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Supplemental Material 
 
Figure S1. Genetic p-distance (displayed as a difference from 1) between consensus sequence 
and true sequence for all pipelines for the simulated HIV A) subtype B dataset and B) non-
subtype B dataset. A value closer to 1.00 indicates the consensus sequence is more genetically 
similar to the true sequence. The x-axis order from left to right for an individual panel: adjusted 
genetic p-distance between the true sequence and (i) the initial assembled sequence followed by 
(ii) the final assemble sequence for haphpipe_assemble_01 pipeline (de novo assembly); (iii) the 
initial assembled sequence followed by (iv) the final assemble sequence for 
haphpipe_assemble_02 pipeline (reference-based assembly); the final consensus sequence for 
the Geneious (v) de novo workflow and the (vi) reference-based workflow; and finally, the (vi) 
average between the final two sequences (one for each read file) for HyDRA. The three 
amplicons are shown, as well as a combination of PRRT and int amplicons into pol. There are no 
results for HyDRA in the gp120 gene because HyDRA only analyzes the pol gene. 
 
Figure S2. Genetic p-distance (displayed as a difference from 1) between consensus sequence 
and HXB2, the reference sequence for HIV, for all pipelines for the simulated HIV A) subtype B 
dataset and B) non-subtype B dataset. Ambiguous nucleotides were accounted for by giving 
fractional weight in alignment. A value closer to 1.00 indicates that the consensus sequence is 
more genetically similar to the reference sequence. The x-axis order from left to right for an 
individual panel: adjusted genetic p-distance between the reference sequence and (i) the initial 
assembled sequence followed by (ii) the final assemble sequence for haphpipe_assemble_01 
pipeline (de novo assembly); (iii) the initial assembled sequence followed by (iv) the final 
assemble sequence for haphpipe_assemble_02 pipeline (reference-based assembly); the final 
consensus sequence for the Geneious (v) de novo workflow and the (vi) reference-based 
workflow; and finally, the (vi) average between the final two sequences (one for each read file) 
for HyDRA. The three amplicons are shown, as well as a combination of PRRT and int 
amplicons into pol. There are no results for HyDRA in the gp120 gene because HyDRA only 
analyzes the pol gene. 
 



Figure S3. Genetic p-distance (displayed as a difference from 1) between consensus sequence 
and HXB2, the reference sequence for HIV, for all pipelines for the empirical A) HIV dataset 
and B) HCV dataset. Ambiguous nucleotides were accounted for by giving fractional weight in 
alignment. A value closer to 1.00 indicates that the consensus sequence is more genetically 
similar to the reference sequence. The y-axes are different for each HIV and HCV, with HCV 
showing greater variance between samples. The x-axis order from left to right for an individual 
panel: adjusted genetic p-distance between the reference sequence and (i) the initial assembled 
sequence, (ii) the final assemble sequence and (iii) the reconstructed haplotypes for 
haphpipe_assemble_01 pipeline (de novo assembly); (iv) the initial assembled sequence, (v) the 
final assemble sequence, and (vi) the reconstructed haplotypes for haphpipe_assemble_02 
pipeline (reference-based assembly); the final consensus sequence for the Geneious (vii) de novo 
workflow and (vi) reference-based workflow; and finally, the (viii) average between the final 
two sequences (one for each read file) for HyDRA. The three amplicons are shown for both 
empirical datasets (HIV: PRRT, int, gp120 and HCV: core, E1, E2). There are no results for 
HyDRA in the gp120 gene for HIV or for any HCV genes because HyDRA only analyzes the pol 
gene region of HIV. 
 
Table S1. Accessions used in validation study. 
 
Table S2. Kruskal-Wallis rank-sum test of the genetic p-distance and adjusted genetic p-
distance of the pipeline consensus sequence from the true sequence or reference sequence for all 
datasets. P-values are reported (Holm adjustment). 
 
Table S3. Wilcoxon signed-rank comparisons of the genetic p-distance from the true sequence 
between the initial and final consensus sequences constructed in the HAPHPIPE pipelines for 
the simulation dataset. 
 
Table S4. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the 
pipeline consensus sequence from the true sequence for the simulation dataset. P-values are 
reported (Holm adjustment). 
 
Table S5. Wilcoxon signed-rank comparisons of the genetic p-distance from HXB2, the HIV 
reference sequence, between the initial and final consensus sequences constructed in the 
HAPHPIPE pipelines for the simulation dataset. 
 
Table S6. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the 
pipeline consensus sequence from HXB2, the HIV reference sequence, for the simulation 
dataset. P-values are reported (Holm adjustment). 
 
Table S7. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the 
pipeline consensus sequence from HXB2, the HIV reference sequence, for the HIV empirical 
dataset. Adjusted p-values are reported (Holm adjustment). 
 



Table S8. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the 
pipeline consensus sequence from H77, the HCV reference sequence, for the HCV empirical 
dataset. Adjusted p-values are reported (Holm adjustment). 
 
Table S9. Wilcoxon signed-rank comparisons of the genetic p-distance from the reference 
sequence between the initial and final consensus sequences constructed in the HAPHPIPE 
pipelines for the empirical HIV and HCV datasets. The reference sequences for HIV and HCV 
were HXB2 and H77, respectively. 
 
Table S10. Genetic p-distance to the reference sequence across the empirical SARS-CoV-2 
dataset. 



Table S1. Accessions used in validation study. 
Subtype B Reference Non-Subtype B Reference 
AB221125 [1] AF069673 [2] 
AB428552 [3] AF082394 [4] 
AF042103 [5] AF361872 [6] 
AJ271445 [7] AF443107 [8] 
AY173955, AY173960 [9] AF484477, AF484489, AF484498 [10] 
AY781126 [11] AJ249239 [12] 
AY795904, AY795905 [13] AY253305 [14] 
AY835758, AY835763 [15] AY371155 [16] 
DQ127549 [17] AY563169 [18] 
DQ676885 [19] AY967806 [20] 
DQ886035 [21] DQ093592, DQ275650 [22] 
EF514700, EF514711 [23] DQ676872 [19] 
EU839601, EU839603, EU839606 [24] EF614151 [25] 
FJ195086 [26] FJ623475 [27] 
FJ388904, FJ388919 [28] GQ999977, GQ999982, GQ999988,  

  GQ999991 
[29] 

FJ469714, FJ469719, FJ469722,  
  FJ469745, FJ469748, FJ469758,   
  FJ469771 

[30] 
JX140664, JX140672 [31] 
KJ948662 [32] 

FJ495941, FJ496000 [33] KR017776 [34] 
FJ853622 [35] KT022378 [36] 
HM586209 [37] KU319533, KU319539 [38] 
JF320018, JF320189, JF320263 [39] KX232609 [40] 
JF683751, JF683793 [41] KX232610 [42] 
JF689856, JF689874, JF689886,  
  JF689893, JF689897 

[43] KX907346, KX907368, KX907389,  
  KX907394 

[44] 

JF932475, JF932490 [45] KY392779 [46] 
JN248321, JN248353 [47] MF373128, MF373168 [48] 
JN692480 [49] AB287376, AB485648, AF107771, 

KC156214, KF716467, KP109483, 
KP109525, KU749392, KU749422, 
KY275364, KY496624, KY658694, 
KY658709 
 
 

None 
 
 

JQ403075, JQ403098, JQ403105 [50] 
JX140652, JX140654 [31] 
JX446800 [51] 
JX960598 [52] 
K02007 [53]  
KC899011 [54]   
KF384800 [55]   
KJ140266 [56]   
KJ849801 [57]   
KP411827 [58]   
KP411829 [58]   



KR914678 [59]   
KT124749, KT124756, KT124778,  
  KT124783, KT124796, KT124797 

[60]   

KT427675, KT427704, KT427714,  
  KT427719, KT427730,  
  KT427737, KT427744, KT427803 

[61]   

KU168260 [62]   
KX505555 [63]   
KY778615 [64]   
KY968395, KY968403 [65]   
L02317 [66]   
MF373129, MF373201 [48]   
U43096 [40]   
U71182 [67]   
AB289590, AB565497, AY560107, 
DQ322225, JN251896, KC473830, 
KC473834, KF716498, KP109515, 
KT276264, KU685591, KU749389, 
KY658690 

None   
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Table S2. Kruskal-Wallis rank-sum test of the genetic p-distance and adjusted genetic p-distance of the 
pipeline consensus sequence from the true sequence or reference sequence for all datasets. P-values are 

reported (Holm adjustment). 

Simulation HIV Subtype B dataset from true 
sequence 

Simulation HIV Non-subtype B dataset from true 
sequence 

Gene PDIST APDIST Gene PDIST APDIST 

pol < 2.2e-16*** < 2.2e-16*** pol < 2.2e-16*** < 2.2e-16*** 
PRRT < 2.2e-16*** < 2.2e-16*** PRRT < 2.2e-16*** < 2.2e-16*** 
int < 2.2e-16*** < 2.2e-16*** int < 2.2e-16*** < 2.2e-16*** 
gp120 < 2.2e-16*** < 2.2e-16*** gp120 < 2.2e-16*** < 2.2e-16*** 
Simulation HIV Subtype B dataset from HXB2 

reference sequence 
Simulation HIV Non-subtype B dataset from 

HXB2 reference sequence 
Gene PDIST APDIST Gene PDIST APDIST 
pol < 2.2e-16*** < 2.2e-16*** pol < 2.2e-16*** < 2.2e-16*** 
PRRT < 2.2e-16*** < 2.2e-16*** PRRT < 2.2e-16*** 7.8E-14*** 
int < 2.2e-16*** < 2.2e-16*** int < 2.2e-16*** < 2.2e-16*** 
gp120 9.6E-11*** 0.0799 gp120 < 2.2e-16*** < 2.2e-16*** 

Empirical HIV dataset from HXB2 reference 
sequence 

Empirical HCV dataset from H77 reference 
sequence 

Gene PDIST APDIST Gene PDIST APDIST 
PRRT < 2.2e-16*** < 2.2e-16*** core < 2.2e-16*** < 2.2e-16*** 
int < 2.2e-16*** < 2.2e-16*** E1 < 2.2e-16*** < 2.2e-16*** 
gp120 < 2.2e-16*** < 2.2e-16*** E2 < 2.2e-16*** < 2.2e-16*** 
Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), 
GDN = Geneious de novo assembly, GRB = Geneious reference-based assembly, pol = polymerase, combination of PRRT and 
int, PPRT = protease and reverse transcriptase, int = integrase, PDIST = genetic p-distance , APDIST = adjusted genetic p-
distance, *** indicates p < 0.001. 



Table S3. Wilcoxon signed-rank comparisons of the genetic p-distance from the true sequence between the initial and final consensus sequences 
constructed in the HAPHPIPE pipelines for the simulation dataset. 

 HP01 HP02 
Sub B pseudomedian CI low CI high p value pseudomedian CI low CI high p value 

pol -0.0005 NA1 NA1 1 0.0004 0.0004 0.0004 0.0004*** 
PRRT -0.0002 NA1 NA1 1 0.0006 0.0006 0.0006 0.0006*** 

int -0.0012 NA1 NA1 1 NA1 NA1 NA1 NA1 
gp120 0.0007 NA1 NA1 1 0.0067 0.00514 0.0080 9.42E-14*** 

Non-B pseudomedian CI low CI high p value pseudomedian CI low CI high p value 
pol -0.0008 -0.0010 -0.0008 2.5E-09*** 0.0008 0.0006 0.0012 0.0059** 

PRRT -0.0009 -0.0010 -0.0008 3.5E-09*** 0.0013 0.0009 0.0018 0.0056** 
int -0.0012 -0.0017 -0.0011 1.2E-06*** NA1 NA1 NA1 NA1 

gp120 -0.0007 -0.0009 -0.0006 4.7E-06*** 0.0071 0.0045 0.0127 4.0E-06*** 
1 No confidence intervals were constructed because too many differences were zero. A positive value indicates that the refined sequences are more genetically 
similar to the reference sequence (HXB2), while a negative value indicates that the refined sequences are less genetically similar to the reference sequence 
(HXB2). Abbreviations: Non-B: non-subtype B sequences, Sub B: subtype B sequences, HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = 
haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, GRB = Geneious reference-based assembly, pol = polymerase, 
combination of PRRT and int, PRRT = protease and reverse transcriptase, int = integrase, CI: confidence interval, *** indicates p < 0.001, ** indicates p < 
0.01. 



Table S4. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the pipeline consensus sequence from the true sequence for the 
simulation dataset. P-values are reported (Holm adjustment). 

 Subtype B Simulation Data Non-Subtype B Simulation Data 

Gene Pipeline HP01 HP02 GDN GRB HyDRA HP01 HP02 GDN GRB HyDRA 
pol HP01  0.1193 1.2E-25*** 3.5E-27*** 3.0E-73***  0.0075** 5.6E-13*** 5.4E-19*** 1.2E-40*** 
 HP02 0.1193  8.8E-18*** 5.2E-19*** 4.1E-59*** 0.0075  1.9E-05*** 2.7E-09*** 2.1E-25*** 
 GDN 1.2E-25*** 8.8E-18***  0.7396 1.4E-13*** 5.6E-13*** 1.9E-05***  0.0967 7.2E-09*** 
 GRB 3.5E-27*** 5.2E-19*** 0.7396  1.3E-12*** 5.4E-19*** 2.7E-09*** 0.0967  3.4E-05*** 
 HyDRA 3.0E-73*** 4.1E-59*** 1.4E-13*** 1.3E-12***  1.2E-40*** 2.1E-25*** 7.2E-09*** 3.4E-05***  
PRRT HP01  0.1074 4.5E-26 2.8E-27*** 5.4E-74***  6.8E-05*** 1.8E-39*** 5.2E-16*** 1.8E-39*** 
 HP02 0.1074  6.1E-18*** 6.7E-19*** 1.9E-59*** 6.8E-05***  0.0763 0.0001*** 1.7E-18*** 
 GDN 4.5E-26*** 6.1E-18***  0.7916 1.4E-13*** 1.8E-39*** 0.0763  0.0474* 2.6E-11*** 
 GRB 2.8E-27*** 6.7E-19*** 0.7916  7.6E-13*** 5.2E-16*** 0.0001*** 0.0474*  3.5E-06*** 
 HyDRA 5.4E-74*** 1.9E-59*** 1.4E-13*** 7.6E-13***  1.8E-39*** 1.7E-18*** 2.6E-11*** 3.5E-06***  
int HP01  1 8.9E-23*** 1.1E-23*** 9.7E-69***  0.5034 2.1E-12*** 1.2E-13*** 6.0E-36*** 
 HP02 1  1.4E-21*** 2.0E-22*** 2.1E-66*** 0.5034  3.9E-09*** 3.7E-10*** 6.4E-30*** 
 GDN 8.9E-23*** 1.4E-21***  0.8292 9.0E-14*** 2.1E-12*** 3.9E-09***  0.6952 2.6E-07*** 
 GRB 1.1E-23*** 2.0E-22*** 0.8292  3.5E-13*** 1.2E-13*** 3.7E-10*** 0.6952  1.6E-06*** 
 HyDRA 9.7E-69*** 2.1E-66*** 9.0E-14*** 3.5E-13***  6.0E-36*** 6.4E-30*** 2.6E-07*** 1.6E-06***  
gp120 HP01  1.2E-33*** 0.7817 3.4E-33*** NA  1.4E-12*** 0.4949 1.9E-17*** NA 
 HP02 1.2E-33***  2.2E-29*** 0.9207 NA 1.4E-12***  9.4E-15*** 0.2973 NA 

 GDN 0.7817 2.2E-29***  5.1E-29*** NA 0.4949 9.4E-15***  4.6E-20*** NA 
 GRB 3.4E-33*** 0.9207 5.1E-29***  NA 1.9E-17*** 0.2973 4.6E-20***  NA 

Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, GRB = 
Geneious reference-based assembly, pol = polymerase, combination of PRRT and int, PRRT = protease and reverse transcriptase, int = integrase, *** indicates p < 0.001, ** 
indicates p < 0.01, * indicates p < 0.05. 

 



Table S5. Wilcoxon signed-rank comparisons of the genetic p-distance from HXB2, the HIV reference sequence, between the initial and final consensus 
sequences constructed in the HAPHPIPE pipelines for the simulation dataset. 

 HP01 HP02 
Sub B pseudomedian CI low CI high p value pseudomedian CI low CI high p value 

pol -0.0004 NA1 NA1 1 -0.0004 -0.0004 -0.0004 0.0003*** 
PRRT -0.0012 NA1 NA1 1 -0.0006 -0.0006 -0.0006 0.0006*** 

int 0.0012 NA1 NA1 1 NA1 NA1 NA1 NA1 
gp120 0.0005 NA1 NA1 1 -0.0054 -0.0063 -0.0046 < 2.2e-16*** 

Non-B pseudomedian CI low CI high p value pseudomedian CI low CI high p value 
pol -0.0009 -0.0010 -0.0008 1.8E-09*** -0.0004 -0.0006 -0.0004 0.0016** 

PRRT -0.0009 -0.0010 -0.0008 4.6E-09*** -0.0006 -0.0009 -0.0005 0.0025** 
int -0.0012 -0.0017 -0.0012 2.1E-07*** -0.0023 NA1 NA1 1 

gp120 -0.0006 -0.0007 -0.0005 5.9E-05*** -0.0015 -0.0019 -0.0012 2.9E-08*** 
1 No confidence intervals were constructed because too many differences were zero. A positive value indicates that the refined sequences are more genetically 
similar to the reference sequence (HXB2), while a negative value indicates that the refined sequences are less genetically similar to the reference sequence 
(HXB2). Abbreviations: Non-B: non-subtype B sequences, Sub B: subtype B sequences, HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = 
haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, GRB = Geneious reference-based assembly, pol = polymerase, 
combination of PRRT and int, PRRT = protease and reverse transcriptase, int = integrase, CI: confidence interval, *** indicates p < 0.001, ** indicates p < 
0.01. 



Table S6. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the pipeline consensus sequence from HXB2, the HIV reference 
sequence, for the simulation dataset. P-values are reported (Holm adjustment). 

 Subtype B Simulation Data Non-Subtype B Simulation Data 

Gene Pipeline HP01 HP02 GDN GRB HyDRA HP01 HP02 GDN GRB HyDRA 
pol HP01  1 2.4E-08*** 1.4E-08*** 2.8E-38***  0.8790 0.0013** 0.0002*** 1.2E-17*** 
 HP02 1  6.4E-08*** 4.3E-08*** 6.6E-37*** 0.8790  0.0120* 0.0029** 7.9E-15*** 
 GDN 2.4E-08*** 6.4E-08***  0.9069 3.1E-12*** 0.0013** 0.0120*  0.6142 1.9E-06*** 
 GRB 1.4E-08*** 4.3E-08*** 0.9069  6.3E-12*** 0.0002*** 0.0029** 0.6142  2.2E-05*** 
 HyDRA 2.8E-38*** 6.6E-37*** 3.1E-12*** 6.3E-12***  1.2E-17*** 7.9E-15*** 1.9E-06*** 2.2E-05***  
PRRT HP01  1 0.0001*** 7.9E-05*** 6.8E-24***  0.6221 0.0409* 0.0091** 4.7E-13*** 
 HP02 1  0.0004*** 0.0003*** 4.0E-22*** 0.6221  0.3085 0.1239 6.0E-10*** 
 GDN 0.0001*** 0.0004***  0.8995 1.0E-08*** 0.0409* 0.3085  0.5987 7.8E-06*** 
 GRB 7.9E-05*** 0.0003*** 0.8995  1.9E-08*** 0.0091** 0.1239 0.5987  8.7E-05*** 
 HyDRA 6.8E-24*** 4.0E-22*** 1.0E-08*** 1.9E-08***  4.7E-13*** 6.0E-10*** 7.8E-06*** 8.7E-05***  
int HP01  0.9621 6.2E-12*** 4.9E-12*** 7.9E-49***  1 0.0002*** 0.0001*** 3.2E-19*** 
 HP02 0.9621  5.9E-12*** 4.2E-12*** 4.3E-49*** 1  0.0005*** 0.0003*** 5.2E-18*** 
 GDN 6.2E-12*** 5.9E-12***  1 4.8E-14*** 0.0002*** 0.0005***  0.8497 2.3E-06*** 
 GRB 4.9E-12*** 4.2E-12*** 1  9.4E-14*** 0.0001*** 0.0003*** 0.8497  5.5E-06*** 
 HyDRA 7.9E-49*** 4.3E-49*** 4.8E-14*** 9.4E-14***  3.2E-19*** 5.2E-18*** 2.3E-06*** 5.5E-06***  
gp120 HP01  2.1E-07*** 0.3860 0.0124* NA  2.7E-11*** 0.2534 4.2E-13*** NA 
 HP02 2.1E-07***  1.3E-09*** 0.0179* NA 2.7E-11***  3.4E-16*** 0.5408 NA 

 GDN 0.3860 1.3E-09***  0.0013** NA 0.2534 3.4E-16***  1.9E-18*** NA 
 GRB 0.0124* 0.0179* 0.0013**  NA 4.2E-13*** 0.5408 1.9E-18***  NA 

Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, GRB = 
Geneious reference-based assembly, pol = polymerase, combination of PRRT and int, PRRT = protease and reverse transcriptase, int = integrase, *** indicates p < 0.001, ** 
indicates p < 0.01, * indicates p < 0.05. 

  



Table S7. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the pipeline consensus sequence from HXB2, the HIV reference 
sequence, for the HIV empirical dataset. Adjusted p-values are reported (Holm adjustment). 

Gene Pipeline HP01 HP02 HP01 haps HP02 haps GDN GRB Hydra 
PRRT HP01  3.3E-15*** 0.3874 3.5E-11*** 1.3E-06*** 1.1E-13*** 6.3E-06*** 
 HP02 3.3E-15***  2.7E-32*** 0.0084** 0.0329* 1 0.0133* 
 HP01 haps 0.3874 2.7E-32***  2.9E-40*** 5.9E-16*** 2.0E-29*** 1.3E-14*** 
 HP02 haps 3.5E-11*** 0.0084** 2.9E-40***  0.7660 0.0407* 1 
 GDN 1.3E-06*** 0.0329* 5.9E-16*** 0.7660  0.0836 1 
 GRB 1.1E-13*** 1 2.0E-29*** 0.0407* 0.0836  0.0401* 
 HYDRA 6.3E-06*** 0.0133* 1.3E-14*** 1 1 0.0401*  
int HP01  1.6E-13*** 1 8.6E-17*** 4.2E-06*** 8.3E-13*** 8.4E-10*** 
 HP02 1.6E-13***  1.8E-26*** 1 0.0906 0.8189 1 
 HP01 haps 1 1.8E-26***  8.0E-54*** 7.0E-13*** 4.2E-25*** 1.2E-19*** 
 HP02 haps 8.6E-17*** 1 8.0E-54***  0.2353 1 1 
 GDN 4.2E-06*** 0.0906 7.0E-13*** 0.2353  0.1581 1 
 GRB 8.3E-13*** 0.8189 4.2E-25*** 1 0.1581  1 
 HYDRA 8.4E-10*** 1 1.2E-19*** 1 1 1  
gp120 HP01  2.0E-14*** 0.0570 2.1E-10*** 0.0016** 2.4E-06*** NA 
 HP02 2.0E-14***  2.1E-37*** 0.0420* 0.0001*** 0.0286* NA 
 HP01 haps 0.0570 2.1E-37  1.8E-39*** 2.0E-12*** 2.2E-19*** NA 
 HP02 haps 2.1E-10*** 0.0420* 1.8E-39***  0.0546 0.4317 NA 
 GDN 0.0016** 0.0001*** 2.0E-12*** 0.0546  0.2876 NA 
 GRB 2.4E-06*** 0.0286* 2.2E-19*** 0.4317 0.2876  NA 
Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo 
assembly, GRB = Geneious reference-based assembly, haps = haplotypes, pol = polymerase, combination of PRRT and int, PRRT = protease and reverse 
transcriptase, int = integrase, *** indicates p < 0.001, ** indicates p < 0.01, * indicates p < 0.05. 



Table S8. Kruskal-Wallis multiple comparisons (Dunn test) of the genetic p-distance of the pipeline consensus sequence from H77, the HCV reference 
sequence, for the HCV empirical dataset. Adjusted p-values are reported (Holm adjustment). 

Gene Pipeline HP01 HP02 HP01 haps HP02 haps GDN GRB Hydra 
core HP01  4.3E-09*** 0.7323 8.3E-12*** 0.0395* 0.0134*  
 HP02 4.3E-09***  6.5E-12*** 1 3.5E-17*** 0.0056** 4.3E-09*** 
 HP01 haps 0.7323 6.5E-12***  7.8E-20*** 0.0058** 0.0066** 0.7323 
 HP02 haps 8.3E-12*** 1 7.8E-20***  3.2E-23*** 0.0027** 8.3E-12*** 
 GDN 0.0395* 3.5E-17*** 0.0058** 3.2E-23***  5.5E-07*** 0.0395* 
 GRB 0.0134* 0.0056** 0.0066** 0.0027** 5.5E-07***  0.0134* 
E1 HP01  2.1E-07*** 0.9376 2.4E-07*** 0.5735 4.7E-06***  
 HP02 2.1E-07***  6.0E-10*** 1 1.1E-11*** 1 2.1E-07*** 
 HP01 haps 0.9376 6.0E-10***  3.4E-11*** 0.4746 4.7E-08*** 0.9376 
 HP02 haps 2.4E-07*** 1 3.4E-11***  2.3E-12*** 1 2.4E-07*** 
 GDN 0.5735 1.1E-11*** 0.4746 2.3E-12***  6.4E-10*** 0.5735 
 GRB 4.7E-06*** 1 4.7E-08*** 1 6.4E-10***  4.7E-06*** 
E2 HP01  0.0001*** 1 1.2E-06*** 0.1492 3.2E-05***  
 HP02 0.0001***  6.0E-06*** 0.8905 9.2E-10*** 1 0.0001*** 
 HP01 haps 1 6.0E-06***  1.8E-10*** 0.0245* 1.3E-06*** 1 
 HP02 haps 1.2E-06*** 0.8905 1.8E-10***  4.7E-14*** 1 1.2E-06*** 
 GDN 0.1492 9.2E-10*** 0.0245* 4.7E-14***  1.7E-10*** 0.1492 
 GRB 3.2E-05*** 1 1.3E-06*** 1 1.7E-10***  3.2E-05*** 
Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo 
assembly, GRB = Geneious reference-based assembly, haps = haplotypes, *** indicates p < 0.001, ** indicates p < 0.01, * indicates p < 0.05. 

 



Table S9. Wilcoxon signed-rank comparisons of the genetic p-distance from the reference sequence between the initial and final consensus sequences 
constructed in the HAPHPIPE pipelines for the empirical HIV and HCV datasets. The reference sequences for HIV and HCV were HXB2 and H77, 

respectively. 

 HP01 HP02 
Empirical HIV dataset 

 pseudomedian CI low CI high p value pseudomedian CI low CI high p value 
PRRT 0.0022 0.0017 0.0035 1.5E-06*** NA1 NA1 NA1 NA1 

Int 0.0021 0.0016 0.0031 2.2E-05*** -0.0012 NA1 NA1 1 
gp120 0.0026 0.0020 0.0038 2.6E-07*** -0.0005 -0.0005 -0.0005 0.1736 

Empirical HCV dataset 
 pseudomedian CI low CI high p value pseudomedian CI low CI high p value 

core 0.0083 0.0021 0.0125 0.0012** 0.0101 0.0025 0.1027 0.0412* 
E1 0.0086 0.0054 0.0121 0.0001*** -0.0026 -0.0069 -0.0017 0.0579 
E2 0.0079 0.0048 0.0144 0.0001*** -0.0027 -0.0041 -0.0009 0.0002*** 

1 No confidence intervals were constructed because too many differences were zero. A positive value indicates that the refined sequences are more genetically 
similar to the reference sequence, while a negative value indicates that the refined sequences are less genetically similar to the reference sequence. The 
reference sequence for the empirical HIV and HCV datasets were HXB2 and H77, respectively. Abbreviations: HP01 = haphpipe_assemble_01 (de novo 
assembly), HP02 = haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, GRB = Geneious reference-based assembly, 
PRRT = protease and reverse transcriptase, int = integrase, CI: confidence interval, *** indicates p < 0.001, ** indicates p < 0.01. 

 

Table S10. Genetic p-distance to the reference sequence across the empirical SARS-CoV-2 dataset. 

 Average STDEV 
HP01 Inital 0.0033 0.0035 
HP01 Final 0.0035 0.0034 
HP02 Inital 0.0019 0.0015 
HP02 Final 0.0021 0.0019 
GDN 0.0741 0.0407 
GRB 0.0047 0.0011 
Abbreviations: HP01 = haphpipe_assemble_01 (de novo assembly), HP02 = 
haphpipe_assemble_02 (reference-based assembly), GDN = Geneious de novo assembly, 
GRB = Geneious reference-based assembly, STDEV = standard deviation. 



 
 



Figure S1. Genetic p-distance (displayed as a difference from 1) between consensus sequence and true sequence for all pipelines for the simulated 
HIV A) subtype B dataset and B) non-subtype B dataset. A value closer to 1.00 indicates the consensus sequence is more genetically similar to the 
true sequence. The x-axis order from left to right for an individual panel: adjusted genetic p-distance between the true sequence and (i) the initial 
assembled sequence followed by (ii) the final assemble sequence for haphpipe_assemble_01 pipeline (de novo assembly); (iii) the initial assembled 
sequence followed by (iv) the final assemble sequence for haphpipe_assemble_02 pipeline (reference-based assembly); the final consensus sequence 
for the Geneious (v) de novo workflow and the (vi) reference-based workflow; and finally, the (vi) average between the final two sequences (one for 
each read file) for HyDRA. The three amplicons are shown, as well as a combination of PRRT and int amplicons into pol. There are no results for 
HyDRA in the gp120 gene because HyDRA only analyzes the pol gene. 

 



 
 



Figure S2. Genetic p-distance (displayed as a difference from 1) between consensus sequence and HXB2, the reference sequence for HIV, for all 
pipelines for the simulated HIV A) subtype B dataset and B) non-subtype B dataset. Ambiguous nucleotides were accounted for by giving fractional 
weight in alignment. A value closer to 1.00 indicates that the consensus sequence is more genetically similar to the reference sequence. The x-axis 
order from left to right for an individual panel: adjusted genetic p-distance between the reference sequence and (i) the initial assembled sequence 
followed by (ii) the final assemble sequence for haphpipe_assemble_01 pipeline (de novo assembly); (iii) the initial assembled sequence followed by 
(iv) the final assemble sequence for haphpipe_assemble_02 pipeline (reference-based assembly); the final consensus sequence for the Geneious (v) 
de novo workflow and the (vi) reference-based workflow; and finally, the (vi) average between the final two sequences (one for each read file) for 
HyDRA. The three amplicons are shown, as well as a combination of PRRT and int amplicons into pol. There are no results for HyDRA in the gp120 
gene because HyDRA only analyzes the pol gene. 

 



 

 



Figure S3. Genetic p-distance (displayed as a difference from 1) between consensus sequence and HXB2, the reference sequence for HIV, 
for all pipelines for the empirical A) HIV dataset and B) HCV dataset. Ambiguous nucleotides were accounted for by giving fractional 
weight in alignment. A value closer to 1.00 indicates that the consensus sequence is more genetically similar to the reference sequence. The 
y-axes are different for each HIV and HCV, with HCV showing greater variance between samples. The x-axis order from left to right for 
an individual panel: adjusted genetic p-distance between the reference sequence and (i) the initial assembled sequence, (ii) the final 
assemble sequence and (iii) the reconstructed haplotypes for haphpipe_assemble_01 pipeline (de novo assembly); (iv) the initial assembled 
sequence, (v) the final assemble sequence, and (vi) the reconstructed haplotypes for haphpipe_assemble_02 pipeline (reference-based 
assembly); the final consensus sequence for the Geneious (vii) de novo workflow and (vi) reference-based workflow; and finally, the (viii) 
average between the final two sequences (one for each read file) for HyDRA. The three amplicons are shown for both empirical datasets 
(HIV: PRRT, int, gp120 and HCV: core, E1, E2). There are no results for HyDRA in the gp120 gene for HIV or for any HCV genes because 
HyDRA only analyzes the pol gene region of HIV. 

 

 


