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Reference sequences accession no. 
NC_001477.1, NC_001474.2, NC_001475.2 and NC_002640.1

Table S1. Detailed information of complete genome DENV sequences (Dataset 1)

	Sr. No.
	Genbank  Accession no.
	Year of isolation 
	Clinical manifestation
	Country 
	Serotype
	Genotype 

	1. 
	ON873938.1
	2019
	DF
	Pakistan
	1
	I

	2. 
	OP898558.1
	2022
	DF
	Pakistan
	1
	I

	3. 
	OK469343.1
	1994
	DF
	Pakistan
	1
	I

	4. 
	OP898557.1
	2022
	DF
	Pakistan
	1
	I

	5. 
	ON908217.1
	2019
	DF
	Pakistan
	1
	I

	6. 
	KF041232.1
	2011
	DF
	Pakistan
	2
	-

	7. 
	KF041233.1
	2011
	DF
	Pakistan
	2
	-

	8. 
	KF041234.1
	2011
	DF
	Pakistan
	2
	-

	9. 
	KF041235.1
	2009
	DF
	Pakistan
	2
	-

	10. 
	KF041236.1
	2008
	DF
	Pakistan
	2
	IV

	11. 
	KF041237.1
	2009
	DF
	Pakistan
	2
	-

	12. 
	OP811979.1
	2022
	DF
	Pakistan
	2
	II

	13. 
	KF360005.1
	2010
	DF
	Pakistan
	2
	II

	14. 
	KJ010185.1
	2011
	DF
	Pakistan
	2
	-

	15. 
	KJ010186.1
	2013
	DF
	Pakistan
	2
	-

	16. 
	KJ701507.1
	2013
	DF
	Pakistan
	2
	-

	17. 
	KM217156.1
	2011
	DF
	Pakistan
	2
	-

	18. 
	KM217157.1
	2011
	DF
	Pakistan
	2
	-

	19. 
	KM217158.1
	2013
	DF
	Pakistan
	2
	-

	20. 
	OP811977.1
	2022
	DF
	Pakistan
	2
	II

	21. 
	OP811978.1
	2022
	DF
	Pakistan
	2
	II

	22. 
	OP811980.1
	2022
	DF
	Pakistan
	2
	II

	23. 
	OP811981.1
	2022
	DF
	Pakistan
	2
	II

	24. 
	OP811982.1
	2022
	DF
	Pakistan
	2
	II

	25. 
	OP811983.1
	2022
	DF
	Pakistan
	2
	II

	26. 
	OP811984.1
	2022
	DF
	Pakistan
	2
	II

	27. 
	OP898559.1
	2022
	DF
	Pakistan
	2
	II

	28. 
	KF041259.1
	2006
	DF
	Pakistan
	3
	III

	29. 
	KF041254.1
	2008
	DF
	Pakistan
	3
	III

	30. 
	KF041257.1
	2006
	DF
	Pakistan
	3
	III

	31. 
	KF041258.1
	2009
	DF
	Pakistan
	3
	III

	32. 
	KF041256.1
	2006
	DF
	Pakistan
	3
	III

	33. 
	KF041255.1
	2007
	DF
	Pakistan
	3
	III

	34. 
	KF041260.1
	2009
	DF
	Pakistan
	4
	III



Phylogenetic analysis 
[image: https://lh6.googleusercontent.com/LuGTU09L2M6Uov39dbrUATVjAiLZ9Ifn61g-OFAnW_BKT-Js32bHUZ40kyQg6f-MF7NlRR4RBQwBIrm6Adm2TGdYHiDHBZvHYThSamtvP8BNsOsuiYpXbf0YWB9_ZaMrzSNjU1cpdeYE7ILEd9oLeg] Figure S1. Evolutionary relatedness of dengue virus serotypes and prevalence of genotypes in Pakistan.

Substitution patterns in E gene sequences





Table S2. Maximum Likelihood Estimate of Substitution Matrix
	
	A
	T/U
	C
	G

	A
	-
	3.37
	3.28
	11.60

	T/U
	5.17
	-
	20.66
	4.09

	C
	5.17
	21.24
	-
	4.09

	G
	14.66
	3.37
	3.28
	-



Table S3. Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution
	
	A
	T
	C
	G

	A
	-
	4.71
	4.58
	11.27

	T
	7.22
	-
	14.8
	5.72

	C
	7.22
	15.23
	-
	5.72

	G
	14.23
	4.71
	4.58
	-


NOTE:-- Each entry shows the probability of substitution (r) from one base (row) to another base (column). For simplicity, the sum of r values is made equal to 100. Rates of different transitional substitutions are shown in bold and those of transversionsal substitutions are shown in italics. The nucleotide frequencies are 32.48% (A), 21.19% (T/U), 20.60% (C), and 25.72% (G). This analysis involved 43 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 10817 positions in the final dataset. Evolutionary analyses were conducted in MEGA11 
Maximum Likelihood Estimate of Transition/Transversion Bias 
The estimated Transition/Transversion bias (R) is 1.94. Substitution pattern and rates were estimated under the Kimura (1980) 2-parameter model. The nucleotide frequencies are A = 25.00%, T/U = 25.00%, C = 25.00%, and G = 25.00%. For estimating ML values, a tree topology was automatically computed. The maximum Log likelihood for this computation was -69170.981. This analysis involved 43 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. There were a total of 10817 positions in the final dataset. 
Table S4. Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution (transition/transversion)
	
	A
	T
	C
	G

	A
	-
	4.71
	4.58
	11.27

	T
	7.22
	-
	14.8
	5.72

	C
	7.22
	15.23
	-
	5.72

	G
	14.23
	4.71
	4.58
	-


[bookmark: _GoBack]NOTE:-- Each entry shows the probability of substitution (r) from one base (row) to another base (column). For simplicity, the sum of r values is made equal to 100. Rates of different transitional substitutions are shown in bold and those of transversionsal substitutions are shown in italics. The nucleotide frequencies are 32.48% (A), 21.19% (T/U), 20.60% (C), and 25.72% (G). This analysis involved 43 nucleotide sequences. Codon positions included were 1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair (pairwise deletion option). There were a total of 10817 positions in the final dataset. Evolutionary analyses were conducted in MEGA11
Fixed Effect Likelihood
Table S5. Fixed Effect Likelihood estimates of diversifying and purifying codons 

	Partition 
	codon
	Alpha 
	Beta 
	alpha=beta
	LRT
	p-value
	Total branch length
	Class

	1
	116
	0.000
	1.238
	0.585
	3.236
	0.0720
	1.059
	Diversifying 

	1
	372
	0.000
	1.108
	0.591
	3.690
	0.0547
	1.070
	Diversifying 

	1
	142
	0.000
	1.103
	0.641
	3.166
	0.0752
	1.160
	Diversifying 

	1
	371
	0.000
	0.965
	0.646
	3.029
	0.0818
	1.168
	Diversifying 

	1
	358
	0.000
	1.148
	0.659
	3.080
	0.0793
	1.191
	Diversifying 

	1
	393
	0.000
	1.163
	0.692
	2.739
	0.0979
	1.252
	Diversifying 

	1
	43
	0.000
	1.055
	0.735
	2.764
	0.0964
	1.329
	Diversifying 

	1
	448
	0.000
	1.156
	0.765
	2.968
	0.0849
	1.384
	Diversifying 

	1
	103
	0.000
	1.296
	0.784
	3.831
	0.0503
	1.418
	Diversifying 

	1
	311
	0.000
	1.298
	0.797
	2.863
	0.0907
	1.442
	Diversifying 

	1
	107
	0.000
	1.562
	0.844
	4.849
	0.0277
	1.527
	Diversifying 

	1
	439
	0.000
	1.196
	0.850
	2.904
	0.0884
	1.538
	Diversifying 

	1
	144
	0.000
	1.582
	0.943
	4.132
	0.0421
	1.705
	Diversifying 

	1
	230
	0.000
	1.596
	0.951
	4.339
	0.0373
	1.720
	Diversifying 

	1
	386
	0.000
	1.573
	0.962
	4.704
	0.0301
	1.741
	Diversifying 

	1
	80
	0.000
	1.543
	1.039
	3.696
	0.0545
	1.880
	Diversifying 

	1
	57
	0.000
	1.861
	1.052
	4.293
	0.0383
	1.904
	Diversifying 

	1
	169
	0.000
	1.687
	1.057
	3.497
	0.0615
	1.913
	Diversifying 

	1
	175
	0.000
	1.949
	1.058
	5.270
	0.0217
	1.914
	Diversifying 

	1
	156
	0.000
	1.695
	1.137
	3.510
	0.0610
	2.056
	Diversifying 

	1
	400
	0.000
	1.989
	1.210
	4.173
	0.0411
	2.190
	Diversifying 

	1
	167
	0.000
	2.503
	1.218
	5.564
	0.0183
	2.203
	Diversifying 

	1
	109
	0.000
	1.778
	1.218
	3.649
	0.0561
	2.204
	Diversifying 

	1
	313
	0.000
	2.358
	1.243
	5.277
	0.0216
	2.248
	Diversifying 

	1
	283
	0.000
	1.828
	1.261
	3.032
	0.0816
	2.282
	Diversifying 

	1
	396
	0.000
	1.842
	1.356
	3.149
	0.0760
	2.452
	Diversifying 

	1
	331
	0.000
	2.032
	1.358
	4.775
	0.0289
	2.456
	Diversifying 

	1
	364
	0.000
	2.350
	1.415
	5.137
	0.0234
	2.559
	Diversifying 

	1
	125
	0.000
	2.142
	1.417
	3.715
	0.0539
	2.563
	Diversifying 

	1
	52
	0.000
	2.503
	1.512
	5.087
	0.0241
	2.735
	Diversifying 

	1
	337
	0.000
	2.488
	1.706
	3.423
	0.0643
	3.087
	Diversifying 

	1
	321
	0.000
	3.984
	2.288
	8.585
	0.0034
	4.139
	Diversifying

	1
	306
	0.000
	3.910
	2.800
	4.535
	0.0332
	5.064
	Diversifying


 


	partition
	codon
	alpha
	beta
	alpha=beta
	LRT
	p-value
	Total branch length
	Class 

	1
	212
	1.105
	0.000
	0.153
	3.766
	0.0523
	0.277
	Purifying 

	1
	11
	1.353
	0.000
	0.154
	3.985
	0.0459
	0.279
	Purifying 

	1
	39
	0.692
	0.000
	0.160
	2.846
	0.0916
	0.289
	Purifying 

	1
	27
	1.043
	0.000
	0.165
	3.540
	0.0599
	0.299
	Purifying 

	1
	261
	1.353
	0.000
	0.167
	3.825
	0.0505
	0.303
	Purifying 

	1
	193
	10.192
	0.000
	0.170
	4.540
	0.0331
	0.308
	Purifying 

	1
	132
	1.353
	0.000
	0.225
	2.996
	0.0835
	0.407
	Purifying 

	1
	13
	1.353
	0.000
	0.268
	3.061
	0.0802
	0.484
	Purifying 

	1
	437
	1.755
	0.000
	0.302
	3.362
	0.0667
	0.545
	Purifying 

	1
	218
	1.843
	0.000
	0.326
	6.019
	0.0141
	0.590
	Purifying 

	1
	215
	0.777
	0.000
	0.335
	3.104
	0.0781
	0.605
	Purifying 

	1
	40
	1.616
	0.000
	0.383
	5.518
	0.0188
	0.693
	Purifying 

	1
	461
	5.455
	0.000
	0.390
	5.185
	0.0228
	0.706
	Purifying 

	1
	207
	1.656
	0.000
	0.390
	5.502
	0.0190
	0.706
	Purifying 

	1
	35
	1.616
	0.000
	0.397
	5.380
	0.0204
	0.717
	Purifying 

	1
	252
	1.759
	0.000
	0.402
	6.031
	0.0141
	0.728
	Purifying 

	1
	16
	1.353
	0.000
	0.406
	4.728
	0.0297
	0.735
	Purifying 

	1
	263
	1.871
	0.000
	0.420
	5.927
	0.0149
	0.760
	Purifying 

	1
	245
	1.759
	0.000
	0.436
	6.149
	0.0131
	0.789
	Purifying 

	1
	28
	1.500
	0.000
	0.451
	4.457
	0.0348
	0.815
	Purifying 

	1
	257
	3.000
	0.000
	0.470
	6.449
	0.0111
	0.851
	Purifying 

	1
	246
	2.810
	0.000
	0.474
	5.990
	0.0144
	0.857
	Purifying 

	1
	14
	1.784
	0.000
	0.475
	4.975
	0.0257
	0.858
	Purifying 

	1
	239
	2.105
	0.000
	0.490
	5.244
	0.0220
	0.886
	Purifying 

	1
	222
	2.810
	0.000
	0.494
	5.710
	0.0169
	0.894
	Purifying 

	1
	266
	2.810
	0.000
	0.494
	5.731
	0.0167
	0.894
	Purifying 

	1
	24
	3.349
	0.000
	0.537
	7.019
	0.0081
	0.971
	Purifying 

	1
	203
	2.810
	0.000
	0.540
	2.971
	0.0848
	0.977
	Purifying 

	1
	241
	2.810
	0.000
	0.546
	5.999
	0.0143
	0.988
	Purifying 

	1
	216
	2.117
	0.216
	0.547
	3.489
	0.0618
	0.990
	Purifying 

	1
	34
	10000.000
	0.355
	0.552
	10.977
	0.0009
	0.998
	Purifying 

	1
	255
	2.146
	0.000
	0.565
	7.647
	0.0057
	1.021
	Purifying 

	1
	223
	2.478
	0.000
	0.593
	7.923
	0.0049
	1.073
	Purifying 

	1
	267
	3.623
	0.000
	0.604
	8.768
	0.0031
	1.092
	Purifying 

	1
	268
	3.170
	0.000
	0.613
	9.204
	0.0024
	1.110
	Purifying 

	1
	279
	11.690
	0.000
	0.654
	18.382
	0.0000
	1.184
	Purifying 

	1
	259
	3.544
	0.000
	0.661
	9.587
	0.0020
	1.195
	Purifying 

	1
	482
	2.553
	0.276
	0.690
	3.089
	0.0788
	1.248
	Purifying 

	1
	326
	3.873
	0.000
	0.707
	10.017
	0.0016
	1.280
	Purifying 

	1
	17
	3.615
	0.000
	0.720
	7.991
	0.0047
	1.302
	Purifying 

	1
	22
	4.348
	0.000
	0.733
	9.466
	0.0021
	1.326
	Purifying 

	1
	247
	3.102
	0.314
	0.766
	3.163
	0.0753
	1.385
	Purifying 

	1
	206
	3.215
	0.255
	0.786
	4.342
	0.0372
	1.422
	Purifying 

	1
	88
	2.179
	0.271
	0.795
	3.445
	0.0635
	1.438
	Purifying 

	1
	256
	5.867
	0.000
	0.800
	9.658
	0.0019
	1.447
	Purifying 

	1
	235
	6.232
	0.308
	0.822
	5.332
	0.0209
	1.488
	Purifying 

	1
	481
	2.810
	0.000
	0.836
	7.917
	0.0049
	1.512
	Purifying 

	1
	2
	2.345
	0.000
	0.848
	4.851
	0.0276
	1.533
	Purifying 

	1
	120
	2.364
	0.288
	0.864
	3.653
	0.0560
	1.562
	Purifying 

	1
	273
	4.009
	0.273
	0.867
	4.847
	0.0277
	1.569
	Purifying 

	1
	487
	5.640
	0.000
	0.891
	13.057
	0.0003
	1.611
	Purifying 

	1
	30
	6.725
	0.240
	0.900
	8.643
	0.0033
	1.628
	Purifying 

	1
	467
	5.068
	0.000
	0.929
	12.847
	0.0003
	1.680
	Purifying 

	1
	217
	3.726
	0.000
	0.976
	10.079
	0.0015
	1.766
	Purifying 

	1
	463
	10.769
	0.299
	1.039
	8.311
	0.0039
	1.880
	Purifying 

	1
	262
	3.867
	0.331
	1.048
	6.025
	0.0141
	1.896
	Purifying 

	1
	204
	2.789
	0.354
	1.053
	3.287
	0.0696
	1.906
	Purifying 

	1
	25
	5.792
	0.000
	1.139
	6.959
	0.0083
	2.061
	Purifying 

	1
	469
	7.964
	0.505
	1.143
	6.041
	0.0140
	2.067
	Purifying 

	1
	361
	28.268
	0.790
	1.255
	4.519
	0.0335
	2.270
	Purifying 

	1
	254
	4.071
	0.426
	1.288
	3.813
	0.0509
	2.331
	Purifying 

	1
	489
	6.339
	0.303
	1.297
	7.639
	0.0057
	2.345
	Purifying 

	1
	278
	5.100
	0.749
	1.343
	3.260
	0.0710
	2.430
	Purifying 

	1
	26
	6.255
	0.424
	1.477
	5.253
	0.0219
	2.671
	Purifying 

	1
	456
	4.539
	0.311
	1.527
	6.617
	0.0101
	2.762
	Purifying 

	1
	197
	5.553
	0.000
	1.600
	7.578
	0.0059
	2.895
	Purifying 

	1
	265
	5.368
	0.340
	1.782
	7.569
	0.0059
	3.223
	Purifying 

	1
	220
	4.346
	1.025
	1.902
	2.751
	0.0972
	3.440
	Purifying 

	1
	472
	1.0516
	0.590
	1.914
	7.727
	0.0054
	3.463
	Purifying 

	1
	234
	5.033
	0.824
	2.026
	4.436
	0.0352
	3.665
	Purifying 

	1
	3
	28.921
	0.486
	2.440
	24.011
	0.0000
	4.413
	Purifying 

	1
	19
	10.265
	0.942
	2.810
	8.160
	0.0043
	5.084
	Purifying 

	1
	29
	13.467
	1.237
	2.915
	8.243
	0.0041
	5.274
	Purifying 

	1
	488
	23.518
	1.413
	3.234
	9.880
	0.0017
	5.650
	Purifying 

	1
	184
	101.869
	2.484
	4.657
	5.963
	0.0146
	6.424
	Purifying 
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