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Supplementary Methods 

DNA isolation and ATAC-sequencing 

 

Library preparation was conducted according to the protocol by Buenrostro et al. (2015)13 with 

adjustments according to the Omni protocol14.   

The following buffers were prepared:   

Resuspension buffer: 10 mM Tris-HCl pH 7.5, 10 mM NaCl, 3 mM MgCl2.   

Lysis buffer: Resuspension buffer plus 0.1 % NP-40, 0.1 % Tween-20, 0.01 % Digi-tonin.  

Wash buffer: Resuspension buffer plus 0.1 % Tween-20   

 

50,000 cells were centrifuged at 500 g for 5 minutes at 4 °C, washed with ice-cold PBS and centrifuged 

at 500 g for 5 minutes at 4°C. The cell pellet was resuspended in 50 μl of ice-cold lysis buffer and 

incubated on ice for 3 minutes. 1 ml of wash buffer was added, tube was gently inverted three times 

and centrifuged at 500 g for 10 minutes at 4 °C. Supernatant was discarded and nuclei pellet was gently 

resuspended in 50 μl of the Transposition reaction mix (25 μl  2X Tagment DNA buffer, 16.5 μl PBS, 0.5 

μl 10 % Tween-20 (final 0.1 %), 0.5 μl 1 % digitonin (final 0.01 %), 2.5 μl Tn5 Transposase enzyme, 5 μl 

nuclease-free water). Transposition mix was incubated at 37 °C for 30 minutes on a thermomixer at 

1000 RPM. DNA was isolated using the Qiagen MinElute Reaction Cleanup Kit and eluted in 10 μl 

nuclease-free water.   

 

PCR amplification of the transposed DNA was performed using the NEBNext High-Fidelity 2X PCR 

Master Mix and 2.5 μl of each i5 and i7 primer from Nextera XT Index Kit i5 (Illumina) for a final 

reaction volume of 50 μl with the following PCR specifications; 1 cycle of 72 °C for 5 minutes, 98 °C for 

30 seconds, 5 cycles of 98 °C for 10 seconds, 63 °C for 30 seconds, 72 °C for 1 minute. Unique i5 and i7 

combinations were used. Quantitative PCR was performed on 5 μl of the partially-amplified libraries 

to determine the additional PCR cycles required. The following reagents were combined; 5 μl partially-

amplified library, 3.85 μl nuclease-free water, 0.5 μl i5 primer 0.5 μl i7 primer, 0.15 μl 100X SYBR Green 

I, 5 μl NEBNext High-Fidelity 2X PCR Master Mix and qPCR cycles as follows; 1 cycle of 98 °C for 30 

seconds, 20 cycles of 98 °C for 10 seconds, 63 °C for 30 seconds, 72 °C for 1 minute. The additional cycle 

number was calculated for each in-dividual sample by plotting R number versus cycle number to 

determine the number of cycles needed to reach 1/3 of the maximum fluorescent intensity. The 

remaining par-tially-amplified library was amplified according to the appropriate cycle number under 

the following cycle conditions; 1 cycle of 98 °C for 30 seconds, X cycles of 98 °C for 10 seconds, 63 °C 

for 30 seconds, 72 °C for 1 minute.  

 

AMPure XP beads were used for library purification. Double-sided bead purification was implemented. 

Beads (0.5 x) were added to each library, mixed thoroughly and in-cubated at room temperature for 10 

minutes. Magnetic isolation was performed, the supernatant was transferred to a new tube and 1.3 x 

original volume AMPure XP beads was added resulting in a final 1.8 x bead buffer: sample ratio, mixed 

thoroughly, and incubated at room temperature for 10 minutes. Magnetic isolation was performed, and 

the supernatant was discarded. 80 % ethanol was pipetted over the beads 10 times while on the 

magnetic rack to wash the beads. The tube was left on the magnetic rack for 10 minutes to dry the beads, 

ensuring all the ethanol was removed. The beads were resuspended in 20 μl nuclease-free water and 

placed on the magnetic rack. Purified libraries contained in the supernatant were transferred to a new 

tube and library quality and quantity was assessed by High Sensitivity D1000 Tapestation (Agilent) and 

Qubit fluorometer (Thermo Fisher Scientific) respectively.  

 

Libraries were sequenced by Genewiz (Azenta Life Sciences) on a NovaSeq S4 lane (Illumina) platform 

in 2 × 150 bp configuration to a depth of 50 M paired-end reads.   
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Supplementary Figure 1 – Gating strategy for sorting. 

Lymphocytes were sorted into live/dead cells using DAPI, the live cells were then sorted by 

single cells using the forward scatter gating strategy. T cells were fractioned from B cells, using 

CD3 and CD19, and CD4+ was fractioned from CD8+ T cells, and finally CD4+naïve T cells 

were fractioned from CD4+ CM T cells by CCR7 and CD45RA.    
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Comparisons of molecular features in naïve and central memory T helper cell subsets 

Epigenome: 

 

 

Supplementary Figure 2 - Differentially accessible regions of CD4+CM compared with 

CD4+naïve in the unvaccinated group.  

No DARS found in the unvaccinated group using EdgeR p<0.05 statistical analysis.  
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Supplementary Table 1 – Top 25 clones of memory vs naïve in TCRA and TCRB, grouped by 

unvaccinated, one dose vaccinated, two dose vaccinated. 
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Supplementary Table 2 - TCR matched epitopes grouped by unvaccinated, one dose 

vaccinated, two dose vaccinated and overall vaccinated (combined one dose and two dose) 

   



 8 

Comparisons of repertoire features between unvaccinated, single dose vaccinated, two 

dose vaccinated and combined vaccinated groups 

 

Supplementary Figure 3 – cell repertoire changes in naïve and memory subsets. 

Amino acid length of CDR3 in a) TCR𝛼 and b) TCR𝛽 chains. The total number of unique TCR 

sequences per participant was used to determine the percentage of cells with each CDR3 length. 

CDR3 lengths that did not occur were not included in the visualisation.   

 


