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Short Sequence in L1 Region of Human Papillomaviruses Correlates with Clinical
Pictures and Grouping by Cross-hybridization
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A consensus primer-mediated polymerase chain reaction devised to amplify a short sequence in L1
region (L1-PCR) efficiently detected genital human papillomaviruses (HPVs) in clinical materials.
Nucleotide sequencing of the amplified fragment showed that L1-PCR is also applicable to hitherto
unsequenced HPVs. By comparing the amplified 210 nucleotides HPVs were classified into six
groups, which are consistent with clinical pictures and a grouping based on cross-hybridization under

the stringent condition.
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Human papillomaviruses (HPVs) have been classified
according to nucleic acid homology. By definition, if
there is less than 509 cross-hybridization when tested by
reassociation in the liquid phase, the DNAs are assigned
to different types."” Sixty-six different types have been
identified so far” and about one third of them are so-
called genital HPVs. For simplifying the diagnosis of
genital HPV infection, we and others have developed
assay systems employing consensus (general) primer-
mediated polymerase chain reaction (PCR).>"” The PCR
for L1 region (L1-PCR) that we described previously
could amplify and type at least nine genital HPVs (HPV
types 6, 11, 16, 18, 31, 33, 42, 52 and 58).” We could
identify the types in 87% of HPV-positive clinical speci-
mens by restriction mapping but the remaining 13%
could not be assigned to any sequenced type and was
tentatively grouped as type X. Table I shows the clinical
status of the patients from whom type X DNA fragments
were amplified. All these type X DNAs could be
amplified by the combination of L1C1 (5-CGTAAA-
CGTTTTCCCTATTTTTTT-3") and L1C2 (5°-TACC-
CTAAATACTCTGTATTG-3") primers.” LI1-PCR’
using a combination of L1C1 and modified L1C2 (5'-
TACCCTAAATACCCTATATTG-3')7’ could also am-
plify all these, although the amplification of X04 was
slightly weaker (data not shown). The amplified frag-
ments were subcloned into Bluescript SK(+) (Strata-
gene) at the Sma I site. Double-stranded DNA sequenc-
ing was performed with sequenase (USB) on both
strands using T7 or T3 primers (Stratagene). Fig. 1
shows the sequences sandwiched by the primers. The
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pairs X01 and X035, X02 and X10, and X06 and X07 each
shared identical nucleotide sequences; each pair of se-
quences will be referred to as X01, X02 or X06. X08 was
different from X06 at only 4 out of 211 bases (98.1%
identity), all of which were silent mutations. Since the
frequency of mismatched base is much higher than the
estimated error frequency of Taq polymerase,® and since
the highest nucleotide identity in this region among
sequenced HPVs is 90.4% (see below), X08 is probably a
variant of X06. X04 had one base difference from type
35.9 Identity of 207 out of 208 bases (99.5% identity)
suggested that X04 is type 35, possibly a variant. Conse-
quently, X01, X02, X03, X06, X09 and X11 were isolates
which could not be assigned to any HPVs so far
sequenced.

The frame starting at the second base in Fig. 1 is the
coding frame of L1. About 210 bases (from the second to
the last base of each shown in Fig. 1) of type X and the
corresponding region of sequenced HPVs were compared
using a computer program, GAP (Genetics Computer
Group), which is based on an algorithm of Needleman
and Wunsch.'® Table II shows the percent nucleotide
identity. Among the sequenced HPVs the lowest nucleco-
tide identity was 50.7% between types la and 35. The
highest was 90.49% between types 6b and 11. By setting
an agbitrary borderline at around 75% nucleotide iden-
tity, the sequenced HPVs could be classified into six
groups as follows, type la; types 5, 8 and 47; types 2a and
57; types 6b and 11; types 16, 31, 33, 35 and 58; types 18
and 39. Type la is associated with cutaneous lesion
(verrucae plantares).'”’ Types 5, 8 and 47 have been
grouped into cutaneous type associated with a rare he-
reditary disease, epidermodysplasia verruciformis.'>"
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Table I. Clinical Status of the Patients from whom Type X
HPVs Were Amplified

Clinical status

HEV types Site of origin Diagnosis
X01 Cervix Moderate dysplasia
X02 Cervix Carcinoma In situ
X03 Cervix Carcinoma in situ
X04 Cervix Invasive carcinoma®
X05 Cervix Normal cervix?
X06 Cervix Normal cervix
Xa7 Cervix Normal cervix
X038 Cervix Normal cervix
X09 Vulva Invasive carcinoma
X10 Cervix Moderate dysplasia
X11 Cervix Invasive carcinoma

a) Invasive squamous cell carcinoma.
b) Cytologically normal cervix.

Types 2a and 57, highly homologous to each other,”
have been grouped as ambivalent HPVs causing both
cutaneous and mucosal lesions.'® Others are genital
HPVs: Types 6b and 11'"'® have been grouped into
benign condyloma-associated type, while types 16, 31, 33,
35 and 587" and types 18 and 397" have been shown
to be associated with invasive carcinomas. Thus, group-
ing on the basis of the nucleotide identity in such a short
region in L1 was consistent with the grouping by cross-
hybridzation uneder stringent conditions using whole
genomes.”® Although type 33 and type 39, respectively,
have been classified as separate from others by cross-hy-
bridization, nucleotide sequencing of the whole genome
suggested similarity between types 33 and 16" and be-
tween types 39 and 18.% Therefore, grouping by the 210
nucleotide sequence in L1 region accords better with the
results of nucleotide sequencing of the whole genome
than the cross-hybridization.

Table IT also shows a comparison of type X DNAs.
X03, X02 and X11 had nucleotide identity higher than
75% with type 39, while the latter two were also highly
homologous to type 18. X01, X06 and X09 had around
60-70% identity with each other and with sequenced
HPVs listed in Table II. Type X DNAs probably repre-
sent new or cloned but yet unsequenced HPVs. Fig. 2
shows the tree representation of the nucleotide sequence
relationship obtained by using the computer programs
PILEUP (which is essentially GAP) and FIGURE (Ge-
netics Computer Group) (similar analysis based on
amino acid sequences gave essentially the same results).
Twenty-one types of HPV were again classified into six
groups. L1-PCR is applicable to four genital HPV
groups. X01 which was detected in moderate dysplasia
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GCAGATGGCG ACGTGGCGGC CTAGTGAAAA TAAGGTGTAT CTACCTCCAA
02 GCAGATGGCA TTGTGGCGCT CTAGCGACAA CATGGTGTAT TIGCCTICCLC
X03 ACAGATGGCT CTATGGCGTT CTAGTGACAA CAAGGIGTAT CTACCTCCAC
X04 GCAGATGICT CTGTGGCGGT CTAACGAAGC CACTGTCTAC CTIGCCTCCAG
X106  GCAGATGGCT TTGTGGCGGC CTGGTGACGG CAAGGTATAC CTGCCTCCCA
%08 GCAGATGGCT TTGTGGCGGC CTGGTGACGG CAAGGTATAC CTGCCTECCA
X089 ACAGATGGCA TTGTGGCGCA CTAATGACAG CAAGGTGTAT TTGCCACCTS
1! ACAGATGGCT TIGTGGCGGT CTAGTGACAA CACGGTGTAT TTGCCACCCE

51 100
X0l CACCTGTTTC AAAGGTTGTG GCAACGGATT CCTATGTGAA ACGCACTAGT
%02 CCTCAGTGGC GAAGGTTGTC AATACAGATG ATTACGTAAC ACGCACTGGC
X023 CTTCGGTAGC TAAGGTTGTC AGCACTGATG AGTATGTCAC CCGTACCAGT
X04 TGTCAGTGTC TAAGGTTGTT AGCACTGATG AATATGTAAC ACGCACAAAC
06 CTCCTGTGTC CAAAGTTTITA AGTACGGACC GCTATGTCCA GCGTACCAAC
¥08 CTCCIGTGTC CAAAGTTTTA AGTACGGACC GCTATGTCCA GCGTACCAAC
¥09 CACCIGTGTC TCGAATTIGTG AATACAGAAG AATATATCAC ACGCACCGGC
11 CTICIGTGGC GAAGGTTGTC AATACAGATG ATTATGTAAC ACGTACAGGC

1¢1 150
K01 ATATITTATC ATGCAGGCAG TTCACGATTG CTTGCCGTAG GACATCCCTA
X02 ATITATTACT ATGCIGGTAC ATCTAGGTTA TTAACTGTAG GCCATCCATA
X083 ATTITCTACC ACGCAGGCAG TTCGAGACTT CTTACAGTTG GACATCCATA
%04 ATCTACTAIC ATGCAGGCAG TTCTAGGCTA TTAGCTGTGG GTCACCCATA
X06 CTGTACTATT ATGGAGGCAG CTCCCGCCTT ATTACAGTTG GCCACCCTTA
K0B CTATACTATT ATGGAGGCAG CYICCCGCCTT ATTACAGTTIG GTCACCCITA
X00 ATATATTACT ATGCAGGCAG TICCAGACTA ATTACATTAG GACATCCCTA
K11 ATATATTATT ATGCTGGAAG CECTCGCTTA TTAACAGTAG GGCATCCTTA

151 . 200
X01 TTACTCTIGIG ACT...... A AGGACAATAC CAAAACAAAC ATTCCCAAAG
K02 TTTTAAGGTC CCT...ATGT CTGGGGGCCG CAAGCAGGAC ATTCCTAAGG
X03 TTTTAAAGTA CCT...AAAG GTGGTAATGG TAGACAGGAT GTTCCTAAGG
X04 CTATGCTATT AAA...AAAC AAGATTCTAA TAAAATAGCA GTACCCAAGS
X06 TTATACTGTA CAGGTCAATG GTGCTAACAA AAAGGCCAAC ATACCTAAGS
X08 TTATACTGTA CAGGTTAATG GTGCTAACAA AAAGGCCAAC ATACCTAAGG
X09 TTITCCACTA CCT...... A AAACCTCAAC GCGTGCTGCT ATTCCTAAAG
X11 TYTTTAAGGTA CCTGTA...A ATGGTGGCCG CAAGCAGGAA ATACCTAAGG

201 2l
X01 TTAGTGCATA
I0Z TGTCTGCATA
X032 TGTCTGCATA
104 TATCTGGITT
K06 TATCAGGGTA
X08 TATCGGGGTA
109  TATCTGCATT
$11 TGTCTGCATA

—_ e = £ - -

Fig. 1. Alignment of the nucleotide sequences of type X
DNAs. Dots were inserted to maximize the homology.

and normal cervix was grouped with types 6b and 11.
X06 which was amplified from normal cervix was
grouped with types 2a and 57, X02, X03, X09 and X11
which were from carcinomas were grouped with types 18
and 39. Thus, L1-PCR is not only an efficient and simple
method for detecting and typing HPVs but also its prod-
ucts can be used for grouping.

In order to examine whether this correlation is partic-
ular to this region or not, we used PILEUP and com-
pared respective nucleotide sequences corresponding to
the open reading frames (ORFs) E1, E6, E7, L1 or L2 of
HPVs types la, 2a, 5, 6b, 8, 11, 16, 18, 31, 33, 39, 47 and
57. These HPV types were grouped into six groups
roughly as above for all the ORFs examined (data not
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Table I1. % Nucleotide Identity

1a 2a 5 6b 8 11 16 18 31 33 35 39 47 57 58 XD1 X02 X03 X06 X09 X11
1a 53.2 587 57.7 59.7 566 552 517 57.2 535 507 51.2 60.7 53.7 532 547 51.7 592 522 542 532
2a 532 61.3 68.7 61.8 70.8 652 66.2 88.1 69.1 71.1 66.7 637[89.7]69.1 601 627 69.1 721 62.7 63.2
5 587 613 57.1[81.4]576 58 628 80.4 60.4 504 61.4[833]58.5 50.4 57.4 59.4 61.4 61.4 57.4 53.4
6b 577 68.7 57.1 S856|90.4] 723 67.7 73.8 723 66.7 70.8 58.1 68.2 70.3 68.7 63.6 67.7 68.7 651 86.7
8 537 61.8(81.4|5a8 621 633 556 61.4 63.3 59.4 60.9[857]60.4 61.4 60.3 589 61.4 60.9 61.4 556
11 58.6 70.8 57.6|90.4]62.1 728 656 73.3 71.8 71.3 69.7 59.6 69.2 70.3 73.3 641 67.7 667 €56 546
16 552 652 58 723 633 728 61.8|80.7|82.1|76.8| 63.7 51.8 68.1 66.2 60.9 657 64.3 68.2 61.8
18 51.7 B6.2 82.8 67.7 556 65.6 61.8 65.7 64.7 63.3|78.7]56.5 84.7 67.2 66.2[758]72.9 65.7 66.2[81.2]
31 572 681 604 73.8 61.4 73.3[80.7]65.7 7a.8[77.8]64.7 625 69.6175.2|67.2 647 69.6 638 67.2 €5.7
33 535 69.1 604 72.3 83.3 71.8[82.1]|647[748 75.8|64.3 62.8 71.4[80.5}627 61.8 672 63.8 66.2 62.3
35 507 711 59.4 667 59.4 71.3|76.8|63.3[77.8|758 85.2 609 69.1|77.8|62.3 61.8 647 64.7 61.3 63.3
39 512 667 614 70.8 60.9 697 63.7|78.7]64.7 64.3 652 60.4 67.2 67.2 68.6(86.0[76.3] 681 1.1
47 607 637[e33]58.1[85.7]59.6 618 565 62.3 628 §0.9 60.4 81.8 61.4 60.8 59.4 60.9 63.8 58.8 585
57 537[89.7|585 68.2 604 692 68.1 B47 696 71.4 69.1 67.2 618 705 68.6 61.8 676 725 627 652
58 532 691 50.4 70.3 61.4 70.3[82.6l67.2|75.2|80.5177.8|67.2 614 705 627 63.8 62.7 B4.3 65.7 63.8
X01 547 69.1 57.4 687 B0.3 73.3 662 66.2 67.2 827 623 68.6 80.8 €8.5 627 632 68.1 B4.2 64.7 647
X02 517 627 594 63.6 58.9 841 609[758]64.7 618 61.8]86.0]59.4 61.8 638 632 725 62.8 69.6[86.5]
X03  59.2 89.1 61.4 67.7 61.4 7.7 657 72.9 69.6 67.2 64.7|76.3|609 67.6 627 68.1 725 667 69.6 73.9
X06 522 721 61.4 687 60.9 66.7 64.3 657 63.8 63.8 647 681 638 725 64.3 642 62.8 66.7 83.7 71.0
X086 542 627 57.4 651 61.4 655 662 66.2 67.2 66.2 61.3 711 588 627 657 647 69.6 69.6 83.7 70.6

X11 532 632 504 667 556 646 618[812]657 62.3 633[88.9]585 65.2 63.8 64.7[865]739 71.0 70.6
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shown). Therefore, it appears that the similarity of nucle-
otide composition among the members of the same group
is widespread over the genome, These results are consis-
tent with the hypothesis that a primordial HPV diverged
first into several prototypes which diverged further there-
after.

Fig. 2. A iree representation of clustering relationships of the
nucleotide sequences. Numbers represent the corresponding
HPYV types. Boxed: HPV types which are amplified by L1-PCR.
% : HPV types which are not amplified by L1-PCR. **: HPV
types for which L1-PCR has not been tested. Although there
may be an argument that type 2a should not be included among
genital HPVs, it was included here to show the close relation-
ship with type 57. The nucleotide numbers used for comparison
are as follows, type 1a, 1887-2087; type 2a, 5787-5990; type 5,
5914-6123; type 6b, 5786-3983; type §, 5848-6057; type 11,
5768-5965; type 16, 5634-5840; type 18, 5610-5816; type 31,
5549-5758; type 33, 5591-5800; type 35, 5571-5777; type 39,
5640-5846; type 47, 5900-6109; type 57, 5748-5954; and type
58 The nucleotide numbers are those used in the
GENBANK and EMBL data bases.
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