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                    Abstract
Chloroplasts regulate their growth to optimize photosynthesis. Quantitative data show that the ratio of total chloroplast area to mesophyll cell area is constant across different cells within a single species and also across species. Wild-type chloroplasts exhibit little scatter around this trend; highly irregularly shaped mutant chloroplasts exhibit more scatter. Here we propose a model motivated by a bacterial quorum-sensing model consisting of a switch-like signaling network that turns off chloroplast growth. We calculated the dependence of the location of the relevant saddle-node bifurcation on the geometry of the chloroplasts. Our model exhibits a linear trend, with linearly growing scatter dependent on chloroplast shape, consistent with the data. When modeled chloroplasts are of a shape that grows with a constant area-to-volume ratio (disks, cylinders), we find a linear trend with minimal scatter. Chloroplasts with area and volume that do not grow proportionally (spheres) exhibit a linear trend with additional scatter.
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Appendix: Parameter Choices
Appendix: Parameter Choices
The ODE system constants in Eqs. (1) and (2) were taken directly from Dockery and Keener (2001): \(V_R=2\), \(V_A=2\), \(K_R=1\), \(K_A=1\), \(R_0=0.05\), \(A_0=0.05\), \(k_R=0.7\). With these constants, the relevant bifurcation value of d is at \(d^*= 0.5568\). Units of time and concentration have been implicitly nondimensionalized.
The parameters of cell thickness \(\tau \) and surface area S, rates \(k_A\) and \(k_E\) and permeability \(\tilde{\delta }\) that determine the value of the bifurcation parameter d are chosen as follows.
Cell size S is variable but of order \({10^{3}}\,\upmu \hbox {m}^2\) (see Fig. 1 as duplicated from Pyke and Leech (1992)), and cell thickness \(\tau \) is constant and of order \(1\,\upmu \hbox {m}\) (Pyke 1999). We take \(\tau =4\) 
                           \(\upmu \hbox {m}\).
The expression for d requires \(d^*-k_A>0\); this provides an acceptable range for choosing \(k_A<0.55\). Since \(k_A\) and \(k_E\) represent the degradation of the autoinducer (inside and outside the chloroplasts, respectively), we assume they are of the same order of magnitude. In addition, we need to choose \(\tilde{\delta }\) such that \(S\tilde{\delta }>>k_E\); this is the regime in which the autoinducer can collect to a sufficient density outside the chloroplasts to trigger the switch in d. Final specification of \(k_A\), \(k_E\) and \(\tilde{\delta }\) is subject to a rough fit of the observed slope of the data in Pyke and Leech (1992) to the leading-order expression for \(\alpha \) for each geometry. We choose to fix \(k_E=0.1\) and \(\tilde{\delta }=5\) for all geometries and alter \(k_A\) to adjust the slope for each geometry. There is some flexibility in choosing these parameters within an order of magnitude or more.
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