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Explanation: 
 
The objective of the study is to develop an Alignment-free tool for sequence clustering. To 
illustrate the effectiveness of our method we compared the distance matrices and the 
phylogenetic trees generated by our method with the other freely available recent alignment-
free tools [1]. The clustering efficiency of our tool can be noticed across all the benchmark 
datasets. The phylogenetic trees generated by our method and the other freely available recent 
methods shows superiority of our method over the other methods in terms of sequence 
clustering. The consistency can also be seen from the statistical analysis such as AUC (area 
under the ROC) values calculated from ROC (Receiver operating characteristic) curves.  
AUC values are often used to explain the accuracy of models and not to compare them.  
Accuracy classification of AUC is summarised in Table 1, which is given below. 
 

AUC Range Classification 

AUC ≥ 0.9 high accuracy 

0.7 ≤ AUC< 0.9 moderate accuracy 

0.5 ≤ AUC< 0.7 Low accuracy 
 

Table 1: Accuracy classification of AUC [2, 3, 4, 5, 6]. 
 
A low AUC value does not necessarily imply a bad or poor model; rather it simply suggests 
that, besides the accounted predictors, other factors also exercise influence on the response 



 
 
 
 

variable. It is evident from the ROC plots below that our method's performance is in good 
agreement with other methods. 
 

ROC calculation:- 
 
The phylogenetic tree is generated by a distance matrix using PHYLIP package [7] which is 
equal to (1-similarity matrix) from equation (12) in our manuscript.  We used similarity 
matrix for ROC analysis. We follow sonego et al.’s method [8] for calculating the ROC. In 
the similarity matrix, we put positive sign, if the two sequences belong to same class (i.e., 
genus level classification, phylum level classification, family level classification, etc.,) 
otherwise we put negative sign.  We plotted the ROC curve by changing the decision 
threshold in either strictly increasing or strictly decreasing pattern lies between the minimum 
and maximum values of the similarity matrix. We plotted the FPR (false positive rate) on X-
axis and TPR (true positive rate) on Y-axis. Every point in the ROC curve corresponds to a 
discrete classifier that can be calculated using a decision threshold (Figure 3 in [8]). After 
plotting ROC curve, we calculated the area under the ROC curve (AUC). 
 
 

Phylogenetic tree on 11 AMF sequences. 
 

 

 

Figure 1: Our method. 

Unclassified 1 Uncultured Glomeromycota Sp

 11 Rhizophagus clarus

 4 Rhizophagus intraradices

Cluster(a)

 10 Glomus spp

 16 Glomus sp

 18 Glomus sp

 14 Glomus Sp

Cluster(b)

Clade C

 12 Gigaspora margarita

 13 Gigaspora gigantea

cluster(c)

Cluster(d) 15 Rhizophagus intraradices

Clade D

Clade A

Unclassified, Clade B 17 Glomeromycota sp

0.0100



 
 
 
 

 

 

Figure 2 : CV method using string length 3. 

 

Figure 3: FFP method using string length 7. 

 1 Uncultur

 11 Rhizoph

 18 Glomus

 10 Glomus

 16 Glomus

 14 Glomus

 15 Rhizoph

 4 Rhizopha

 17 Glomero

 12 Gigaspo

 13 Gigaspo

0.050

 1 Uncultur

 11 Rhizoph

 18 Glomus

 10 Glomus

 16 Glomus

 14 Glomus

 4 Rhizopha

 17 Glomero

 15 Rhizoph

 12 Gigaspo

 13 Gigaspo

0.10



 
 
 
 

 

Figure 4: RTD method using string length 1. 

 

 

Figure 5: BBC method. 
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 14 Glomus

 16 Glomus

 4 Rhizopha

 17 Glomero

 13 Gigaspo
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Figure 6: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
11 AMF sequences. 
 
 

The phylogenetic tree (Figure 1) generated by our method successfully clustered all glomus 
genera (cluster (b)) belonging to family glomeraceae, all gigaspora genera (cluster (c)) 
belonging to family gigasporaceae and all rhizophagus genera (cluster (a)) belonging to 
family glomeraceae except 15 Rhizophagus intraradice (cluster (d)) in separate clades. While 
comparing the tree prepared by our method (Figure 1) with the tree prepared by other freely 
available tools [1] (Figures 2, 3, 4 and 5). We found that, all glomus genera were not properly 
clustered together in Figures 2, 3, 4 and 5. Similarly, all gigaspora genera were not clustered 
together in Figure 5. This shows the advantage of our method over others in terms of 
sequence clustering. Moreover, the AUC of our method is 0.88 (Figure 6), which indicates 
that our method has moderate accuracy (Table 1). 

 

 

 

 

 

 

 

 

Dataset→   11 AMF 

Methods↓ 

                                      
                        
AUC↓ 

Running 
time↓ 

CV method 0.796143 <1s 

FFP method 0.85124 <1s 

RTD method 0.727273 <1s 

BBC method 0.720386 <1s 

Our method 0.880165 <1s 



 
 
 
 

 
Phylogenetic tree on 41 mammalian sequences. 

 

 

Figure 7: Our method.  

(Primates (red), Cetacea (green), Artiodactyla (pink), Perissodactyla (light green), Rodentia 
(black), Lagomorpha (dark red), Carnivore (blue), and Erinaceomorpha (grey)). 

Human V00662.1 H

Pigmy chimpanzee D38116.1 P

Common chimpanzee D38113.1 P

Baboon Y18001.1 P

Gorilla D38114.1 G

Vervet monkey AY863426.1

Macaca Thibetana NC 002764.

Gibbon X99256.1 H

Bornean orangutan D38115.1 P

Sumatran orangutan NC 002083.

Giant panda EF212882.1

Polar Bear AF303111.1

Brown Bear AF303110.1

Black Bear DQ402478.1

Leopard EF551002.1

Tiger EF551003.1

Dog U96639.2 C

Wolf EU442884.2

Rabbit AJ001588.1

Cat U20753.1 F

Water Buffalo AY488491.1

Sheep AF010406.1

Goat AF533441.1

Cow V00654.1 B

chiru NC 007441.

Taiwan serow NC 010640.

Pig AJ002189.1

Common warthog NC 008830.

Horse NC 001640.

Donkey NC 001788.

Indian Rhinoceros X97336.1 R

White Rhinoceros Y07726.1 C

Blue Whale X72204.1 B

Fin Whale NC 001321.

Bowhead Whale NC 005268.

Gray Whale NC 005270.

North Pacific Right Whale NC 006931.

Indus River Dolphin NC 005275.

Dormouse AJ001562.1

Squirrel AJ238588.1

Hedgehog X88898.2 E

0.0050



 
 
 
 

 

Figure 8: CV method using string length 3. 

(1  → Primates, 2 → Cetacea, 3 → Artiodactyla, 4 → Perissodactyla, 5 → Rodentia, 6 → 
Lagomorpha, 7 → Carnivore, and 8 → Erinaceomorpha). 

 

 

Figure 9: FFP method using string length 7. 

(1  → Primates, 2 → Cetacea, 3 → Artiodactyla, 4 → Perissodactyla, 5 → Rodentia, 6 → 
Lagomorpha, 7 → Carnivore, and 8 → Erinaceomorpha). 

 1 V00662.1

 3 AF533441

 7 EF212882

 1 X99256.1

 4 NC 00164

 3 AJ002189

 3 AF010406

 3 NC 01064

 7 U20753.1

 7 EF551003

 7 EF551002

 7 DQ402478

 7 AF303110

 7 AF303111

 7 U96639.2

 6 AJ001588

 5 AJ238588

 2 NC 00526

 2 NC 00693

 8 X88898.2

 5 AJ001562

 2 NC 00527

 2 NC 00527

 1 D38116.1

 1 D38113.1

 1 D38114.1

 1 D38115.1

 4 NC 00178

 3 AY488491

 1 AY863426

 4 Y07726.1

 1 NC 00276

 1 NC 00208

 4 X97336.1

 3 NC 00744

 1 Y18001.1

 3 V00654.1

 2 X72204.1

 2 NC 00132

 3 NC 00883

 7 EU442884

0.050

 1 V00662.1

 1 D38116.1

 1 D38113.1

 1 D38114.1

 1 D38115.1

 1 NC 00208

 1 X99256.1

 1 Y18001.1

 1 NC 00276

 1 AY863426

 7 U20753.1

 7 EF551003

 7 EF551002

 7 U96639.2

 7 EU442884

 3 AJ002189

 3 NC 00883

 3 AF010406

 3 AF533441

 3 NC 00744

 3 NC 01064

 3 V00654.1

 3 AY488491

 2 X72204.1

 2 NC 00132

 2 NC 00527

 2 NC 00526

 2 NC 00693

 2 NC 00527

 4 X97336.1

 4 Y07726.1

 4 NC 00178

 4 NC 00164

 5 AJ238588

 5 AJ001562

 6 AJ001588

 7 DQ402478

 7 AF303110

 7 AF303111

 7 EF212882

 8 X88898.2

0.050



 
 
 
 

 

Figure 10: RTD method using string length 1. 

(1  → Primates, 2 → Cetacea, 3 → Artiodactyla, 4 → Perissodactyla, 5 → Rodentia, 6 → 
Lagomorpha, 7 → Carnivore, and 8 → Erinaceomorpha). 

 

 

Figure 11: BBC method. 

1→ Primates, 2 → Cetacea, 3 → Artiodactyla, 4 → Perissodactyla, 5 → Rodentia,                                                                                                                             
6 → Lagomorpha, 7 → Carnivore,  and 8 → Erinaceomorpha). 
 

 1 V00662.1

 1 Y18001.1

 1 D38113.1

 1 D38114.1

 1 D38115.1

 1 NC 00208

 1 X99256.1

 3 AJ002189

 3 NC 00883

 2 NC 00132

 3 NC 01064

 3 AF010406

 3 AF533441

 3 NC 00744

 4 Y07726.1

 2 X72204.1

 2 NC 00526

 2 NC 00693

 2 NC 00527

 3 V00654.1

 3 AY488491

 6 AJ001588

 4 NC 00178

 4 NC 00164

 1 D38116.1

 1 NC 00276

 4 X97336.1

 2 NC 00527

 5 AJ238588

 5 AJ001562

 7 U20753.1

 7 U96639.2

 7 EF551003

 7 EF551002

 7 DQ402478

 7 AF303110

 7 AF303111

 7 EF212882

 8 X88898.2

 1 AY863426

 7 EU442884

0.10

 1 V00662.1

 1 D38114.1

 2 NC 00693

 2 NC 00526

 1 X99256.1

 7 EF551003

 7 EF551002

 3 AY488491

 2 X72204.1

 2 NC 00527

 2 NC 00527

 2 NC 00132

 7 U20753.1

 4 NC 00178

 7 U96639.2

 7 EU442884

 1 D38116.1

 1 D38113.1

 3 AF010406

 3 V00654.1

 3 NC 00744

 3 NC 01064

 4 NC 00164

 3 AF533441

 3 AJ002189

 3 NC 00883

 4 X97336.1

 4 Y07726.1

 7 DQ402478

 7 AF303110

 7 AF303111

 7 EF212882

 5 AJ238588

 5 AJ001562

 1 Y18001.1

 1 AY863426

 1 NC 00276

 1 D38115.1

 1 NC 00208

 6 AJ001588

 8 X88898.2

0.0050



 
 
 
 

 

Figure 12: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
41 mammalian sequences. 
 

41 species in the phylogenetic tree (Figure 7) generated by our approach, were correctly 
divided into eight groups: Primates (red), Cetacea (green), Artiodactyla (pink), Perissodactyla 
(light green), Rodentia (black), Lagomorpha (dark red), Carnivore (blue), and 
Erinaceomorpha (grey). The cat species in our approach was clustered with the Artiodactyla 
group. We compared the phylogenetic tree (Figure 7) generated by our approach with the 
phylogenetic tree (Figures 8, 9, 10 and 11) prepared by other freely available tools [1]. In 
Figure 8, eight groups were not properly clustered. In Figures 10 and 11, Primates (1), 
Cetacea (2), Artiodactyla (3), Perissodactyla (4) were all divided into more than one group. 
Figure 9 has similarity with our result (Figure 7). This shows the advantage of our method 
over other methods (Figures 8, 10 and 11) in terms of sequence clustering. Moreover, the 
AUC of our method is 0.94 (Figure 12), which indicates that our method has high accuracy 
(Table 1). 

 
 

 

 

 

 

 
 

Dataset→  41 mammalian 
 

Methods↓ 

                             
                
AUC↓ 

Running 
time ↓ 

CV method 0.65962 <1s 

FFP method 0.912888 1s 

RTD method 0.795208 <1s 

BBC method 0.753803 5s 

Our method 0.940862 <1s 



 
 
 
 

Phylogenetic tree on 59 ebolavirus sequences. 
 

 

Figure 13: Our method. 

( Bundibugyo virus (BDBV), Reston virus (RESTV),  Ebola virus ( EBOV),  Sudan virus 
(SUDV),  and Tai Forest virus (TAFV)). 

EBOV_1996_KC242794   Gabon,  1996 KC242794.1

EBOV_1994_KC242792   Gabon,  1994 KC242792.1

EBOV_1996_KC242793   Gabon, 1996 KC242793.1

EBOV_2002_KC242800   Gabon, 2002 KC242800.1

EBOV_2014_KJ660346 KJ660346.2

EBOV_2014_G3686 KM034562.1

EBOV_2014_G3823 KM233097.1

EBOV_2014_G3846 KM233109.1

EBOV_2014_G3848 KM233110.1

EBOV_2014_G3822 KM233096.1

EBOV_2014_G3713 KM233050.1

EBOV_2014_KJ660348 KJ660348.2

EBOV_2014_KJ660347 KJ660347.2

EBOV_2014_G3770 KM233070.1

EBOV_2014_G3825 KM233099.1

EBOV_2014_G3764 KM233063.1

EBOV_2014_G3735 KM233057.1

EBOV_2014_G3677 KM034557.1

EBOV_2014_G3831 KM233103.1

EBOV_2014_G3724 KM233053.1

EBOV_2014_EM112 KM233039.1

EBOV_2014_G3682 KM034560.1

EBOV_2014_G3782 KM233072.1

EBOV_2014_G3676 KM034555.1

Guinea, 2014

EBOV_1995_KC242799 KC242799.1

EBOV_1995_KC242796 KC242796.1

EBOV_1995_AY354458 AY354458.1

Zaire(DRC,) 1995

EBOV_1976_KC242801 KC242801.1

EBOV_1977_KC242791 KC242791.1

EBOV_1976_NC002549 NC 002549.

Zaire(DRC), 1976-1977

EBOV_2007_KC242788  ]  DRC,2007 KC242788.1

EBOV_2007_KC242784 KC242784.1

EBOV_2007_KC242785 KC242785.1

EBOV_2007_KC242786 KC242786.1

EBOV_2007_KC242787 KC242787.1

EBOV_2007_KC242789 KC242789.1

EBOV_2007_KC242790 KC242790.1

DRC,2007

EBOV

SUDV_2012_KC545392 KC545392.1

SUDV_2012_KC545390 KC545390.1

SUDV_2012_KC545391 KC545391.1

SUDV_2012_KC545389 KC545389.1

SUDV_2011_JN638998 JN638998.1

SUDV_2000_AY729654 AY729654.1

SUDV_2012_KC589025 KC589025.1

SUDV_2004_EU338380 EU338380.1

SUDV_1979_KC242783 KC242783.2

SUDV_1976_FJ968794 FJ968794.1

SUDV

RESTV_2009_JX477165 JX477165.1

RESTV_2008_FJ621583 FJ621583.1

RESTV_1996_JX477166 JX477166.1

RESTV_2008_FJ621585 FJ621585.1

RESTV_1996_AB050936 AB050936.1

RESTV_1990_AF522874 AF522874.1

RESTV

BDBV_2007_FJ217161 FJ217161.1

BDBV_2012_KC545393 KC545393.1

BDBV_2012_KC545394 KC545394.1

BDBV_2012_KC545396 KC545396.1

BDBV_2012_KC545395 KC545395.1

BDBV

TAFV_1994_FJ217162   TAFV FJ217162.1

0.0010



 
 
 
 

 

Figure 14: CV method using string length 3. 

( 1 →Bundibugyo virus (BDBV), 2 →Tai Forest virus (TAFV)),  3 →Reston virus (RESTV), 
4 →Sudan virus (SUDV),  51,51,53,54,55 and 56 →Ebola virus ( EBOV)). 

 

 1 FJ217161

 4 FJ968794

 4 KC242783

 4 EU338380

 4 AY729654

 4 KC589025

 4 JN638998

 2 FJ217162

 56 KC24279

 55 KC24280

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24279

 51 KC24278

 54 KM23303

 54 KM23309

 54 KM23306

 52 KC24280

 52 NC 0025

 52 KC24279

 53 KC24279

 53 KC24279

 56 KC24279

 56 KC24279

 54 KM23307

 54 KJ66034

 54 KJ66034

 54 KJ66034

 1 KC545393

 1 KC545394

 1 KC545395

 1 KC545396

 4 KC545389

 4 KC545392

 4 KC545391

 4 KC545390

 3 AF522874

 3 AB050936

 3 JX477166

 3 FJ621583

 3 JX477165

 54 KM03455

 54 KM23310

 54 KM03456

 54 KM23309

 54 KM23305

 54 KM03455

 54 KM23311

 54 KM23305

 54 KM23310

 3 FJ621585

 53 AY35445

 54 KM03456

 54 KM23307

 54 KM23305

 54 KM23309

0.050



 
 
 
 

 

Figure 15: FFP method using string length 7. 

( 1 →Bundibugyo virus (BDBV), 2 →Tai Forest virus (TAFV)),  3 →Reston virus (RESTV), 
4 →Sudan virus (SUDV),  51,51,53,54,55 and 56 →Ebola virus ( EBOV)). 

 

 1 FJ217161

 1 KC545393

 1 KC545395

 1 KC545394

 1 KC545396

 2 FJ217162

 52 KC24280

 52 NC 0025

 52 KC24279

 56 KC24279

 56 KC24279

 56 KC24279

 53 AY35445

 53 KC24279

 53 KC24279

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24279

 51 KC24278

 51 KC24278

 55 KC24280

 54 KM03455

 54 KM03456

 54 KM23303

 54 KM23306

 54 KM23309

 54 KM23307

 54 KM23305

 54 KM23311

 54 KM23310

 54 KM23305

 54 KM23309

 54 KM03455

 54 KM03456

 54 KM23305

 54 KM23309

 54 KM23310

 54 KM23307

 54 KJ66034

 54 KJ66034

 54 KJ66034

 3 AF522874

 3 AB050936

 3 JX477166

 3 FJ621585

 3 FJ621583

 3 JX477165

 4 FJ968794

 4 KC242783

 4 EU338380

 4 AY729654

 4 JN638998

 4 KC545389

 4 KC545392

 4 KC545390

 4 KC545391

 4 KC589025

0.050



 
 
 
 

 

Figure 16: RTD method using string length 1. 

( 1 →Bundibugyo virus (BDBV), 2 →Tai Forest virus (TAFV)),  3 →Reston virus (RESTV), 
4 →Sudan virus (SUDV),  51,51,53,54,55 and 56 →Ebola virus ( EBOV)). 

 

 1 FJ217161

 1 KC545393

 1 KC545394

 1 KC545396

 1 KC545395

 2 FJ217162

 3 AF522874

 3 JX477166

 3 FJ621583

 3 JX477165

 3 AB050936

 3 FJ621585

 4 FJ968794

 4 KC242783

 4 EU338380

 4 KC589025

 4 AY729654

 4 JN638998

 4 KC545389

 4 KC545390

 4 KC545391

 4 KC545392

 52 KC24280

 52 KC24279

 52 NC 0025

 53 KC24279

 53 KC24279

 56 KC24279

 56 KC24279

 56 KC24279

 55 KC24280

 54 KM03455

 54 KM03456

 54 KJ66034

 54 KJ66034

 54 KJ66034

 54 KM03455

 54 KM23305

 54 KM23305

 54 KM23305

 54 KM23309

 54 KM23311

 54 KM23310

 54 KM03456

 54 KM23309

 54 KM23307

 54 KM23310

 54 KM23303

 54 KM23306

 54 KM23309

 54 KM23307

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24279

 51 KC24278

 51 KC24278

 53 AY35445

0.0050



 
 
 
 

 

Figure 17: BBC method. 

( 1 →Bundibugyo virus (BDBV), 2 →Tai Forest virus (TAFV)),  3 →Reston virus (RESTV), 
4 →Sudan virus (SUDV),  51,51,53,54,55 and 56 →Ebola virus ( EBOV)). 

 

 

 

 

 

 

 

 1 FJ217161

 1 KC545393

 1 KC545395

 1 KC545394

 1 KC545396

 2 FJ217162

 3 AF522874

 3 AB050936

 3 JX477166

 3 FJ621583

 3 JX477165

 3 FJ621585

 4 FJ968794

 4 KC242783

 4 EU338380
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 4 KC545389

 4 KC545391
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 4 KC545392

 4 KC589025

 52 KC24280

 52 NC 0025

 52 KC24279
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 56 KC24279

 56 KC24279

 53 AY35445

 53 KC24279

 53 KC24279

 55 KC24280

 54 KM03455

 54 KM23303

 54 KM23309

 54 KM23306

 54 KM03455

 54 KM23311

 54 KM03456

 54 KM23309

 54 KM23305

 54 KM23305

 54 KM23310

 54 KM23307

 54 KM23307

 54 KM23310

 54 KM23305

 54 KM23309

 54 KM03456

 54 KJ66034

 54 KJ66034

 54 KJ66034

 51 KC24278

 51 KC24278

 51 KC24278

 51 KC24279

 51 KC24278

 51 KC24278

 51 KC24278

0.0050



 
 
 
 

 

Figure 18: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
59  ebolavirus  sequences. 
 

The Ebolavirus genus includes five species: Bundibugyo virus (BDBV), Reston virus 
(RESTV), Ebola virus ( EBOV), Sudan virus (SUDV), and Tai Forest virus (TAFV). As 
shown in Figure 13 generated by our method, the five species were correctly separated. We 
compared the phylogenetic tree (Figure 13) generated by our approach with the phylogenetic 
trees (Figures 14, 15, 16 and 17) prepared by other freely available tools [1]. In Figure 14, 
five species were not properly clustered. Similarly, our result (Figure 13) was in consensus 
with Figures 15, 16 and 17. Moreover, the AUC of our method is 0.96 (Figure 18), which 
indicates that our method has high accuracy (Table 1). 

 

 

 

 

 

 

 

 

Dataset→  59  ebolavirus  

Methods↓ 
                          
AUC↓ 

Running 
time↓ 

CV 
method 0.644968 

<1s 

FFP 
method 0.976518 

1s 

RTD 
method 0.973445 

<1s 

BBC 
method 0.969714 

7s 

Our 
method 0.959937 

<1s 



 
 
 
 

Phylogenetic tree on 30 coronavirus sequences. 
 

 

Figure 19: Our method. 

5_HCoV-HKU1 NC 006577.

1_HCoV-NL63 NC 005831.

3_TCoV EU095850.1

3_IBV NC 001451.

2_BCoVQ AF220295.1

2_BCoV NC 003045.

2_BCoVL AF391542.1

2_BCoVM U00735.2 B

2_HCoV-OC43 AY391777.1

1_HCoV-229E AF304460.1

1_PEDV AF353511.1

2_MHVM AF208067.1

2_MHV NC 001846.

2_MHV2 AF201929.1

2_MHVP AF208066.1

4_BJ01 AY278488.2

4_ZJ01 AY297028.1

4_Urbani AY278741.1

4_TW1 AY291451.1

4_SIN2500 AY283794.1

4_SIN2679 AY283796.1

4_SIN2748 AY283797.1

4_SIN2774 AY283798.2

4_SIN2677 AY283795.1

4_Civet007 AY572034.1

4_Civet010 AY572035.1

4_HKU-39849 AY278491.2

4_CUHK-Su10 AY282752.2

4_TOR2 NC 004718.

4_CUHK-W1 AY278554.2

out_CellF NC 001564.

out_NyongT NC 001512.

out_RossT NC 001544.

out_HepaCF NC 004102.

0.0100



 
 
 
 

 

Figure 20: CV method using string length 3. 

 1 AF304460

 4 AY278488

 4 AY282752

 4 NC 00471

 4 AY278554

 4 AY278491

 4 AY291451

 2 AF220295

 2 AF208067

 2 AF201929

 2 AF208066

 3 EU095850

 2 NC 00184

 1 AF353511

 2 AY391777

 2 U00735.2

 2 AF391542

 2 NC 00304

 5 NC 00657

 4 AY278741

 4 AY283794

 4 AY283798

 4 AY283795

 4 AY283796

 1 NC 00583

 4 AY283797

 4 AY572034

 4 AY572035

 4 AY297028

 3 NC 00145

 out NC 00156

 out NC 00410

 out NC 00151

 out NC 00154

0.050 



 
 
 
 

 

Figure 21: FFP method using string length 6. 

 1 AF304460

 1 AF353511

 3 NC 00145

 3 EU095850 

 1 NC 00583

 4 AY278488

 4 AY278554

 4 AY278491

 4 AY282752

 4 NC 00471

 4 AY278741

 4 AY283794

 4 AY283798

 4 AY283796

 4 AY283795

 4 AY283797

 4 AY291451

 4 AY297028

 4 AY572034

 4 AY572035

 2 AY391777

 2 U00735.2

 2 AF220295

 2 AF391542

 2 NC 00304

 2 AF208067

 2 NC 00184

 2 AF201929

 2 AF208066

 5 NC 00657

 out NC 00156

 out NC 00410

 out NC 00151

 out NC 00154

0.050 



 
 
 
 

 

Figure 22: RTD method using string length 1. 

 1 AF304460

 3 NC 00145

 3 EU095850 

 2 AY391777 

 2 U00735.2

 2 AF220295

 2 AF391542

 2 NC 00304

 1 NC 00583

 2 AF208067

 2 AF201929

 2 AF208066

 2 NC 00184

 1 AF353511

 4 AY278488

 4 AY278554 

 4 AY282752 

 4 NC 00471

 4 AY278741 

 4 AY291451 

 4 AY283794 

 4 AY283796 

 4 AY283797 

 4 AY283798 
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Figure 23: BBC method. 
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Figure 24: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
30 coronavirus sequences. 
 

We employed our method to analyse the 30 coronavirus whole genome sequences along 
with 4 non-coronaviruses as outgroups. The 30 coronavirus were classified into five groups 
according to their host type. As shown in Figure 19 generated by our approach, we can 
observe that the 30 coronavirus along with 4 non-coronaviruses were correctly grouped 
according to their host type except group 1. We compared Figure 19 generated by our 
approach with Figures 20, 21, 22 and 23 prepared by other freely available tools [1]. Figure 
20 did not cluster any group according to their host type. In Figures 22 and 23, the four non-
coronaviruses were not clustered together. None of the methods (Figures 20, 21, 22 and 23) 
including our method (Figure 19) put group 1 sequences in separate clade. This shows the 
efficiency of our method in terms of sequence clustering. Moreover, the AUC of our method 
is 0.95 (Figure 24), which indicates that our method has high accuracy (Table 1). 
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Phylogenetic tree on 30 bacterial sequences. 

 

 

Figure 25: Our method.  
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Figure 26: CV method using string length 3. 

( 1→Bacilleceae,  2→Borreliaceae,  3→Clostridiaceae,  4→Desulfovibrionaceae, 
5→Burkholderiaceae,  6→Rhodobacteriaceae,  7→Staphylococcaceae ,  8→Yersiniaceae, 
and 9→Enterobacteriaceae). 
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Figure 27: FFP method using string length 7. 

( 1→Bacilleceae,  2→Borreliaceae,  3→Clostridiaceae,  4→Desulfovibrionaceae, 
5→Burkholderiaceae,  6→Rhodobacteriaceae,  7→Staphylococcaceae ,  8→Yersiniaceae, 
and 9→Enterobacteriaceae). 
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Figure 28: RTD method using string length 1. 

( 1→Bacilleceae,  2→Borreliaceae,  3→Clostridiaceae,  4→Desulfovibrionaceae, 
5→Burkholderiaceae,  6→Rhodobacteriaceae,  7→Staphylococcaceae ,  8→Yersiniaceae, 
and 9→Enterobacteriaceae). 
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Figure 29: BBC method. 

( 1→Bacilleceae,  2→Borreliaceae,  3→Clostridiaceae,  4→Desulfovibrionaceae, 
5→Burkholderiaceae,  6→Rhodobacteriaceae,  7→Staphylococcaceae ,  8→Yersiniaceae, 
and 9→Enterobacteriaceae). 
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Figure 30: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
30 bacterial sequences. 
 

The phylogenetic tree (Figure 25) generated by our method successfully clustered 
sequences based on taxnomic families such as, Burkholderiaceae, Rhodobacteriaceae, 
Enterobacteriaceae, Borreliaceae, Bacilleceae, Clostridiaceae, Desulfovibrionaceae, 
Yersiniaceae and Staphylococcaceae, which is lacking in Figures 26 and 28. However, our 
phylogenetic tree (Figure 25) has advantages at the phylum level over Figures 26, 27, 28 and 
29.  Our method (Figure 25) successfully clustered phylum Proteobacteria in a separate 
clade which were lacking in Figures 26, 27, 28 and 29.  Moreover, the AUC of our method is 
0.99 (Figure 30), which indicates that our method has high accuracy (Table 1). 
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Phylogenetic tree on 48 HEV sequences. 
 

 

Figure 31: Our method. 
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Figure 32: CV method using string length 3.  
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Figure 33: FFP method using string length 7.  
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Figure 34: RTD method using string length 1.  
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Figure 35: BBC method.  

 

Figure 36: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
48 HEV sequences. 
 

 1 M73218.1

 1 AF459438

 1 AY230202

 1 X99441.1

 1 AF051830

 1 X98292.1

 1 AF076239

 1 AF185822

 1 D10330.1

 1 D11093.1

 1 M80581.1

 1 D11092.1

 1 L08816.1

 1 M94177.1

 4 AJ272108

 1 AY204877

 3 AB091394

 4 AB108537

 4 AB097812

 4 AB097811

 4 AB099347

 4 AB091395

 4 AB200239

 4 AB080575

 4 AB074915

 4 AB074917

 4 AB161717

 4 AB161718

 4 AB161719

 4 AY594199

 1 L25595.1

 3 AB073912

 3 AB089824

 3 AB074920

 3 AY115488

 3 AB074918

 3 AF060669

 3 AF082843

 3 AB189072

 3 AB189074

 3 AB189075

 3 AB189073

 3 AP003430

 3 AF060668

 3 AF455784

 3 AB189070

 3 AB189071

 2 M74506.1

0.0050

Dataset→  48 HEV 

Methods↓ 
                          
AUC↓ 

Running 
time↓ 

CV method 0.614583 <1s 

FFP 
method 0.999952 

1s 

RTD 
method 0.808687 

<1s 

BBC 
method 0.891211 

2s 

Our 
method 0.933716 

<1s 



 
 
 
 

As shown in Figure 31 generated by our approach, the HEV genomes were divided into 
separate clades based on four genotypic categories (1(red),2(grey), 3(green) and 4(blue)) 
except few sequences. We compared the phylogenetic tree (Figure 31) generated by our 
approach with the phylogenetic trees (Figures 32, 33, 34 and 35) prepared by other freely 
available tools [1]. In Figure 32, four genotypic classes were not properly clustered. In 
Figures 34 and 35, four genotypic categories were separately clustered except few 
sequences. In Figure 33, all HEV genomes were correctly divided into separate clades based 
on four genotypic categories. Above performance shows the advantage of our method over 
other methods (Figures 32, 34 and 35) in terms of sequence clustering. Moreover, the AUC 
of our method is 0.93 (Figure 36), which indicates that our method has high accuracy (Table 
1). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 

Phylogenetic tree on 58 mixed sequences. 
 

 
Figure 37: Our method.  

(1→ primates, 2 → ebolavirus,  3→ SARS coronavirus,  4→ HEV,  5→ eutherian, 6 →AMF  
and 7→ bacterial isolates.) 
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Figure 38: CV method using string length 3. 

(1→ primates, 2 → ebolavirus,  3→ SARS coronavirus,  4→ HEV,  5→ eutherian, 6 →AMF  
and 7→ bacterial isolates.) 
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Figure 39: FFP method using string length 7. 

(1→ primates, 2 → ebolavirus,  3→ SARS coronavirus,  4→ HEV,  5→ eutherian, 6 →AMF  
and 7→ bacterial isolates.) 
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Figure 40: RTD method using string length 1. 

(1→ primates, 2 → ebolavirus,  3→ SARS coronavirus,  4→ HEV,  5→ eutherian, 6 →AMF  
and 7→ bacterial isolates.) 
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Figure 41: BBC method.  

(1→ primates, 2 → ebolavirus,  3→ SARS coronavirus,  4→ HEV,  5→ eutherian, 6 →AMF  
and 7→ bacterial isolates.) 
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Figure 42: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
58 mixed sequences. 
 

We collected 58 genome dataset from different species, which includes nine primates 
mammalian mitochondrial genomes, ten ebolavirus (five reston virus (RESTV), five 
bundibugyo virus (BDBV)) complete genomes, ten SARS coronavirus, eleven hepatitis E 
virus, eight eutherian mammal, four arbuscular mycorrhizal fungi and six bacterial isolates. 
As shown in Figure 37 generated by our method, we observed that all the different species 
genome datasets were clustered separately. We compared the phylogenetic tree (Figure 37) 
generated by our approach with the phylogenetic trees (Figures 38, 39, 40 and 41) prepared 
by other freely available tools [1]. In Figure 38, 58 genome datasets from different species 
were not properly clustered. In Figures 39, 40 and 41, eight eutherian mammals were divided 
into more than one clades.  .  In addition to the superior phylogenetic tree, the AUC of our 
method is 0.99 (Figure 42), which indicates that our method has high accuracy (Table 1). 
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Phylogenetic tree on 29 escherichia/shigella sequences. 

 

 

Figure 43: Our method.  
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E.coli SE11 AP009240.1

E.coli K12 MG1655 U00096.3 E

E.coli K12 DH10B CP000948.1

E.coli K12 BW2952 CP001396.1

S.flexneri 5b8401 CP000266.1

S.flexneri 2a2457T AE014073.1

S.flexneri 2a301 AE005674.2

S.boydii CDC3083-94 CP001063.1

S.boydii 4227 CP000036.1

S.sonnei 046 CP000038.1

S.dysenteriae 1197 CP000034.1

0.00050



 
 
 
 

  

Figure 44: CV method using string length 3. 

(1→ E.coli, 4→S.flexneri, 3→S.boydii, 2→S.sonnei  and  5→S.dysenteriae).  

 1 CU928160

 1 U00096.3

 1 CP001396

 1 AP009048

 1 AP009240

 1 CP000800

 1 CP000247

 1 CU928161

 1 CP000243

 1 FM180568

 1 CP001846

 1 BA000007

 2 CP000038

 3 CP000036

 4 CP000266

 3 CP001063

 5 CP000034

 4 AE005674

 1 CP000802

 1 CP000948

 1 CU928164

 1 CP000970

 1 CP000946

 1 CU928163

 4 AE014073

 1 AE005174

 1 AE014075

 1 CP000468

 1 CU928162

0.050



 
 
 
 

  

Figure 45: FFP method using string length 7. 

(1→ E.coli, 4→S.flexneri, 3→S.boydii, 2→S.sonnei  and  5→S.dysenteriae).  

 1 CU928160

 1 CP000802

 1 U00096.3

 1 CP000948

 1 AP009048

 1 CP001396

 1 CP000946

 3 CP000036

 4 CP000266

 4 AE005674

 4 AE014073

 3 CP001063

 2 CP000038

 5 CP000034

 1 AP009240

 1 CP000800

 1 FM180568

 1 CP000247

 1 CU928164

 1 CP000970

 1 CU928161

 1 CP000243

 1 CP000468

 1 CU928163

 1 CU928162

 1 AE014075

 1 CP001846

 1 AE005174

 1 BA000007

0.0050



 
 
 
 

  

Figure 46: RTD method using string length 1. 

(1→ E.coli, 4→S.flexneri, 3→S.boydii, 2→S.sonnei  and  5→S.dysenteriae).  

 1 CU928160

 1 AP009240

 1 CP000946

 1 AP009048

 1 CP000802

 1 U00096.3

 1 CP000948

 1 CP001396

 1 CP000800

 1 FM180568

 1 CU928163

 1 CU928164

 1 CU928161

 1 CP000243

 1 CP000970

 1 CP000247

 1 CP001846

 1 BA000007

 2 CP000038

 4 CP000266

 3 CP000036

 3 CP001063

 5 CP000034

 4 AE005674

 1 CU928162

 4 AE014073

 1 AE014075

 1 CP000468

 1 AE005174

0.10



 
 
 
 

  

Figure 47: BBC method. 

(1→ E.coli, 4→S.flexneri, 3→S.boydii, 2→S.sonnei  and  5→S.dysenteriae).  

 

 

 1 CU928160

 1 CP000970

 1 CP000800

 1 AP009240

 1 CP000247

 1 AE014075

 1 CU928164

 1 CP000802

 1 U00096.3

 1 CP000948

 1 CP001396

 1 AP009048

 1 CU928161

 1 CP000243

 1 CP000468

 1 CP000946

 1 FM180568

 1 CU928162

 1 CP001846

 1 BA000007

 1 AE005174

 1 CU928163

 2 CP000038

 3 CP000036

 3 CP001063

 4 CP000266

 4 AE005674

 4 AE014073

 5 CP000034

0.0010



 
 
 
 
 

 

Figure 48: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
29 Escherichia/Shigella sequences. 
 

The phylogenetic tree (Figure 43) generated by our method successfully clustered all 
organisms belongs to Escherichia coli, Shigella flexneri and Shigella boydii in separate clades. 
While comparing the tree prepared by our method (Figure 43) with the tree prepared by 
other freely available tools [1] (Figures 44, 45, 46 and 47 ). We found that, all organisms 
belong to Escherichia coli were not properly clustered in Figures 44, 45 and 46. However, 
Figure 47 has similarity with our result. However, the AUC of our method is 0.84 (Figure 48), 
which indicates that our method has moderate accuracy (Table 1). 

 
 

 
 
 
 
 
 
 
 

Dataset→   29 Escherichia/ Shigella 

Methods↓ 
                          
AUC↓ 

Running 
time↓ 

CV 
method 0.377468 

1m 45s 

FFP 
method 0.60405 

1m 2s 

RTD 
method 0.671132 

1m 6s 

BBC 
method 0.84575 

16m 52s 

Our 
method 0.842633 

3s 



 
 
 
 

 
Phylogenetic tree on 24 eutherian sequences. 

 
 

 

Figure 49: Our method.  

 Rabbit TF X58533.1 R

 Human LF NM 002343.

Pig LF M92089.1 S

Cow LF X57084.1 B

 Camel LF AJ131674.1

Goat LF X78902.1 C

 Buffalo LF AJ005203.1

Mouse LF NM 008522.

 Atlantic salmon TF L20313.1 S

 Rainbow trout TF D89083.1 O

 Coho salmon TF D89084.1 O

Brown trout TF D89091.1 S

 Japanese char TF D89088.1 S

 Brook trout TF D89089.1 S

 Lake trout TF D89090.1 S

 Sockeye salmon TF D89085.1 O

Rat TF D38380.1 R

 Amago salmon TF D89086.2 O

Human TF S95936.1 t

 Japanese flounder TF D88801.1 P

 Cow TF U02564.1 B

 Possum TF AF092510.1

 Frog TF X54530.1 X

Chinook salmon TF AH008271.2

0.0050



 
 
 
 

  

Figure 50: CV method using string length 3.  

 TF X58533.

 LF NM 0085

 TF X54530.

 TF D38380.

 TF D88801.

 TF S95936.

 TF U02564.

 LF NM 0023

 LF X78902.

 LF X57084.

 TF AF09251

 LF M92089.

 LF AJ00520

 TF D89086.

 LF AJ13167

 TF D89084.

 TF L20313.

 TF D89083.

 TF D89091.

 TF D89088.

 TF D89090.

 TF D89089.

 TF D89085.

 TF AH00827

0.050



 
 
 
 

  

Figure 51: FFP method using string length 7.  

 TF X58533.

 TF S95936.

 TF D38380.

 TF U02564.

 LF NM 0023

 LF X78902.

 LF AJ00520

 LF X57084.

 LF AJ13167

 LF M92089.

 TF AF09251

 LF NM 0085

 TF X54530.

 TF D88801.

 TF L20313.

 TF D89091.

 TF D89088.

 TF D89089.

 TF D89090.

 TF D89086.

 TF D89083.

 TF D89084.

 TF D89085.

 TF AH00827

0.10



 
 
 
 

  

Figure 52: RTD method using string length 1.  

 TF X58533.

 TF S95936.

 TF D38380.

 LF NM 0023

 LF X78902.

 LF AJ00520

 LF X57084.

 LF AJ13167

 LF M92089.

 LF NM 0085

 TF D88801.

 TF L20313.

 TF D89088.

 TF D89089.

 TF D89090.

 TF D89085.

 TF D89091.

 TF D89083.

 TF D89084.

 TF D89086.

 TF U02564.

 TF AF09251

 TF X54530.

 TF AH00827

0.10



 
 
 
 

  

Figure 53: BBC method. 

 

 

 

 

 

 

 

 TF X58533.

 TF S95936.

 TF D38380.

 LF AJ13167

 LF NM 0085

 LF AJ00520

 LF M92089.

 TF X54530.

 TF D88801.

 TF L20313.

 TF D89091.

 TF D89088.

 TF D89089.

 TF D89090.

 TF D89083.

 TF D89084.

 TF D89085.

 TF D89086.

 TF AH00827

 TF U02564.

 LF NM 0023

 LF X78902.

 TF AF09251

 LF X57084.

0.0100



 
 
 
 
 

Figure 54: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
24 Eutherian mammal sequences. 

 

As shown in Figure 49 generated by our method, we can observe that all transferrin 
sequences (red) were clustered into two distinct clades, except rabbit transferrin sequence 
which was grouped with lactoferrin class. Similarly, all lactoferrin sequences (green) were 
clustered together, except mouse lactoferrin sequence which was grouped with transferrin 
class.  However, the trees (Figures 50, 51, 52 and 53) generated by other methods could not 
cluster the sequences properly as our method. Moreover, the AUC of our method is 0.63 
(Figure 54). 

 

 

 

 

 
 

 

 

Dataset→  24 Eutherian mammal 

Methods↓ 
                          
AUC↓ 

Running 
time↓ 

CV method 0.539058 <1s 

FFP method 0.717816 <1s 

RTD method 0.727413 <1s 

BBC method 0.685147 <1s 

Our method 0.627617 <1s 



 
 
 
 

 
Phylogenetic tree on 40 bacterial isolates sequences. 

 
 

 

staph firmi bacilli bacillales staphy, Clase A1 (out group) RN d26

p agglo proteo gamma entero entero IDO d10

p agglo proteo gamma entero entero TKW 56

p agglo proteo gamma entero entero KEK 42

p agglo proteo gamma entero entero TKW 32

p agglo proteo gamma entero entero IDO d5

p agglo proteo gamma entero entero KEK 47

p agglo proteo gamma entero entero KJ 38

p agglo proteo gamma entero entero TKW 51

p agglo proteo gamma entero entero KEK 45

p agglo proteo gamma entero entero TKW 33

p agglo proteo gamma entero entero TKW 28

xantho proteo gamma xantho xantho KJ 40

p agglo proteo gamma entero entero FN 10

xantho proteo gamma xantho xantho FN 24

P agglo proteo gamma entero entero TKW 31

P agglomerans proteo gamma entero entero TKW 53

brevibacillus firmi bacilli bacillales paeni KJ 37

P agglomerans proteo gamma entero entero KEK 44

curtobacterium actino actino actino micro KJ 41

luteibacter proteo gamma xantho rhodano IDO 14

knoellia actino actino actino intra KJ 6

pseudo proteo gamma pseudo pseudo KJ 35

P anthophila proteo gamma entero entero KEK 46

curtobacterium actino actino actino micro TKW 29

xantho proteo gamma xantho xantho KJ 3

Clade A2
Clade A

pantoea agglo proteo gamma entero entero IDO d21

pantoea agglo proteo gamma entero entero RN d3

pantoea agglo proteo gamma entero entero FN 48

curto planta actino actino actino micro FN 23

pantoea agglo proteo gamma entero entero  IDO 15

pantoea allii proteo gamma entero entero RN 17

xantho proteo gamma xantho xantho KJ 5

bacilus firmi bacill bacill bacillaceae RN d17

curto planta actino actino actino micro IDO d6

microbacterium actino actino actino micro KJ 34

curto plantarum actino actino actino micro TKW 27

pseudomonas psychro proteo gamma pseudo pseudo TKW 52

methylobacterium proteo alpha rizobiales methylobacteria KJ 2

bacillus firmi bacilli bacilla bacillace KJ 36

Clade B

0.0100



 
 
 
 

Figure 55: Our method. 

 

Figure 56: CV method using string length 3. 

 1 Staphylo

 1 Brevibac

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 4 Pseudomo

 3 Curtobac

 5 Xanthomo

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 6 Methylob

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 1 Bacillus

 5 Xanthomo

 5 Luteibac

 2 Pantoea

 2 Pantoea

 3 Curtobac

 1 Bacillus

 2 Pantoea

 3 Curtobac

 3 Curtobac

 5 Xanthomo

 3 Curtobac

 2 Pantoea

 4 Pseudomo

 3 Microbac

 5 Xanthomo

 3 Knoellia

0.050



 
 
 
 

1 →Bacillales, 2→Enterobacteriales, 3→Actinomycetales, 4→Pseudomonadales, 
5→Xanthomonadales, 6→Rhizobiales. 

 

Figure 57: FFP method using string length 7. 

 1 Staphylo

 4 Pseudomo

 1 Brevibac

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 3 Curtobac

 5 Xanthomo

 5 Xanthomo

 5 Xanthomo

 5 Luteibac

 3 Curtobac

 3 Knoellia

 2 Pantoea

 2 Pantoea

 2 Pantoea

 3 Curtobac

 2 Pantoea

 2 Pantoea

 3 Curtobac

 3 Curtobac

 1 Bacillus

 4 Pseudomo

 1 Bacillus

 5 Xanthomo

 3 Microbac

 6 Methylob

0.10



 
 
 
 

1 →Bacillales, 2→Enterobacteriales, 3→Actinomycetales, 4→Pseudomonadales, 
5→Xanthomonadales, 6→Rhizobiales. 
 

 

Figure 58: RTD method using string length 1. 

 1 Staphylo

 4 Pseudomo

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 5 Xanthomo

 5 Xanthomo

 1 Brevibac

 2 Pantoea

 3 Curtobac

 2 Pantoea

 5 Luteibac

 3 Knoellia

 3 Curtobac

 5 Xanthomo

 2 Pantoea

 2 Pantoea

 2 Pantoea

 1 Bacillus

 2 Pantoea

 3 Curtobac

 2 Pantoea

 3 Curtobac

 3 Microbac

 3 Curtobac

 6 Methylob

 1 Bacillus

 4 Pseudomo

 5 Xanthomo

 2 Pantoea

0.020



 
 
 
 

1 →Bacillales, 2→Enterobacteriales, 3→Actinomycetales, 4→Pseudomonadales, 
5→Xanthomonadales, 6→Rhizobiales. 

 

Figure 59: BBC method. 

1 →Bacillales, 2→Enterobacteriales, 3→Actinomycetales, 4→Pseudomonadales, 
5→Xanthomonadales, 6→Rhizobiales. 

 1 Staphylo

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 2 Pantoea

 1 Brevibac

 2 Pantoea

 3 Curtobac

 4 Pseudomo

 5 Luteibac

 2 Pantoea

 3 Curtobac

 3 Knoellia

 5 Xanthomo

 5 Xanthomo

 5 Xanthomo

 1 Bacillus

 2 Pantoea

 2 Pantoea

 2 Pantoea

 3 Curtobac

 2 Pantoea

 2 Pantoea

 4 Pseudomo

 1 Bacillus

 3 Curtobac

 3 Curtobac

 3 Microbac

 5 Xanthomo

 6 Methylob

0.0100



 
 
 
 

 
 
 

 
Figure 60: Receiver operating characteristic curve (ROC) and Area under the ROC Curve on 
40 bacterial isolates sequences. 

 

 

Our 40 bacterial sequences belong to 11 genera and 16 species. We compared our method 

with four different techniques and observed little variation in their clustering pattern (Fig. 55-

60) except CV method. The 40 bacterial species for AUC were numbered at order level and 

all the methods except CV, clustered order Enterobacteriales alike. AUC values from the five 

approaches range from 0.618 to 0.756 with the lowest for method CV and highest for BBC. 

Although BBC method has the highest AUC value but its clustering pattern to similar to our 

method (AUC=0.653).  

 

 

 

 

Dataset→  40 bacterial isolates 

Methods↓ 
                          
AUC↓ 

Running 
time↓ 

CV 
method 0.618372 

<1s 

FFP 
method 0.692213 

<1s 

RTD 
method 0.624117 

<1s 

BBC 
method 0.756011 

<1s 

Our 
method 0.653343 

<1s 
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