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Abstract Intron 40 of the von Willebrand factor (vWF)
gene exhibits a highly variable region of about 0.65 kb,
which contains 5 juxtaposed STRs. We sequenced 0.65 kb
amplicons from 68 chromosomes and found 2 frequent indel
polymorphisms and 5 SNPs. The 68 chromosomes investi-
gated here presented a total of 47 different haplotypes.
Regarding the SNP allele distribution in our sample, we
arranged our results of the vWF intron 40 into a system of 3
haplotypes, i.e. haplotypes a, b and c. Our review may be

valuable in further optimising vWF typing in forensic
applications and in avoiding pitfalls. Further attempts to
develop sophisticated techniques may soon enable haplotyp-
ing using autosomale STR clusters.
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Introduction

Intron 40 of the von Willebrand factor (vWF) gene [12]
located at 12p13 exhibits a highly variable region of about
0.65 kb, which contains 3 juxtaposed STRs [10, 12, 14, 17,
22] and several diallelic polymorphisms. In our paper, we
name the three microsatellites orientated in the downstream
direction Pol K (vWF–Kimpton), Pol F and Pol P
(according to Dewa [4]). Pol K is known as the CODIS
marker vWA (synonym VWF31A, vWF) and has gained
great significance in forensic science. vWF (Pol K) displays
considerable structural variability within the repeat region
[16], which has sporadically been used to obtain additional
information for kinship testing [20]. Furthermore, null
alleles and allele imbalance were observed, which require
attention [1, 8, 11]. Attempts were also made to involve the
juxtaposed microsatellites in identity and kinship testing [4,
23]. Pena et al. [18] designated Pol F and Pol P vWF2 and
vWF1 and analysed 338 haplotypes. Linkage disequilibri-
um (LD) between alleles was found to be highly significant.
Dewa [4] examined the potential usefulness of haplotype
analysis in forensic investigations using the STRs Pol K
and Pol P and 29 haplotypes were identified in 116
unrelated individuals with the heterozygosity and polymor-
phism information content being 0.948 and 0.921, respec-
tively. Because the separate amplification of the juxtaposed
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STRs provides no haplotypes, both groups [4, 18] inferred
haplotype pairs from un-phased genotype data via segrega-
tion analyses of family trios. Haplotypes can accidentally
be obtained if one of the two loci Pol K and Pol P is
homozygous. Therefore, as was shown in a few cases of
kinship testing, family constellations may incidentally be
suitable for vWF haplotyping [4]. However, the benefit of
using closely linked markers for forensic purpose normally
requires that these markers are jointly analysed as hap-
lotypes. Such conditions are generally given when Y
chromosomal (ChrY) markers are investigated. ChrX
typing of hemizygous male DNA also directly reveals
haplotypes, and therefore the complete haplotype constel-
lation can also be recognised in females when (confirmed)
father–daughter pairs are investigated. The same can
partially apply to mothers when very closely linked markers
are investigated in father–mother–daughter trios and moth-
er–son duos. Hence, ChrY [5, 9] and ChrX [19, 21, 22]
haplotyping were successfully applied in solving complex
kinship cases. The inference of haplotype pairs directly
from dizygote single individuals requires more sophisticat-
ed approaches. Our attempts to create appropriate methods
for haplotyping the vWF intron 40 polymorphism require
in-depth knowledge of the molecular structure. It is
surprising to note that during our basic research in this
matter, we found variability to be higher than expected.
This is caused not only by the STRs but also by some SNPs
and indel polymorphisms (indels). A comprehensive review
of human indels was published by Weber et al. [25].

The section of the intron 40 sequence dealt with in this
paper spans the region nt941–nt1740 of the vWF intron
sequence, which was retrieved from Ensembl v34, Human
Exon VIEW http://www.ensembl.org/Homo_sapiens). In
this study, we present vWF intron 40 sequencing results
on 68 chromosomes and an appropriate allele STR
nomenclature, which is in compliance with the ISFG
recommendations [3]. Our survey regarding the intron 40
SNPs may assist primer selection for special purposes such
as the creation of short amplicon PCR kits [13, 27].
Furthermore, SNP studies can provide inferences of the
population and ancestry to which an individual belong [28].

Materials and methods

DNA samples (blood and buccal swabs) were taken from
paternity cases in routine kinship testing. German speci-
mens for sequencing analysis were selected, choosing
different alleles in the known vWF Pol K polymorphism
[13–19]. In addition, some people from Asia and Africa and
cell line DNA were included. DNA extraction was carried
out using the commercially available QIAamp DNA blood
kit (Qiagen, Hilden, Germany). Primers were designed

using the Primer3 software http://www.genome.wi.mit.edu/
cgi-bin/primer/primer3_www.cgi). The amplification was
carried out in a 25 μl PCR reaction volume containing
approximately 0.1–1 ng DNA, 200 μM each dNTP, 2 mM
MgCl2, 0.5 μM of each primer, 1 U Taq polymerase
(Applied Biosystems, Foster City, CA) and 1X PCR buffer.
The cycle conditions in a PTC-200 cycler (MJ Research,
Watertown, MA) were as follows: 95°C for 3 min soaking,
94°C for 30 s, 56°C for 1 min.

– Primer 1: 5′-TGTGAAAGCCCTAGTGGATG-3′
– Primer 2: 5′-CCTGTGAGTGGGATGCTACA-3′

Before sequencing, we separated the PCR products of
heterozygous DNA donors using native horizontal poly-
acrylamide gel electrophoresis (T 5%, C 3.3%; gel
thickness 500 μm, gel length 25 cm; 600 V, 5–8 W,
3–4 h) on the Multiphor II electrophoresis equipment
(Pharmacia, Upsala, Sweden). Bands of interest were
excised, eluted and re-amplified. Both strands of the PCR
products were sequenced with the direct Taq cycle
sequencing method using the BigDye-Terminator kit v1.1
(Applied Biosystems) and the PCR primers 1 and 2,
respectively. A final volume of 12 μl sequencing mixture
contained 2.5 μl reaction mix, 1.5 μl primer (1 pmol/μl)
and 10–20 ng PCR product. For amplification, 25 cycles
were carried out as follows: 96°C for 15 s, 50°C for 15 s,
60°C for 4 min. Cycle sequencing products were separated
in a 47 cm capillary (module Seq POP4RapidE), 32 min
run time, 30 s injection time. Data were analysed by means
of the PE/ABD software Sequencing Analysis 3.7 (Applied
Biosystems).

Results

To address primers and polymorphisms, the sequence of
intron 40 part nt941–nt1740 is depicted in Fig. 1. Results of
sequence analysis are shown in Tables 1 and S1, which is
supplied as ESM, demonstrating the three polymorphic
regions K, F and P with five variable tetranucleotide blocks,
several SNPs and two indel polymorphisms.

Processing in the 5′–3′ direction the first microsatellite
(Pol K) in the region of interest is known as CODIS marker
vWA and can be described as a tetranucleotide repeat
containing a variable number of TCTA and TCTG repeats.
The total of the two motifs summarised normally lies in the
range 13–22.

To avoid confusion, we continue the conventional vWF
nomenclature beginning with a TCTA repeat, which is not
strictly in compliance with the ISFG recommendations [3].
The next TCTA polymorphism, named here Pol F, begins
159 bp downstream and is variable in the range of 5 to 12
repeats. A further very complex TCTA marker begins
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256 bp downstream and is named Pol P. This region shows
four variable repeat blocks and can be described with the
following common formula in which m was found to be 5,
6, 10 or 11, n was 6 or 7, o was 2–5 and p was 8–14:

TCTAð Þm20 bp TGTAð Þn TCTAð Þo30 bp TCTAð Þp:
Because at least two sections of Pol P can easily be

investigated separately, it is justified to treat these poly-

morphisms as two separate STR systems called Pol P1 and
Pol P2.

Furthermore, the intron 40 section investigated here
contains some SNPs and inserted sequences (Table 1). A
16 bp indel (TCTA)2 (TCCA)2 was found 8 bp downstream
of the Pol K. In our sample, only chromosomes exhibiting
the common vWF allele 14 were affected by the insertion.
In such cases, we found the atypical Pol K repeat structure
(TCTA) (TCTG) (TCTA) (TCTG)4 (TCTG)3, which,
together with the insertion, gave a total of 14 repeats. A
further 4 bp indel (TTAT) occurred 120 bp downstream of
the Pol F repeat. This insertion allele also seems to be
strictly associated with the common vWF allele 14.

In intron 40, 4 C to T transition SNPs and 1 A to T
transversion SNP were detected and are printed in bold in
Fig. 1. Owing to the SNP results, we would postulate three
types of chromosomes for the German population sample
exhibiting haplogroups a, b and c. With regard to the
Ensembl sequence, haplogroup a shows no deviation at the
SNP loci, haplogroup b is solely characterised by the A–T
transversion, while haplogroup c exhibits all four C–T
transitions, but no transversion. The 13 alleles of Asian
origin and 1 allele of African origin can also be arranged in
this haplogroup system. In addition, we found one

Table 1 Frequent SNPs and indel polymorphisms and their assign-
ment to the three haplogroups a, b and c

Type of
polymorphism

Intron 40
position

Alleles Haplogroups

a b c

SNPTV 1,163 A/T A T A
SNP 1,432 C/T C C T
SNP 1,490 C/T C C T
SNP 1,502 C/T C C T
SNP 1,649 C/T C C T
Indel 1,076/1,077 –/(TCTA)2

(TCCA)2

– – Ins

Indel 1,367/1,368 –/TTAT – – Ins

Haplogroup a corresponds to the GenBank sequence.
TV: transversion, Ins: insertion.

TGGCTGAGAT GTGAAAGCCC TAGTGGATGA TAAGAATAAT CAGTATGTGA  990 

CTTGGATTGA TCTATCTGTC TGTCTGTCTG TCTGTCTATC TATCTATCTA 1040 

TCTATCTATC TATCTATCTA TCTATCTATC CATCTATCCA TCCATCCTAT 1090 

GTATTTATCA TCTGTCCTAT CTCTATCTAA CCTATGTATC TATTTATCAT 1140 

CTATCCTGTC TCTATCTATC CTATGTATCT ATCATCTATC CTATCTCTAT 1190 

CTAAGCTATA TATCTATTTA TCATCTATCC TCTATCATCT ATCTATCTAT 1240 

CTATCTATCT CTATTGTATC TAGTTATCTA TCCTATATCT ATGTATGTAT 1290 

CTATCTGTCT GTCTAATCTA TCTAACCTGT GTATCTATTT ATAATCTATC 1340 

CTATCTCTAT CTAACCTATG TATCTATCAT CTATCCTATC TCTGTCTAAC 1390 

ATATGTATCT ATCATCTATT CTATATCTAT CTGTCTATCT ACCCTATGTT 1440 

TTATCATCTA TCCTATCTCT CTCTAAGCTG TGTATCTATC ATCTATCCTC 1490 

TATCTATCAT CCATCTATCT ATCTATCTAT CTAATGTACC TAGTTATCTA 1540 

TCCTGTATGT ATGTATGTAT GTATGTATCT ATCTATCTAT CAAATCTATC 1590 

TCATGTATCT AGTTATCATT CTATCTATCT ATCTATCTAT CTATCTATCT 1640 

ATCCTAACCC ATGTAATCTC TGTCTCCATC ATCATCACTT ACCTAAAACA 1690 

GTAGAAGTCT GCATGAATAG GAATGTAGCA TCCCACTCAC AGGTAATAAA 1740 

K 

F 

P 

Fig. 1 Section of the vWF intron 40 sequence: the numerals refer to the intron position. Tetranucleotide repeats are boxed. SNP positions are
shown as bold letters. Arrows mark the indel positions. Primer binding regions are underlined. STR blocks are named K, F and P
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chromosome with a T to C transition at intron position
1,190 exhibiting all the characteristics of haplogroup c.
Table S1 orders all sequenced chromosomes according to
the SNP haplogroup. A total of 47 different haplotypes was
found in 68 sequenced amplicons.

Discussion

STR polymorphisms

Sequence variations within the “classical” vWF polymor-
phism were described earlier [16]. Pol F was first
described by Peake et al. [17] who identified 8 alleles
ranging from 6 to 14 ATCT repeats. Rare alleles 9 and 15
were reported by Haddad and Sparrow [6]. This is in
accordance with our finding of 5 to 12 TCTA repeats. van
Amstel and Reitsma [2], Pena et al. [18] and Dewa [4]
found 6 to 8 alleles in the polymorphic regions called
WBII, vWF2 or vWF-p, respectively. The sub-structure of
vWF2 was examined by sequencing and called vWF2-a
and vWF2-b [7]. This corresponds to Pol P2 in our paper.
A sequencing study, which included some non-Caucasians
and cell line DNA revealed 7 alleles with summarised 17
to 23 repeats, but 14 different repeat structures indicating a
high degree of genetic variation. Between the Pol F and the
Pol P2 region, we found a further variable TCTA repeat
block, which we named vWF P1. Therefore, the intron 40
of the vWF gene contains 5 juxtaposed STRs: K, F, P1,
P2-a and P2-b.

SNPs and indel polymorphisms

SNP and indel localisation in STR flanking regions is a
substantial issue in forensic genetics. During sequencing,
several SNPs were detected. The A to T transversion in
position 1,163 and the C to T transition in position 1,649
are known in Ensembl SNP VIEW as rs216870 and
rs2192205, respectively. An additional G/T SNP is listed
as rs28455627, which corresponds to intron position 1,490
where we found a C to T transition. Walsh [24] and Alves
et al. [1] described an A to T transversion in position 949
responsible for some concordant typing results using the
Perkin Elmer Profiler Plus kit and the Promega PowerPlex
kit. Three further SNPs upstream of the K polymorphism
were reported by Hendrickson et al. [8] as (−72 T–A), (−77
G–A) and (−90 A–G), registered in Ensembl as rs11063969
to rs11063971 (intron positions 929, 924 and 911). An
additional SNP downstream of the K polymorphism (+6 C–T)
was localised at position 1,078, adjacent to the (+7 C–T) SNP
reported by Lazaruk et al. [11] at position 1,079. Further
analysis strategies should consider the high SNP prevalence
in this region.

Haplogroups

DNA samples for sequencing were chosen according to
their different Pol K alleles to obtain an overview of the
polymorphisms in intron 40. This selection and the small
sample size (only 5 chromosomes of 51 Germans in
haplogroup c) made association tests for the SNPs and the
two insertions impracticable. But the existence of this
haplogroup structure is obvious. Regarding the relative
stability for mutation of SNPs, a strong association of the 5
vWF polymorphisms in the 650 bp section of vWF intron
40 has to be assumed. The existence of a strong LD was
also reported by Pena et al. [18] for Pol F and Pol P2.

The atypical structure of Pol K allele 14 with the
(TCTA)2 (TCCA)2 insertion was described by Möller et al.
[16]. Wiegand et al. [26] compared the relatively conserved
repeat structure with the sequence found in hominoid
primates and assumed that allele 14 could be an ancestral
allele. Minaguchi and Takenaka [15] and Lazaruk et al. [11]
listed the repeat structure for the K polymorphism (alleles
11 to 22 and some primates) and found the same variation.

Study of the literature and our own sequencing results
revealed considerable diversity in the vWF intron 40. Our
review may be valuable in further optimising vWF typing
in forensic applications and in avoiding pitfalls. Further-
more, the vWF intron 40 carries the potential for the
application of a haplotyping approach aimed at solving very
complex kinship cases. Progress in using Y-chromosomal
[9] and X-chromosomal [22] haplotyping has revealed the
potential of such operations. However, gonosomale hap-
lotyping is not suitable for all cases. Further attempts to
develop sophisticated techniques may soon enable haplo-
typing using autosomal STR clusters.

SNPs, indel positions and the P1 polymorphism found in
this study are submitted to NCBI (accession numbers
ss65824066–65824073).
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