroups and subtypes. P-values are derived from Wilcox tests.
Human samples are from TCGA breast cancer study.

F. Pearson (top) and Spearman (bottom) correlation analysis between PGR (top row)
or ESR1 (bottom row) and PRLR in mRNA expression, in each canine subgroup and
subtype shown. Correlation coefficients, p-values, and linear regression lines are
indicated.

G. Pearson (top) and Spearman (bottom) correlation analysis between PGR (top) or
ESR1 (bottom) and PRLR in mRNA expression, in each human subtype shown.
Correlation coefficients, p-values, and linear regression lines are indicated. Human

samples are from TCGA breast cancer study.
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Fig. S8. PRLR positively correlates with many genes in mRNA expression, but is
not associated with gene silencing in cBLMT,; related to Fig. 7 and Table S6.
A-B. Venn diagrams of genes positively (A) or negatively (B) correlated with PGR,

ESR1, and/or PRLR, using the same thresholds as described for Fig. 7 (both Pearson



and Spearman correlation coefficients R > 0.3 for positively correlated genes or R <
—0.3 for negatively correlated genes, and both Pearson and Spearman BH-adjusted p <
0.05). Indicated are also the top enriched functions of genes that are correlated with

only ESR1, PGR, or PRLR.
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