[bookmark: h.gjdgxs]Point-by-Point response letter for revision
Reviewer 1
-- Ref 1.1 –internal and external relationships in equation--
	Reviewer
Comment
	In equation (1), the state at time t+1 was represented by the summation of the internal and external states at time t. In the bottom of page 6, however, the state at time t was decomposed as the summation of three components (i.e., internal and external states at time t, and the remaining components driven by the interactions between internal and external groups). It seems that the relationship between these two equations is uncertain, thus the authors had better explain this clearly.

	Author
Response
	Thank the reviewer for pointing this out. We wrote a new equation, Equation (2) to elaborate and clearly define these components and their relationships with parameters of Equation (1): an internal component, X_INT that is driven purely by internal group, an external component in that it only involves A, X_EXT that is driven purely by external group and an interaction component in that it involves B and U, X_INTER that is driven by the interactions between internal and external genes for involving all A, B and U. However, we have to emphasize again that in this paper, we focus on the internal part (i.e., iPDPs) and compare them across different biological systems. Thus, this elaboration does not change our conclusions and results at all.

	Excerpt From Revised Manuscript
	In Section 2.1., “In particular, based on Equation (1), the state can be expanded as follows:
                                                                (2)
, where  is defined as the expression vector of the gene components driven only internally by genes in Ω. The rest terms  captures the expression expression vector of the gene components in Ω affected externally by the genes in . In particular, represents the expression vector of gene components in Ω driven purely by the genes in  since it only involves B and U, and  captures the expression vector of gene components in Ω driven by the interactions between internal and external groups for involving A, B and U.”

In Section 2.4, “Likewise Equation (2), the expression of the meta-gene components driven by the interactions between internal and external meta-genes is given by  In this paper, we focus on the purely driven internal patterns (i.e., iPDPs) and compare them across different biological systems.”


-- Ref 1.2 –wrong sentence--
	Reviewer
Comment
	In ‘Authors Summary’, “applications of state-space models have not very effective in these instances” is a wrong sentence.

	Author
Response
	Thank the reviewer. We fixed this sentence.

	Excerpt From Revised Manuscript
	[bookmark: h.toks7eliqrh6]In summary, “applications of state-space models were not very effective in these instances. “


Reviewer 2
-- Ref 2.1 –definitions of X~INT and X~EXT--
	Reviewer
Comment
	the authors describe the dynamics of the meta-genes using a classic discrete linear time-invariant dynamical system in eq. (4), they then define the internal dynamics of the meta-genes as the solution to the difference equation X~INT (t+1)=A~X~INT(t). This is called in control theory and in mathematics the homogeneous solution, or natural response, of the difference equation (eq (4)) which can be decomposed into modes (which the authors call iPDPs), this is all standard undergraduate textbook stuff.

What is utterly wrong is their definition of the external component: X(t+1)~EXT=B~U~(t). This definition is now different from the (wrong) one reported in the original manuscript. The equation is dimensionally correct this time, but it has no meaning since using this definition X(t+1)~EXT is simply a linear combination of the inputs U~(t), i.e. of the external genes!!! To make this point easy to understand, for the sake of simplicity let's assume that both X(t+1)~ and U~(t) are 1-dimensional, so that B~ is a scalar. In this case, according to their definition, X~(t+1) is nothing more than U~(t) multiplied by a number!!! Indeed, to find the contribution of the inputs to the dynamics of X~(t) one simply has to find what mathematicians and contro theorists refer to as the particular solution, or forced response, of the difference equation (eq.(4)). Again this is standard undergraduate textbook stuff (http://web.mit.edu/16.unified/www/FALL/signalssystems/Lecture16_17.pdf). 

	Author
Response
	We appreciate the reviewer’s comments. We wrote a new equation, Equation (2) to elaborate and clearly define internal, external and interaction components and their relationships with parameters of Equation (1): an internal component, X_INT that is driven purely by internal group, an external component in that it only involves A, X_EXT that is driven purely by external group and an interaction component in that it involves B and U, X_INTER that is driven by the interactions between internal and external genes for involving all A, B and U. 

the reviewer says this utterly wrong but doesn't say what he or she sees as right ... in fact, there is no unique answer 
[bookmark: _GoBack]we provide a new eqn ... the complete decomposition and show that

there is no unique answer 


We define that the external component, X_EXT is purely determined by the external genes; i.e., input (or control) term should capture the external signals that are not related to the internal system. ARB This definition of course ca`n be also extended to any term involving external parts, B and U. In this paper, we defined an interaction term X_INTER in Equation (2) to capture the component driven by the interactions between internal and external genes. However, we have to emphasize again that in this paper, we focus on the internal part (i.e., iPDPs) and compare them across different biological systems. Thus, this new equation can help elaborate our decomposition and does not change our conclusions and results at all. 

	Excerpt From Revised Manuscript
	In Section 2.1., “In particular, based on Equation (1), the state can be expanded as follows:
                                                                (2)
, where  is defined as the expression vector of the gene components driven only internally by genes in Ω. The rest terms  captures the expression expression vector of the gene components in Ω affected externally by the genes in . In particular, represents the expression vector of gene components in Ω driven purely by the genes in  since it only involves B and U, and  captures the expression vector of gene components in Ω driven by the interactions between internal and external groups for involving A, B and U.”

In Section 2.4, “Likewise Equation (2), the expression of the meta-gene components driven by the interactions between internal and external meta-genes is given by  In this paper, we focus on the purely driven internal patterns (i.e., iPDPs) and compare them across different biological systems.”


[bookmark: h.30j0zll]Reviewer 5
[bookmark: h.1fob9te]-- Ref 5.1 –Math equations--
	Reviewer
Comment
	In the revision, the authors approximated the linear system in eq.(1) by decomposition X_t = X_t^INT+X_t^EXT + \eta_t. However, there is no control on \eta_t, which makes the approximation unreliable. Actually, there is no need to do any approximation. The authors can do the decomposition by rigorous mathematical derivation. I attached my derivation along with my comments. The new decomposition lay a more solid foundation for the work and the authors do not need to change iPDP but ePDP. Please change ePDP and redo the experiments. I believe the new decomposition might yield more promising results.

	Author
Response
	We appreciate the reviewer’s comments. We think they were good suggestions. Based on the reviewer’s equationsthem, we added a new equation, Equation (2) to elaborate this decomposition and clearly define internal, external and interaction components and their relationships with parameters of Equation (1): an internal component, X_INT that is driven purely by internal group, an external component in that it only involves A, X_EXT that is driven purely by external group and an interaction component in that it involves B and U, X_INTER that is driven by the interactions between internal and external genes for involving all A, B and U. Thus, the iPDPs do not change at all, which is the major focus of this paper. We did not change the definition for ePDPs, but clarified that ePDPs are the ones driven PURELY by the external meta-genes. We also defined a new interaction component, X_INTER that capture the expression dynamics driven by interactions between internal and external meta-genes, and compared them for the worm and fly developmental data in a new supplemental figure.

	Excerpt From Revised Manuscript
	[bookmark: h.3znysh7]In Section 2.1., “In particular, based on Equation (1), the state can be expanded as follows:
                                                                (2)
, where  is defined as the expression vector of the gene components driven only internally by genes in Ω. The rest terms  captures the expression expression vector of the gene components in Ω affected externally by the genes in . In particular, represents the expression vector of gene components in Ω driven purely by the genes in  since it only involves B and U, and  captures the expression vector of gene components in Ω driven by the interactions between internal and external groups for involving A, B and U.”

In Section 2.4, “Likewise Equation (2), the expression of the meta-gene components driven by the interactions between internal and external meta-genes is given by  In this paper, we focus on the purely driven internal patterns (i.e., iPDPs) and compare them across different biological systems.”

[image: ]
Figure S3 The expression dynamic patterns driven by the interactions between worm-fly orthologs and species-specific TFs. The first five singular vectors (>95% covariance in total) of  defined by the end of Section 2.4.
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