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Photoreceptors distribution follows a light gradient in modern stromatolites from Lake Socompa (4,570 m), High-Andes Puna Region
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Non-lithified modern stromatolites growing at the shore of the remote volcanic lake Socompa at 3570 m a.s.l. in the Puna (Argentinean Andes) have been recently reported, and due to the broad range of extreme conditions present in the place they are potential analogs to ancient stromatolites. This arid region withstands the most elevated doses of global solar radiation on Earth. Monthly average of daily insolation reaches 6.6 KWhm−2 per day, a value that is within the largest in the world. The Puna values are clearly above the ones detected at the Tibetan plateau (29.7◦ N, 91.1◦ E, 3,648 m), with monthly mean UVI over 16 in July. Thus, Socompa stromatolites are natural photobiology labs for studying microbial-light interactions. Then, the aim of this study is to delineate for the first time the light utilization and photoreceptors distribution by functional metagenomics in Socompa stromatolites at the millimeter scale.
Samples of stromatolites analyzed in this study were collected at noon in February of 2011 (austral summer). Top six layers of the sample, reaching from the surface down to a depth of 7 mm, were dissected by a sterile scalpel based on their distinct coloration. Samples for DNA analysis were frozen in liquid nitrogen, stored in the dark, and processed within a week. DNA of each layer was extracted using the Power BiofilmTM DNA Isolation Kit (MO BIO Laboratories, Inc.). All four metagenomes were sequenced by Illumina MiSeq - paired-end sequencing - 2 x 150 base pairs), at Laboratory of Microbiology (Federal University of Rio the Janeiro). Reads from all layers were quality trimmed using Trimmomatic v. 0.36, and assembled as one metagenome using SPAdes v. 3.11.1.
Photoreceptors genes, including those capturing blue light (LOV and BLUF domains, and CPF), blue and green light (rhodopsins) and varied spectrum (cyanobacteriophytochromes) were found  in the stromatolite, but not red-light phytochromes. The gene for CPF involved in UV resistance by photoreactivation was found in a broad variety of taxa like Bacteroidetes, Cyanobacteria, Chloroflexi, Proteobacteria, Firmicutes, unknown Bacteria and unknown taxa. Moreover, occurred in a high density in the first layer and then maintain similar abundances throughout the entire mat, indicating the persistence of such trait even in deep non-irradiated members of the consortia. LOV domain genes were mainly affiliated to the cyanobacteria Coleofasciculus chthonoplastes and aerobic anoxygenic phototrophic bacteria belonging to the Rhodobacteraceae. The remarkable density of sequences associated with these photoreceptors that is concentrated in the first two layers gives us an idea of the importance of light in the performance of numerous biological functions in this sector of the stromatolite.
In conclusion, the light gradient in stromatolites concurs perfectly with the photoreceptor distribution indicating a metabolic compartmentalization and organized structure on the microbiome.
