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Base compositions from 1,278 complete Alphapapillomavirus 9 genomes standardized to equal representation 
by HPV type superimposed on phylogenetic trajectories from the directional-drift (nhPhyML) estimate of the 
ancestral composition for the species. 

G+C content superimposed on the first 
principal component of base compositions 
(see Figure 5) from 1,278 complete 
Alphapapillomavirus 9 genomes.



Maximum Likelihood site-by-site direct examination of ancestral nucleotide site 
transformations from suites of aligned complete genomes across lineages and 
variants within alpha9 types. Number of nucleotide transformations corresponding 
to gains and losses of CpG and APOBEC3 sites (in red) as well as the ratio of their 
sum to the total of all nucleotide transformations (in blue) are denoted on each 
branch subtending each distinct subtype lineage. 

HPV33 M12732 A
HPV33  LNS9453833 A
HPV33  RW702 A

HPV33  BF266 A
HPV33  Qv35834 A

HPV33  67B A
HPV33  Z84 A

HPV33  65C A
HPV33  65B A
HPV33  65A A

HPV33  Qv22751 A
HPV33  Qv32494 A

HPV33  RW926 A
HPV33  AS099 A

HPV33  Qv06895 A
HPV33  Qv18347 A

HPV33  Qv34189 C
HPV33  BF131 C
HPV33  Qv23819 C

HPV33  Z066 C
HPV33  IN241890 C

HPV33  RW136 C

HPV33  LZcc12 B
HPV33  Qv32431 B

HPV33  INJP06456 B
HPV33  INCC0137 B
HPV33  Qv34060 B

0.0005 substitutions/site

+/- 1 CpG
+/- 3 APOBEC dna edits

=+2 CpG
-1 CpG

+7 APOBEC
+3 APOBEC dna edits = -3 APOBEC

-3 APOBEC
+1 proTLR9

+3 conTRL:9

4/14

19/57

HPV33

HPV58  ZWE051402 D2
HPV58  Rw63 D2

HPV58  Rw697 D2
HPV58  Rw841 D2

HPV58  ZWE064436 D2
HPV58  ARGP00138 D1
HPV58  Qv03841 D1
HPV58  Qv04732 D1

HPV58  ZWE044033 C
HPV58  ZWE054176 C
HPV58  Rw644 C

HPV58  ZWE062097 C
HPV58  Z094 C

HPV58  ZWE043998 B2
HPV58  ZWE051089 B2

HPV58  LNS6048641 HPV58 B2
HPV58  Rw754 B2

HPV58  Rw937 B2
HPV58  LNS7384732 HPV58 B1
HPV58  BF134 B1
HPV58  LNS5390598 HPV58 B1

HPV58  Z023 B1
HPV58  QE01132 A3
HPV58  JPNJ00739 A3
HPV58  THA00468 A3

HPV58  QE00150 A3
HPV58  KORK00043 A3
HPV58  KORK00064 A3
HPV58  TK127 A3

HPV58  QE01538 A2
HPV58  KORK00025 A2
HPV58  SW006 A2
HPV58  SW007 A2
HPV58  KORK01712 A2

HPV58  K0899 A2
HPV58  LNS0937074 HPV58 A2

HPV58  ZWE047402 A1
HPV58  ZWE058771 A1
HPV58  K0897 A1

HPV58  QE00190 A1
HPV58  TW00060 A1

0.0005 substitutions/site

+2 APOBEC

-3 CpG
+3 APOBEC
-3 APOBEC

+3 CpG
-2 CpG

+3 APOBEC
+1 pro TLR9

+/-9 CpG
+/- 7 APOBEC

+2 CpG
-1 CpG

+3 APOBEC

+1 CpG
+1 pro TLR9

+1 CpG

+1 CpG
+1 APOBEC

+3 CpG
-1 CpG

+3 APOBEC
-2 APOBEC

+1 CpG
+1 APOBEC
-1 APOBEC

+1 pro TLR9

+1 APOBEC
-1 APOBEC

+! CpG
-1 CpG

+2 APOBEC

+1 G-duplex
+/- 1 pro TLR9

-1 G-duplex

+1 G-duplex

18/38

1/9

2/9

9/20

4/12

2/6

5/27

2/16

7/25

9/17

1/4

9/20

HPV58

HPV31 LNS8465006 HPV31 C3

HPV31 LNS7384732 HPV31 C3

HPV31 HQV00693 C3

HPV31 QV12357 C3

HPV31 LNS0937074 HPV31 C2

HPV31 QV14043 C2

HPV31 295 C2

HPV31 BF363 C1

HPV31 LNS7112916 HPV31 A1

HPV31 LNS6001593 HPV31 A1

HPV31 J04353.1 A1

HPV31 118A.31 A1

HPV31 QV00168 A1

HPV31 IN221709 A2

HPV31 QV14117 A2

HPV31 LNS6584190 HPV31 B2

HPV31 QV05335 B2

HPV31 IN231831 B2

HPV31 VBD13/14 B2

HPV31 114B B2

HPV31 RW687 B2

HPV31 HQV06582 B1

HPV31 QV03876 B1
0.0005 substitutions/site

+2 APOBEC

2 APOBEC dna edits (-2 APOBEC)

2 APOBEC dna edits (-2 APOBEC)
-2 APOBEC
+1 APOBEC

+/-4 CpG
+/- 14 APOBEC
+/1 G-duplex +1 con TLR9

+6 APOBEC
-1 APOBEC

-1 G duplex

+1 APOBEC
-1 APOBEC

-1 G-duplex-1 CpG
+4 APOBEC
-2 APOBEC

-1 G-duplex
-1 pro TLR9

+1 CpG
+2 APOBEC
-1 APOBEC

+1 pro TLR9

21/43

2/7

5/9

8/18

1/3

2/4

9/23

1/5

5/10

HPV31

HPV52 Qv07294 D

HPV52 Qv18359 D

HPV52 Qv02124 D

HPV52 65A A1

HPV52 Z096 A1

HPV52 Rw846 A1

HPV52 Qv17972 A1

HPV52 PAP3163 A1

HPV52 PAP2484 A1

HPV52 Qv15145 A2

HPV52 Qv17844 A2

HPV52 PAP1348 A2

HPV52 PAP2426 A2

HPV52 Qv00615 C

HPV52 Qv03719 C

HPV52 Qv05867 C

HPV52 IN141070 B2

HPV52 Qv00585 B1

HPV52 Qv03594 B1

HPV52 PAP3497 B1
0.001 substitutions/site

3 APOBEC DNA EDIT = -3 APOBEC
-9 CpG
+8 CpG
- 7 APOBEC
+5 APOBEC
+2 Pro TLR9

-1 CpG
+1 CpG

+1 APOBEC

-1 CpG
+1 CpG

+2 APOBEC

+2 CpG
+3 APOBEC

-4 CpG
+1 CpG

+3 APOBEC

-1 CpG

+2 APOBEC
+1 con TLR9

+1 con TRL9
-2 CpG
+1 APOBEC

34/104

3/6

4/17

5/11

11/27

7/12

HPV52

MG850337.1 NCI 256757 A1 control
MG848522.1 NCI 114643 A1 CIN2

MG849447.1 NCI 189694 A1 CIN3
MG850149.1 NCI 242869 A1 Cancer

MG850155.1 NCI 243277 A1 CIN2
MG849149.1 NCI 167040 A1 control
MG850511.1 NCI 273209 A1 CIN2

MG847940.1 NCI 2292 A1 control
MG849227.1 NCI 172474 A1 Cancer

MG847658.1 NCI 0329 A1 Cancer
MG850784.1 NCI 295322 A1 CIN2

MG850687.1 NCI 287165 A1 CIN3
MG848008.1 NCI 2452 A1 CIN3

MG848216.1 NCI 3153 A3 Cancer
MG850324.1 NCI 256247 A3 CIN2

MG849534.1 NCI 197025 A3 control
MG849815.1 NCI 218253 A3 CIN3

MG847748.1 NCI 1101 A3 Cancer
MG848901.1 NCI 148071 A3 control
MT316233.1 DL0103226 A3 Cancer

MG849545.1 NCI 198020 A3 CIN2
MG850720.1 NCI 290655 A3 CIN2

MG850787.1 NCI 295656 A3 CIN3
MG848415.1 NCI 105859 A3 control

MG849781.1 NCI 216497 A2 CIN2
MG847869.1 NCI 2147 A2 control
MG848372.1 NCI 102156 A2 CIN2
MG848920.1 NCI 149729 A2 CIN3

MG850055.1 NCI 236377 A2 control
MG848194.1 NCI 3052 A2 CIN3

MG848703.1 NCI 131154 A2 control
MG847861.1 NCI 2131 A2 control

MT316222.1 DL0041379 A4 Cancer
MG849052.1 NCI 159899 A4 CIN2
MG847626.1 NCI 0077 A4 CIN3
MG850805.1 NCI 296934 A4 CIN3

MG848777.1 NCI 137309 A4 control
MG847945.1 NCI 2306 A4 control

MG850361.1 NCI 259103 A4 CIN2
MG849304.1 NCI 178572 A4 CIN2

MG847952.1 NCI 2315 A4 control
MG848021.1 NCI 2490 A4 CIN3

HQ644298 Z109 HPV16 B2
KU053915 IARC1100085 HPB16 B2

KU053911 IARC303912 HPV16 B2
MG850657.1 NCI 284190 B1 CIN2

MG847934.1 NCI 2283 B1 control
MG849326.1 NCI 180673 B1 CIN2

MG849089.1 NCI 163064 B1  CIN3
MG848320.1 NCI 3573 C Cancer

MG848798.1 NCI 138772 C CIN2
MG850286.1 NCI 253245 C CIN3

MG848262.1 NCI 3387 C CIN3
MG848649.1 NCI 126154 C CIN2

MG848710.1 NCI 131676 C CIN2
MG850381.1 NCI 261589 C control

MG850531.1 NCI 274737 D3 Cancer
MG850691.1 NCI 287805 D3 CIN2
MG849679.1 NCI 209541 D3 control

MG847805.1 NCI 1675 D3 Cancer
MG847998.1 NCI 2438 D3 CIN3

MG847916.1 NCI 2250 D3 control
MG849092.1 NCI 163250 D3 CIN2

MG848385.1 NCI 103282 D3 CIN3
MG848693.1 NCI 130494 D3 CIN2

MG850426.1 NCI 265949 D2 CIN3
MG847663.1 NCI 0372 D2 CIN3

0.0005 substitutions/site

-1 CpG
-1 APOBEC
+1 G-duplex

+/- 13 CpG
+/- 3 APOBEC

+1 CpG

-1 APOBEC

+1 CpG = +1 pro TLR9

-1 CpG

+2 CpG
+1 APOBEC

+1 CpG
-1 CpG

+1 CpG
-1 CpG

-1 APOBEC

-4 CpG 
   incl -1 pro TLR9
-1 con TLR9
+1 CpG
+1 G-duplex

+3 CpG
 APOBEC dna edit = -1 APOBEC

-1 APOBEC
+ 1 con TLR9

+2 CpG
-2 CpG

-3 APOBEC
+1 APOBEC

+1 CpG

A1

A3

A2

A4

B2

B1

C

D3

D2

+1 G-duplex
(non-coding)

1/5

1/4

1/2

1/4

1/1216/71
3/6

3/11

2/8 7/22

6/23

8/29

1/12

3/10

1 APOBEC dna edit 
= -1 APOBEC

HPV16

HPV35 M74117 A1

HPV35  PAP290906 A1

HPV35  UA892 A1

HPV35  IARC1220350CH A1

HPV35  IARC901912AL A1

HPV35  Zimbabwe 2017 621 A2

HPV35  UA151 A2

HPV35  IARC1102727NI A2

HPV35  PAP208818 A2

HPV35  IARC1110851GU A2

HPV35 IARC1180806IN B

HPV35 IARC1181583IN B

HPV35 IARC815712IN B 0.001 substitutions/site

HPV35

-1 APOBEC

+2CpG
-1 APOBEC

+/- 4 CpG
+/- 6 APOBC dna edits

+/- 6 APOBEC
+/- 1 pro TLR9
+/- 1 con TLR9

1/8

1/4

18/34


