Supplementary Figure legends

Supplementary Figure 1. Gating strategies for flow cytometry assays    
Representative FACS plots for HAH1N1(2009)-specific cell line from sample SG148 restimulated with 500X positive control are shown as the gating strategy assessing for immunogenicity. (A) Cells are gated on lymphocytes, single cells, live CD3mid-high, CD4mid-high T cells and IFNγ vs TNF. Quadrants one and two were summed to obtain the percentage of IFNγ+ of CD4+ T cells. (B) Gating strategy for CD4+ T cells producing IFNγ, TNF, MIP1β, IL2 or CD107a for polyfunctional CD4+ T cell analysis. Boolean combination gates were used to determine polyfunctionality. (C) Gating strategy for tetramer+ CD4+ T cells with similar strategy as (A), showing vacSG23 sample (HLA-DRB1*11:01+) with HLA-DRB1*11:01-CLIP (DR11-CLIP) vs HLA-DRB1*11:01-HAH1N1(2009) (DR11- HAH1N1(2009)) tetramer as the representative FACS plots. 
 
Supplementary Figure 2. Cytokine analysis of CD4+ T cells from HLA-DRB1*07:01+ and HLA-DRB1*11:01+ samples 
CD4+ T cell lines were generated towards seasonal influenza-derived HA306-318 peptides, with a no peptide negative control (NC) or a positive control (PC) condition. Cytokine response of IFNγ, TNF, CD107a, IL2 and MIP1β was assessed via ICS assay. (A) Representative FACS plots for HLA-DRB1*07:01 samples (SG123 and SG125) outlining the IFNγ, TNF, CD107a, IL2 and MIP1β responses. (B) Representative FACS plots of HLA-DRB1*11:01+ samples (vacSG62 and vacSG93) representing each cytokine response. 

Supplementary Figure 3. Polyfunctional CD4+ T cell response 
CD4+ T cell lines of HLA-DRB1*07:01+ (n = 10) samples and HLA-DRB1*11:01+ (n = 9) samples were generated with seasonal influenza-derived HA306-318 peptides, a no peptide negative control (NC) or a positive control (PC) condition. Cytokine response of IFNγ, TNF, CD107a, IL2 and MIP1β was assessed via ICS assay. CD4+ T cell effector functions represented as a double-ring graph for each of HLA-DRB1*11:01+ samples. The inner ring denotes (white to black) the number of effector functions while the outer coloured rings signify the effector function produced by CD4+ T cells.

Supplementary Figure 4. Electron density maps for the HAH3N2(1968) peptide presented by HLA-DRB1*11:01 molecule
(A-B) Crystal structure of the HAH3N2(1968) peptide (cyan) presented by HLA-DRB1*11:01 molecule (HLA-DR: white, HLA-DR: pale blue) with the (A) Fo-Fc map (green) around the peptide contoured at 3 σ and the (B) 2Fo-Fc map in blue contoured at 1 σ. 
Supplementary Figure 5. HAH3N2(1968) peptide presented in the same register by HLA-DRB1*11:01 and HLA-DRB1*01:01 molecules
Top view of the pHLA cleft with the (A) crystal structure of HLA-DRB1*11:01-HAH3N2(1968) with the peptide in cyan, HLA-DR in white and HLA-DR in pale blue, and (B) crystal structure of HLA-DRB1*01:01-HAH3N2(1968) in dark grey. (C) Superposition of the crystal structures of HLA-DRB1*11:01-HAH3N2(1968) and HLA-DRB1*01:01-HAH3N2(1968), coloured accordingly to panels A and B. (D) Side view of the antigen binding cleft with the -helix of the HLA-DR chain removed, and colours as per panels A and B. 

Supplementary Figure 6. Seasonal influenza-derived HA306–318 peptides presentation by HLA-DRB1*11:01 and HLA-DRB1*07:01 molecules
(A) Overlay of the structures of the HAH3N2(1968) peptide (peptide: cyan) and the HAH1N1(2009) peptide (peptide: beige) presented by HLA-DRB1*11:01 (HLA-DR: white, HLA-DR: pale blue), showing the interaction of peptide P6 with the HLA cleft. (B) Overlay of the crystal structure (HLA-DR: white, HLA-DR: pale blue, peptide: cyan) and the AlphaFold model (black) of the HLA-DRB1*11:01-HAH3N2(1968) complex. (C) Top view of overlaid HLA-DRB1*11:01 (HLA-DR: white, HLA-DR: pale blue) structures presenting seasonal influenza-derived peptides: HAH3N2(1968) peptide (peptide: cyan), HAH1N1(2009) peptide (peptide: beige), and HAH3N2(2012) (peptide: green). (D) Top view of overlaid HLA-DRB1*07:01 (HLA-DR: white, HLA-DR: salmon) structures presenting seasonal influenza-derived peptides: HAH3N2(1968) peptide (peptide: cyan), HAH1N1(2009) (peptide: 2009) peptide (peptide: beige), and HAH3N2(2012) peptide (peptide: green).

Supplementary Figure 7. Closely related HLA-DRB1*11:02 allomorph can present HA306-318 and activate CD4+ T cells  
(A) Sequence alignment of the HLA-DRB1*11:01 and HLA-DRB1*11:02, with conserved residues shown as stars. (B) Overlay of the crystal structure of HLA-DRB1*11:01-HAH3N2(1968) (HLA-DR: white, HLA-DR: pale blue, peptide: cyan) with the AlphaFold model of HLA-DRB1*11:02-HAH3N2(1968) (peptide: gold). (C-D) FACS plots of CD4⁺ T cells in response to HAH3N2(1968) and HAH3N2(2012) from HLA‑DRB1*11:02⁺ samples (SG06 and SG11) showing IFN production.

Supplementary Figure 8. H5N1-derived HA306-318 peptides presented by HLA-DRB1 allomorphs
(A) Overlay of the crystal structure of HLA-DRB1*11:01-HAH3N2(1968) (HLA-DR: white, HLA-DR: pale blue, peptide: cyan) with the AlphaFold model of HLA-DRB1*11:01-HAH5N1(2003) (peptide: pale green). (B) Overlay of the AlphaFold models of HLA-DRB1*11:01-HAH5N1(2023) (HLA-DR: white, HLA-DR: pale blue, peptide: dark orange) and HLA-DRB1*07:01-HAH5N1(2023) (HLA-DR: white, HLA-DR: salmon, peptide: pale orange).

Supplementary Figure 9. FACS plots of HLA-DRB1*07:01+ cross-reactive T cells
FACS plots for all HLA-DRB1*07:01+ samples (n = 10) representing the IFNγ vs TNF CD4+ T cell responses from CD4+ T cell lines of HLA-DRB1*07:01+ samples specific to HAH1N1(2009) (pale orange bar), HAH3N2(2012) (green bar) or HAH3N2(1968) (cyan bar) peptide were restimulated with seasonal and avian HA306-318 peptides to assess cross-reactivity via an ICS assay. A no peptide negative control (NC) and 500X positive control (PC) condition was implemented for each condition. Figure representative of 3 samples.

Supplementary Figure 10. FACS plots of HLA-DRB1*11:01+ cross-reactive T cells
FACS plots for all HLA-DRB1*11:01+ samples (n = 10) representing the IFNγ vs TNF CD4+ T cell responses from CD4+ T cell lines of HLA-DRB1*11:01+ samples specific to HAH1N1(2009) (pale orange bar), HAH3N2(2012) (green bar) or HAH3N2(1968) (cyan bar) peptide were restimulated with seasonal and avian HA306-318 to assess cross-reactivity via an ICS assay. A no peptide negative control (NC) and 500X positive control (PC) condition was implemented for each condition. Figure representative of 3 samples.

Supplementary Figure 11. Large difference of CDR loops conformation between the crystal structure and AlphaFold model for TCR-pHLA complex
(A) Crystal structure of the HA1.7 TCR in complex with the HLA-DRB1*01:01 molecule (grey) presenting the HAH3N2(1968) (peptide: dark grey). The dashed red lines indicated the hydrogen bond network between the TCR and the peptide Lysine residues. (B) Overlay of the crystal structure (grey) and AlphaFold model (pale yellow) of HA1.7 TCR-HLA-DRB1*01:01-HAH3N2(1968).

Supplementary Figure 12. HLA-DRB1*11:01 antigen binding cleft opening upon TCR binding.
Top view of the overlay of the crystal structure of HLA-DRB1*11:01-HAH3N2(1968) (HLA-DR: white, HLA-DR: pale blue, peptide: cyan) with the AlphaFold model of the pHLA in complex with the HA1.7 TCR (pale cyan).


