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Supplementary Note 1
Evaluation literature models

To evaluate our algorithm and the potential effect of non-diagonal fluctuations on the
differential Jacobian, we consider the four literature models that have also been used in
our previous study [1]. We describe how to generate the two conditional Jacobians as

following:

1, A model of carbohydrate energy metabolism [2]: One condition is obtained from the
nominal parameter values; for the other condition we increased the reaction rate

parameter in R2, Pyrute+NADHc—Lactose+NADc, five-fold.

2, AMPK-mTOR pathway model [3]: The paper describes a wild type and an mTOR
knockout model based on time-series experimental data; these two variants are used to

define the differential Jacobian.

3, Hepatic glucose metabolism model [4]. The first condition is from nominal parameters.
We applied a two-fold parameter change for the reaction rate of the second reaction R2

for the second condition.

4, Large-scale blood cell metabolism model [5]. We introduced a five-fold increase to

several components of the Jacobian matrix directly.

These Jacobian matrixes are available in Supplementary data 1.
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Supplementary Figure 1. Precision and Recall of the large values in R* based on different thresholds
(left: 0.3, right: 0.7). Color code refers to Figure 4A.
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Supplementary Figure 2. Inverse differential Jacobian algorithm with/without D structure evaluation

using various randomness of D £, and the magnitude of off-diagonal fluctuations. The evaluation is

conducted using the first model in method section with 200 repeats and 6 random enzyme fluctuations

applied. A, Precision and Recall of the large values (above 0.5) in R* over 200 repeats with/without D

structure information; B, the line plots of Precision and Recall of the large values in R* with/without D

structure information based on different large value thresholds (0.3-0.9), where the snapshots of value 0.3,



0.5 and 0.7 refer to A; C, the accuracy of the top 1, top 3 and top 5 large values in R* over 200 repeats

with/without D structure information.
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Supplementary Figure 3. The regression loss Jacobian algorithm evaluation assuming a diagonal
fluctuation matrix D with £, = 0.4. For each test, all reactions are perturbed using a 0.3 magnitude

fluctuation compared the metabolites fluctuation.
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Supplementary Figure 4. Precision and Recall of the large values in R* based on different thresholds
(left: 0.3, right: 0.7). Color code refers to Figure 5A.
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Supplementary Figure 5. Inverse differential Jacobian algorithm with/without D structure evaluation
using various number and magnitude of off-diagonal fluctuations. The evaluation is conducted using
the first model in method section with 200 repeats and €, = 0.2. A, Precision and Recall of the large values
(above 0.5) in R* over 200 repeats with/without D structure information; B, the line plots of Precision and
Recall of the large values in R* with/without D structure information based on different large value
thresholds (0.3-0.9), where the snapshot of value 0.5 refers to A; C, the accuracy of the top 1, top 3 and

top 5 large values in R* over 200 repeats with/without D structure information.
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Supplementary Figure 6. Precision and Recall of the large values in R* based on different thresholds
(left: 0.3, right: 0.7). Color code refers to Figure 6A.
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Supplementary Figure 7. Inverse differential Jacobian algorithm evaluation using various number
of large (magnitude: 10) and small (magnitude: 0.3) non-diagonal fluctuations using three strategies:
integrative D sampling, topological D and without D structure. The evaluation is conducted using the
first model in method section with 200 repeats and ¢, = 0.2. A, Precision and Recall of the large values
(above 0.5) in R* over 200 repeats with/without D structure information; B, the line plots of Precision and

Recall of the large values in R* with/without D structure information based on different large value
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thresholds (0.3-0.9), where the snapshot of value 0.5 refers to A; C, the accuracy of the top 1, top 3 and

top 5 large values in R* over 200 repeats with/without D structure information.
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Supplementary Figure 8. Inverse differential Jacobian algorithm evaluation using various number
of large (magnitude: 2.4) and small (magnitude: 0.3) non-diagonal fluctuations using three
strategies: integrative D sampling, topological D and without D structure. The evaluation is conducted
using the first model in method section with 200 repeats and ¢, = 0.4. A, Precision and Recall of the large
values (above 0.5) in R* over 200 repeats with/without D structure information; B, the line plots of Precision

and Recall of the large values in R* with/without D structure information based on different large value
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thresholds (0.3-0.9), where the snapshot of value 0.5 refers to A; C, the accuracy of the top 1, top 3 and

top 5 large values in R* over 200 repeats with/without D structure information.
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Supplementary Figure 10. The inferred fluctuation matrix structure for the two different cell lines

(left: Dy, for MCF 102A and right: D4 for MCF 7).
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Supplementary Figure 11. The interactive plots of breast cancer inverse Jacobian analysis. Top plot
uses a diagonal D assumption and bottom plot uses enzyme-activity integrative D sampling. The circular

plot can be interactively checked by clicking the interactions (lines) through the matlab figure format result
available in Supplementary material S2.
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Supplementary Figure 12. The inferred enzyme expression difference of the two conditioned cell

lines.
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