
Table S1: List of samples from the 18 study sites used for the amplicon sequencing
	Ecological Zone 
	Sites
	Number of samples used 
	Vector Intervention
	Method of sampling collection
	Phenotyped
	Year of collection

	Coastal zone
	ADA
	20
	Standard nets
	Larval sampling
	Yes
	2024

	
	Dodowa
	20
	Standard nets
	Larval sampling
	Yes
	2023

	
	Tema
	20
	Standard nets
	Larval sampling
	Yes
	2025

	
	Pediatorkope
	10
	Limited/no intervention
	Prokopack aspirations
	No
	2023

	
	Takoradi 
	20
	Chlorfenapyr nets
	Larval sampling
	Yes
	2024

	
	Tuba
	10
	Standard nets
	Prokopack aspirations
	No
	2024

	
	Antsaadze
	13
	PBO nets
	Prokopack aspirations
	No
	2025

	
	Apam
	6
	PBO nets
	Prokopack aspirations
	No
	2025

	Forest Zone
	Begoro
	10
	Standard nets
	Prokopack aspirations
	No
	2023

	
	Elubo
	20
	Chlorfenapyr nets
	Larval sampling
	Yes
	2024

	
	Twifo Praso
	62
	PBO nets
	Prokopack aspirations
	No
	2025

	
	Dawurampong
	9
	PBO nets
	Prokopack aspirations
	No
	2025

	
	Kade
	10
	PBO nets
	Prokopack aspirations
	No
	2023

	
	Konongo
	20
	Standard nets
	Larval sampling
	Yes
	2024

	
	Obuasi
	20
	IRS
	Larval sampling
	Yes
	2023

	Guinea Savannah Zone
	Kpalsogu
	20
	IRS
	Larval sampling
	Yes
	2024

	
	Kulaa
	20
	Standard nets
	Larval sampling
	Yes
	2024

	
	Tolon
	20
	PBO nets
	Larval sampling
	Yes
	2024


Phenotyped mosquitoes include permethrin and deltamethrin resistant and susceptible mosquitoes according to WHO criteria, IRS; Indoor Residual Spraying












Table S2: Nucleotide and haplotype diversities of cox-1 and MtND4 per population.
	Population
	cox1
	mtnd4
	ITS2

	
	π 
	HD
	π 
	HD
	π 
	HD

	All (n = 240)
	0.0047
	0.8568
	0.0054
	0.8785
	0.0013
	0.3380

	ADA
	0.0061
	0.9244
	0.0065
	0.9205
	0.0000
	0.0000

	Dodowa
	0.0047
	0.9449
	0.0052
	0.9513
	0.8038
	NA

	Tema
	0.0062
	0.9075
	0.0064
	0.9289
	0.0526
	0.0000

	Elubo
	0.0027
	0.8635
	0.0048
	0.7635
	0.0000
	0.0000

	Pediatorkope
	0.0059
	0.9316
	0.0087
	0.9158
	0.4368
	0.0016

	Takoradi 
	0.0056
	0.9474
	0.0056
	0.9295
	0.0000
	0.0000

	Tuba
	0.0050
	0.8842
	0.0062
	0.9526
	0.2684
	0.0000

	Begoro
	0.0035
	0.7684
	0.0045
	0.8526
	0.6000
	0.0004

	Kade
	0.0030
	0.6368
	0.0036
	0.6842
	0.4316
	0.0004

	Konongo
	0.0043
	0.6501
	0.0055
	0.8037
	0.0000
	0.0000

	Obuasi
	0.0031
	0.6654
	0.0035
	0.8487
	0.2731
	0.0001

	Kpalsogu
	0.0055
	0.9445
	0.0054
	0.9232
	0.6899
	0.0032

	Kulaa
	0.0040
	0.9641
	NA
	NA
	0.5256
	0.0060

	Tolon
	0.0059
	0.9628
	0.0048
	0.9115
	0.6538
	0.0050


π = Nucleotide diversity, HD = Haplotype diversity, NA= Undetermined














Table S3: Associations of non-synonymous SNPs with Pyrethroid Resistance
	SNP
	Deltamethrin
	Permethrin

	
	Phenotype
	Total
	Allele freq. (%)
	Odds ratio
	P-value
	Total
	Allele freq. (%)
	Odds ratio
	P-value

	V402L
	Resistant
	57
	19
	0.83
	0.817
	34
	15
	0.5
	0.36

	
	Susceptible
	32
	23
	
	
	21
	24
	
	

	L995F
	Resistant
	58
	74
	0.54
	0.357
	33
	82
	1.03
	1

	
	Susceptible
	57
	68
	
	
	32
	70
	
	

	L995S
	Resistant
	58
	8
	0.39
	0.08
	33
	3
	0.47
	0.61

	
	Susceptible
	57
	13
	
	
	32
	2
	
	

	I1527T
	Resistant
	52
	17
	0.75
	0.668
	33
	15
	0.32
	0.06

	
	Susceptible
	52
	19
	
	
	28
	29
	
	

	F1529C
	Resistant
	52
	2
	0.15
	0.112
	33
	2
	0.26
	0.32

	
	Susceptible
	53
	6
	
	
	28
	7
	
	

	N1570Y
	Resistant
	53
	0
	NA 
	NA 
	33
	0
	 NA
	NA 

	
	Susceptible
	53
	1
	
	
	28
	0
	
	

	A1746S
	Resistant
	35
	11
	0.75
	0.76
	30
	15
	2.86
	0.269

	
	Susceptible
	44
	10
	
	
	25
	6
	
	

	I114T
	Resistant
	44
	35
	1.54
	0.32
	33
	24
	0.77
	0.799

	
	Susceptible
	57
	27
	
	
	29
	29
	
	

	F120L
	Resistant
	44
	42
	1.28
	0.68
	32
	44
	0.99
	1

	
	Susceptible
	57
	38
	
	
	29
	45
	
	

	L119V
	Resistant
	44
	13
	1.07
	1
	33
	14
	1.69
	0.52

	
	Susceptible
	57
	14
	
	
	29
	12
	
	

	A1553T
 
	Resistant
	53
	6
	3.19
	0.269
	33
	0
	NA
	NA

	
	Susceptible
	52
	2
	
	
	29
	0
	
	

	L1680F
 
	Resistant
	35
	4
	2.54
	0.58
	30
	0
	NA
	NA

	
	Susceptible
	43
	1
	
	
	24
	0
	
	

	T154S
 
	Resistant
	43
	24
	0.75
	0.54
	33
	26
	2.49
	0.09

	
	Susceptible
	57
	34
	
	
	29
	21
	
	

	A296G
	Resistant
	55
	55
	1.11
	0.832
	32
	47
	1.19
	0.78

	
	Susceptible
	51
	54
	
	
	26
	38
	
	

	A296S
	Resistant
	55
	9
	3.57
	0.163
	32
	0
	NA
	NA

	
	Susceptible
	51
	2
	
	
	25
	4
	
	

	G280S
	Resistant
	55
	27
	0.86
	0.848
	32
	22
	1.26
	0.78

	
	Susceptible
	55
	34
	
	
	27
	17
	
	


NA = undetermined 





Table S4: Odds ratios and p values for insecticide resistance mutations, disaggregated by genotypes (deltamethrin).
	SNP
	Phenotype
	Total
	RR
	RS
	SS
	Allele freq.
	RR/SS 
(OR (95% CI)
	P value
	RS/SS
(OR (95% CI)
	P
value

	V402L
	Resistant
	57
	3
	16
	38
	19
	0.53 (0.06 - 4.34)
	0.450
	0.93 (0.31-2.86)
	0.890

	
	Susceptible
	32
	3
	9
	20
	23
	
	
	
	

	L995F
	Resistant
	58
	33
	18
	7
	74
	0.78 (0.21 -2.98)
	0.724
	0.35 (0.90 - 1.38)
	0.136

	
	Susceptible
	57
	24
	29
	4
	68
	
	
	
	

	L995S
	Resistant
	58
	3
	3
	52
	8
	1.27 (0.20 -7.94)
	0.799
	0.24 (0.06 -0.87)
	0.032

	
	Susceptible
	57
	2
	11
	44
	13
	
	
	
	

	I1527T
	Resistant
	52
	4
	10
	38
	17
	1.23 (0.25 -5.87)
	0.726
	0.66 (0.25- 1.67)
	0.379

	
	Susceptible
	52
	3
	14
	35
	19
	
	
	
	

	F1529C
	Resistant
	52
	1
	0
	51
	2
	NA
	NA
	NA
	NA

	
	Susceptible
	53
	0
	6
	47
	6
	
	
	
	

	N1570Y
	Resistant
	53
	0
	0
	53
	0
	NA
	NA
	NA
	NA

	
	Susceptible
	53
	0
	1
	52
	1
	
	
	
	

	A1746S
	Resistant
	35
	3
	2
	30
	11
	3.59 (0.35-36.42)
	0.278
	0.34 (0.06 - 1.77)
	0.202

	
	Susceptible
	44
	1
	7
	36
	10
	
	
	
	

	I114T
	Resistant
	44
	7
	17
	20
	35
	1.87 (0.54 - 6.35)
	0.318
	1.43 (0.60 -3.38)
	0.414

	
	Susceptible
	57
	6
	19
	32
	27
	
	
	
	

	F120L
	Resistant
	44
	10
	17
	17
	42
	1.34 (0.46 - 3.84)
	0.590
	1.19 (0.49 - 2.89)
	0.700

	
	Susceptible
	57
	11
	21
	25
	38
	
	
	
	

	L119V
	Resistant
	44
	2
	7
	35
	13
	0.53 (0.09 - 2.87)
	0.458
	1.53 (0.47 - 4.96)
	0.476

	
	Susceptible
	57
	5
	6
	46
	14
	
	
	
	

	A1553T
	Resistant
	53
	0
	6
	47
	6
	NA
	NA
	3.19 (0.61 - 16.60)
	0.168

	
	Susceptible
	52
	0
	2
	50
	2
	
	
	
	

	L1680F
	Resistant
	35
	1
	1
	33
	4
	NA
	NA
	1.27 (0.07 - 21.11)
	0.866

	
	Susceptible
	43
	0
	1
	42
	1
	
	
	
	

	T154S
	Resistant
	43
	3
	15
	25
	24
	0.31 (0.08 - 1.26)
	0.103
	1.02 (0.42 - 2.45)
	0.959

	
	Susceptible
	57
	11
	17
	29
	34
	
	
	
	

	A296G
	Resistant
	55
	21
	19
	15
	55
	1.10 (0.43 -2.85)
	0.836
	1.12 (0.42 -2.95)
	0.822

	
	Susceptible
	51
	19
	17
	15
	54
	
	
	
	

	A296S
	Resistant
	55
	3
	4
	48
	9
	NA
	NA
	2.04 (0.35-11.67)
	0.422

	
	Susceptible
	51
	0
	2
	49
	2
	
	
	
	

	G280S
	Resistant
	55
	1
	28
	26
	27
	0.15 (0.017-1.372)
	0.090
	1.03 (0.47-2.24)
	0.933

	
	Susceptible
	55
	6
	25
	24
	34
	
	
	
	


NA = undetermined, P values bold= significant 


Table S5: Odds ratios and p values for insecticide resistance mutations, disaggregated by genotypes (permethrin).
	SNP
	Phenotype
	Total
	RR
	RS
	SS
	Allele freq. (%)
	RR/SS
(OR (95% CI)
	P
value
	RS/SS
(OR (95% CI)
	P
value

	V402L
	Resistant
	34
	2
	6
	26
	15
	0.5 (0.06 -3.96)
	0.512
	0.5 (0.13 - 1.85)
	0.301

	
	Susceptible
	21
	2
	6
	13
	24
	
	
	
	

	L995F
	Resistant
	33
	24
	6
	3
	82
	1.5 (0.17 - 12.55)
	0.480
	0.46 (0.05 - 4.65)
	0.630

	
	Susceptible
	32
	16
	13
	3
	70
	
	
	
	

	L995S
	Resistant
	33
	0
	1
	32
	2
	NA
	NA
	0.47 (0.007 - 9.55)
	0.640

	
	Susceptible
	32
	0
	2
	30
	3
	
	
	
	

	I1527T
	Resistant
	33
	2
	6
	25
	15
	0.56 (0.07 - 4.42)
	0.582
	0.28 (0.09 - 0.90)
	0.034

	
	Susceptible
	28
	2
	12
	14
	29
	
	
	
	

	F1529C
	Resistant
	33
	0
	1
	32
	2
	NA
	NA
	0.39 (0.033 - 4.55)
	0.450

	
	Susceptible
	28
	1
	2
	25
	7
	
	
	
	

	N1570Y
	Resistant
	33
	0
	0
	33
	0
	NA
	NA
	NA
	NA

	
	Susceptible
	28
	0
	0
	28
	0
	
	
	
	

	A1746S
	Resistant
	30
	3
	3
	24
	15
	2.87 (0.27 - 29.67)
	0.375
	2.87 (0.27 - 29.67)
	0.375

	
	Susceptible
	25
	1
	1
	23
	6
	
	
	
	

	I114T
	Resistant
	33
	1
	14
	18
	24
	0.38 (0.03 - 4.73)
	0.459
	0.837 (0.29 -2.34)
	0.736

	
	Susceptible
	29
	2
	13
	14
	29
	
	
	
	

	F120L
	Resistant
	32
	6
	16
	10
	44
	0.90 (0.21 - 3.82)
	0.886
	1.03 (0.32 - 3.25)
	0.962

	
	Susceptible
	29
	6
	14
	9
	45
	
	
	
	

	L119V
	Resistant
	33
	2
	5
	26
	14
	0.64 (0.09 -4.1)
	0.641
	4.81 (0.52 -44.09)
	0.165

	
	Susceptible
	29
	3
	1
	25
	12
	
	
	
	

	A1553T
	Resistant
	33
	0
	0
	33
	0
	NA
	NA
	NA
	NA

	
	Susceptible
	29
	0
	0
	29
	0
	
	
	
	

	L1680F
	Resistant
	30
	0
	0
	30
	0
	NA
	NA
	NA
	NA

	
	Susceptible
	24
	0
	0
	24
	0
	
	
	
	

	T154S
	Resistant
	33
	4
	9
	20
	26
	0.76 (0.18 -3.12)
	0.710
	NA
	NA

	
	Susceptible
	29
	6
	0
	23
	21
	
	
	
	

	A296G
	Resistant
	32
	9
	12
	11
	47
	2.04 (0.47- 8.77)
	0.335
	0.91 (0.28-2.93)
	NA

	
	Susceptible
	26
	4
	12
	10
	38
	
	
	
	

	A296S
	Resistant
	32
	0
	0
	32
	0
	NA
	NA
	NA
	NA

	
	Susceptible
	25
	0
	2
	23
	4
	
	
	
	

	G280S
	Resistant
	32
	2
	10
	19
	22
	NA
	NA
	1.05 (0.34 -3.19)
	0.928

	
	Susceptible
	27
	0
	9
	18
	17
	
	
	
	


NA = undetermined, P values bold= significant



