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Supplementary Figure Legends

Figure S1. Localization of FVB and F1 mice in the prognosis clusters. (Related to
Figure 1D). (A) The biplot shows that most of the FVB mice are located in the worst
prognosis clusters 1 and 2; whereas F1 mice are located in clusters 3 and 4. (B)
Dendrogram obtained from the biplot to better visualize the location of FVB (blue arrows)
and F1 (green arrows) mice. (C) Histogram representing the percentage of FVB and F1
mice in each cluster. Here we have included cluster 5, formed by the mice that did not
develop tumors. Importantly, this cluster 5 is only formed of F1 and backcross mice (not
represented here to better visualize FVB and F1 mice). The absolute number of mice in

each cluster is represented in the upper part of each column.

Figure S2. Similarity between human and backcross tumors at gene expression
level. (Related to Figure 3C). We calculated the samples closest to the human subgroups.
The eight subgroups of human samples (red) are clustered with tumors originated in the
backcross population (blue) and sometimes with tumors from the F1 origin (green). The
groups of FVB tumors (yellow) and normal mouse mammary glands (purple) are clearly
separated from the human tumours. This indicates that tumors originated from mice with a
heterogeneous background, mostly backcross and sometimes F1, are more similar to

human tumors than those originating in the FVB inbred strain.

Figure S3. RNA expression analysis in tumors. (Related to Figure 3). (A) Left: a
common list of 354 transcripts between mouse and human tumors allowed a classification
of human patients in three unsupervised clusters with prognosis significance as was
achieved with the human signature by Staaf et al., 2010. We have included the 354-

transcript signature in Table S8 in Additional file 1. Right: the table shows how clusters of
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human tumors classified by the human signature in comparison with those classified by
the mouse signature tended to be overlapped. Thus, as seen in the table, out of 58 human
tumors studied there are 14 common tumors out of 19 (73.7% of overlapping) in cluster 1,
12 out of 18 (66.7%) in cluster 2, and 15 out of 21 (71.4%) in cluster 3. Based on
correlation analysis, clusters of human tumors classified by the mouse signature were
significantly similar to the clusters identified by Staaf et al. (interval by interval; P = 1.05 E
8 r = 0.667). (B) The signature of 184 transcripts obtained from human ERBB2 tumors by
Staaf et al. (see text) differentiated five expression clusters in the mouse backcross
(Mouse Clusters from Human Signature or MCHS). The percentages and absolute number
of tumors from the FVB, F1 and F1BX mice included in each cluster are shown at the
bottom. (C) The MCHS also had implications in prognosis and the best prognosis clusters

in terms of latency and survival in the F1BX mice were MCHS #3 and MCHS #5.

Figure S4. Distribution of tumors from others clusters along the seven
unsupervised clusters formed with the mouse gene expression signature (MCMS)
shown in Figure 3A. (Supplementary figure related to Figure 3). The Y axis in all graphics
indicates the absolute number of tumors; the X axis indicates each of the seven MCMS.
(A) Distribution of mouse tumors from each of the five clusters originated by the human
signature (MCHS) (shown in Figure S3B in Additional file 2) along the seven MCMS; e.g.
MCHS #4 contains 17 tumors, of which 9 were included in MCMS #7; 7 tumors in MCMS
#6 and 1 tumor in MCMS #1. Notice that the best prognosis MCHS #3 and MCHS #5, as
expected, mainly overlapped with the best prognosis MCMS #5 and #7. (B) Distribution of
the absolute number of tumors from each of the four clusters of prognosis based on the

pathophenotypes shown in Figure 1D along the seven MCMS.
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Figure S5. Evaluation of some representative signaling molecules in tumors and
livers from F1BX mice. (Related to Figure 4). (A and B) Complex associations identified
by principal component analysis among different molecules from signaling pathways in (A)
tumors, and (B) livers. (C) Distribution of some molecules from signaling pathways along
the different prognosis clusters based on tumor pathophenotypes (ANOVA). Tumor (red).
Liver (green). (D and E) Pairwise differentiation between clinical prognosis clusters by
some specific signaling molecules from (D) tumors and (E) livers (Tukey's post-test). Data
from panels C-E are shown in Table S10 in Additional file 1. (F) We were unable to detect
ERBB2 protein in the livers of the F1BX mice (the endogenous protein was detected in
spleen). Protein lysates from mouse ERBB2+ tumors were used as positive controls (C+).
C57 are protein lysates from livers and spleens of C57BL/6 mice which were used as non-

transgenic negative controls.

Figure S6. Analysis of pAKT pathway expression in the tumors. (Related to Figure 5).
(A) Evaluation of the AKT pathway in F1BX tumors with and without metastasis to the
lung. We also analyze these tumors in Figure 5C. (B) There were no differences in the
expression of total and pAKT levels in tumors from the FVB and F1 mice, regardless of

their dissemination capability, indicating that this is a backcross-specific phenotype.

Figure S7. Serum metabolites are associated with cancer progression before the
onset of the disease. (Related to Figure 7). (A) The figure shows the associations
between specific serum metabolites obtained in disease-free mice that later developed
tumor traits. All simple correlations with a P < 0.05 are included in the figure. The
coefficient of correlation (r) is represented by a red-blue scale and non-significant
correlations are in gray. The values represented are included in Tables S18 and S19 in

Additional file 1. (B) Networks of subphenotypes associated with different tumor
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pathophenotypes. Red edges indicate a negative correlation; green edges a positive
correlation. All simple correlations with a P < 0.05 and r > 0.3 are included (Cytoscape

Software).

Figure S8. Signaling levels in tumor, liver, spleen and kidney from FVB and F1 mice.
Note the similar behavior of signaling levels in different tissues from the same strains, still
present even in non-statistically significant cases. Black and blue asterisks mean P < 0.05
and P < 0.08 (statistical trend). The values represented in the figure can be found in

Tables S11 and S13 in Additional file 1.

Figure S9. Hypothesis to identify part of the “missing heritability”. Tumor
pathophenotypes (level-2) would be influenced by different subphenotypes such as those
related to cell signaling pathways and metabolism (level-3), among others. The variability
of each tumor pathophenotype is influenced by the genetic background, which can be
demonstrated by the identification of different tQTLs (level-1). tQTLs modify tumor
behavior through their influence in known subphenotypes (these are overlapping QTLs
such as tQTL1/tsQTL1 and tQTL5/tsQTL8 in the figure) or unknown subphenotypes (the
rest of tQTLs at level 1 in the figure). In addition, each different subphenotype from level 3
is also influenced by the genetic background (tsQTLs and mQTLs in the figure) (level 4).
Most of the QTLs from level 4 associated with subphenotypes (level 3), in turn related to
tumor pathophenotypes at level 2, would not be detected at the tQTL level 1, which would
contribute to the “missing heritability” of complex diseases (see Discussion section). The
identification of non-overlapping QTLs associated with pathogenic subphenotypes
functionally linked to clinical manifestations of the disease would explain and offer a way

to identify part of the “missing heritability” characteristic of complex diseases.
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