[bookmark: _Hlk238569158]Table S1. Reference panel and classification of HIV-1 drug resistance-associated mutations (DRAMs) evaluated across protease, reverse transcriptase, and integrase genes. 
	Drug Class
	Target Genomic Region
	Evaluated and Identified Resistance Mutations

	Protease Inhibitors (PIs)
	Protease (PR, codons 1–99)
	Major/Accessory: L10F，L33F，M46I/MI，I47A/V，I54V，Q58E/QE，G73D/S，V82A/F/S，L89V

	Nucleoside RT Inhibitors (NRTIs)
	Reverse Transcriptase (RT, codons 1–250)
	TAMs & Other NRTIs: M41L/ML，E44EA，A62AV/V，K65KR/R，D67DG/DN/G/N/S，S68G/KRR/N/SDGN/SG/SN/SR，Δ69WT，K70E/KE/KEGR/KEQ/KR/KT/N/Q/R/T，L74I/LI/LV，V75M/VM，Y115F/YF，M184I/IV/MI/MIV/MV/V，L210LW/W，T215F/I/TA/TFIS/Y，K219E/EQ/KE/KN/KQ/KR/N/Q/R

	Non-Nucleoside RT Inhibitors (NNRTIs)
	Reverse Transcriptase (RT, codons 1–250)
	1st & 2nd Generation NNRTIs: A98AG/G，L100I，K101E/EQ/H/KE/P，K103KN/N/NS/S，V106I/M/VM，V108I/VI，E138A/EA/EG/EK/G/K/Q，V179AD/D/DE/E/EQ/IT/T/VD，Y181C/V/YC，Y188C/H/L/YH，G190A/GA/GRS/S/T，H221HY/Y，P225H/PH，F227FL/L，M230L/ML，L234I，K238KT/N/NT/T，V1081WT

	Integrase Strand Transfer Inhibitors (INSTIs)
	Integrase (IN, codons 1–288)
	Major & Accessory INSTIs: H51HY/Y，T66TI，L74IM/LIM/LM/M，T97A，E138K，G140GR，S147G，N155H，E157Q，G163R，S230R，D232N











Table S2. Genotypic Mutation Frequencies and Corresponding Predicted Phenotypic Resistance Profiles of HIV-1 DRAMs in Treatment-Naïve and Virological Failure Groups
Part A: Treatment-Naïve Group (n = 104)
	Antiretroviral Class
	Codon Position
	Genotypic Mutation Count, n (%)
	Predicted Phenotypic Resistance Count, n (%)

	Protease Inhibitors (PIs)
	L33
	2 (1.92)
	2 (1.92)

	
	Q58
	2 (1.92)
	2 (1.92)

	Nucleoside Reverse Transcriptase Inhibitors (NRTIs)
	M41
	2 (1.92)
	2 (1.92)

	
	K65
	2 (1.92)
	2 (1.92)

	
	D67
	2 (1.92)
	2 (1.92)

	
	S68
	6 (5.77)
	3 (2.88)

	
	K70
	3 (2.88)
	3 (2.88)

	
	M184
	9 (8.65)
	9 (8.65)

	
	T215
	5 (4.81)
	5 (4.81)

	
	K219
	3 (2.88)
	3 (2.88)

	Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)
	K101
	2 (1.92)
	2 (1.92)

	
	K103
	10 (9.62)
	10 (9.62)

	
	V106
	2 (1.92)
	2 (1.92)

	
	V108
	1 (0.96)
	1 (0.96)

	
	E138
	4 (3.85)
	4 (3.85)

	
	V179
	18 (17.31)
	18 (17.31)

	
	Y181
	2 (1.92)
	2 (1.92)

	
	Y188
	3 (2.88)
	3 (2.88)

	
	G190
	5 (4.81)
	5 (4.81)

	Integrase Strand Transfer Inhibitors (INSTIs)
	L74
	2 (1.92)
	1 (0.96)



Part B: Virological Failure Group (n = 307)
	Antiretroviral Class
	Codon Position
	Genotypic Mutation Count, n (%)
	Predicted Phenotypic Resistance Count, n (%)

	Protease Inhibitors (PIs)
	L10
	2 (0.65)
	2 (0.65)

	
	L33
	3 (0.98)
	3 (0.98)

	
	M46
	3 (0.98)
	3 (0.98)

	
	I47
	2 (0.65)
	2 (0.65)

	
	I54
	1 (0.33)
	1 (0.33)

	
	Q58
	8 (2.61)
	8 (2.61)

	
	G73
	2 (0.65)
	2 (0.65)

	
	V82
	3 (0.98)
	3 (0.98)

	
	L89
	1 (0.33)
	1 (0.33)

	Nucleoside Reverse Transcriptase Inhibitors (NRTIs)
	M41
	8 (2.61)
	8 (2.61)

	
	E44
	1 (0.33)
	1 (0.33)

	
	A62
	5 (1.63)
	4 (1.30)

	
	K65
	33 (10.75)
	33 (10.75)

	
	D67
	23 (7.49)
	23 (7.49)

	
	S68
	31 (10.10)
	20 (6.51)

	
	Δ69
	1 (0.33)
	1 (0.33)

	
	K70
	30 (9.77)
	30 (9.77)

	
	L74
	7 (2.28)
	7 (2.28)

	
	V75
	3 (0.98)
	3 (0.98)

	
	Y115
	7 (2.28)
	7 (2.28)

	
	M184
	79 (25.73)
	79 (25.73)

	
	L210
	2 (0.65)
	2 (0.65)

	
	T215
	10 (3.26)
	10 (3.26)

	
	K219
	16 (5.21)
	16 (5.21)

	Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)
	A98
	12 (3.91)
	12 (3.91)

	
	L100
	7 (2.28)
	7 (2.28)

	
	K101
	8 (2.61)
	8 (2.61)

	
	K103
	88 (28.66)
	86 (28.01)

	
	V106
	30 (9.77)
	29 (9.45)

	
	V108
	11 (3.58)
	11 (3.58)

	
	E138
	13 (4.23)
	13 (4.23)

	
	V179
	48 (15.64)
	47 (15.31)

	
	Y181
	28 (9.12)
	28 (9.12)

	
	Y188
	5 (1.63)
	5 (1.63)

	
	G190
	17 (5.54)
	17 (5.54)

	
	H221
	8 (2.61)
	8 (2.61)

	
	P225
	19 (6.19)
	29 (9.45)

	
	F227
	10 (3.26)
	10 (3.26)

	
	M230
	3 (0.98)
	3 (0.98)

	
	L234
	2 (0.65)
	2 (0.65)

	
	K238
	7 (2.28)
	7 (2.28)

	Integrase Strand Transfer Inhibitors (INSTIs)
	H51
	2 (0.65)
	2 (0.65)

	
	T66
	1 (0.33)
	0 (0.00)

	
	L74
	10 (3.26)
	10 (3.26)

	
	T97
	1 (0.33)
	0 (0.00)

	
	E138
	1 (0.33)
	1 (0.33)

	
	G140
	1 (0.33)
	1 (0.33)

	
	S147
	1 (0.33)
	1 (0.33)

	
	N155
	1 (0.33)
	1 (0.33)

	
	E157
	4 (1.30)
	4 (1.30)

	
	G163
	1 (0.33)
	0 (0.00)

	
	S230
	1 (0.33)
	1 (0.33)

	
	D232
	1 (0.33)
	1 (0.33)



Note: Data represent the total number and frequency of genotypic mutations detected at each codon position compared with the number and frequency of predicted phenotypic resistance (defined by the Stanford HIV Drug Resistance Database as having a penalty score resulting in potential low-level, low-level, intermediate, or high-level resistance). Abbreviations: DRAM, drug resistance-associated mutation; INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse transcriptase inhibitor; NRTI, nucleoside reverse transcriptase inhibitor; PI, protease inhibitor.

Table S4. Detailed comparative analysis of predicted phenotypic drug resistance levels to antiretroviral agents between the treatment-naïve and virological failure cohorts.
	Antiretroviral Drug Agent
	Treatment-naïve (n =137)
	　
	Virological failure (n =271)

	
	 S
	PLLR
	LLR
	IR
	HLR
	
	 S
	PLLR
	LLR
	IR
	HLR

	
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)
	
	n (%)
	n (%)
	n (%)
	n (%)
	n (%)

	Protease Inhibitors (PIs)

	NFV
	100 (96.15)
	4 (3.85)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	287 (93.49)
	12 (3.91)
	3 (0.98)
	3 (0.98)
	2 (0.65)

	TPV/r
	101 (97.12)
	2 (1.92)
	1 (0.96)
	0 (0.00)
	0 (0.00)
	
	292 (95.11)
	4 (1.30)
	8 (2.61)
	3 (0.98)
	0 (0.00)

	SQV/r
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	302 (98.37)
	2 (0.65)
	1 (0.33)
	1 (0.33)
	1 (0.33)

	LPV/r
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	301 (98.05)
	1 (0.33)
	1 (0.33)
	2 (0.65)
	2 (0.65)

	FPV/r
	102 (98.08)
	2 (1.92)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	295 (96.09)
	6 (1.95)
	1 (0.33)
	3 (0.98)
	2 (0.65)

	IDV/r
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	299 (97.39)
	2 (0.65)
	3 (0.98)
	2 (0.65)
	1 (0.33)

	DRV/r
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	303 (98.70)
	3 (0.98)
	1 (0.33)
	0 (0.00)
	0 (0.00)

	ATV/r
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	301 (98.05)
	3 (0.98)
	1 (0.33)
	1 (0.33)
	1 (0.33)

	Nucleoside Reverse Transcriptase Inhibitors (NRTIs)

	DDI
	91 (87.50)
	5 (4.81)
	4 (3.85)
	1 (0.96)
	3 (2.88)
	
	218 (71.01)
	23 (7.49)
	9 (2.93)
	14 (4.56)
	43 (14.01)

	D4T
	96 (92.31)
	0 (0.00)
	2 (1.92)
	3 (2.88)
	3 (2.88)
	
	244 (79.48)
	0 (0.00)
	8 (2.61)
	29 (9.45)
	26 (8.47)

	FTC
	93 (89.42)
	1 (0.96)
	1 (0.96)
	0 (0.00)
	9 (8.65)
	
	219 (71.34)
	1 (0.33)
	7 (2.28)
	1 (0.33)
	79 (25.73)

	3TC
	93 (89.42)
	1 (0.96)
	1 (0.96)
	0 (0.00)
	9 (8.65)
	
	219 (71.34)
	1 (0.33)
	7 (2.28)
	1 (0.33)
	79 (25.73)

	TDF
	97 (93.27)
	0 (0.00)
	4 (3.85)
	3 (2.88)
	0 (0.00)
	
	248 (80.78)
	0 (0.00)
	19 (6.19)
	28 (9.12)
	12 (3.91)

	ABC
	92 (88.46)
	0 (0.00)
	7 (6.73)
	2 (1.92)
	3 (2.88)
	
	218 (71.01)
	0 (0.00)
	29 (9.45)
	21 (6.84)
	39 (12.70)

	AZT
	98 (94.23)
	1 (0.96)
	2 (1.92)
	0 (0.00)
	3 (2.88)
	
	289 (94.14)
	0 (0.00)
	4 (1.30)
	2 (0.65)
	12 (3.91)

	Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTIs)

	ETR
	78 (75.00)
	17 (16.35)
	4 (3.85)
	4 (3.85)
	1 (0.96)
	
	205 (66.78)
	55 (17.92)
	7 (2.28)
	29 (9.45)
	11 (3.58)

	EFV
	72 (69.23)
	14 (13.46)
	1 (0.96)
	2 (1.92)
	15 (14.42)
	
	152 (49.51)
	17 (5.54)
	1 (0.33)
	19 (6.19)
	118 (38.44)

	RPV
	78 (75.00)
	12 (11.54)
	6 (5.77)
	2 (1.92)
	6 (5.77)
	
	204 (66.45)
	19 (6.19)
	28 (9.12)
	27 (8.79)
	29 (9.45)

	DOR
	95 (91.35)
	1 (0.96)
	4 (3.85)
	2 (1.92)
	2 (1.92)
	
	224 (72.96)
	10 (3.26)
	7 (2.28)
	49 (15.96)
	17 (5.54)

	NVP
	72 (69.23)
	14 (13.46)
	1 (0.96)
	1 (0.96)
	16 (15.38)
	
	152 (49.51)
	16 (5.21)
	2 (0.65)
	5 (1.63)
	132 (43.00)

	DPV
	77 (74.04)
	14 (13.46)
	4 (3.85)
	1 (0.96)
	8 (7.69)
	
	185 (60.26)
	28 (9.12)
	26 (8.47)
	25 (8.14)
	43 (14.01)

	Integrase Strand Transfer Inhibitors (INSTIs)

	CAB
	103 (99.04)
	1 (0.96)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	293 (95.44)
	10 (3.26)
	2 (0.65)
	0 (0.00)
	2 (0.65)

	EVG
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	298 (97.07)
	5 (1.63)
	2 (0.65)
	1 (0.33)
	1 (0.33)

	DTG
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	301 (98.05)
	3 (0.98)
	0 (0.00)
	1 (0.33)
	2 (0.65)

	RAL
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	
	298 (97.07)
	5 (1.63)
	2 (0.65)
	1 (0.33)
	1 (0.33)

	BIC
	104 (100.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	0 (0.00)
	　
	301 (98.05)
	3 (0.98)
	0 (0.00)
	1 (0.33)
	2 (0.65)


Note: Predicted phenotypic drug susceptibility levels were assigned using the Stanford HIVdb scoring algorithm: Susceptible (score 0 to 9), Potential Low-level Resistance (score 10 to 14), Low-level Resistance (score 15 to 29), Intermediate Resistance (score 30 to 59), and High-level Resistance (score greater than or equal to 60). 
Abbreviations for Susceptibility Levels: S, Susceptible (score 0–9); PLLR, Potential Low-Level Resistance (score 10–14); LLR, Low-Level Resistance (score 15–29); IR, Intermediate Resistance (score 30–59); HLR, High-Level Resistance (score ≥60).
[bookmark: _Hlk239600860]Abbreviations: NFV, nelfinavir; TPV/r, tipranavir/ritonavir; SQV/r, saquinavir/ritonavir; LPV/r, lopinavir/ritonavir; FPV/r, fosamprenavir/ritonavir; IDV/r, indinavir/ritonavir; DRV/r, darunavir/ritonavir; ATV/r, atazanavir/ritonavir; DDI, didanosine; D4T, stavudine; FTC, emtricitabine; 3TC, lamivudine; TDF, tenofovir disoproxil fumarate; ABC, abacavir; AZT, zidovudine; ETR, etravirine; EFV, efavirenz; RPV, rilpivirine; DOR, doravirine; NVP, nevirapine; DPV, dapivirine; CAB, cabotegravir; EVG, elvitegravir; DTG, dolutegravir; RAL, raltegravir; BIC, bictegravir.


