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	While most people don’t know about them, duckweeds are the smallest and fastest growing plants. There are 37 species and they look like tiny (1/2 inch or smaller) Lilly pads and are found living on lakes and ponds across the world.  They have recently become a promising crop since they’re human edible, the fastest growing plants (doubling every 48 hours), have a protein content of 30-40%, an excellent vitamin and mineral profile, and year-round, or 3-season production. They can also treat wastewater, killing harmful bacteria, removing all the nutrients, and converting it to clean water and biomass. If the duckweed removed heavy metals from the water it can be used as a biofuel, but if it’s safe it can be sterilized and used as animal feed. You can find more details on duckweed here. 
Scientifically speaking the duckweeds, or the Lemnaceae family, are fascinating as a primitive and simple ancestor of most of our crop species, and as an example of a plant that prefers to asexually divide like a bacteria rather than flower and set seed. So to get to know this plant scientists sequenced the genome of the duckweed Spirodela polyrhiza, creating a map of the chromosomes and ~20,000 genes. While these genes are transcribed into mRNAs and translated into proteins, there’s another type of gene, a microRNA (miRNA), that silences other genes by guiding the RISC protein to cut target mRNAs so they’re quickly degraded. In 2017 another group of scientists sequenced and predicted miRNAs expressed in 2 conditions to try to improve the genome map. Now the authors above sequenced and predicted miRNAs and their targets in 8 conditions and ran another experiment to confirm the results. 
This study had 2 RNA sequencing experiments of 2 different strains of Spirodela, one in normal conditions, and the other in normal growth (control) , 0°C, 37°C, abscisic acid, copper chloride, kinetin, potassium nitrate, and sucrose exposure conditions in 3 replicate flasks each, since miRNAs often regulate stress and hormone responses. Both experiments sequenced hundreds of millions of small RNAs, and then predicted the miRNAs. There are some families of miRNAs that always regulate the same family of transcription factors in every plant with slight variations. These conserved miRNAs can be found with exact or very close matches to known sequences. The tricky part is finding recently evolved and never before seen, novel miRNAs by aligning small RNA reads against the genome and looking for a ~200 base pair classic miRNA hairpin structure, with most reads matching  the 21 base pair mature miRNA. Similarly we then used the fact that miRNAs need roughly 18 matching base pairs to bind and destroy target mRNAs to predict the mRNA targets.  
Once we had the miRNAs predicted, we included the novel miRNAs found in the previous study, and other miRNAs from other species, and found their locations in the genome. Then we analyzed the number of reads of each miRNA in the 8 conditions and 3 replicates to see which families were most common, and how expression changed in each condition. By knowing the miRNA family, the role of its targets, and if its more or less common compared to normal growth you can see how the plant is adapting to each condition. 
While the novel miRNA and target prediction programs are cutting edge, it’s a difficult job and they’re incorrect roughly 70% and 50% of the time respectively. Fortunately, there‘s a technique called degradome sequencing where you can verify miRNA and target predictions. Since complete mRNAs have a cap and a tail, this technique sequences millions of mRNAs that have been cut and only have a tail. It then maps the cleaved mRNAs and the miRNAs to the genome. If a lot of cleaved mRNAs line up with the microRNA cleavage site then the miRNA and target are verified. We used this technique with the same 8 conditions with triplicate flasks, and therefore confirmed the activity of 42 conserved miRNAs with 83 targets and 24 brand new miRNAs regulating 66 targets. As for the unconfirmed predictions, they may be validated in another degradome sequencing experiment with different conditions that activate other miRNAs and mRNA targets. In the end we created a catalog of 575 predicted and confirmed miRNA and target pairs to help guide future researchers.
While creating these maps and databases we had a chance to observe the duckweed’s adaptation in each of these conditions. For example adding sugar to the media caused the largest change in miRNAs and targets, which suggests we should stop adding sugar to the media when we want to run an experiment that relates to outdoor growth. We also saw several times that the amount of miRNA doesn’t necessarily show how active it is, which was a common notion in the field. One of the reasons duckweeds grow so fast is that they’re always growing like a seedling instead of an adult that needs to make flowers. This process is regulated by two miRNAs, and we were a little surprised to see that the uncommon miRNA pushing the seedling to adult change was consistently active. There were also dozens of condition specific interactions that showed genes involved in the heavy metal response, or transcription factors responding to hormone exposure. We were also very surprised to see in all conditions a virtual absence of another class of small RNAs (24 nt silencing RNAs) that act like miRNAs as a sort of immune system to silence virus-like transposons aka “jumping genes”.
All this sequencing data was deposited in the appropriate databases, and the highest confidence miRNAs were put into miRBase so people can look them up quickly. We then took an extra step to publish our analysis program so other scientists can review and reuse it and created a visual map of all the reads in the conditions so people can search and see the miRNA and target data. Our goal is that all these maps and databases, and descriptions of its biology will help fellow scientists understand the genome of Spirodela, and by extension the other duckweeds, so we can learn more about plant biology, and learn how to make these unique plants into a promising crop that can help sustainably provide us all with clean water, feed, and fuel. 
The full article is available here.
