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Abstract

The Swedish Y-chromosome database of 350 individuals is based on an analysis of fathers and

their sons. Individuals with Swedish names coming from different parts of Sweden are included. The

Y-chromosomes were typed for the STR markers DYS19, DYS389I, DYS389II, DYS390, DYS391,

DYS392, DYS393 and DYS385. An evaluation of the 350 chromosomes revealed 241 different

haplotypes of which the most common is found in only 15 chromosomes (4.3%). Nineteen haplotypes

were found more than three times and 28 haplotypes were found twice. Six of the 12 most frequent

haplotypes are present in frequencies that are significantly different from the frequencies among the

6124 Y-STR haplotypes reported to the European database. Seven of these can be assigned to a cluster

of closely related haplotypes found in 50 individuals and another three to a different cluster with

related haplotypes found in 19 individuals. The first cluster is significantly different from the

corresponding cluster of haplotypes in the European database. Comparisons were done by a 2� 2

table using Yates correction. The Y-STR polymorphism in the Swedish population with an estimated

haplotype diversity of 0.994 and a discrimination capacity of 69% will be very useful for testing

paternal lineages.
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1. Introduction

Y-STR haplotyping has during the last few years become a valuable tool for paternity

and kinship testing. Typing of closely linked loci that do not undergo recombination
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processes, as represented by the Y-STR loci, is of particular interest in deficiency cases and

in testing paternal lineages over generations. Exclusion of unrelated haplotypes is usually

straightforward. Inclusion, however, needs thorough statistical evaluation of the likelihood

that an Y-chromosome comes from a related person by inheritance rather than that it is

identical just by chance. The Y-STR loci are linked and the frequencies for the different

haplotypes cannot be calculated via the product of the individual allele frequencies at the

different loci. Therefore, the number of Y-chromosomes that are included in a database

needs to be very large. Our aim has been to establish a Swedish Y-chromosome STR

database including 350 Y-chromosomes.

2. Materials and methods

2.1. Samples and PCR reaction

Seven hundred Y-chromosomes from 350 father–son combinations were typed for the

Y-STR markers DYS19, DYS389I, DYS389II, DYS390, DYS391, DYS392, DYS393 and

DYS385. Approximately 100 ng DNA from each individual was analysed in single 25-Al
PCR reactions for each marker. For identification of the marker and detection of the PCR

products, the forward primers were labelled with different fluorescent dyes. The PCR

reactions were optimised by using different concentrations of MgCl2 as follows: 2 mM for

DYS385; 3.5 mM for DYS390, DYS391; 4 mM for DYS19, DYS389I, DYS389II,

DYS393; and 4.5 mM for DYS392. Amplification was achieved with 30 cycles of 15 s

denaturation at 94 jC, 15 s annealing at 57 jC and 30 s synthesis at 72 jC. The cycles

were preceded by a denaturation for 11 min at 95 jC and ended with a hold of 45 min for

full synthesis at 60 jC.

2.2. Definition of alleles

Alleles were defined by running a mixture of the PCR products from single ampli-

fications of each marker per lane on an ABI 377 with filter D. The forward primers of

DYS19, DYS392, DYS393 and DYS385 were labelled with Fam; DYS389I, DYS389II

Table 1

Alleles, with sizes in base pair, included in the ladders for each marker

DYS393 DYS19 DYS391 DYS389I DYS389II DYS390 DYS385 DYS392

13 (123) 13 (188) 10 (285) 11 (246) 27 (362) 22 (210) 11 (363) 11 (251)

14 (127) 14 (192) 11 (289) 12 (250) 28 (366) 23 (214) 12 (367) 12 (254)

15 (131) 15 (196) 13 (254) 30 (374) 25 (222) 13 (371) 13 (257)

16 (200) 15 (162) 31 (378) 14 (374) 14 (250)

15 (378)

16 (382)

17 (386)

21.2 (404)
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with Ned; and DYS390, DYS391 with Hex. GS500 was used as size marker and the allelic

ladders were constructed using sequenced alleles (Table 1). The nomenclature is according

to Kayser et al. 1997 [1]. Alleles outside the ladder were identified according to the

number of repeats calculated from their sizes.

Table 2

The allele frequencies for each locus given per 1000 individuals

DYS393 DYS19 DYS391 DYS389I DYS389II DYS390 DYS385 DYS392

11 3 11 14 8 3 11 3 27 9 21 14 9,13 3 10 3

12 97 13 69 9 17 12 311 28 257 22 186 10,13 3 11 606

13 743 14 589 10 569 13 503 29 317 23 283 10,14 9 12 37

14 149 15 209 11 377 14 180 30 291 24 266 10,16 3 13 249

15 9 16 94 12 34 15 3 31 91 25 143 11,11 20 14 103

17 26 32 31 26 6 11,12 9 15 3

33 3 27 3 11,13 91

11,14 238

11,15 31

11,16 3

12,12 6

12,14 40

12,15 9

12,16 3

12,17 6

13,13 26

13,14 111

13,15 20

13,16 11

13,17 3

13,18 9

13,19 11

13,22 3

14,14 100

14,15 63

14,16 11

14,17 11

14,19 3

15,15 9

15,16 14

15,17 11

16,16 9

16,17 17

16,18 14

16,19 3

16,20 6

17,18 3

17,19 6

18,18 3

19,20 3

The names of the alleles are in boldface.
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3. Results and discussion

3.1. Confirmation of typing results

For results from a father to be included in the database, they had to be in agreement

with the results from the son. In one case, we found a mutation in DYS390, a loss of one

repeat from allele 26 to 25. This deletion was confirmed by multiple analysis.

3.2. Allele frequencies

Allele frequencies, given as the numbers found in 1000 individuals, at the individual loci

are shown in Table 2. The largest variability is found for the DYS385 locus that contains a

duplication of the repetitive sequence. For DYS19, we found an allele 11 that was not

present in the European database. This allele was present in three different haplotypes.

3.3. Haplotype diversity

Haplotypes are given in the order the STR loci are found on the Y-chromosome [2,3].

We found 241 different haplotypes among the 350 chromosomes analysed. When

contributed to the European Y-chromosome STR database, 47% of these haplotypes were

new to the database. The most common haplotype was found on 15 chromosomes and 194

different haplotypes were found only once. The 12 most frequent haplotypes (n > 3) listed

in Table 3 have been compared with the European database. Six of these haplotypes are

present in frequencies that are significantly different from the frequencies in the European

database (6124 Y-STR haplotypes, Swedish population excluded). When contributing the

Swedish data to the Y-STR database, 141 haplotypes (53%) were completely new and 2

haplotypes contained new DYS385 alleles (Lutz Roewer, personal communication).

Table 3

The 12 most frequent Y-STR haplotypes in the Swedish population (S, n= 350) compared with the European Y-

chromosome database (E, n= 6124)

No. DYS393 DYS19 DYS391 DYS389I DYS389II DYS390 DYS385 DYS392 S E P>

1 13 14 10 12 28 23 14,14 11 15 29 99.95

2 13 14 10 12 28 23 14,15 11 9 13 99.95

3 13 14 10 12 28 23 13,14 11 5 37 n.s.

4 13 14 10 12 28 22 13,14 11 8 73 n.s.

5 13 14 10 12 28 22 14,14 11 4 26 n.s.

6 13 15 10 12 28 22 13,14 11 5 12 99.95

7 13 15 10 12 28 22 13,13 11 4 1 –

8 13 14 10 13 29 24 12,14 13 4 13 99.00

9 13 14 11 13 29 24 11,14 13 11 200 n.s.

10 13 14 11 13 30 24 11,14 13 4 30 n.s.

11 14 14 11 14 30 24 11,13 14 6 8 99.95

12 13 16 11 13 29 25 11,14 11 4 14 99.00

The comparison was done by a 2� 2 table using Yates correction. Haplotypes 1–7 and 8–10 form groups of

closely related Y-chromosomes (see Fig. 1).
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3.4. Population comparison

Haplotype nos. 1, 2 and 6 (Table 3) that are significant for the Swedish population are

also found in high frequencies in the Norwegian population. Haplotype nos. 5 and 11 are

also relatively frequent in the Estonian population and no. 12 in the Latvian population

although the number of observations is small. The high-frequency haplotype nos. 9 and 10

are found in many populations and seem to be frequent in Europeans in general.

3.5. Haplotype clusters

Two major clusters of haplotypes could be found if we assume that the diversity of the

haplotypes has evolved by a single-repeat-change of one allele at only one Y-STR locus at

a time (Fig. 1). That is, each haplotype can be derived from another haplotype in the same

cluster. The stepwise-mutation model for the evolution of microsatellite diversity in

general [4] has also been shown to be valid for the Y-chromosome STR sequences [5].

Haplotype nos. 11 and 12 (Table 3) are both significant for the Swedish population, but

could not be included in these clusters.

4. Conclusion

The estimated haplotype diversity is 0.994 and the discrimination capacity is 69% [6].

Both values are in good agreement with the data found for other European populations [7]

and the Swedish Y-chromosome STR data will be valuable for analysis of paternal

lineages for forensic purposes in Sweden.

Fig. 1. Y-STR loci in the order they are located on the chromosome. Two clusters of closely related haplotypes

were found. The first cluster (Cl 1) consists of seven different haplotypes of which three are significantly different

for the Swedish population ( P>99.95). Fifty of the 350 haplotypes studied belonged to this cluster which is

significantly different from the corresponding cluster of European haplotypes ( P>99.95). Cluster 2 (Cl 2) consists

of three different haplotypes shared among 19 individuals. One of the haplotypes in this group is significant for

the Swedish population, but the cluster is not (see Table 3 for more details).
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