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            Abstract
The developing vertebrate gut tube forms a reproducible looped pattern as it grows into the body cavity. Here we use developmental experiments to eliminate alternative models and show that gut looping morphogenesis is driven by the homogeneous and isotropic forces that arise from the relative growth between the gut tube and the anchoring dorsal mesenteric sheet, tissues that grow at different rates. A simple physical mimic, using a differentially strained composite of a pliable rubber tube and a soft latex sheet is consistent with this mechanism and produces similar patterns. We devise a mathematical theory and a computational model for the number, size and shape of intestinal loops based solely on the measurable geometry, elasticity and relative growth of the tissues. The predictions of our theory are quantitatively consistent with observations of intestinal loops at different stages of development in the chick embryo. Our model also accounts for the qualitative and quantitative variation in the distinct gut looping patterns seen in a variety of species including quail, finch and mouse, illuminating how the simple macroscopic mechanics of differential growth drives the morphology of the developing gut.
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                    Figure 1: 
                        Morphology of loops in the chick gut.
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Figure 2: 
                        Rubber simulacrum of gut looping morphogenesis.
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Figure 3: 
                        Geometric and mechanical measurements of chick gut.
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Figure 4: 
                        Predictions for loop shape, size and number at three stages in chick gut development.
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Figure 5: 
                        Comparative predictions for looping parameters across species.
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        Editorial Summary
The gut is twisted logically
The human intestine, much longer overall than the human body, is tightly looped within the body cavity in a pattern that is very similar between individuals, and characteristic of species. A study of gut morphogenesis in the chick, combining cellular and developmental biology, biophysics and mathematical modelling, shows that the looping complex shape of the vertebrate gut is a simple consequence of mechanics. As a body grows, the gut inside grows faster. It is anchored at each end and suspended by a muscular sheet called the mesentery, so is forced into loops. The looping pattern is determined solely by the elasticity, geometry and relative rates of growth of mesentery and gut, but the various twists and turns and loops are very reproducible, occurring with the same number in the same location from individual to individual.
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