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This reagent consists of complete codon mutant libraries of HIV Env in the context of pro-viral plasmids. These libraries each contain virtually all codon mutations to Env. In the Bloom lab and Overbaugh lab, we have used these plasmids to generate libraries of replication-competent HIV virions that contain virtually all amino-acid mutations. We have then subjected these libraries to relevant selection pressures, such as for replication in a T-cell line or for escape from antibodies.
There are plasmid libraries for Env from three different viral strains:

1. The LAI strain of HIV. See Haddox et al (2016) for  details.
2. The BF520 strain of HIV. See Dingens et al (2017) for details.
3. The BG505 strain of HIV. See Haddox et al (2017) for details.

[bookmark: What_you_will_receive][bookmark: _bookmark1]What you will receive
You can request these plasmid libraries from the AIDS Reagent Program. What will you specifically receive?
You can request the plasmid library set for any of the three strains. Each plasmid library set consists of:

1. Three independently generated mutant plasmid libraries.
2. The wildtype plasmid control (contains an unmutated Env).

More details about the plasmid libraries for each Env are provided in the references.
NIH-AIDS Reagent Program		Cat# 13345 HIV-1 BF520 Env Codon Mutant Proviral Library
Map and Sequence File	Donor provided
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You  will receive 10 ul of each plasmid at a concentration of 10 ng/ul.   You      will need to amplify the plasmids in order to have enough for your subsequent experiments. After you amplify the plasmids, you can quality control them by deep sequencing and comparing your results to those provided in the quality control of the libraries section.

[bookmark: References][bookmark: _bookmark2]References
There are many subtleties to using the libraries and analyzing the data. We therefore encourage you to read the relevant references carefully.
Also, please cite the references if you use these libraries, including the one for the dms_tools2 software if you use it to analyze your data. We have gone to a great deal of effort to create and share these libraries and the analysis software, and our ability to continue to create libraries and maintain the software will depend on whether we can use citations to show that they are useful to others.
Relevant references:
· The reference for the dms_tools2 software is Bloom 2015.
· The reference for the LAI library is Haddox et al (2016).
· The reference for the BF520 library is Dingens et al (2017).
· The reference for the BG505 library is Haddox et al (2017).

[bookmark: Amplify_the_plasmids][bookmark: _bookmark3]Amplify the plasmids
The amount of plasmid that you receive when you request the reagents will not be enough for most experiments.  However,  it will be plenty  to amplify   by transformation and subsequent plasmid prepping. Importantly, when you amplify the libraries you must be sure to transform the bacteria at high efficiency to maintain the diversity of the libraries.
We recommend the following procedure (note that the plasmids have an ampicillin resistanc marker):

1. Order highly efficient electrocompetent cells (we use ElectroMAX DH10B cells).
2. Transform these cells via electroporation following the manufacturer’s protocol. In order to maintain the library diversity, you will need to ensure that you obtain at least one-million unique transformants. This many transformants will yield a lawn of colonies. Therefore, in addition to plating the entire transformation mixture, also plate 1:1000, 1:10000, and 1:100000





dilutions. You can count the colonies on these dilution plates to estimate how many colonies are on the plate with the full transformation. If you do not have experience with high-efficiency electroporation, you may first want to pilot this procedure on another less valuable plasmid. We will often plate the transfomration on a large 15 cm petri dish or multiple 10 cm petri dishes.
3. After you have  let the transformation plate grow overnight  (and used  the dilution plate to ensure sufficient colonies), scrape the colonies from the lawn on the transformation plate. To do this, we add 3-5 ml of LB- ampicillin to the plate and gently scrape with a Pasteur plate, collecting bacteria and liquid in a 15 ml test tube. We then rinse the plate a second time to fully remove the colonies. We then gently spin down the cells (4000xg for 10 minutes) and resuspend in fresh LB-ampicillin to remove residual lactamaze enzyme, and transfer to a larger flask or several 15 ml test tubes. We then grow the cultures (which will already be quite cloudy because they have so many cells) at 37 C for 4 hours. We then collect the DNA via a maxi-prep.
4. You can deep sequence the plasmid libraries to quality control them.

[bookmark: Generating_and_using_virus_libraries][bookmark: _bookmark4]Generating and using virus libraries
All of the possible uses of these libraries are beyond the scope of this document. We encourage you to look at the references for examples of how we use the libraries.
A few key considerations:

1. When you transfect the libraries into mammalian cells, you will producing replication-competent HIV, so use appropriate biosafety.
2. The virions generated by transfection will not have a genotype-phenotype link, so you will need to perform a low MOI passage (again, see the references).
3. We encourage you to always include a wildtype control to quantify sequenc- ing error rates.
4. Deep mutational scanning is a high-throughput process that is inherently noisy, so always use at least two of the triplicate libraries to provide a means of assessing noise in any of your results.

[bookmark: Deep-sequencing_the_libraries][bookmark: _bookmark5]Deep-sequencing the libraries
These libraries are useful primarily because you can deep sequence them after selection  to  see  which  mutations  are  present.   Standard  shotgun Illumina





sequencing will not work effectively because the error rate is too high. We deal with this by using barcoded subamplicon sequencing as detailed at https://jbloomlab.github.io/dms_tools2/bcsubamp.html
As part of the dms_tools2  software,  we  have  written  open-source  soft-  ware  to  analyze  these  type  of  data.   You   can  see  an  annotated  anal-    ysis   of   the   BF520   library   deep   sequencing   in   this   Jupyter  notebook:
https://github.com/jbloomlab/dms_tools2/blob/master/examples/Dingens2017/analysis_notebook.ipynb
You can also see additional example analyses of similar types of plasmid mutant li-
braries in the dms_tools2 examples at https://jbloomlab.github.io/dms_tools2/examples.html
Looking at these example analyses shows you what you should expect if you sequence the libraries  yourself.

[bookmark: Quality_control_of_the_libraries][bookmark: _bookmark6]Quality control of the libraries
Here is a brief summary of how you can analyze your deep sequencing to quality control the libraries.
The libraries contain virtually all amino-acid mutants of Env. In your quality controlling, you want to make sure that all these mutations are still present (e.g., you have maintained the library diversity) and that the mutation rate in the library remains fairly uniform. We suggest doing this by deep sequencing the libraries, and then analyzing them with the dms_tools2 software, using the dms2_batch_bcsubamp program to generate the plots shown below:
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Figure 1: Number of times each mutation is observed in deep sequencing of the BG505 library. For sequencing wildtype DNA (DNA-1, etc) most mutations are not observed at all. But when sequencing the plasmid mutant libraries (mutDNA- 1, etc) virtually all amino-acid and codon mutations are observed multiple times. This shows that the libraries effectively sample the diversity. In the mutant virus libraries, (mutvirus), some mutations are purged by purifying selection. This is the *_cumulmutcounts.pdf image generated by dms2_batch_bcsubamp of the dms_tools2 software.
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Figure 2: The cumulative mutation count plot for the BF520 library.
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Figure 3: The frequency of mutations along the primary sequence for the BG505 library. Note how there are mutations across the entire sequence of Env in the mutDNA samples, showing that mutations are represented at all sites prior to selection for viral replication. This is the *_mutfreq.pdf image generated by dms2_batch_bcsubamp of the dms_tools2 software.
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Figure 4: The mutation frequency plot for the BF520 library.
