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BK virus (BKV) genotyping has been historically based on nucleotides 1744 to 1812 in the VP1 gene. We
reevaluated this practice by making BKV whole-genome and gene-specific phylogenetic trees as well as
performing single nucleotide polymorphism (SNP) analysis of 162 sequences available in the public domain.
It was found that currently known BKV subtypes and subgroups can no longer be reliably determined by
sequencing certain partial gene sequences. Phylogenetic trees based on large T-antigen (LTA) allow separation
of subtype I into subgroups Ia, Ib1, Ib2, and Ic, with bootstrap values of 100%, which are better than bootstraps
obtained using VP1 sequences (bootstrap values of 71 to 97%). Subtype IV can be subdivided into subgroups,
but LTA bootstrap values (33 to 80%) are lower than those obtained by whole-genome analysis (68 to 87%).
Subtypes V and VI provisionally identified earlier on the basis of more limited sequence data are better
classified as subgroups Ib2 and Ib1, respectively. LTA positions 3634, 3772, 3934, and 4339 can serve as a
minimal SNP set to distinguish between the four major BKV subtypes. No subtype II-, IVa-, or IVb-defining
SNPs are available in the VP1 gene. However, the overall congruence of viral strain classification based on
either VP1 or LTA phylogenetic analysis indicates that these two areas of the viral genome are genetically
linked. Interstrain genetic recombination between distant loci in the VP1 and LTA areas is not a common event.

Polyomavirus BK (BKV) belongs to the family Polyomaviri-
dae. Virions are 45 nm in diameter, with a 5-kb circular double-
stranded genome. The viral genome is arranged in three gen-
eral regions: the noncoding control region (NCCR), the early
coding region (coding for the small t antigen and large T
antigen [LTA]), and the late coding region coding for the viral
capsid proteins (VP1, VP2, and VP3) and agnoprotein (7, 32).
The NCCR contains the replication origin and regulatory ele-
ments that are important activators of viral transcription. The
LTA promotes viral replication by binding to tumor suppressor
proteins Rb (retinoblastoma) and p53 and stimulates host cell
entry into the cell cycle (8, 12, 28, 38). VP1, VP2, and VP3 are
structural proteins required for the assembly of complete
virions.

Diseases associated with BKV infection include allograft
nephropathy, ureteric stricture, hemorrhagic cystitis, and rare
cases of disseminated infection. The role played by viral
genomic variation in the pathogenesis of these clinical syn-
dromes is not clear. Nonetheless, it has been shown that sub-
type I BKV strains grow more efficiently in human renal epi-
thelial cells than subtype IV strains (26). In mice, specific
mutations in the VP1 region have been associated with in-
creased pathogenicity (2). Hence, there is a need for additional
studies correlating viral subtype with clinical parameters. In
addition, knowledge of viral subtypes is needed for quality
assurance of diagnostic assays performed in molecular biology
laboratories (13). There is evidence that subtypes III and IV do

not amplify well with some PCR primer sets currently in use.
Genotyping is also important for tracing infection trails in
epidemiologic investigations, documenting infections with multi-
ple viral strains, defining the immune response to viral infec-
tion, and designing vaccines with the broadest possible protec-
tion. Finally, biologists use subtypes to study how viruses
originate, spread globally from the point of initial geographical
localization, and evolve into different strains under the forces
of natural selection.

The first genotyping schema for BKV described by Jin et al.
in 1993 was based on a very short segment of the VP1 gene
(nucleotides 1744 to 1812) (15, 16). Four major subtypes (I
through IV) were recognized. As our knowledge of BKV
genomic diversity expanded, difficulties were encountered in
assigning viral strains to existing subtypes (1, 27). Investigators
proposed additional subgroups within the four major subtypes,
such as subgroups Ia and Ib (35); Ic (36); and IVa, IVb, and
IVc (14, 25). Robust biologic and statistical support was not
always available for the proposed subgroups. For example,
Krumbholz et al. analyzed 60 partial VP1 sequences (nucleo-
tides 1163 to 1913) and obtained bootstrap values of only 19 to
22% for separation of subgroups Ia, Ib, and Ic (19). In this
study, we have reviewed all available BKV whole-genome se-
quences and reappraised BKV genotyping schema using phy-
logenetic as well as single nucleotide polymorphism (SNP)
analysis.

MATERIALS AND METHODS

Retrieval of published sequences. Publicly available whole-genome sequences
of 178 BKV strains were retrieved from GenBank according to the published
literature. If the whole-genome sequences of several strains were identical, only
one whole-genome sequence was retained. All data were collected before 1 July
2008. The accession numbers of these 162 unique sequences are V01109,
V01108, M23122, EF376992, DQ989813, DQ989812, DQ989811, DQ989810,
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DQ989809, DQ989808, DQ989807, DQ989806, DQ989805, DQ989804, DQ989803,
DQ989802, DQ989801, DQ989800, DQ989799, DQ989798, DQ989797, DQ989796,
DQ989795, DQ989794, DQ305492, AY628238, AY628237, AY628236, AY628235,
AY628234, AY628233, AY628232, AY628231, AY628230, AY628229, AY628228,
AY628227, AY628226, AY628225, AY628224, AB301103, AB301101, AB301100,
AB301097, AB301096, AB301095, AB301094, AB301093, AB301092, AB301091,
AB301090, AB301089, AB301088, AB301087, AB301086, AB298947, AB298946,
AB298945, AB298942, AB298941, AB269869, AB269868, AB269867, AB269866,
AB269865, AB269864, AB269863, AB269862, AB269861, AB269860, AB269859,
AB269858, AB269857, AB269856, AB269855, AB269854, AB269853, AB269852,
AB269851, AB269850, AB269849, AB269848, AB269847, AB269846, AB269845,
AB269844, AB269843, AB269842, AB269841, AB269840, AB269838, AB269837,
AB269836, AB269834, AB269832, AB269831, AB269830, AB269829, AB269828,
AB269827, AB269826, AB269825, AB269824, AB263938, AB263936, AB263935,
AB263934, AB263932, AB263931, AB263930, AB263929, AB263928, AB263927,
AB263926, AB263925, AB263924, AB263923, AB263922, AB263921, AB263920,
AB263919, AB263918, AB263917, AB263916, AB263915, AB263914, AB263913,
AB263912, AB260033, AB260032, AB260031, AB260030, AB260029, AB260028,
AB217921, AB217920, AB217919, AB217918, AB217917, AB213487, AB211391,
AB211390, AB211389, AB211388, AB211387, AB211386, AB211385, AB211384,
AB211383, AB211382, AB211381, AB211379, AB211378, AB211377, AB211376,
AB211375, AB211374, AB211373, AB211372, AB211371, AB211370, and AB211369.
Sequences were renamed to incorporate the viral subtype as determined by the
submitting investigator. In the older publications, assignment of subtype was
based on restriction fragment polymorphism analysis or the presence of specific
nucleotides at defined locations in the viral genome (15, 17). In more recent
publications, subtype assignment was based on clustering of sequences with
historically defined strains by phylogenetic methods. In all, 105 subtype I strains,
4 subtype II strains, 2 subtype III strains, and 51 subtype IV strains were
analyzed.

Phylogenetic analyses. Analysis was carried out for whole-genome sequences
as well as the coding sequences derived from the agnogene, VP1, VP2, VP3,
small t antigen gene, and LTA gene. The intron of LTA was not included.
Sequence alignments were performed with ClustalW (37) at the EMBL-EBI
website (http://www.ebi.ac.uk/clustalw/) (4) using default parameters, followed
by manual adjustment using known landmarks in the viral genome. Sequences
were numbered using BKV Dunlop as the reference strain (accession no.
V01108) following the system of Seif et al., in which nucleotide position 1 is the
NCCR position next to the start codon of LTA (31). Neighbor-joining (NJ) (30)
trees were constructed with MEGA version 4.1 (20). Divergences were estimated
by Kimura’s two-parameter method. All phylogenetic trees were visualized using
MEGA 4.1 Tree explorer (20). A bootstrap test with 1,000 replicates was used to
estimate the confidence of the branching patterns of the trees (9).

Analysis of gene polymorphisms. Consensus sequences for all subtype- and
subgroup-specific sequences were obtained using the following stringent consen-
sus generation criteria implemented in Sequencher 4.0 (Gene Codes Corpora-
tion, Ann Arbor, MI). (i) Where there was just one sequence, the consensus was
N (rule 1). (ii) Where there were between two and four sequences, if all agreed,
the consensus was the sequence contribution; any unconfirmed position was N
(rule 2). (iii) Where there were between five and seven sequences, if all or all but
one agreed, the consensus was the sequence contribution; any unconfirmed
position was N (rule 3). (iv) Where there were eight or more sequences, if all or
all but one or two agreed, the consensus was the sequence contribution; any
unconfirmed position was N (rule 4).

Based on the number of available subtype- and subgroup-specific sequences,
rule 2 was applied for subtype II/III consensus sequences and rule 4 for subtype
I and IV consensus sequences. Thus, up to two disagreements (including single-
tons which can potentially represent an unfixed random mutation or a PCR
artifact) were ignored in generating a subtype- or subgroup-specific consensus
sequence by rule 4. Consensus sequences were then aligned and evaluated for the
presence of subtype- and subgroup-specific polymorphic sites, which were de-
fined as those where at least two alternate nucleotides were present. Single-
nucleotide differences comparing a string of any two closely aligned sequences
were referred to as SNPs. The term “informative SNP” was applied to a nucle-
otide change which could assist in separating one viral subtype or subgroup from
another. All subtype or subgroup assignments based on the consensus were
manually verified against relevant available genome sequences.

Mapping of gene polymorphisms to VP1 and LTA proteins. BKV VP1 (Swiss-
Prot P03088) and LTA (P03070) were modeled with MODELLER9v1 (23),
using the available tridimensional structures of simian virus 40 (SV40) VP1
(Protein Data Bank code 1SVA) and LTA (Protein Data Bank code 1SVL) (11),
respectively. The identity between template and target sequences varied from
85% (VP1) to 77% (J domain of LTA). The original model was refined by

performing a moderate number (500, as 10 rounds of 50 steps) of adopted basis
Newton-Raphson minimization steps in CHARMm (3). The model was then
analyzed with PROCHECK (21), which detected no geometrical errors.

Analysis of genetic recombination. Subtype- and subgroup-specific SNPs were
extracted, aligned, and examined visually for interstrain recombination. Addi-
tionally, phylogenetic trees made using whole-genome sequences were compared
for incongruencies with respect to trees made with gene specific DNA sequences.
The extent of putative recombination among sequences was further examined in
diversity plots (22). The observed sequence differences between the Dunlop
reference strain (accession no. V01108) and other viral strains were calculated
for windows of 500 sites and moved in steps of 50 nucleotides.

RESULTS

Phylogenetic analyses of whole-genome sequences. Using
whole-genome sequences and the NJ Kimura two-parameter
method, 162 unique viral strains were clustered into previously
defined subtypes I, II, III, and IV with high bootstrap values
(Fig. 1). Subtypes II and III were more closely related to each
other than subtypes I and IV. Subtypes V and VI, previously
defined by us on the basis of more limited sequence data, are
best considered to be subgroups of subtype I and clustered with
Ib2 and Ib1, respectively. Subgroups of subtype I are shown to
be definite phylogenetic entities separated by bootstrap values
of 100%, which are much better than those previously obtained
using more limited sequence information based on the VP1
gene (33). Bootstrap values for subgroups of subtype IV
ranged from 68 to 87%. The phylogenetic analyses performed
are summarized in Fig. 1 to 3 and Table 1.

Phylogenetic analyses of VP1 sequences. All major subtypes
seen on whole-genome analyses were confirmed in phyloge-
netic trees constructed with the complete VP1 gene (Fig. 2).
However, lower bootstrap separation values were obtained for
subtype II (60% for VP1 versus 100% for the whole genome),
Ib (55% for VP1 versus 87% for the whole genome), IVa (34%
versus 83%), and IVc (21% versus 68%). Whereas subgroups
IVb1 and IVb2 clustered together in the whole-genome tree,
IVb2 strains separated out in the VP1 trees and clustered
together with IVc strains (Fig. 2). Thus, to completely define
these subtypes and subgroups, genetic information extending
beyond the VP1 region was needed. Distinctions between ma-
jor subtypes and subgroups blurred further if phylogenetic
trees were made using the 327-bp sequence (nucleotides 1630
to 1956, Dunlop numbering) that has been used in some pub-
lications on BKV genotyping. In particular, it was no longer
possible to distinguish subgroups of subtype IV from each
other. Thus, with a rapidly expanding database of DNA se-
quences, a genotyping schema based entirely on VP1 can no
longer adequately capture the genetic diversity of BKV.

Phylogenetic analyses of LTA sequences. In general, phylo-
genetic trees based on LTA sequences validated BKV major
subtypes and subtypes identified by trees using whole-genome
or VP1 sequences (Fig. 3). In fact, clade separation was better
than that achieved by VP1 trees. Thus, compared to VP1 trees,
LTA trees were associated with higher bootstrap separation
values for subtype II (100% versus 60%), subgroup Ib1 (100%
versus 71%), and IVa (80% versus 34%) (Table 1). Whereas,
IVb2 strains clustered together with IVc strains with a low
bootstrap value (22%) in VP1 trees, subgroups IVb1 and IVb2
clustered together in the LTA trees (bootstrap value of 56%).
These differences reflect the fact that LTA is a larger gene with
more informative sites available than the VP1 gene (Fig. 3). In
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FIG. 1. Phylogenetic tree constructed by the NJ method using BKV whole-genome sequences.
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FIG. 2. Phylogenetic tree constructed by the NJ method using BKV VP1 gene sequences.
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FIG. 3. Phylogenetic tree constructed by the NJ method using BKV LTA gene sequences.
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an effort to reduce the amount of sequence information re-
quired to reliably classify BKV strains, phylogenetic trees were
also constructed with the 1,845-bp sequence of the LTA sec-
ond exon (nucleotides 2722 to 4,566) and a 325-bp sequence
(nucleotides 3148 to 3472) arbitrarily chosen to be of approx-
imately the same size as the VP1 sequence used in many
publications on BKV genotyping. The second exon sequence
was virtually as effective as the entire LTA sequence in sepa-
rating out major clades (Table 1). The 325-bp sequence al-
lowed separation of subtypes I, III, and IV with bootstrap
values ranging from 89 to 100%. However, there was a fall in
bootstrap values associated with subgroups Ib2 (57%) and IVa
(39%). Subtype II and subgroups IVb and IVc could not be
clearly resolved. Thus, BKV phylogeny can not be reliably
determined by sequencing short amplicons that are typical of
current molecular diagnostic assays used in clinical practice.

Phylogenetic analysis of other BKV genes. Agnogene se-
quences are short, with few informative sites, and could not be
used to separate the major BKV subtypes (Table 2). VP2 gene
region sequences could resolve the subtypes but not the sub-
groups. The VP3 gene is located within VP2 gene and contains
most of its informative sites. The portion of VP2 gene that
extends beyond VP3 contains five subtype-specific SNPs (see
below). Phylogenetic trees based on small-T-antigen sequences
can divide BKV into major subtypes and all subgroups of
subtype I but cannot resolve subgroups of subtype IV (data not
shown).

Use of SNPs for determination of BKV subtypes and sub-
groups. DNA sequencing followed by construction of phyloge-
netic trees is not a practical method for BKV typing in a routine
diagnostic laboratory. Therefore, we analyzed all whole-genome
sequences for SNPs that might uniquely identify major BKV
subtypes and subgroups. The locations of all subtype-informative
SNPs are given in Table 2. Table 3 lists subgroup-informative
SNPs within specific subtypes. Tables 4 and 5 specify the actual
nucleotides and amino acids that define these SNPs. Phylogeneti-

cally informative SNPs are available in all genes; the largest num-
ber belongs to LTA, followed by VP1 and VP2/VP3. The LTA
region contains 23 subtype I-, 2 subtype II-, 13 subtype III-, and 34
subtype IV-specific SNPs. Specifically, a 321-bp region spanning
nucleotides 3150 to 3470 (Dunlop numbering) contains several
SNPs that are unique to subtype I, while others are subtype IV
specific. SNPs at positions 1367, 2112, 2370, 2550, 3634, and 4339
(Dunlop numbering) are informative for multiple subtypes and
may be regarded as “super” SNPs. A minimal SNP set encom-
passing LTA positions 3634, 3772, 3934, and 4339 can be used to
distinguish between the four major subtypes of BKV. Within the
VP1 region, 14 subtype I-, 7 subtype III-, and 24 subtype IV-
specific SNPs are found, but none specific for subtype II or sub-
groups of subtype IV are present. Even if whole-genome se-
quence data are considered, there are only five subtype II-specific
SNPs available at this time. Two of these SNPs are located in the
LTA region, and one each is located in the small t, VP2, and
agnogene regions. The majority of the SNPs were synonymous.
Notable exceptions included four SNPs in VP1 (L1766Q,
L1767Q, D1787A, and S1793D), of which two (positions 1787 and
1793) localized to surface loop structures. Additionally, SNPs at
positions 1769 and 1770 resulted in a conservative change (lysine
to arginine) in the 69th amino acid of the VP1 gene, a site
predicted to interact with the cellular receptor for BKV. Noncon-
servative amino acid changes affecting functional domains in the
LTA include those localized to the origin binding domain
(Q4298L, Q4299L, and H4080Y) and the helicase domain
(T3035A and T3036Q).

Recombination analyses. In general, VP1 and LTA sequences
generated phylogenetic trees similar to those obtained with
whole-genome sequences. Absence of mosaicism in the diversity
plots also suggested that major interstrain genetic recombination
events are not a common event for BKV. Based on SNP analysis,
a few potentially recombinant sequences were noted, and two of
these are described as follows:

(i) A subtype II sequence, GBR-12 (AB263920), has three

TABLE 1. Efficiency of bootstrap phylogenetic trees constructed by different BKV regions

Subtype or
subgroup

comparisona

No. of
strains

WGS (1–5153) VP1 (1564–2652) Jin, 327 bp (1630–
1956)

LTA gene (2722–
5153)

LTA 2nd exon
(2722–4566)

LTA, 325 bp (3148–
3472)

BS
(%)b

No. (%) of
strains

correctly
assigned/total

BS
(%)b

No. (%) of
strains

correctly
assigned/total

BS
(%)b

No. (%) of
strains

correctly
assigned/total

BS
(%)b

No. (%) of
strains

correctly
assigned/total

BS
(%)b

No. (%) of
strains

correctly
assigned/total

BS
(%)b

No. (%) of
strains

correctly
assigned/total

Subtypes
I vs II/III/IV 105 100 105/105 (100) 100 105/105 (100) 100 105/105 (100) 100 105/105 (100) 100 105/105 (100) 99 105/105 (100)
II vs III 4 100 4/4 (100) 60 4/4 (100) 39 4/4 (66.7) 92 4/4 (100) 85 4/4 (100) 64 2/4 (50)
III vs II 2 100 2/2 (100) 97 2/2 (100) 94 2/2 (100) 100 2/2 (100) 100 2/2 (100) 89 2/2 (100)
IV vs II/III 51 100 51/51 (100) 100 51/51 (100) 99 51/51 (100) 100 51/51 (100) 100 51/51 (100) 100 51/51 (100)

Subgroups
Ib2 vs Ib1/Ia/Ic 42 100 42/42 (100) 97 42/42 (100) 48 42/42 (100) 100 42/42 (100) 99 42/42 (100) 57 42/42 (100)
Ib1 vs Ib2/Ia/Ic 28 100 28/28 (100) 71 28/28 (100) 34 27/28 (96.43) 100 28/28 (100) 99 28/28 (100) 97 28/28 (100)
Ia vs Ib1/Ib2/Ic 13 100 13/13 (100) 96 13/13 (100) 28 13/13 (100) 100 13/13 (100) 99 13/13 (100) 96 13/13 (100)
Ic vs Ib1/Ib2/Ia 22 100 22/22 (100) 96 22/22 (100) 47 20/22 (90.91) 100 22/22 (100) 100 22/22 (100) 90 22/22 (100)
IVa vs IVb/IVc 10 83 10/10 (100) 34 10/10 (100) NAd 0/10 (0) 80 10/10 (100) 79 10/10 (100) 39 10/10 (100)
IVb vs IVa/IVc 11 87 11/11 (100) NAc 6/11 (54.55) NAd 0/11 (0) 56 11/11 (100) 62 11/11 (100) NAe 0/11 (0)
IVc vs IVa/IVb 30 68 30/30 (100) 21 30/30 (100) NAd 0/30 (0) 33 30/30 (100) 29 30/30 (100) NAe 0/30 (0)

a The subtype and subgroup assigned from all strains in different trees were compared with the WGS tree which was assumed to be 100% correct.
b BS, bootstrap value.
c Not applicable (NA) because although six subgroup IVb1 strains were clustered together and five subgroup IVb2 strains were also clustered together, subgroup IVb2

clustered within the IVc subgroup.
d Not applicable because all subgroup IVa, IVb, and IVc strains can’t be separated from each other.
e Not applicable because subgroup IVb and IVc strains were clustered together and can’t be separated from each other.
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SNPs (C1701T, G1723A, and A/C1726G) which make this
portion of the BKV genomic sequence different from the re-
maining known subtype II (ETH-3 [AB263916], J/1025/05
[EF376992], J2B-11 [AB301101]) and subtype III (AS
[M23122 and KOM-3 [AB211386]) strains but identical to 51
known subtype IV strains. The concatenated SNP sequence
TAG may represent a recombination between subtype II and
subtype IV strains.

(ii) A subtype II sequence, J2B-11 (AB301101), has two
SNPs (A2325G and C2337T) which make this portion of the
BKV genomic sequence different from the remaining known
subtype II strains (ETH-3 [AB263916], J/1025/05 [EF376992],
and GBR-12 [AB263920]) but identical to both known subtype
III strains (AS [M23122] and KOM-3 [AB211386]) and 51
known subtype IV strains. In this instance, the two SNP posi-
tions could potentially be explained as a recombination event
between subtype II and subtype III/IV strains. However, one
cannot exclude the possibility of two independent mutations
resulting in the observed difference.

DISCUSSION

The first genotyping scheme for BKV was described by Jin et
al. in 1993 (15, 16). These investigators defined four subtypes
using restriction fragment length polymorphism and DNA se-
quencing spanning a short region of the VP1 gene (nucleotides
1744 to 1812). The four major subtypes broadly correlated with
serotypes characterized earlier by Knowles et al. (18). In 2002,
Stoner et al. suggested that subtype I could be divided into sub-
groups Ia and Ib (35), but it was not clear if these represented
biologically relevant categories, since the defining nucleotide

TABLE 2. SNP positions informative for the BKV genotype

Gene (positions) Subtype(s) No. of
SNPs SNP position(s) (Dunlop numbering)

Agnogene (388–588) II 1 427

VP2/VP3 (624–1679) I 17 848, 1067, 1154, 1217, 1274, 1284, 1304, 1316, 1342, 1347, 1361, 1364, 1367, 1400, 1422, 1425, 1514
II and III 10 734, 781, 815, 1064, 1133, 1172, 1193, 1199, 1223, 1367
II 1 1409
III 1 1247
IV 8 986, 1187, 1322, 1337, 1367, 1389, 1427, 1429

VP1 (1564–2652) I 14 1760, 1787, 1793, 1848, 1912, 1978, 2073, 2112, 2237, 2325, 2370, 2544, 2550, 2583
II and III 11 1824, 1858, 1971, 2086, 2112, 2142, 2274, 2370, 2391, 2510, 2550
III 7 1766, 1767, 1768, 1770, 1857, 2259, 2559
IV 24 1704, 1769, 1770, 1784, 1854, 1869, 1938, 1965, 2007, 2013, 2034, 2067, 2109, 2112, 2184, 2199,

2235, 2274, 2370, 2406, 2413, 2457, 2541, 2550

LTA (2722–4566,
4911–5153)

I 23 2802, 3025, 3035, 3133, 3229, 3232, 3421, 3430, 3450, 3451, 3478, 3579, 3634, 3868, 3979, 4024,
4069, 4076, 4105, 4153, 4339, 4444, 5139

II and III 28 2788, 2791, 2802, 2809, 3039, 3079, 3081, 3139, 3250, 3303, 3481, 3501, 3511, 3570, 3577, 3589,
3634, 4090, 4330, 4339, 4483, 5141, 5142

II 2 3934, 4270
III 13 2808, 3070, 3124, 3193, 3409, 3772, 3877
IV 34 2920, 3036, 3058, 3121, 3157, 3195, 3202, 3232, 3265, 3376, 3400, 3469, 3580, 3634, 3757, 3772,

3781, 3829, 3859, 3871, 3916, 3942, 3955, 3985, 4021, 4080, 4081, 4298, 4299, 4339, 4459, 4462,
4944, 5061

Small t antigen I 2 4836, 4806
(4911–4635 �partial�) II and III 7 4878, 4877, 4830, 4764, 4734, 4704, 4692

II 1 4726
IV 1 4797

TABLE 3. Genomic positions of SNPs informative for
BKV subgroups

Gene (positions) Subgroup No. of
SNPs

SNP position(s) (Dun
numbering)

Agnogene (388–588) Ib2 1 427

VP2/VP3 (624–1679) Ia 4 1023, 1146, 1169, 1272
Ib1 2 1091, 1322
Ib2 1 1022
Ic 1 1166
IVb 1 1343

VP1 (1564–2652) Ia 1 1989
Ib1 1 2076
Ib2 3 1575, 1908, 2127
Ic 2 1989, 1992
IVc 1 1977

LTA (2722–4566,
4911–5153)

Ia 11 2908, 3172, 3190, 3424, 3562,
3709, 3844, 4075, 5055,
5076

Ib1 3 3652, 4417, 4435
Ib2 4 3654, 3673, 3749, 5103
Ic 7 2761, 3079,3100, 3238, 3315,

3523, 4947
IVa 3 3454, 3919
IVb 1 3535
IVc 1 4525

Small t antigen
(4911–4635
�partial�)

None
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TABLE 4. Subtype-specific BKV SNPs

Positiona BKV Dunlop
strain sequenceb

Nucleotide homology with Dunlop strain sequencec

Specificityd

Ia Ib1 Ib2 Ic II III IVa IVb IVc

Agnogene
427 (1) GTT (V) ... ... C.. (L) ... A.. (I) ... ..N (X) ... ... II

VP2
734 (3) GCT (A) ... ... ... ... ..C ..C ... ... ... II, III
781 (2) AGT (S) ... ... ... ... .C. (T) .C. (T) ... ... ... II, III
815 (3) ACT (T) ... ... ... ... ..A ..A ... ... ... II, III
848 (3) CCT (P) ... ... ... ... ..A ..A ..A ..A ..A I
986 (3) GCT (A) ... ... ... ... ... ... ..A ..A ..A IV
1064 (3) TAC (Y) ... ... ... ... ..T ..T ... ... ... II, III
1067 (3) CTT (L) ... ... ... ... ..A ..A ..A ..A ..A I
1133 (3) AGG (R) ... ... ... ... ..A ..A ... ... ... II, III
1154 (3) ACC (T) ... ... ... ... ..T ..T ..T ..T ..N (X) I
1172 (3) AGA (R) ... ... ... ... ..G ..G ... ... ... II, III
1187 (3) TTT (F) ... ... ... ... ... ... ..C ..C ..C IV
1193 (3) AGA (R) ... ... ... ... ..G ..G ... ... ... II, III
1199 (3) TCC (S) ... ... ... ... ..T ..T ... ... ... II, III
1217 (3) GAG (E) ... ... ... ... ..A ..A ..A ..A ..A I
1223 (3) ACT (T) ... ... ... ... ..C ..C ... ... ... II, III
1247 (3) CCT (P) ... ... ... ... ... ..C ... ... ... III
1274 (3) CAA (Q) ... G.. (E) G.. (E) G.. (E) G.T (D) G.T (D) G.T (D) G.T (D) G.T (D) I
1284 (1) GAT (D) ... ... ... ... A.. (N) A.. (N) A.. (N) A.. (N) A.. (N) I
1304 (3) CCC (P) ... ... ... ... ..T ..T ..T ..T ..T I
1316 (3) AGA (R) ... ... ... ... ..G ..G ..G ..G ..G I
1322 (3) GTA (V) ... ..G ... ... ... ... ..T ..T ..T IV
1337 (3) GGT (G) ... ... ... ... ... ... ..A ..A ..A IV
1342 (2) CGT (R) ... ... ... ... .A. (H) .A. (H) .AG (Q) .AA (Q) .AG (Q) I
1347 (1) CAT (H) ... ... ... ... A.. (N) A.. (N) A.. (N) A.. (N) A.. (N) I
1361 (3) ACT (T) ... ... ... ... ..C ..C ..C ..C ..C I
1364 (3) TAT (Y) ... ... ... ... ..C ..C ..C ..C ..C I
1367 (3) AGT (S) ... ... ... ... ..C ..C ..A (R) ..A (R) ..A (R) I, II, III, IV
1389 (1) GAA (E) ... ... ... ... ... ... C.. (Q) C.. (Q) C.. (Q) IV
1400 (3) ACA (T) ... ... ... ... ..C ..C ..C ..C ..C I
1409 (3) ATG (M) ... ... ... ... ..A (I) ... ... ... ... II
1422 (1) CAA (Q) ... ... ... ... A.G (K) A.G (K) A.G (K) A.G (K) A.. (K) I
1425 (1) CAA (Q) ... ... ... ... G.. (E) G.. (E) G.G (E) G.G (E) G.G (E) I
1427 (3) CAA (Q) ... ... ... ... G.. (E) G.. (E) G.G (E) G.G (E) G.G (E) IV
1429 (2) AGT (S) ... .C. (T) .C. (T) ... ... ... .A. (N) .A. (N) .A. (N) IV
1514 (3) TTA (L) ... ... ... ... ..G ..G ..G ..G ..G I

VP1
1704 (3) GAG (E) ... ... ... ... ... ... ..A ..A ..A IV
1760 (2) TTT (F) ... ... ... ... .A. (Y) .A. (Y) .A. (Y) .AN (X) .A. (Y) I
1766 (2) CTA (L) ... ... ... ... ... .AG (Q) ... ... ... III
1767 (3) CTA (L) ... ... ... ... ... .AG (Q) ... ... ... III
1768 (1) AAG (K) ... ... ... ... ... C.C (H) .GA (R) .GA (R) .GA (R) III
1769 (2) AAG (K) ... ... ... ... ... C.C (H) .GA (R) .GA (R) .GA (R) IV
1770 (3) AAG (K) ... ... ... ... ... C.C (H) .GA (R) .GA (R) .GA (R) III, IV
1784 (2) AAT (N) ... ... ... ... ... ... .C. (T) .C. (T) .C. (T) IV
1787 (2) GAC (D) ... ... ... ... .C. (A) .C. (A) .C. (A) .C. (A) .C. (A) I
1793 (2) AGC (S) ... ... ... ... GA. (D) GAN (X) GAN (X) GA. (D) GAN (X) I
1824 (3) CCC (P) ... ... ... ... ..T ..T ... ... ... II, III
1848 (3) CCC (P) ... ... ... ... ..A ..A ..A ..A ..A I
1854 (3) CCC (P) ... ... ... ... ... ... ..T ..T ..T IV
1857 (3) AAT (N) ... ... ... ... ... ..C ... ... ... III
1858 (1) TTA (L) ... ... ... ..G C.. C.. ... ..G ..G II, III
1869 (3) GAC (D) ... ... ... ... ... ... ..T ..T ..T IV
1912 (1) CAA (Q) ... ... ... ... A.. (K) A.. (K) A.. (K) A.. (K) A.. (K) I
1938 (3) AGC (S) ... ... ... ... ... ... ..T ..T ..T IV
1965 (3) CAA (Q) ... ... ... ... ... ... ..G ..G ..G IV
1971 (3) GTG (V) ... ... ... ..A ..T ..T ..A ..A ..A II, III
1978 (1) CAT (H) ... ... ... ... A.. (N) A.. (N) A.. (N) A.. (N) A.. (N) I
2007 (3) AGT (S) ... ... ... ... ... ... ..C ..C ..C IV
2013 (3) TTC (F) ... ... ... ... ... ... ..T ..T ..T IV
2034 (3) GGA (G) ... ... ... ... ... ... ..G ..G ..G IV

Continued on following page
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TABLE 4—Continued

Positiona BKV Dunlop
strain sequenceb

Nucleotide homology with Dunlop strain sequencec

Specificityd

Ia Ib1 Ib2 Ic II III IVa IVb IVc

2067 (3) AAT (N) ... ... ... ... ... ... ..C ..C ..C IV
2073 (3) AGG (R) ... ... ... ... ..A ..A ..A ..A ..A I
2086 (1) GAT (D) ... ..N (X) ..A (E) ..A (E) C.A (Q) C.A (Q) ..A (E) ..A (E) ..A (E) II, III
2109 (3) AAC (N) ... ... ... ... ... ... ..T ..T ..T IV
2112 (3) CCA (P) ... ... ... ... ..T ..T ..C ..C ..C I, II, III, IV
2142 (3) GAC (D) ... ... ... ... ..T ..T ... ... ... II, III
2184 (3) GAG (E) ... ... ... ... ... ... ..A ..A ..A IV
2199 (3) GAT (D) ... ... ... ... ... ... ..C ..C ..C IV
2235 (3) ACT (T) ... ... ... ... ... ... ..A ..A ..A IV
2237 (2) TTC (F) ... ... ... ..G (L) .A. (Y) .A. (Y) .A. (Y) .A. (Y) .A. (Y) I
2259 (3) CCC (P) ... ... ... ... ... ..T ... ... ... III
2274 (3) GTG (V) ... ... ... ... ..T ..T ..A ..A ..A II, III, IV
2325 (3) CTT (L) ... ... ... ... ..N (X) ..G ..G ..G ..G I
2370 (3) GGC (G) ... ... ... ... ..G ..G ..A ..A ..A I, II, III, IV
2391 (3) GGA (G) ... ... ... ... ..G ..G ... ... ... II, III
2406 (3) AGA (R) ... ... ... ... ... ... ..G ..G ..G IV
2413 (1) GCA (A) ... ... ... ... ... ... C.. (P) C.. (P) C.. (P) IV
2457 (3) AAT (N) ... ... ... ... ... ... ..C ..C ..C IV
2510 (2) AGA (R) ... ... ... ... .A. (K) .A. (K) ... ... ... II, III
2541 (3) GAA (E) ... ... ... ... ... ... ..G ..G ..G IV
2544 (3) TCC (S) ... ... ... ... ..T ..T ..T ..T ..T I
2550 (3) GTA (V) ... ... ... ... ..T ..T ..G ..G ..G I, II, III, IV
2559 (3) GTT (V) ... ..N (X) ..N (X) ..C ..G ..A ..C ..C ..C III
2583 (3) AGA (R) ... ... .N. (X) .A. (K) CAG (Q) CAG (Q) CAG (Q) NAG (X) CAG (Q) I

LTA gene
5142 (3) GTT (V) ..N (X) ..G ..G ..G ..C ..C ..G ..G ..G II, III
5141 (1) CTT (L) ... ... ... ... T.A T.A ..A ..A ..A II, III
5139 (3) CTT (L) ... ... ... ... T.A T.A ..A ..A ..A I
5061 (3) AGA (R) ... ... ... ... ... ... ..G ..G ..G IV
4944 (3) CAT (H) ... ... ... ... ... ... ..C ..C ..C IV
4483 (3) GAA (E) ... ... ... ... ..G ..G ... ... ... II, III
4462 (3) GAA (E) ... ... ... ... ... ... ..G ..G ..G IV
4459 (3) GAA (E) ... ... ... ... ... ... ..G ..G ..G IV
4444 (3) TCT (S) ... ... ... ... ..C ..C ..C ..C ..C I
4339 (3) ACC (T) ... ... ... ... ..A ..A ..T ..T ..T I, II, III, IV
4330 (3) TGC (C) ... ... ... ... ..T ..T ... ... ... II, III
4315 (3) ACT (T) ... ... ... ... ..C ..C ..N (X) ... ... II, III, IVa1
4299 (1) CAA (Q) ... ... ... ... ... ... TT. (L) TT. (L) TT. (L) IV
4298 (2) CAA (Q) ... ... ... ... ... ... TT. (L) TT. (L) TT. (L) IV
4270 (3) AAA (K) ... ... ... ... ..G ... ... ... ... II
4153 (3) ACC (T) ... ... ... ... ..T ..T ..T ..T ..T I
4105 (3) TAT (Y) ... ... ... ... ..C ..C ..C ..C ..C I
4090 (3) AGA (R) ... ... ... ... ..G ..G ... ... ... II, III
4081 (3) TAC (Y) ... ... ... ... ... ... ..T ..T ..T IV
4080 (1) CAT (H) ... ... ... ... ... ... T.. (Y) T.. (Y) T.. (Y) IV
4076 (2) ACT (T) ... ..A ..A ..A .TA (I) .TA (I) .TA (I) .TA (I) .TA (I) I
4069 (3) GAA (E) ... ... ... ... ..G ..G ..G ..G ..G I
4024 (3) GAA (E) ... ... ... ... ..G ..G ..G ..G ..G I
4021 (3) GAG (E) ... ... ... ... ... ... ..A ..A ..A IV
3985 (3) ATT (I) ... ... ... ... ... ... ..A ..A ..A IV
3979 (3) GAG (E) ... ... ... ... ..A ..A ..A ..A ..A I
3955 (3) GAG (E) ... ... ... ... ... ... ..A ..A ..A IV
3942 (1) TTA (L) ... ... ... ... ... ... C.. C.. C.. IV
3934 (3) GGT (G) ... ... ... ... ..A ... ... ... ... II
3916 (3) CAA (Q) ... ... ... ... ... ... ..G ..G ..G IV
3877 (3) GAC (D) ... ... ... ... ... ..T ... ... ... III
3871 (3) CCT (P) ... ... ... ... ... ... ..C ..C ..C IV
3868 (3) TAT (Y) ... ... ... ... ..C ..C ..C ..C ..C I
3859 (3) AAG (K) ... ... ... ... ... ... ..A ..A ..A IV
3829 (3) ATT (I) ... .C. (T) .C. (T) .C. (T) ... ... .CC (T) .CC (T) .CC (T) IV
3781 (3) GTA (V) ... ... ... ... ... ... ..G ..G ..G IV
3772 (3) GTT (V) ... ... ... ... ... ..A ..G ..G ..G III, IV
3757 (3) AGA (R) ... ... ... ... ... ... ..G ..G ..G IV
3634 (3) GGT (G) ... ... ... ... ..G ..G ..A ..A ..A I, II, III, IV
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TABLE 4—Continued

Positiona BKV Dunlop
strain sequenceb

Nucleotide homology with Dunlop strain sequencec

Specificityd

Ia Ib1 Ib2 Ic II III IVa IVb IVc

3589 (3) ATA (I) ... ... ... ... ..T ..T ... ... ... II, III
3580 (3) TTT (F) ... ... ... ... ... ... ..C ..C ..C IV
3579 (1) TTG (L) ... ... ... ... C.T C.T C.. C.. C.. I
3577 (3) TTG (L) ... ... ... ... C.T C.T C.. C.. C.. II, III
3570 (1) ATT (I) ... ... ... ... G.. (V) G.. (V) ... ... ... II, III
3511 (3) GGA (G) ... ... ... ... ..C ..C ... ... ... II, III
3501 (1) CTA (L) ... ... ... ... T.. T.. ... ... ... II, III
3481 (3) GAT (D) ... ... ... ... ..C ..C ... ... ... II, III
3478 (3) TTG (L) ... ... ... ... ..A ..A ..A ..A ..A I
3469 (3) GGT (G) ... ... ... ... ... ... ..C ..C ..C IV
3454 (3) GTA (V) ... ... ... ... ..N (X) ... ..T ..N (X) ..G IVa
3451 (3) AAC (N) ... ... ... ... ..T ..T ..T ..T ..T I
3450 (1) CTA (L) ... ... ... ... T.. T.. T.. T.. T.. I
3430 (3) ACC (T) ... ... ... ... ..T ..T ..T ..T ..T I
3421 (3) CTA (L) ... ... ... ... ..G ..G ..G ..G ..G I
3409 (3) ATA (I) ... ... ... ... ... ..T ... ... ... III
3400 (3) TAC (Y) ... ... ... ... ... ... ..T ..T ..T IV
3376 (3) AAA (K) ... ... ... ... ... ... ..G ..G ..G IV
3303 (1) TTA (L) ... ... ... ... C.. C.. ... ... ... II, III
3265 (3) CAT (H) ... ... ... ... ... ... ..C ..C ..C IV
3250 (3) ACC (T) ... ... ... ... ..A ..A ... ... ... II, III
3232 (3) GGC (G) ... ... ... ... ..N (X) ..G ..T ..T ..T I, IV
3229 (3) TTG (L) ... C.. C.. ... ..A ..A ..A ..A ..A I
3202 (3) CCT (P) ... ... ... ... ... ... ..C ..C ..C IV
3195 (1) CTG (L) ... ... ... ... ... ..T T.. T.. T.. IV
3193 (3) CTG (L) ... ... ... ... ... ..T T.. T.. T.. III
3157 (3) CCC (P) ... ... ... ... ... ... ..T ..T ..T IV
3139 (3) AAA (K) ... ... ... ... ..G ..G ... ... ... II, III
3135 (1) TTA (L) ... ... ... ... ..G C.G C.G C.G C.G I, II/III, IV
3133 (3) TTA (L) ... ... ... ... ..G C.G C.G C.G C.G I
3124 (3) TCA (S) ... ... ... ... ... ..T ... ... ... III
3121 (3) GAG (E) ... ... ... ... ... ... ..A ..A ..A IV
3081 (1) TTG (L) ... ... ... ..A C.T C.T ... ... ... II, III
3079 (3) TTG (L) ... ... ... ..A C.T C.T ... ... ... Ic, II, III
3070 (3) CTG (L) ... ... ... ... ... ..A ... ... ... III
3058 (3) TTT (F) ... ... ... ... ... ... ..C ..C ..C IV
3039 (1) GCA (A) ... ... ... ... T.. (S) T.. (S) ... ... ... II, III
3036 (1) ACT (T) ..N (X) ..A ..A ..A .AA (K) .AA (K) CAA (Q) CAA (Q) CAA (Q) IV
3035 (2) ACT (T) ..N (X) ..A ..A ..A .AA (K) .AA (K) CAA (Q) CAA (Q) CAA (Q) I
3025 (3) CAA (Q) ... ... ... ... ..G ..G ..G ..G ..G I
2920 (3) ATT (I) ..N (X) ..C ..N (X) ..C ... ... ..A ..A ..A IV
2809 (3) TCC (S) ... ... ... ... ..A ..A ... ... ... II, III
2808 (1) CAA (Q) ... ... ... ... ... G.. (E) ... ... ... III
2802 (1) TCA (S) ... .N. (X) ... ... — (-)f — (-)f GT. (V) CT. (L) CT. (L) I,II, III
2791 (3) CAT (H) ... ... ... ... ..C ..C ... ... ... II, III
2788 (3) AGT (S) ... ... ... ... ..C ..C ... ... ... II, III

Small t antigen
genee

4878 (3) ACC (T) ... ... ... ... ..T ..T ... ... ... II, III
4877 (1) CTG (L) ... ... ... ... T.. T.. ... ... ... II, III
4836 (3) TCT (S) ... ... ... ... ..A ..A ..A ..A ..A I
4830 (3) CAC (H) ... ... ... ... ..T ..T ... ... ... II, III
4806 (3) CTT (L) ... ... ... ... ..A ..A ..A ..A ..A I
4797 (3) AGG (R) ... ... ... ... ... ... ..A ..A ..A IV
4764 (3) CCC (P) ... ... ... ... ..A ..A ... ... ... II, III
4734 (3) GAC (D) ... ... ... ... ..T ..T ... ... ... II, III
4726 (2) ACA (T) ... ... ... ... .G. (R) ... ... ... ... II
4704 (3) CTA (L) ... ... ... ... ..C ..C ... ... ... II, III
4692 (3) ACT (T) ... ... ... ... ..C ..C ... ... ... II, III

a Nucleotide position using the Seif convention as applied to the BKV Dunlop strain (accession no. V01108). The number in parentheses indicates the position of
this nucleotide in the corresponding codon.

b Nucleotides corresponding to the BKV Dunlop strain at the specified position. The coded amino acid is indicated in parentheses.
c Alphanumeric designations indicate BKV subtypes. Dots indicate nucleotide homology with Dunlop strain sequence. Any change in coded amino acid is indicated

in parentheses.
d Genotype assignment corresponding to the SNP in question.
e Nucleotides (Dunlop numbering) 4911 to 4635, which are unique to the small t antigen gene.
f The solid dash indicates a nucleotide deletion.
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changes resulted in no predicted change in coded amino acids.
Takasaka et al. used 287-bp VP1 sequences from 45 kidney and
31 bone marrow transplant recipients to make phylogenetic trees,
which separated subtype I into subgroups Ia, Ib, and Ic, with
bootstrap values of 63 to 86% (36). In all of the aforementioned
studies, the BKV genotyping was based on VP1 sequences.

A genotyping scheme based on LTA sequences should be
considered for the following reasons. (i) It is a larger protein
with more informative sites, even though overall nucleotide
variability is slightly lower than that in the VP1 region (33). (ii)
DNA sequencing using clinical samples on archived subopti-
mally preserved samples can be compromised by DNA degra-

TABLE 5. Subgroup-specific BKV SNPs

Positiona BKV Dunlop
strain sequenceb

Nucleotides corresponding to BKV Dunlop strain at specified positionc

Subgroupd

Ia Ib1 Ib2 Ic II III IVa IVb IVc

Agnogene
427 (1) GTT (V) ... ... C.. (L) ... A.. (I) ... ..N (X) ... ... Ib2

VP2/VP3
1022 (3) ATT (I) ... ... ..A ... ... ... ... ... ... Ib2
1023 (1) CTG (L) ... T.. T.. T.. T.. T.. T.. T.. T.. Ia
1091 (3) TCT (S) ... ..C ... ... ... ... ... ... ... Ib1
1146 (1) TCT (S) ... G.. (A) G.. (A) G.. (A) G.. (A) G.. (A) G.. (A) G.. (A) G.. (A) Ia
1166 (3) TTG (L) ... ... ... ..A ... ... ... ... ... Ic
1169 (3) CAG (Q) ... ..A ..A ..A ..A ..A ..A ..A ..A Ia
1272 (1) CAA (Q) ... G.. (E) G.. (E) G.. (E) G.T (D) G.T (D) G.T (D) G.T (D) G.T (D) Ia
1322 (3) GTA (V) ... ..G ... ... ... ... ..T ..T ..T Ib1
1343 (3) CGT (R) ... ... ... ... .A. (H) .A. (H) .AG (Q) .AA (Q) .AG (Q) IVb

VP1
1575 (3) ACC (T) ... ... ..A ... ... ... ... ... ... Ib2
1908 (3) ACT (T) ... ... ..A ... ... ... ... ... ... Ib2
1977 (3) GAG (E) ... ... ... ... ... ... ... ..N (X) ..A IVc
1989 (3) GGA (G) ... ..T ..T ..G ..C ..T ..C ..C ..C Ia, Ic
1992 (3) AAA (K) ... ... ... ..G ... ... ... ... ... Ic
2076 (3) TCA (S) A.. (T) A.C (T) A.. (T) A.. (T) A.. (T) A.. (T) A.. (T) A.. (T) A.. (T) Ib1
2127 (3) CAG (Q) ... ... ..A ... ... ... ... ... ... Ib2

LTA gene
5103 (3) TTA (L) ... ... ..G ... ... ... ... ... ... Ib2
5076 (3) AAT (N) ... ..C ..C ..C ..C ..C ..C ..C ..C Ia
5055 (3) GCT (A) ... ..C ..C ..C ..C ..C ..C ..C ..C Ia
4947 (3) GCT (A) ... ... ... ..C ... ... ... ... ... Ic
4525 (3) AGT (S) ... ..C ..N (X) ... ..C ..C ..C ..N (X) ..G (R) IVc
4435 (3) TCA (S) ... ..C ... ... ... ... ..N (X) ... ... Ib1
4417 (3) AAA (K) ... ..G ... ... ... ... ... ... ... Ib1
4075 (3) ACT (T) ... ..A ..A ..A .TA (I) .TA (I) .TA (I) .TA (I) .TA (I) Ia
3919 (3) TTT (F) ... ... ... ... ... ... ..C ... ... IVa
3844 (3) CAC (H) ... ..T ..T ..T ..T ..T ..T ..T ..T Ia
3749 (2) ACC (T) ... ... .G. (S) ... ... ... ... ... ... Ib2
3709 (3) TTC (F) ... ..T ..T ..T ..T ..T ..T ..T ..T Ia
3673 (3) GGA (G) ... ... ..G ... ... ... ... ... ... Ib2
3654 (1) CTA (L) ... ..G T.. ... ... ... ... ... ... Ib2
3652 (3) CTA (L) ... ..G T.. ... ... ... ... ... ... Ib1
3562 (3) TTC (F) ... ..T ..T ..T ..T ..T ..T ..T ..T Ia
3535 (3) TTA (L) ... ... ... ... ... ... ... ..G ... IVb
3523 (3) CCC (P) ... ... ... ..T ..A ..A ..A ..A ..A Ic
3454 (3) GTA (V) ... ... ... ... ..N (X) ... ..T ..N (X) ..G IVa
3424 (3) GAG (E) ... ..A ..A ..A ..A ..A ..A ..A ..A Ia
3315 (1) TTG (L) ... ... ... C.C ... ... ..N (X) ..A ..A Ic
3238 (3) CCA (P) ... ... ... ..T ... ... ... ... ... Ic
3190 (3) CAA (Q) ... ..G ..G ..G ..G ..G ..G ..G ..G Ia
3172 (3) CAA (Q) ... ..G ..G ..G ..G ..G ..G ..G ..G Ia
3100 (3) ATT (I) ... ... ... ..C ..A ..A ..A ..A ..A Ic
3079 (3) TTG (L) ... ... ... ..A C.T C.T ... ... ... Ic
2908 (3) GAG (E) ... ..A ..A ..A ..A ..A ..A ..A ..A Ia
2761 (3) TTT (F) ... ... ... ..C ... ... ... ... ... Ic

a Nucleotide position using the Seif convention as applied to the BKV Dunlop strain (accession no. V01108). The number in parentheses indicates the position of
this nucleotide in the corresponding codon.

b Nucleotides corresponding to those in the BKV Dunlop strain at the specified position. The coded amino acid is indicated in parentheses.
c Alphanumeric designations indicate BKV subtypes. Dots indicate nucleotide homology with the Dunlop strain sequence. Any change in coded amino acid is

indicated in parentheses.
d Genotype assignment corresponding to the SNP in question.
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dation. Under this circumstance, it is advantageous to be able
to determine viral subtype using primers directed against more
than one genomic area. (iii) Correlations between subtype and
clinical syndromes become difficult when sequence data for the
VP1 area are not available. This is particularly true of DNA
sequence data generated by clinical labs that use PCR assays
targeted to LTA. Likewise, it is difficult to ascertain the role of
viral subtypes in literature focusing on the potential role of
BKV in the pathogenesis of human neoplasms such as carci-
noma of the prostate and posttransplant lymphoproliferative
disease (5, 6, 29).

The utility of LTA for genotyping was illustrated for poly-
omavirus SV40 by Forsman et al., who showed that phylog-
enies based on SV40 T-antigen sequences are congruent with
phylogenies based on whole-genome sequences (10). The same
observation was subsequently made for BKV (33). Nonethe-
less, attempts to use nucleotides within the LTA for polyoma-
virus BKV genotyping have been limited to case reports of
virus strains associated with AIDS-associated nephropathy and
meningoencephalitis complicating chronic lymphocytic leuke-
mia (34, 35). Our phylogenetic analysis of all BKV whole-
genome sequences described to date confirms the feasibility of
LTA-based genotyping. If the whole LTA gene or the 2nd exon
sequences are used, subtypes I and IV can be separated by
excellent bootstrap values. Indeed, even a partial 325-bp LTA
sequence (nucleotides 3148 to 3472, Dunlop numbering) al-
lows separation of I, III, and IV, with bootstrap values ranging
from 90 to 100%. However, there is a fall in bootstrap values
associated with subgroups Ib2 (56%) and IVa (39%). Subtype
II and subgroups IVb and IVc cannot be clearly resolved by
this partial sequence. In general, the complete repertoire of
BKV subtypes and subgroups known currently cannot be re-
presented by sequences derived from short amplicons that are
typical of PCR assays used in clinical diagnostics.

Appropriately chosen SNP assays can obviate the need to
sequence the entire LTA and provide an alternative way for
BKV genotyping. Our analysis demonstrates that LTA harbors
SNPs capable of distinguishing all major subtypes and sub-
groups. The SNPs identified by us include many previously
reported SNPs but not all of them. The differences reflect
methodological issues with respect to consensus calling. We
have analyzed only the coding area, whereas other studies have
also listed SNPs in the intergenic area between agnoprotein
and VP2 or between VP1 and LTA (33). A consensus sequence
can be affected not only by the consensus generation algo-
rithm, but also by the sequences analyzed. For example, Jin et
al. considered an SNP at position 1803 to be present based on
analysis of 33 partial VP1 sequences (15). However, this posi-
tion was invariant in the data set of 162 whole-genome se-
quences analyzed by us. Likewise, an SNP is considered to be
present at TW-3 position 1840 (Dunlop no. 1959) based on
alternate nucleotides C and G according to Nishimoto’s anal-
ysis (25). However, using rule 4 of our consensus calling algo-
rithm, the subtype IV stringent consensus call at this position
was G, since only two out of 51 BKV subtype IV strains
(JPN-34 and KOM-2) had variant nucleotides at this position.

It is important to consider the possibility of genetic recom-
bination while evaluating apparent phylogenetic relationships
between viral strains. Recombination is an important mecha-
nism of immune escape and development of drug resistance in

rapidly evolving viruses. In general, circular viruses are less
prone to recombination than linear ones like human immuno-
deficiency virus. Nevertheless, the BKV NCCR is a well-known
site for extensive genetic recombination (24, 35). Within the
BKV coding area, we found only limited and inconclusive
evidence of recombination. Recombination events that disrupt
open reading frames of critical viral proteins can result in a
nonviable virus and are not expected to be present in clinical
material. Recombinants can also get quickly purged by natural
selection if they result in lower viral fitness or replicative ca-
pacity. The absence of major recombination events in the BKV
genome does not exclude the possibility that the gene poly-
morphism hot spots seen in both VP1 and LTA sites are the
result of more local recombination that did not leave behind
any detectable traces. Local recombination events can be in-
distinguishable from multiple mutations. Alternately, the
aforementioned hot spots could be the result of small areas of
nonreciprocal interstrain or intrastrain genetic exchange dur-
ing meiosis referred to as “conversion.” Recombination can
also be an in vitro artifact, particularly during amplification of
samples with mixed infections due to multiple viral strains.
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