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Text S2: Singular value decomposition (SVD) for exploring fundamental subspaces of R*

Singular value decomposition (SVD) is used often to analyze properties of matrices and the
datasets that they represent (see [1], [2], and [3] for examples). SVD decomposes a matrix into
three matrices, often named U, X, and V (see Figure 3B) [1], and these matrices delineate the
four fundamental subspaces of the original matrix (see [4] and Figure 4B). We performed SVD
on each R*, as described in [4] and shown in Figure 3B, yielding R* = UsZeV'. The diagonal
entries of the matrix X = diag(oy, o2, ... , 0,), where r is the rank of R* and ) > 0, > ... > 0,
indicate the relative contribution of the corresponding left singular vector (a column of U) and
right singular vector (a row of V') in the overall construction of the TRS [3]. Note that an
important feature of SVD is that the singular vectors are orthonormal to each other and

consequently each principal mode is decoupled from all the others.

Briefly, we previously reported that the null space of the R* matrix contains the collection of all
possible vectors describing active/inactive genes (columns of the matrix) that balance the TRN
with the environmental cues [4]. In other words, the null space of R* captures all possible
balanced expression (i.e., functional) states of the TRS that it represents. The left null space of
R* contains pools or aggregates of network components that are invariant across all the
regulatory rules of the TRS. Thus, these pools represent node-neutral states of the TRS. These
pools may be groups of open reading frames that are coordinately regulated and can be classified
as regulated units, or regulons. As we describe in the “Results” section of the manuscript, our
understanding of the four fundamental subspaces of R*, which we originally proposed in [4] on
the basis of our work with two small-scale systems, has been considerably enhanced by the

extension of R and R* to the genome-scale E. coli TRS.
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