Reply to HF questions

From what I’ve gathered, the general workflow looks like this:
1. You first select a baseline plasmid (from Addgene or your lab’s existing collection) that’s suitable for the host organism, while also accommodating the characteristics of your gene if possible (length, expression level, potential toxicity, etc.).
2. You then edit certain components, usually the promoter, resistance gene, and sometimes the inserted gene/cargo, to fit your experiment’s needs.
Could you please confirm if this understanding is correct? 
So I'm sorry if my first draft of the project proposal was a little bit rough and unclear. Let me first clarify that plasmids are all grown in bacteria, and are then used to “programme” cells of other species for example  in our case, mammalian cells, but it could also be insect cells, plant cells and so on.  Of course you can use also the plasmids to modify bacteria themselves, but I am leaving this possibility out for the moment to make everything easier. 
Usually plasmids will have two parts. One which we call the backbone, contains all the instructions needed for replication of the plasmid in bacteria [e.g. Origin of replication,  promoter + gene conferring antibiotic resistance, …]. We need this part because we want the bacteria to produce  a large number of plasmids all identical that then we can then transfect in mammalian cells.  This this part is usually not reengineered but we take it as it is and we use it. 
The other part, which we can name CARGO,  instead contains a DNA sequence, which is unreadable from the bacteria which just copy it when they generate the plasmids, but they don’t read any instruction in it.  We use this part  to  insert the instruction for the cell that we want to programme.  So the CARGO is what is important here, and it is composed by a DNA sequence whose components can be completely new (i.e. novel promoters, novel genes, novel sequences with specific functions) or  derived from parts contained in the CARGOs of other ADDGENE plasmids. 
Importantly, the CARGO is what is needed to be checked by the AI model. The backbone can be completely ignored…
 These can be simple or complex, e.g.  a promoter driving a single gene, or a set of promoters driving multiple genes which regulate each other, or a single promoter  driving multiple genes using specific regulatory sequences (IRES, T2A, etc) it’s virtually possible to say what will be in this sequence. This is what makes it hard to check if the sequence is correctly engineered. And there are many things that could go wrong as I listed in my previous proposal.
Finally, once the plasma has been produced by the bacteria it is taken from the bacteria and is then extracted from the bacteria and in is then transfected into the cell of interest, in our case mammalian cell. The mammalian cell will read only the instructions relative to itself. Is like writing a manual in Chinese and Italian… Italians would read only the Italian section, and Chinese will read only the Chinese section. When you we put the plasmid in bacteria, they will only read the bacterial instructions that tell the bacteria just to replicate that plasmid in many copies, whereas when we put it in the mammalian cell, it will read only the part relative to whatever we add in the DNA sequence, but not the part which is intended for bacteria… I hope it makes sense.

And I’d love your help on a few specific points, I'm trying to understand how much the model needs to innovate and what it will struggle with:
· Baseline selection: Do you typically start from a few well-established plasmids for your host, or do you frequently change depending on the experiment?
So usually, we choose always the same backbone, and we only modify CARGO.   
Components most often edited: From what I understand, the promoter and resistance gene are the main ones modified, with occasional codon optimization of the cargo to suit the host, and rarely changes to the origin of replication (Ori). Is that accurate?
As I said before regarding the backbone, i.e. the bacterial,  part we leave the original replication promoters and resistance all unchanged. So these are the instruction relative to bacteria and we do not change that. What we do is that we add the CARGP sequence that contains instead the instructions for the cell of interest (i.e. mammalian). The CARGO will have a series of genes and promoters which are specific for mammalian cells and can be in very different combination and number depending on the application. 
· Editing methods: When you modify these components, do you usually swap them with existing parts, or do you ever design them from scratch? For example, in what situations would something like the OriGen model (for Ori generation) be useful, since most plasmids already come with a suitable origin, and you can choose a plasmid with an Ori that matches the desired copy number?
So I'm sorry if I created confusion by including the OriGEn model. This was meant only to show that the AI-based method can learn some grammar from DNA sequences and plasmids. In our case we do not change the origin of replication because this is part of the backbone which we leave unchanged. When I say "we," I mean everyone using plasmids for work in non-bacterial cells including yeast, mammalian cells, and insects. So basically you should discard everything to do with the backbone, including origin of replication, resistant genes, and so on. This is not important.

· Common design mistakes: I'm looking into a list of typical errors for evaluation purposes, does this list sound right to you, and how difficult are these to detect in practice?
Again the common design mistakes are not the ones you listed. The ones you listed are relative to bacteria and as I said we do not engineer the backbone. So the common mistakes are in the CARGO. These may go from erroneous sequences with missing parts to wrong assembly and order of the different parts, i.e. a promoter which is inserted in the opposite direction of the gene, or there could be a certain distance that has to be maintained between the promoter and the gene and if this distance is too long there can be problems. We can forget to add some signals such as the poly-A which tells the gene when to stop transcription. Or there are sequences called” flags” which we add at the end  of the gene coding for proteins, but these have to be placed before the stop codon. Instead sometimes we add it after the stop codon. Indeed there are countless mistakes that can happen, you need to think of assembly of parts to build the cargo as writing a text where  a lot of grammar mistakes you occur in addition to spelling mistakes. You need to take into account both the spelling and the grammar and if possible the semantics. In this context, semantics means understanding what you are trying to do with that cargo in the cell of interest, for example in a mammalian cell of the liver (hepatocyte), the AI system could understand that the combination of genes and promoters and other sequences in the CARGO doesn't work because one of the promoter used is not expressed in the specific cell type you are working with. 
So in my opinion we should focus on the cargo and forget the backbone.

A few questions on my side which are a bit more on the data/modeling/evaluation side
· besides PlasmidGPT I also found OriGen, which uses DoriC, PLSDB and IMG/PR datasets. are they complimentary to AddGene or same data without the AddGene metadata?
Now, here the problem is that the model OriGen is trying to generate synthetic origins of replication, which is of interest for people working with bacteria … the data sets that they used are natural plasmid sequences occurring in bacteria but they are not of interest as these are not engineered plasmids containing a cargo sequences that have been designed by humans.
· i am still waiting for AddGene approval to download the dataset - you don’t happen to have it already? (requested access here: https://developers.addgene.org/account/#access-section for bulk download)
No I haven't asked for approval but if you have problems still let me know and I can ask for access myself.
· as a quick first step to get into the topic i wanted to reproduce (and improve) the PlasmidGPT recipe. the main bottleneck here is evaluation, as far as i understand they mostly looked at high level features but not really any hard tasks. would it be possible to come up with an evaluation benchmark that allows us to automatically evaluate new models?

OK here it's tricky because as I said when you regenerate the plasmid, you will be generating both the backbone and the cargo. The backbone is not that interesting because it is rarely changed; everybody uses more or less the same backbones. As I wrote before I think we should focus on the cargo. If you want to check the PlasmidGPT recipe then I would again focus on the cargoes. So remove all the backbones…or ignore them. 
To check CARGO is not easy because as I said there can be many different things. One thing one could do is to use one of those tools available like Addgene: Analyze Sequence and check where it finds something that makes sense…but it's not an easy task because to generate random plasmid sequences as PlasmidGPT does, does not really make a lot of sense…


Here’s a suggestion for curating some negative samples either for evaluation or for building a verification system, I think this should be feasible, but let me know if it makes sense:

· Step 1: get some positive samples from Addgene. They must be:
· NGS verified (the sequence is correct)
· Have all necessary metadata: host, promoter, resistance gene, baseline/Ori
· Have a description of the use case
· An associated paper for validation (we can even further filter using the number of paper citations)
Try to get some diverse hosts: E. coli, Mammalian, Yeast.. For diverse purposes: protein expression...
· Step 2: introduce rule-based errors in half those samples to create negative examples:
· Promoter-Host Mismatch:
· Replace the promoters in the positive samples with an incompatible promoter (we can get a list of promoters and their hosts and create pairs of mismatches)
· Example: E. coli plasmid → swap T7 promoter to CMV (mammalian)
· Toxic Gene + high copy Ori/high expression promoter:
· Retrieve the list of toxic genes to E. coli in VectorBuilder paper
· They give 46 moderately toxic genes (Table S1) and  25 severely toxic genes (Table S2)
· Replace the gene in the positive example with a toxic gene (some domain experts need to verify that this still makes sense for the plasmid if we want to increase the difficulty of detecting this error)
· Pair toxic gene with strong promoters
· Use high-copy ORI
· ORI-Host Mismatch
· Change either just ORI (if it makes sense) or the whole plasmid backbone with one having an Ori incompatible with the host
· Missing/Wrong Components
· Remove resistance marker
· Remove terminator
· Remove/corrupt RBS sequence
· Introduce sequencing errors in the cargo (add, replace or delete some bps)
· Step 3 (optional): Have domain experts or GPT5 (with supervision) reason about the quality of the positive and negative samples following these criteria (and we can also assess how difficult it is to spot the negative samples we build):
·  Is the promoter compatible with the host?
·  Will this plasmid replicate in the host?
·  Are there any toxic combinations?
·  What's the expected expression level?
· other

Ok so I think this is a good idea to generate negative exam, and your step 1 makes sense but we must exclude E. coli because as I wrote before  bacteria's use of plasmids is a different ballpark. So I would focus on eukaryotes (yeast, mammalian, and insects). The grammar is the same across all the species but the words that you use can be defined differently.
Step 2 instead is not correct because here you are focusing on backbones. So here what I would do is generate negative examples for CARGOs and the easiest way to do that is to swap the location and the direction of the different sequences or remove parts that should be there. For example the PolyA signal or the Kozak sequence and other things. There are many different things that can be done but we can generate a set of rules  to generate negative examples.

