Supplementary Tables
Supplementary Table 1. Flow cytometry staining panels for processing the study samples.
A. B cell staining panel 1 is used to detect IgG+ B cells specific for A(H1N1) and A(H3N2) HA ectodomains, and B(Victoria) and B(Yamagata) HA1 HA domains. B cell staining panel 2 is used to detect IgG+ B cells specific for group 1, group 2 and IBV HA stem domains. The HA DSA probes were chemically conjugated via amine groups using DyLight 488, DyLight 550, DyLight 650 (ThermoFisher Scientific), PerCP-Cy5.5 (Abcam). 
B. Multidimensional T cell staining panel. Only cTfh data are presented in the current paper.
A.
[image: ]









B.
[image: ]












Supplementary Table 2. The HA probes employed in the study. All recombinant proteins were expressed as trimers and produced in the baculovirus-insect cell expression system except for IBV HA stem, which was produced in E.coli. HA0 of A(H1N1), A(H3N2), and HA1 from both IBV lineages included mutation (as indicated) in RBS to decrease binding to sialic acid on the cell surface. Sequences were cell- or egg-derived as indicated. Group 1 and 2 HA stems were designed based on Gen4[66]. IBV stem was constructed as described in the methods section. The probes were chemically conjugated via amine groups using DyLight 488, DyLight 550, DyLight 650 (ThermoFisher Scientific), or PerCP-Cy5.5 (Abcam).
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Supplementary Table 3. 
Flow cytometry staining panels for probe validation experiment.
A. Antibody panel for probe validation experiments. HAΔSA were added into staining cocktail.
B. [bookmark: _Hlk153366410]Mouse B cell staining panel. HAΔSA were added into staining cocktail. 
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Antibody Manufacture Catalog # Clone

BV605  anti-human CD3 (mouse) BioLegend

317322 OKT3

BV605  anti-human CD14  (mouse) BD Biosciences

564054 M5E2

BV605 anti-human CD16  (mouse) BD Biosciences

563173 3G8

Pacific Blue   anti-human CD19  (mouse) BioLegend

302232 HIB19

PerCP-Cy 5.5 anti-human CD27 (mouse) BD Biosciences

560612 M-T271

BV510  anti-human IgG  (mouse) BD Biosciences

563247 G18-145

UV 350/450 LIVE/DEAD™ Fixable Blue  Dead Cell Stain Kit Thermofisher

L23105 n/a
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Antibody Manufacture Catalog # Clone

BV605 anti-mouse CD3 (rat)

BioLegend 100237 17A2

Pacific Blue anti-mouse CD220 (rat)

BioLegend 103227 RA3-6B2

PerCP-Cy5.5 anti-mouse IgD (rat)

BioLegend 405710 11-26c.2a

UV 350/450 LIVE/DEAD™ Fixable Blue  Dead Cell Stain Kit Thermofisher

L23105 n/a
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Antibody/ HA probe Manufacture Catalog # Clone used in panel 

BV605 anti-human CD56 (mouse) BD Biosciences 562780 NCAM16.2 1  & 2

BV605™ anti-human CD3  (mouse) BioLegend 317322 OKT3 1  & 2

BV605  anti-human CD14  (mouse) BD Biosciences 564054 M5E2 1  & 2

BV605 anti-human CD16  (mouse) BD Biosciences 563173 3G8 1  & 2

BUV496  anti-human CD19  (mouse) BD Biosciences 612939 SJ25C1 1  & 2

APC-H7  anti-human IgG  (mouse) BD Biosciences 561297 G18-145 1  & 2

BV570 LIVE/DEAD™ Fixable Yellow Dead Cell Stain Kit Thermofisher L34968 n/a 1  & 2

DL488 HA (Y91F) A/Michigan/45/2015(H1N1)  in house 1

PerCP-Cy5.5 HA (Y98F) A/Singapore/INFIMH-16–0019/2016(H3N2)in house 1

DL650 HA ( F95A) B/Colorado/06/2017 in house 1

DL550 HA ( F95A) B/Phuket/3073/2013  in house 1

DL650 group 1 HA stem in house 2

PerCP-Cy5.5 group 2 HA stem in house 2

DL550 IBV HA stem in house 2
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Antibody Manufacture Catalog # Clone

Alexa Fluor® 488 anti-human CXCR5 (rat) BD Biosciences 558112

RF8B2

PerCP/Cyanine5.5 anti-human TCR Vα7.2 (mouse) BioLegend 351710 3C10

APC anti-human anti-human TCR γ/δ  (mouse) BioLegend 331212 B1

APC-Cy™7 anti-human CD25 (mouse) BD Biosciences 557753

M-A251

Alexa Fluor® 700 anti-human CD161 (mouse) BioLegend 339942

HP-3G10

PE/Dazzle™ 594 anti-human CD69 (mouse) BioLegend 310942 FN50

PE-Cyanine7 anti-human TCR V d 1 (mouse) Invitrogen 25-5679-42

TS8.2

Pacific Blue™ anti-human TCR α/β  (mouse) BioLegend 306716 IP26

BV480 anti-human CD45 (mouse) BD Biosciences 566115

HI30

BV650 anti-human CD279 (PD-1) (mouse) BD Biosciences 564104

EH12.1

BV605™ anti-human TCR Vδ2 (mouse) BioLegend 331430 B6

BV786 anti-human CD8 (mouse) BD Biosciences 563823

RPA-T8

BV570 LIVE/DEAD™ Fixable Yellow Dead Cell Stain Kit Thermofisher

L34968 n/a

BUV661 anti-human CD4 (mouse) BD Biosciences 612963

SK3

BUV805 anti-human CD3 (mouse) BD Biosciences 742053

SP34-2
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Subtype Protein Strain RBS mutation source Reference

H1N1 HA0

A/California 07/09       

Y91F cell-derived GISAID:  EPI177294

H1N1 HA0 A/Michigan/45/2015 Y91F egg-derived GISAID: EPI685579

H1N1 HA stem (group 1)A/Michigan/45/2015 n/a n/a GISAID: EPI685579

H3N2 HA0

A/Texas/50/2012      

Y98F cell-derived GISAID: EPI2318462

H3N2 HA0 A/Singapore/INFIMH-16-0019/2016  Y98F cell-derived

GISAID: EPI780183

H3N2 HA stem (group 2)A/Singapore/INFIMH-16-0019/2016  n/a n/a GISAID: EPI780183

 FluB HA1 B/Colorado/06/2017 (Victoria) F95A cell-derived GISAID: EPI969380

 FluB HA1 B/Phuket/3073/2013 (Yamagata)       F95A  cell-derived GISAID: EPI529345

 FluB HA stem B?Brisbane/60/2008 (Victoria) n/a n/a PDBID:4FQM


