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Sample size

Data exclusions

Replication

Randomization

Blinding

Sequence logos were generated using WebLogo version 3.

Final cryo-EM reconstructions were deposited with the EMDB under accession codes EMD-26322 (TCC) and EMD-14453 (STC) and fitted coordinates with the PDB
under accession codes 7U32 (TCC) and 7Z1Z (STC).

Illumina sequencing data along with locations of mapped MVV integration sites were deposed with the Gene Expression Omnibus database under accession code
GSE196042.

The following genome assemblies were used: human hg38 (https://hgdownload.soe.ucsc.edu/goldenPath/hg38/) and sheep oviAri4 (https://
hgdownload.soe.ucsc.edu/goldenPath/oviAri4).

HEK293T gene expression data were from Gene Expression Omnibus database entry GSE11892 (https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE11892).

Sheep gene expression data were from reference 109 (link to data: https://doi.org/10.1371/journal.pgen.1006997.s009)

The following protein data bank entries were used: 3HPH (https://www.rcsb.org/structure/3HPH), 5M0R (https://www.rcsb.org/structure/3HPH), 3OY9 (https://
www.rcsb.org/structure/3OY9), 4BAK (https://www.rcsb.org/structure/4BAK), 6VOY (https://www.rcsb.org/structure/6VOY), 5EJK (https://www.rcsb.org/
structure/5EJK)

No statistical methods were used to predetermine sample size. Sample size for the cryo-EM studies was determined by the availability of
microscope time and to ensure unambiguous modeling of the intasome structures. Sample sizes of the cryo-EM data sets are given in
Supplementary Table 1. Given the severe phenotypes of the mutants studied here, strong statistical power was not required, as long as results
of functional assays are reproducible. Experiments were either repeated independently at least three times as described in the manuscript.
Overall, the design described here is sufficient to detect meaningful biological differences with significant reproducibility.

IN mutant aggregation precluded MALLS analysis in some conditions (for example, H12N MVV IN at 8 mg/ml); these data were not reported in
Fig. 3C.

Experiments were repeated, as detailed in the figure legends. The data described in the manuscript are reproducible.

Randomization is built into cryo-EM image processing in Relion and CryoSPARC, which use independent random subsets of particle images.
However, randomization is not applicable to model building, nor was it used in functional studies, since specific integrase or virus mutants
were compared. Randomization is a foundation of clinical trials when assessment of individuals who will receive test drug versus placebo is
randomly assessed, which is critical to ensure that study outcome is independent from biased study design. In rather sharp contrast, ours was
a hypothesis-based study that used the outcomes of engineered protein and virus behaviors to either support or refute the hypothesis, which
then informed the design of additional mutant test constructs. In all cases, there were prescribed mutants to test. Random allocation of
different test proteins or viruses to separate subsets for tests did not apply and would not have made sense.

Cryo-EM data collection is inherently blinded, as the molecular structure (cryo-EM map) is interpretable to a human only after averaging many
individual particle images. Experiments were generally not blinded. Blinding is appropriate when subjectivity or bias, conscious or not, can be
introduced by the human observer in a comparison (e.g., placebo vs active drug, visual scoring of microscopic images such as staining intensity
or disease pathology, etc). In the present work, measurements were with done with quantitative assays, using instruments that generate
numerical values with statistical bounds and were not subject to observer bias or subjectivity as they were made. Structures themselves are
not assessable blindly, nor is this ever done as far as we are aware, since knowledge of the molecule and its virological and biochemical roles
are essential to an informed interpretation.




