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Summary. Allele and genotype frequencies for the 
HLA-DQ(z locus were determined for use in forensic 
analyses and paternity tests in Finland. The polymerase 
chain reaction (PCR) and the reverse dot blot format 
were employed to detect 6 different HLA-DQ(x alleles. 
All 6 HLA-DQa alleles were detected among the 112 
unrelated individuals with allele frequencies ranging 
from 5.8% to 32.6%. The distribution of the observed 
genotypes is in Hardy-Weinberg equilibrium. Addition- 
ally, this Finnish population sample is statistically similar 
to 2 other Caucasian sample populations. The power of 
discrimination of this system in the Finnish population 
sample is 0.92, suggesting this method may prove suita- 
ble for identification purposes. 
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Zusammenfassung. Allelfrequenzen und Genotypfre- 
quenzen for den HLA-DQcz-Locus wurden bestimmt mit 
der Zielsetzung der Anwendung in Spurenanalysen und 
Vaterschaftstests in Finnland. Die Polymerase-Ketten- 
reaktion (PCR) und das reverse Dot-Blot-Format wur- 
den benutzt, um 6 verschiedene HLA-DQa-Allele nach- 
zuweisen. Alle 6 HLA-DQa-Allele wurden bei 112 un- 
verwandten Personen nachgewiesen, die Allelfrequen- 
zen waren zwischen 5,8% und 32,6%. Die Verteilung 
der beobachteten Genotypen ist im Hardy-Weinberg- 
Gleichgewicht. Weiterhin ist diese finnische Popula- 
tionsstudie statistisch ghnlich zu 2 anderen europgischen 
Bev61kerungsstichproben. Die Diskriminationskraft mit 
diesem System innerhalb der finnischen BevOlkerung ist 
0,92, was daran denken lfigt, dab diese Methode sich als 
brauchbar for Identifikationszwecke erweisen lfi6t. 
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Introduction 

Genetic characterization of individuals for identity test- 
ing is increasingly being performed at the DNA level. 
The basic method for DNA identification in the forensic 
arena has so far involved analysis of restriction fragment 
length polymorphisms (RFLP). Although informative 
and reliable, RFLP analysis is laborious and time con- 
suming, requiring in addition to DNA purification, en- 
zyme digestion, electrophoresis, Southern blotting and 
radioactively labeled probes [1, 2]. 

A new, technically more feasible strategy for indi- 
vidual identification at the DNA level is the use of the 
polymerase chain reaction (PCR), i.e. the enzymatic 
amplification of polymorphic DNA loci [3, 4, 5, Sajantila 
et al. submitted for publication]. The advantages of the 
PCR technique over the classical RFLP technique for 
forensic DNA analysis are that it is more sensitive and 
specific, less time-consuming, less laborious and the 
analysis does not require radioactively labeled probes. 
An additional advantage of PCR is that it enables the 
analysis of minute amounts of DNA from various 
sources including impure or degraded samples [6, 7, 
Sajantila et al. submitted for publication]. 

One approach for the analysis of forensic samples by 
PCR is based on the human leukocyte antigen (HLA) 
DQct locus which codes for the polymorphic c~-chain of 
the HLA-DQ molecule. The HLA-DQ molecule is a 
heterodimer composed of one a-chain and one [3-chain 
and it is expressed in B-lymphocytes, macrophages, 
thymic epithelium and activated T-cells. It serves as an 
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integral  m e m b r a n e  prote in  for binding as well as pre-  
senting antigen pept ide  f ragments  to the T cell receptor  
of  CD4  + T lymphocytes .  A t  the D N A  level mos t  of  the 
po lymorph i sm of  H L A - D Q  a-chain locus is localized 
on the second exon encoding the NHz-terminal  ou ter  
domain  [8]. Eight  alleles have been  identified in the 
H L A - D Q a  locus and 6 of  these can be distinguished 
with the me thod  applied here  [9]. 

This paper  presents data  on the frequencies of  6 dif- 
ferent  H L A - D Q a  alleles ( D Q A  1.1, 1.2, 1.3, 2, 3 and 4) 
and the distribution of  the different genotypes  in a Fin- 
nish popula t ion  sample.  The  power  of  discrimination 
(PD) was de te rmined  to evaluate its applicability for 
forensic identi ty testing. To  establish the use of  the ob- 
served genotypes  in the calculations of  the probabil i ty 
of  a r a n d o m  match,  the database  was assessed to deter-  
mine whether  or  not  it was in Hardy-Weinbe rg  equilib- 
rium. Also heterozygosi ty  and homozygos i ty  were ad- 
dressed. 

Materials and methods 

Nomenclature. According to the most recent nomenclature system 
adopted by the World Health Organization (WHO) HLA Nomen- 
clature Committee [10], the HLA-DQa locus is now designated as 
DQA1 and the previously known DXa locus is now termed 
DQA2. To avoid confusion between this recently proposed no- 
menclature and the designation generally used in forensic DNA 
HLA-DQc~ genotyping the following allele designations were used 
as suggested by Helmuth et al. [11]: DQAI.1 (WHO nomencla- 
ture DQAI*0101), DQA1.2 (WHO nomenclature DQAI*0102), 
DQA1.3 (WHO nomenclature DQAI*0103), DQA2 (WHO nomen- 
clature DQAI*0201), DQA3 (WHO nomenclature DQAI*0301) 
and DQA4 (WHO nomenclature DQAl*0401, DQA1*0501 and 
DQAI*0601). 

DNA amplification and HLA-DQct typing. DNA was extracted 
from fresh peripheral blood leukocytes from 112 unrelated Finns 
using a slightly modified method from that described by Vanden- 
plas et al. [12]. The amplification of the HLA-DQct locus and the 
analysis of the alleles were performed using the AmpliType HLA- 
DQa Forensic DNA Amplification and Typing Kit (Cetus Corpo- 
ration, CA, USA). Basically, the procedure involves amplification 
of the HLA-DQct locus by PCR using biotinylated primers. The 
amplified product is subsequently hybridized to a filter strip carry- 
ing immobilized allele specific oligonucleotide DNA probes. 
Detection is enzymatically mediated by a streptavidin-horseradish 
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Fig.1. A schematic presentation (Adopted from ref. [19]) of the 
generation of a dot blot format using immobilized allele-specific 
oligonucleotide probes (ASO). HRP = horseradish peroxidase 

peroxidase conjugate resulting in a visually detectable dye. This 
technique is known as a "reverse dot blot" format (Fig. 1). 

PCR amplification of 25 ng of template DNA was performed 
using a thermal cycler (Perkin-Elmer Cetus) programmed for the 
following steps: denaturation at 94°C for 1 rain, annealing at 60°C 
for 30 s and extension at 72°C for 30 s. A total of 32 cycles was per- 
formed in a volume of 50 gl. To ensure the quality of the amplifica- 
tion product each sample was analyzed on an agarose gel contain- 
ing ethidium bromide. One positive and one negative (no template 
DNA) control sample were included in each analysis. 

Hybridization was performed in a solution containing 5 × SSPE 
(1 : 4 dilution of 3.6 M NaC1-200 mM NaHzPO4*H20-20 mM EDTA, 
pH 7.4) - 0.5% w/v SDS (sodium dodecyl sulfate), streptavidin- 
horseradish peroxidase conjugate and 35 gl of the amplified DNA 
at 55°C for 20rain. After hybridization 3 washing steps were per- 
formed with 2.5 x SSPE - 0.1% SDS solution. The filterstrips 
were first rinsed at room temperature followed by a stringent wash 
at 55°C for 12 min and finally at 5 rain wash at room temperature. 
The color development was accomplished in a solution containing 
0.1M sodium citrate pH 5.0, 0.003% H2Oz and ling of 3,3',5,5'- 
tetramethylbenzine (TMB). 

Statistical evaluations. The power of discrimination (PD) was cal- 
culated from the genotype data on the basis of an equation derived 
by Fisher (PD = 1 - Y~ P~, where Pj is the frequency of each geno- 
type) [13]. The allelic diversity values (h) were calculated as de- 
scribed by Nei and Roychoudhury [14] (h = [1 - ~ X 2] [n/n - 1], 
where Xi = alMe frequencies and n = number of alleles). Chi- 
square test was performed to assess whether our population 
database conformed to Hardy-Weinberg equilibrium expectations. 
A program kindly provided by G. Carmody (Carleton University, 
Ottawa, Canada) to test population data homogeneity by chi- 
square analysis and G-statistic was used. 

Results 

Analysis of  the H L A - D Q a  allele distribution in the Finn- 
ish popula t ion  revealed  that  the mos t  c o m m o n  H L A -  
D Q a  allele was H L A - D Q A  4 (frequency,  f = 0.33) 
and the least f requent  allele was H L A - D Q A  2 (f  = 0.06). 
The  o ther  alleles H L A - D Q A I . 1 ,  D Q A 1 . 2 ,  D Q A 1 . 3 ,  
and D Q A 3  occurred  at frequencies of  17.4%, 20 .1%,  
6.7% and 17.4%, respectively (Fig. 2). The  most  
c o m m o n  genotypes  in the Finnish popula t ion  were 
D Q A 1 . 2 , 4 ,  D Q A I . I , 4  and D Q A 3 , 4 .  The  frequencies  of  
these genotypes  were 15.2%, 13.4% and 11.6%, respec- 
tively. The  genotypes  H L A - D Q A 1 . 3 , 1 . 3  and H L A -  
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Fig. 2. Distribution of HLA DQct alleles in the Finnish population 



A. Sajantila et al.: Distribution of the HLA-DQa alleles and genotypes in the Finnish population 

B 

D 

' 1.1 1"2 0 1 . 3 ~  All A~(ii~yp~'cff ~/~: 
1.3 but 

~ 4 1.3 DO-Alpha 
-i.2 All . . . . . . .  Ampi i type TM 

L, C ! :  1.1 1.3 123 but  ~ De-A lpha 
L t.3 
1.2- All 

C ~ 1,1 AmplitypeTN • @ 7~ 1 . 3 @  1.3 but 
4 1.3 DQ-AI pho 

1.2 All 
C~?~ ~ 1 1¢~ 1.3 1.3 but 

" ~ 4 1.3 DQ-Alpho 

1.2 All Arnpii}-ypeT M 
¼ C_. 1.1 1.3 , 1.3 but 

• 4 1.3 DQ-Atphe 

183 

Fig. 3. Examples of HLA-DQa 
genotyping on the dot blot nylon 
membrane strips. The HLA-DQa 
genotypes analyzed here are 
A = HLA-DQA1.3,4; 
B = HLA-DQA1.2,2; C = 1.3,4; 
D = 1.1,1.3 and E = 1.3,3 

Table 1. Observed and expected HLA-DQc~ genotypes in the Finn- 
ish population 

Genotype Observed Expected Z 2 

n % n % 

1.1-1.1 5 4.5 3.4 3.0 0.75 
1.1-1.2 7 6.3 7.8 7.0 0.08 
1.1-1.3 3 2.7 2.6 2.3 0.06 
1.1-2 3 2.7 2.3 2.0 0.21 
1.1-3 3 2.7 6.8 6.1 2.12 
1.1-4 15 13.4 12.7 11.3 0.42 
1.2-1.2 3 2.7 4.5 4.0 0.50 
1.2-1.3 4 3.6 3.0 2.7 0.33 
1.2-2 3 2.7 2.6 2.3 0.06 
1.2-3 8 7.1 7.8 6.9 0.01 
1.2-4 17 15.2 14.7 13.1 0.36 
1.3-1.3 0 0 0.5 0.4 * 
1.3-2 0 0 0.9 0.8 * 
1.3-3 4 3.6 2.6 2.3 0.75 
1.3-4 6 5.4 4.9 4.4 0.25 

2-2 1 0.9 0.4 0.3 * 
2-3 1 0.9 2.3 2.0 * 
2-4 4 3.6 4.2 3.8 0.01 
3-3 4 3.6 3.4 3.0 0.11 
3-4 13 11.6 12.7 11.3 0.01 
4-4 8 7.1 11.9 10.6 1.28 

* Classes 1.3-1.3, 1.3-2, 2-2 and 2-3 pooled together 
(n observed = 2, n expected = 4.1) 1.08 

Total 8.39** 
** Z 2 = 8.39, 0.75 < P < 0.90, df = 12 

Heterozygotes n = 91 (81.0%) 
Homozygotes n = 21 (19.0%) 

Allelic diversity (h) = 0.78 
Power discrimination (PD) = 0.92 

DQA1.3 ,2  were not observed among the 112 individuals 
analyzed (Table 1). 

The chi-square test was used to compare  the observed 
and expected genotypes (calculated on the basis of Hardy- 
Weinberg equilibrium from allele frequencies in Fig. 2.). 
The populat ion data genotypes are in agreement  with 
the expected genotypes and conform to Hardy-Wein-  

berg equilibrium expectations (0.75 < P < 0.90). The 
genotype frequencies used in this analysis are given in 
Table 1. 

The allelic diversity (h) in the Finnish population was 
0.78 (Table 1). This is an unbiased estimate of the ex- 
pected heterozygosity calculated as described by Nei and 
Roychoudhury [14]. The observed heterozygosity in our 
population survey was 0.81 (Table 1). 

The power  of discrimination (PD) for forensic iden- 
tity testing using the H L A - D Q a  genotyping alone was 
0.92 in the Finnish population (Table 1). 

A statistical test for significance of a 2-way R x C con- 
tingency table to determine populat ion sample homo- 
geneity was used. The data suggests that the Finnish 
sample is statistically similar to the two U.S. Caucasian 
samples described by Helmuth  et al. [11], (X 2 = 41.87, 
P = 0.3930 + 0.0154 (S.E.);  G-statistic = 45.70, p = 
0.3650 _+ 0.0152 (S.E.)).  

Discussion 

The evaluation of the significance of a detected match in 
forensic problems and paternity tests between geneti- 
cally typed samples is less meaningful unless the popula- 
tion distribution of alleles and phenotypes have been de- 
termined. When the sample analyzed represents a dis- 
tinctly different phenotype than the reference sample, 
the "exclusion" is independent  of the phenotype fre- 
quencies obtained in the particular case. In contrast,  in 
cases where an "inclusion" has been determined the 
probabili ty that the phenotype f rom another  unrelated 
individual could also match the evidence sample is equal 
to the frequency of that phenotype in the appropriate  
population. 

The Finnish population represents an example of an 
isolated population and genetic isolation has been dem- 
onstrated with different polymorphic protein markers  
[15]. At  the D N A  level this genetic isolation has been 
studied by the RFLP technique with highly polymorphic 
D N A  probes.  Both multilocus and singlelocus probes  
have failed to show any significant differences in D N A  
length polymorphisms between the Finnish population 
and more  heterogeneous Caucasian populations [16, 17, 
Sajantila et al. submitted for publication]. 

The H L A - D Q ~  data fails to show any significant dif- 
ferences when compared  to U.S. Caucasian data. In 
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contrast, the frequency distribution of H L A - D Q a  alleles 
varies significantly between other racial groups [11], 
consequently differences in the genotype frequencies 
can be expected. The most  striking difference in allele 
distributions is seen with the Japanese population con- 
firming the observations of Helmuth  et al. [11]. The fre- 
quency of H L A - D Q A 1 . 3  in Japanese is significantly 
higher (22.8%) than in the Finnish population (6.75%) 
and other populations studied (0-8 .5%).  Fur thermore ,  
the frequency of the H L A - D Q A 2  allele is lower in 
Japanese (0.5%) than in the Finnish population (5.8%) 
and other populations studied (5-13.5%),  as is the fre- 
quency of the H L A - D Q A 4  allele (11.4% in the Japanese 
population, 25-40% in other populations, 32.6% in the 
Finnish population).  

As data derived f rom forensic and paternity D N A  
profiling tests could have an impact on a case, it is impor- 
tant to establish a database for the appropriate  popula- 
tion for a genetic marker  that can potentially be used 
for identification. It  is also desirable to evaluate (when 
possible) whether  the population is in Hardy-Weinberg 
equilibrium for the genetic marker  in question. This type 
of evaluation has been difficult to carry out for RFLP 
analyses with single-locus probes due to the difficulties 
in distinguishing between different alleles [18]. As PCR 
analysis of the HLA-DQct  locus provides discrete allele 
determination,  it is possible to demonstrate  that the dis- 
tribution of genotypes in different populations is gener- 
ally in agreement  with Hardy-Weinberg equilibrium [11]. 
This is also the case in the Finnish population sample. 

Additionally, the observed frequency of homozygotes  
(19%) is not significantly different f rom that expected 
(22%). 

In conclusion, we have established a population 
database of the H L A - D Q u  locus for forensic use. This 
locus is in Hardy-Weinberg  equilibrium and the discrimi- 
nation power  of this method alone is 0.92 in the Finnish 
population. Additionally, the distribution of the geno- 
types in Finns is similar to the U.S. Caucasian popula- 
tion. The reverse dot blot analysis is simple, quick and 
does not require special technical skills. Fur thermore ,  
small amounts of crude sample can be used. The method 
appears to be a valuable screening test and may prove 
useful as an approach to resolve forensic and other iden- 
tification problems.  
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