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Supplementary Figure 1. Gating strategy for HA-specific B cell and cTfh. 
A. Two to three million PBMC were stained for HA-specific B cells with panel 1 or panel 2 (Supplementary Table 1A) probes. B cells were gated from live lymphocyte singlets as CD19+CD3-CD14-CD56- cells. HA-specific IgG+ B cells were gated based on staining with H1N1, H3N2, B(Yamagata), and B(Victoria) HAΔSA probes (panel 1) or group 1 -, group2- and IBV- HA stem probes (panel 2).  B. cTfh (CXCR5+PD1+ CD4+) were stained with a multiparameter staining panel (Supplementary Table 1 B).

Supplementary Figure 2. Glycan Microarray analysis of B/Colorado/06/2017 recHA1 constructs.
Rec HA-antibody pre-complexes of wild type (wt) and F95A IBV proteins were prepared using IBV HA1, a primary mouse anti-penta-His antibody, and a secondary anti-mouse-IgG-Alexa Fluor antibody, in a 4:2:1 molar ratio. After 1 hour of incubation on ice, these prepared mixtures were applied to glycan arrays. 


Supplementary Figure 3. Validation of recombinant HA probes using human PBMCs. 
Two to three million PBMCs were stained with a similar concentration of HA∆SA (top) or HA wt (bottom) probes prepared similarly and analyzed by flow cytometry.  H1N1 HA∆SA and H3N2 HA∆SA probes contained Y91F and Y98F mutations, respectively. IBV HA∆SA probes had F95A mutation. 
Supplementary Figure 4. Mutations in RBS did not change the antigenic characteristics of recombinant HAs.
 A. Six animals per group of 6-8 weeks old female BALB/C mice (Jackson Laboratories, Bar Harbor, ME) were immunized with different amounts (1 and 10 µg/mouse) of rec HA wt or rec HAΔSA. A/California/07/(H1N1) MIV (GSK, 10 µg/mouse) was used as a positive control, and PBS as a negative control. Vaccination was performed four times every four weeks. The serological response was tested by HI against A/California/07/09 virus three weeks after 4th vaccination.
B. 4 weeks after the 4th vaccination, splenocytes were purified. Dual HAΔSA probe staining (with two A/California/07/09 HA probes conjugated with DL550 and DL650) was performed to detect HA-specific IgD- B cells by flow cytometry with the panel of antibodies described in supplementary table 3B. 
C. Percent of dual HAΔSA probe -positive IgD- B220+ B cells from the vaccinated mice. One-way ANOVA with Tukey’s multiple comparison test was used to compare the level of HA-specific B cells in the samples from the mice vaccinated with HA probes. 

Supplementary Figure 5. Effect of conjugated fluorescent dye on the antigenicity of recombinant HA.
The binding of sera from vaccinated mice to rec HA probes was not affected by conjugated fluorescent dye.   ELISA plates were coated with DL650 -conjugated or unconjugated HAs of A/California/07/09(H1N1) (A) or A/Texas/50/2012(H3N2) (B) and tested with serially diluted 10-fold serum from mice vaccinated with respective MIVs at 10µg and boosted four weeks later. Sera were collected three weeks post-boost for testing. Pooled serum from un-vaccinated mice was used as a negative control.

Supplementary Figure 6. The group 1 and group 2 rec HA stem proteins demonstrated specific binding to the broadly cross-reactive mAbs. 
[bookmark: _GoBack]The group 1(A) and group 2 (B) HA stem proteins were tested by Bio-Layer interferometry for binding with previously characterized cross-reactive monoclonal antibodies (mAbs): CR6261 [68], CR8020 [69], CR9114 [70] and Fi6v3 [71]. VRC-01 [72] mAb was used as a negative control. 

Supplementary Figure 7. Specificity of HASA probes for staining of B cell subsets.
A. Dual HAΔSA probe staining (using probes of the same specificity but tagged with different fluorescent dyes (DL 550 and DL650) was performed to assess HA probe specificity.  Two to three million human PBMCs were stained with an antibody panel (Supplementary Table 3A). A/California /07/09(H1N1) (top panel) and A/Texas/50/2012 (H3N2) (bottom panel) HA-specific B cells were assessed in the following B cells subsets: IgG+, CD27+ IgG- and CD27-IgG-. Dual-stained cells were considered truly HA-specific cells. Non-specific background level depended on tested B cell populations and fluorochromes used for HA tagging and probe concentration. B. Percent of dual HAΔSA probe -positive IgG+, CD27+ IgG- and CD27-IgG- B cells presented as cumulative results for H1N1 and H3N2 HAΔSA probes. Analyzed with ANOVA with Tukey’s multiple comparison test. Statistically significant difference *P-value <0.05, ** P-value <0.01.

Supplementary Figure 8. Specificity of HAΔSA probes used for staining of the clinical samples.
Dual HAΔSA probe staining (using probes of the same specificity but tagged with different fluorescent dyes) to assess specificity of HA probes used in the clinical sample testing: A/Michigan/45/2015 (H1N1), A/Singapore/INFIMH-16-0019/2016 (H3N2), B/Colorado/06/2017 (Victoria lineage), B/Phuket/3073/13 (Yamagata lineage), group 1-, group 2- and IBV- HA stem. We calculated the percentage of double-stained IgG+ CD19+ cells. The non-specific background level was depended on the tested B cell populations and fluorochromes used for HA tagging and probe concentration. 
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