[bookmark: _Hlk228457133] Supplementary Table S1. Evidence-based rationale supporting the inclusion of different SARS-CoV-2 antigenic regions into the CoV2-TMEPu immunogen.
	[bookmark: _Hlk228456718]Patch ID
	Included region
	Viral protein
	AA position
	Immune association
	Supporting evidence 
	References

	NSP3_1
	PTDNYITTY
	NSP3
	503–511
	Antigen-level
	NSP3 is a major target of natural multispecific T-cell immunity in convalescents.
	2, 4, 18

	NSP3_2
	HTTDPSFLGRYM
	NSP3
	818–829
	Antigen-level
	NSP3 contributes substantially to broad ORF1a-specific memory T-cell responses.
	2, 4

	NSP3_3
	AYILFTRFFYV
	NSP3
	1512–1522
	Hotspot /
region-level
	C-terminal NSP3 regions lie within immunogenic ORF1a hotspots recognized in convalescents.
	2, 7

	NSP12_1
	ELKHFFFAQDGNAAI
	NSP12
	436–450
	Antigen-level
	NSP12 (RdRp) is recurrently recognized by CD4+ and CD8+ T cells in convalescents.
	4, 8-9

	NSP12_2
	LSDDAVVCFNSTY
	NSP12
	758–770
	Antigen-level
	Conserved RdRp regions support variant-resilient T-cell responses.
	4, 9

	NSP12_3
	LMIERFVSLAIDAYP
	NSP12
	854–868
	Antigen-level
	NSP12-derived conserved regions are relevant targets of human memory T cells.
	4, 8

	NSP13_1
	VLQAVGACV
	NSP13
(junction/ N-terminus)
	-2-6
	Antigen-level
	NSP13 helicase contributes to broad human T-cell immunity outside Spike.
	4, 8 

	NSP13_2
	TCTERLKLFAAETLK
	NSP13
	125–139
	Antigen-level
	NSP13 is consistently recognized in proteome-wide T-cell mapping studies.
	4, 8 

	NSP13_3
	YVFCTVNAL
	NSP13
	355–363
	Antigen-level
	Conserved NSP13 regions support multispecific natural T-cell immunity.
	4, 8 

	S_1
	SSANNCTFEYVSQPFLMDLE
	Spike
	161–180
	Hotspot /
region-level
	Spike NTD contains helper T-cell hotspots in convalescents.
	2-4

	S_2
	YYVGYLQPRTFLL
	Spike
	265–277
	Direct 
epitope-level
	Contains YLQPRTFLL, a highly immunoprevalent CD8 epitope.
	5, 10, 19

	S_3
	VQIDRLITGRLQSLQTYVT
	Spike
	1000–1018
	Direct 
epitope-level
	Includes RLQSLQTYV in the conserved S2 region.
	5, 19 

	S_4
	YEQYIKWPWYIWLGF
	Spike
	1206–1220
	Direct 
epitope-level
	Includes QYIKWPWYI, an immunoprevalent conserved S2 epitope.
	19

	ORF3a_1
	LYLYALVYFLQSINF
	ORF3a
	106–120
	Hotspot /
region-level
	ORF3a mid-region contributes to immunodominant T-cell clusters.
	2-4

	ORF3a_2
	LLYDANYFL
	ORF3a
	139–147
	Direct 
epitope-level
	Highly recurrent human CD8 epitope.
	5, 18-19

	ORF3a_3
	FTSDYYQLYSTQL
	ORF3a
	207–219
	Direct 
epitope-level
	Contains FTSDYYQLY/YFTSDYYQLY recurrent epitopes.
	5-19

	M_1
	QFAYANRNRFLYIIK
	M
	36–50
	Antigen-level
	Membrane protein is broadly recognized in convalescents.
	2-4

	M_2
	YRINWITGGIAIAMA
	M
	71–85
	Antigen-level
	M contributes to broad helper and cytotoxic responses.
	3-4

	M_3
	LSYYKLGASQRVAGD
	M
	176–190
	Antigen-level
	C-terminal M contributes to broad T-cell recognition.
	3-4

	N_1
	IGYYRRATRRIRGGDGKMKDLSPRWYFYYLGTGPEAGL
	N
	84–121
	Direct 
epitope-level
	Contains SPRWYFYYL/LSPRWYFYY within immunodominant N hotspot.
	3, 5, 7 

	N_2
	KDGIIWVATEGALNTPKDHI
	N
	127–146
	Hotspot /
region-level
	Contains ATEGALNTPK immunoprevalent human epitope.
	5, 19

	N_3
	AAEASKKPRQKRTATKAYNVTQAFGRRGPE
	N
	251–280
	Direct epitope-level
	Contains KPRQKRTAT recurrent CD8 epitope.
	5, 7

	N_4
	AQFAPSASAFFGMSRIGMEVT
	N
	305–325
	Hotspot /
region-level
	C-terminal N contributes to durable memory T-cell responses.
	3-4, 8



Immune association categories were assigned based on published human T-cell data from convalescent COVID-19 individuals. 'Direct epitope-level' indicates that the selected sequence contains a previously validated human T-cell epitope; 'Hotspot / region-level' indicates overlap or proximity to an immunodominant T-cell region; 'Antigen-level' indicates consistent recognition of the source protein in human T-cell studies.

Supplementary Table S2. MHC-I Binders.
	Patch
	Strong Binders
	Weak Binders
	Best Rank (%)
	Best IC50 (nM)
	# HLA Alleles 
(Strong)
	# HLA Alleles 
(Weak)
	Representative Core Peptide

	Nsp3_1
	1
	2
	0.02
	12.05
	1
	2
	PTDNYITTY

	Nsp3_2
	1
	10
	0.47
	71.28
	1
	9
	TTDPSFLRY

	Nsp3_3
	15
	26
	0.02
	2.32
	14
	21
	ILFTRFFYV

	Nsp12_1
	2
	6
	0.33
	171.84
	2
	6
	FAQDGNAAI

	Nsp12_2
	5
	11
	0.09
	28.86
	5
	9
	AVVCFNSTY

	Nsp12_3
	11
	23
	0.01
	4.6
	10
	19
	LMIERFVSL

	Nsp13_1
	0
	3
	0.55
	32.17
	0
	3
	VLQAVGACV

	Nsp13_2
	3
	8
	0.02
	8.24
	3
	7
	KLFAAETLK

	Nsp13_3
	6
	12
	0.12
	12.64
	6
	12
	YVFCTVNAL

	S_1
	9
	22
	0.03
	12.65
	7
	16
	SANNCTFEY

	S_2
	9
	17
	0.03
	4.3
	9
	13
	YLQPRTFLL

	S_3
	5
	8
	0.1
	8.11
	5
	8
	RLQSLQTYV

	S_4
	11
	26
	0.01
	4.47
	8
	14
	QYIKWPWYI

	ORF3a_1
	12
	17
	0.02
	2.72
	6
	9
	YLYALVYFL

	ORF3a_2
	4
	6
	0.02
	2.39
	4
	6
	LLYDANYFL

	ORF3a_3
	7
	15
	0.01
	5.36
	6
	14
	FTSDYYQLY

	M_1
	13
	31
	0.03
	10.39
	10
	19
	YANRNRFLY

	M_2
	1
	10
	0.15
	75.11
	1
	8
	RINWITGGI

	M_3
	1
	2
	0.14
	62.88
	1
	2
	SYYKLGSQR

	N_1
	16
	45
	0.03
	8.33
	13
	20
	SPRWYFYYL

	N_2
	0
	0
	None
	None
	0
	0
	ATEGALTPK

	N_3
	14
	29
	0.02
	14.7
	12
	19
	RQKRTATAY

	N_4
	12
	32
	0.06
	7.43
	11
	20
	AQFAPSASAF






Supplementary Table S3. MHC-II Binders.
	Patch
	Strong Binders
	Weak Binders
	Best Rank (%)
	Best IC50 (nM)
	# HLA Alleles 
(Strong)
	# HLA Alleles (Weak)
	Representative Core Peptide

	Nsp3_1
	4
	8
	0.15
	7.24
	4
	8
	FAQDGNAAI

	Nsp3_2
	0
	4
	3.5
	102.14
	0
	4
	FVSLAIDAY

	Nsp3_3
	1
	5
	0.54
	21.2
	1
	5
	LKLFAAETL

	Nsp12_1
	0
	3
	7.9
	110.74
	0
	2
	YVSQPFLMD

	Nsp12_2
	0
	10
	3.5
	30.66
	0
	5
	IDRLITGRL

	Nsp12_3
	0
	0
	None
	None
	0
	0
	None

	Nsp13_1
	0
	0
	None
	None
	0
	0
	None

	Nsp13_2
	0
	7
	2.1
	33.25
	0
	7
	YANRNRFLY

	Nsp13_3
	0
	7
	3.7
	14.47
	0
	7
	INWITGGIA

	S_1
	4
	9
	0.13
	4.72
	4
	9
	YKLGASQRV

	S_2
	6
	25
	0.18
	13.06
	2
	9
	FYYLGTGPE

	S_3
	0
	18
	4.4
	29.67
	0
	7
	IIWVATEGA

	S_4
	2
	5
	1.1
	21.98
	1
	1
	YNVTQAFGR

	ORF3a_1
	8
	19
	0.33
	16.03
	4
	7
	FAPSASAFF

	ORF3a_2
	0
	0
	None
	None
	0
	0
	None

	ORF3a_3
	0
	0
	None
	None
	0
	0
	None

	M_1
	0
	0
	None
	None
	0
	0
	None

	M_2
	0
	0
	None
	None
	0
	0
	None

	M_3
	0
	0
	None
	None
	0
	0
	None

	N_1
	0
	0
	None
	None
	0
	0
	None

	N_2
	0
	0
	None
	None
	0
	0
	None

	N_3
	0
	0
	None
	None
	0
	0
	None

	N_4
	0
	0
	None
	None
	0
	0
	None



Supplementary Table S4. MHC-I Coverage.
	Class I
	
	
	

	Population/area
	Coverage
	Average_hit
	pc90

	Central Africa
	86.04%
	13.91
	2.15

	Central America
	7.76%
	0.85
	0.76

	East Africa
	90.78%
	16.09
	3.45

	East Asia
	98.18%
	21.9
	11.26

	Europe
	99.68%
	23.29
	12.32

	North Africa
	96.03%
	19.43
	8.57

	North America
	99.06%
	22.37
	10.25

	Northeast Asia
	94.7%
	16.92
	8.81

	Oceania
	94.71%
	16.12
	9.07

	South Africa
	93.03%
	16.61
	4.84

	South America
	88.3%
	13.26
	2.56

	South Asia
	94.73%
	17.0
	7.46

	Southeast Asia
	94.56%
	16.61
	8.48

	Southwest Asia
	92.5%
	16.61
	4.69

	West Africa
	95.49%
	20.71
	8.55

	West Indies
	98.98%
	23.29
	11.54

	Average
	89.03%
	17.18
	7.17

	Standard_deviation
	21.3%
	5.23
	3.51




Supplementary Table S5. MHC-II Coverage.
	[bookmark: _Hlk228457437]Class II
	
	
	

	Population/area
	Coverage
	Average_hit
	pc90

	Central Africa
	62.71%
	3.13
	0.54

	Central America
	49.91%
	3.01
	0.4

	East Africa
	68.3%
	3.74
	0.63

	East Asia
	81.82%
	5.96
	1.1

	Europe
	85.83%
	5.28
	1.41

	North Africa
	75.06%
	4.1
	0.8

	North America
	87.89%
	5.39
	1.65

	Northeast Asia
	59.99%
	3.58
	0.5

	Oceania
	59.87%
	3.53
	0.5

	South Africa
	32.1%
	0.81
	0.29

	South America
	58.59%
	3.54
	0.48

	South Asia
	75.38%
	4.4
	0.81

	Southeast Asia
	56.98%
	3.38
	0.46

	Southwest Asia
	43.93%
	2.18
	0.36

	West Africa
	65.23%
	3.9
	0.58

	West Indies
	69.22%
	4.22
	0.65

	Average
	64.55%
	3.76
	0.7

	[bookmark: _GoBack]Standard_deviation
	14.56%
	1.2
	0.37









Supplementary Table S6. TaqMan Probes and Primer Sets Used for Quantification of Host Inflammatory Genes and SARS-CoV-2 RNA.
A. Mouse and Human TaqMan Probes (Applied Biosystems, Waltham, MA, USA).
	Gene (Mouse)
	TaqMan Assay ID

	CXCL5
	Mm00436451_g1

	CCL2
	Mm00441242_m1

	CCL12
	Mm01617100_m1

	IFNγ
	Mm00116864_m1

	IL6
	Mm00446190_m1


	IL10
	Mm00439616_m1

	Gene (Human)
	TaqMan Assay ID

	TNFα
	Hs00174128_m1

	IL6
	Hs00174131_m1

	IL12β
	Hs01011518_m1

	CXCL8 (IL8)
	Hs00174103_m1

	CXCL10
	Hs00171042_m1

	IFIT1
	Hs03027069_m1

	CCL3
	Hs00234142_m1



B. Custom Primer and Probe Sets for Viral RNA and Host ISG Quantification (Merk, Darmstadt, Germany).
	Target Gene
	Oligonucleotide
	Sequence (5′ → 3′)

	28S (housekeeping)
	Probe [JOE]
	TAGTAGCTGGTTCCCTCCGAAGTTTCCCT

	
	Forward
	GGGCAAAGACTAATCGAACCAT

	
	Reverse
	CGAGAGCAGCTATCCT

	RdRp
	Probe [FAM]
	AGAGCTATGAATTGCCAGAC

	
	Forward
	GTGARATGGTCATGTGTGGCG

	
	Reverse
	CARATGTAAASACACTATAGC

	E
	Probe [FAM]
	ACACTAGCCATCCTTACTGCGCTTCGC

	
	Forward
	ACAGGTAGTTAAATAGTTAATAGCGT

	
	Reverse
	ATATTGCAGCAGTACGCACACA

	hIFNβ
	Probe [FAM]
	CCAGAAGGAGGACGCCGCATTGACC

	
	Forward
	TTGACATCCCTGAGGAGATTAAGC

	
	Reverse
	TTAGCCAGGAGGTTCTCAACAATAG



C. Custom Primer Sets for Host ISG Quantification (Sigma-Aldrich, St. Louis, MO, USA).
	Gene
	Primer
	Sequence (5′ → 3′)

	MxA
	Forward
	GGGCAAAGACTAATCGAACCAT

	
	Reverse
	CGAGAGCAGCTATCCT

	IFIT2
	Forward
	CCCAGCAATTCAGGTGTAACA

	
	Reverse
	ACAAGGCCATCCACCACTTAT

	IFNγ
	Forward
	CGACCTCGAAACAGCATCTG

	
	Reverse
	GAAGGAGATGACTTCGAAAAGC

	TRIM22
	Forward
	TTGGAAACAGATTTTGGCTTC

	
	Reverse
	GGTTGAGGGGATCGTCAGTA

	IL18
	Forward
	AGCAGACTAGGGTTGCCAGA

	
	Reverse
	GTAGGGTTGCCAGATGCAAT

	IL12
	Forward
	AACTGGCGTTGGAAGCACGG

	
	Reverse
	GAACACATGCCCACTTGCTG







