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Development of a Single-Cell Multiomic Assay to Phenotype SIV/SHIV Infected Rhesus Macaque Cells
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Background

Non-human primates (NHPs) infected with the simian immunodeficiency virus
(SIV) and its genetically engineered derivatives, such as chimeras between HIV-1
and SIV (SHIV), are indispensable for understanding the effectiveness of HIV cure
strategies. In contrast to clinical trials, NHPs are selected and are infected under
controlled experimental conditions with a pretitrated dose of a well-characterized
viral isolate or a viral clone. The macaque model of AIDS is therefore most suited to
study virus dissemination and viral reactivation. However, the phenotype and epi-
gentics of SIV infected cells at single-cell resolution remains to be defined.

Aims

Adapt the single-cell viral Assay for Transposase Accessible Chromatin with Select
Antigen Profiling by sequencing (viral ASAPseq) to rhesus macaque SIV/SHIV in-
fection, to characterize SIV/SHIV reservoir cellular epigenetics and phenotype.

Methods

SIV infected Rhesus Macaque (Acute time point)
Bead enrich for CD4+ T-cells from lymph nodes without ex vivo manipulation
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ASAPseq protocol from Mimitou et al., Nature Biotechnology 2021
viral ASAPseq protocol from Wu et al., Nature immunology 2022
Graphics adapted from Wu et al., made with BioRender

NHP Sample information

Rhesus Sex Days post Total cells SIV+ cells Plasma Viral Load
ID Infection passing QC (% of total cells) (RNA)*

RDw14 M 13 15,334 81 (0.5%) 3.32e06 copies/mL

REs14 M 13 35,158 370 (1.05%) 1.20e07 copies/mL

*Data published in Roberts et al., PLoS Pathog (2016)

Detection of SIV infected cells via proviral alignment
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Figure 1: (Top) Proviral fragments aligned to SIVmac251, each line corresponds to one cell, figure
shows a representative subset of the reads captured and aligned per cell. (Middle) Aggregated proviral
read fragment alignment from all 451 cells. (Bottom) Annotation and gene order of SIVmac251.

Annotation of cell identity through surface antigen expression

and gene accessibilit
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Figure 2: (Left) UMAP representation of ATAC component colored by manually annotated cell pheno-
types. (Right) UMAP representation of ATAC component colored by detection of SIV reads.

Distribution of SIV+/- cells in each cluster
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Figure 3: (Left) Absolute count of SIV+ and SIV- cells in each manually annotated cluster. (Right) Per-
centage of SIV+ cells found by cluster.

Surface marker enrichment within the Tfth/Tfr cell subset
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Figure 4: Differential expression of surface antigens on SIV+ CD4+ T-cells grouped by Tth and Tfr phe-
notypes; (Left) surface antigens enriched in SIV- Tth/Tfr, (Right) surface antigens enriched in SIV+ Tf-
h/Tfr. (Assessed using DESeq2 method in Seurat; two-sided with multiple comparison adjustment
using Bonferroni-Hochberg method)

Accessible motif enrichment within the Tth/Tfr cell subset

meandiff

SIV+
5 °
1.0
3.0
525 ¢ ° ° l 08
44 < 20 :
L 0.6
T T e U S N C RN L . B SRR ST I S G L L\
& N S P K S X R  SS WP K F &S
€3 N SRR AR T &Y & 0 < CS T E @ S s o
S o S S S S
— Y O O O I
© © © (€
S o oty O O O O
- e 0, @ @ @ w\
2 2 2 > 2
- > s <& <& <& &S
........................... L, motif
1 meandiff
SIv- -0.2
5 o o
0 . 4 -0.4
T T T T T T E 3 ® Py
-1.0 -0.5 0.0 0.5 1.0 1.5 5 ® e o 4 . —0.6
Mean difference in chromVAR 1
bias—corrected deviations -0.8
. S S
o Down-regulated in SIV+ 0(90 006
Not significant V@ @‘
e Up-regulated in SIV+ (f@ B

Figure 5:(Left)Comparison of motifs associated with accessible chromatin regions of SIV+ Tth/Tfr cells
versus SIV— Tfh/Tfr cells. The volcano plot displays the differentially enriched motifs from chromVAR,
with a threshold of FDR <0.05 indicating statistical significance. Mean difference values greater than
zero indicate an enrichment in SIV+ cells, while negative mean difference values indicate enrichment
in SIV— cells. (Right) The top 20 motifs (ordered by FDR) are shown for SIV+ Tfh/Tfr cells (right top)
and SIV- Tfh/Tfr cells (right bottom).

Conclusions

NHP viral single-cell ASAPseq can be used to identify SIV+ cells using DNA se-
quencing reads aligned to the provirus

We identified 451 SIV+ cells out of 50,492 cells (0.9%) each with 1 or more reads
aligned to multiple regions of the provirus

Using both the epigenetic and surface antigen profiles, 55% of infected cells
had characteristics of T follicular helper, T follicular regulatory, or T regulatory
cells.

Identified candidate surface markers and chromosomal motifs to validate as a
cell signature associated with SIV+ cells.

Future Directions

Assess the SIV cellular reservoir in SIV infected NHP samples suppressed on ART
and after LRA reactivation

Use the cross-reactive antibody cocktail titrated in this assay in the tri-modal
assay, DOGMAseq, for NHP sample analysis
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