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Distribution distances 
In addition to the Kolmogorov-Smirnov distance, we also evaluated the use of the Cramér–von Mises (CM) criterion [1] as the DD metric. The CM criterion is given by:

                                            (S1)

 where  denotes the CM criterion of gene j in the time window Δtl, and  denotes the cumulative distribution function of gene j expression (Ej) at time point tl (l = 1, 2, …, n−1). In addition to the CM criterion, we also tested the Anderson-Darling (AD) criterion [2], which is given by:

                                                 (S2)

The CM and AD criteria provide more sensitive measures of the global change in the distribution than the KS distance [3]. In contrast, the KS distance better reflects the shift of the center of the distribution. We evaluated the performance of SINCERITIES using the CM criterion using the in silico single cell dataset (see Methods). Table S2 below report the AUROCs and AUPRs for the CM and AD criteria, showing that these criteria could provide a comparable performance to the KS distance. However, for the THP-1 differentiation dataset, both CM and AD criteria gave much poorer AUROC and AUPR values than the KS distance (AUROC: 0.54 for CM, 0.56 for AD vs. 0.70 for KS, AUPR: 0.20 for CM, 0.22 for AD vs. 0.33 for KS). The reason for the poor performance of AD and CM might have to do with the reference TF network of THP-1, which came from population-average transcriptional data of RNAi experiments. Since the KS is a more sensitive metric of the mean-shift than AD and CM, the GRN prediction from SINCERITIES using KS agreed better with the RNAi experiments. 



Table S2 Performance comparison for SINCERITIES with KS, AD or CM distance on in silico data.



Regularization methods: Lasso and Elastic-net
While we recommended using ridge regression, SINCERITIES could also be implemented using two additional regularization strategies, namely Lasso (Least Absolute Shrinkage and Selection Operator) and elastic-net. The three methods differ only in the penalty function used in the least square objective function in Eq. (4) in the main text.  In contrast to ridge regression, the Lasso regularization enforces an L1 norm penalty in the least square objective function, as follows

                                                                     (S3)

Meanwhile, the elastic net uses a penalty function that combines those from the Lasso and ridge regression, with the following least square objective function:

                                                  (S4)

Setting γ to 1 would give the Lasso regularization, while setting γ to 0 would give the ridge regression. Here, we again used LOOCV to determine the parameters  and γ. In the case of elastic net, we performed LOOCV to obtain the optimal  value for discrete values of γ between 0.1 and 0.9 with a step size of 0.1 (i.e. γ = 0.1, 0.2, …, 0.9). The final optimal combination of  and γ again corresponded to the minimum cross validation error among the LOOCV runs.  
Table S3 reports the performance of SINCERITIES using the KS distance using the Lasso and elastic net regularization strategies for the in silico single cell dataset. For 10-gene gold standard GRNs, the ridge regression gave significantly higher AUROCs and AUPRs (p-value<0.05, paired t-tests) than the Lasso and elastic net. 

Table S3 Performance comparison for SINCERITIES using KS distance with Ridge, Elastic-net, and Lasso on in silico data.
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Figure S1 Three-dimensional projection of in silico single cell data (10-gene Network E. coli 1) using diffusion map [4].
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Figure S2 Comparison between Wanderlust [5] pseudotime and the true cell sampling time points for in silico single cell data (10-gene Network E. coli 1). Wanderlust algorithm is applied to (A) the original dataset in high-dimensional space, and (B) low-dimensional (3D) diffusion map projection data.
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Figure S3 Low dimensional projection of THP-1 human myeloid leukemia cell differentiation data using (a) principal component analysis (PCA), (b) t-Distributed Stochastic Neighbor Embedding (t-SNE) [6] and (c) diffusion map analysis. 
[image: ]
Figure S4 Comparison between Wanderlust pseudotime and the true cell sampling time points of THP-1 human myeloid leukemia cell differentiation. Wanderlust algorithm is applied to (A) the original dataset in high-dimensional space, and (B) low-dimensional diffusion map projection data.
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Network E. coli 8 0.83 0.80 0.80 0.23 0.20 0.20 0.82 0.91 0.91 0.28 0.45 0.46

Network E. coli 9 0.79 0.84 0.85 0.29 0.46 0.52 0.71 0.74 0.74 0.10 0.11 0.11

Network E. coli 10 0.88 0.90 0.90 0.35 0.32 0.32 0.58 0.59 0.60 0.07 0.08 0.08

Network Yeast 11 0.69 0.69 0.69 0.26 0.37 0.37 0.70 0.75 0.74 0.18 0.29 0.26

Network Yeast 12 0.64 0.72 0.74 0.13 0.25 0.25 0.73 0.73 0.73 0.27 0.30 0.28

Network Yeast 13 0.84 0.83 0.83 0.68 0.67 0.65 0.60 0.73 0.73 0.06 0.08 0.08

Network Yeast 14 0.84 0.85 0.85 0.57 0.57 0.57 0.63 0.71 0.71 0.09 0.17 0.14

Network Yeast 15 0.86 0.89 0.89 0.44 0.53 0.53 0.71 0.64 0.65 0.31 0.29 0.30

Network Yeast 16 0.90 0.89 0.90 0.48 0.50 0.52 0.70 0.72 0.72 0.17 0.18 0.17

Network Yeast 17 0.78 0.76 0.77 0.39 0.36 0.37 0.73 0.82 0.81 0.13 0.17 0.14

Network Yeast 18 0.92 0.93 0.94 0.72 0.73 0.78 0.65 0.69 0.70 0.17 0.18 0.18

Network Yeast 19 0.73 0.81 0.81 0.23 0.52 0.52 0.78 0.81 0.82 0.26 0.24 0.25

Network Yeast 20 0.94 0.93 0.94 0.73 0.69 0.72 0.73 0.81 0.81 0.20 0.33 0.36

Mean  0.78 0.80 0.80 0.34 0.38 0.39 0.67 0.71 0.71 0.16 0.20 0.19

± SD 0.11 0.11 0.11 0.20 0.19 0.20 0.10 0.12 0.12 0.08 0.11 0.12
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				SINCERITIES

				10-GENE NETWORK												20-GENE NETWORK

				AUROC						AUPR						AUROC						AUPR

				KS		CM		AD		KS		CM		AD		KS		CM		AD		KS		CM		AD

		Network E. coli 1		0.65		0.68		0.67		0.14		0.13		0.13		0.48		0.51		0.47		0.09		0.18		0.09

		Network E. coli 2		0.71		0.78		0.78		0.15		0.19		0.19		0.44		0.42		0.42		0.06		0.05		0.05

		Network E. coli 3		0.77		0.75		0.78		0.15		0.22		0.20		0.75		0.74		0.73		0.19		0.15		0.15

		Network E. coli 4		0.85		0.87		0.85		0.36		0.37		0.34		0.57		0.57		0.57		0.08		0.08		0.08

		Network E. coli 5		0.80		0.85		0.85		0.19		0.25		0.26		0.55		0.72		0.70		0.07		0.13		0.12

		Network E. coli 6		0.59		0.69		0.64		0.12		0.16		0.14		0.81		0.89		0.89		0.27		0.39		0.37

		Network E. coli 7		0.54		0.46		0.46		0.17		0.15		0.15		0.75		0.78		0.78		0.16		0.15		0.16

		Network E. coli 8		0.83		0.80		0.80		0.23		0.20		0.20		0.82		0.91		0.91		0.28		0.45		0.46

		Network E. coli 9		0.79		0.84		0.85		0.29		0.46		0.52		0.71		0.74		0.74		0.10		0.11		0.11

		Network E. coli 10		0.88		0.90		0.90		0.35		0.32		0.32		0.58		0.59		0.60		0.07		0.08		0.08

		Network Yeast 11		0.69		0.69		0.69		0.26		0.37		0.37		0.70		0.75		0.74		0.18		0.29		0.26

		Network Yeast 12		0.64		0.72		0.74		0.13		0.25		0.25		0.73		0.73		0.73		0.27		0.30		0.28

		Network Yeast 13		0.84		0.83		0.83		0.68		0.67		0.65		0.60		0.73		0.73		0.06		0.08		0.08

		Network Yeast 14		0.84		0.85		0.85		0.57		0.57		0.57		0.63		0.71		0.71		0.09		0.17		0.14

		Network Yeast 15		0.86		0.89		0.89		0.44		0.53		0.53		0.71		0.64		0.65		0.31		0.29		0.30

		Network Yeast 16		0.90		0.89		0.90		0.48		0.50		0.52		0.70		0.72		0.72		0.17		0.18		0.17

		Network Yeast 17		0.78		0.76		0.77		0.39		0.36		0.37		0.73		0.82		0.81		0.13		0.17		0.14

		Network Yeast 18		0.92		0.93		0.94		0.72		0.73		0.78		0.65		0.69		0.70		0.17		0.18		0.18

		Network Yeast 19		0.73		0.81		0.81		0.23		0.52		0.52		0.78		0.81		0.82		0.26		0.24		0.25

		Network Yeast 20		0.94		0.93		0.94		0.73		0.69		0.72		0.73		0.81		0.81		0.20		0.33		0.36

		Mean 		0.78		0.80		0.80		0.34		0.38		0.39		0.67		0.71		0.71		0.16		0.20		0.19

		± SD		0.11		0.11		0.11		0.20		0.19		0.20		0.10		0.12		0.12		0.08		0.11		0.12
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