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Abstract

The human leukocyte antigen (HLA)-DRB1*1501 allele has long been established

as the main genetic risk factor for multiple sclerosis (MS), and it therefore follows

that stratification of study populations for this allele could aid in the identification

of novel susceptibility genes and/or in establishing interactions. To this end,we have

developed a simple Taqman-based assay allowing cost-efficient medium-throughput

HLA-DRB1*1501 genotyping. We have validated this assay in 444 trio families

with MS and 1066 individuals from the UK 1958 birth cohort (3908 independent

chromosomes). In this validation cohort, the correlation coefficient (r2) between

rs3135388*A and HLA-DRB1*1501 was >0.94. Subsequently, applying the assay

to a group of MS patients and controls from Belgium confirmed the association of

HLA-DRB1*1501 and MS in this population (P ¼ 5 � 10221).

Multiple sclerosis (MS) is a chronic disorder of the central

nervous system characterized by inflammation, demyelin-

ation and axonal degeneration. Association with the human

leukocyte antigen (HLA) genes has been confirmed in

virtually all populations studied, and the DRB1*1501 allele

has been established as the main risk factor, with homo-

zygotes and heterozygotes having, respectively, a sevenfold

and threefold increased risk of developing the disease (1, 2).

Stratification for this known risk factor is expected to aid

in the identification of additional susceptibility factors and

to help unravel their interactions (3).We therefore reasoned

that a simple and straightforward assay to establish

DRB1*1501 genotype without the need for more elaborate

classical HLA-DRB1 typing would be of considerable

value.

Major efforts cataloguing genetic variation across the

major histocompatibility complex (4) have confirmed the

extremely polymorphic nature of the HLA-DRB1 gene,

which has a nucleotide diversity that is up to an order of

amagnitude larger than the average throughout the genome

(4). This exceptional degree of polymorphism contributes to

the high failure rate of genotyping assays in this region (3, 5,

6). de Bakker et al. have recently proposed the SNP

rs3135388 as a tagging SNP for the DRB1*1501 allele (7).

Typing this SNP in the HapMap CEU panel using the

Illumina Golden Gate platform, they found a correlation

coefficient (r2) of 0.97 between rs3135388*A and HLA-

DRB1*1501. In a second set of 1328 chromosomes, the

authors confirmed that this tagging assay identified the

*1501 allele with a sensitivity of 96.4%, specificity of 99.0%

and r2 of 0.88. As expected in a typical European popu-

lation, 12.5% (n ¼ 167) of the tested chromosomes were

DRB1*1501 positive.

To make this tagging SNP usable for groups without

access to high-throughput Illumina systems, we developed

a Taqman-based genotyping assay and evaluated its

performance in two study populations, the first consisting

of MS patients necessarily enriched for the DRB1*1501

allele and the second consisting of population-based birth

cohort control individuals. Taqman genotyping assays
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consist of a pair of polymerase chain reaction (PCR)

primers surrounding the target sequence and two probes,

each specific for one allele. The probes are labelled at the 5#
site with a VIC and FAM fluorescent dye, respectively, and

at the 3# site with a non-fluorescent quencher. On

hybridization of a probe to its complementary sequence

and amplification during PCR, bound probes are cleaved by

5#-3# exonuclease and a fluorescent signal corresponding to

one or both alleles is generated (Figure 1). We initially

tested Applied Biosystems (Foster City, CA) ready-made

Assay-on-Demand for this SNP (C_27464665_10) but

found that although it was extremely reliable at detecting

carriage of theDRB1*1501 allele, wewere unable to reliably

distinguish between DRB1*1501 homozygotes and hetero-

zygotes. We therefore designed primers and probes using

PRIMER EXPRESS software (Applied Biosystems) that would

increase probe specificity (by shortening the length of the

probe) and minimize primer–probe interaction. With this

shorter probe, we found that we needed to lower the

annealing/extension temperature from 60 to 58�C to

increase the amount of template genomic DNA and to

increase the number of cycles to ensure adequate product

and enable allelic discrimination. The final optimized PCR

reaction conditions consisted of 50 ng of genomic DNA and

1� Taqman Universal Mastermix (Applied Biosystems) in

a 10-ml reactionmixture containing primers and probes as in

Table 1, with a PCRprotocol startingwith 95�C for 10 min,

followed by 70 cycles of 15 s at 95�C and 1 min at 58�C.
Plates were read on a 7300 or 7900 Sequence Detection

System (Applied Biosystems). Figure 1 shows a representa-

tive plate read for 96 individuals.

In a cohort of 444 UK MS trio families (an affected

individual and both parents) where we already had low-

resolution HLA-DRB1 typing and DR15 subtyping (1776

independent chromosomes), we found the optimized tagging

assay provided a correlation coefficient (r2) between

DRB1*1501 and rs3135388*A of 0.98 (Table 2). Among

the 450 rs3135388*A-positive chromosomes, 3 (0.7%) did

not carry DRB1*1501, and similarly, among the 450

DRB1*1501-positive chromosomes, 3 (0.7%) did not carry

Figure 1 Representative plate read of the DRB1*15 tagging assay in 96 individuals. The intensity of the VIC and FAM fluorescent signals, originating

from probes specific for the A and G allele, respectively, is plotted on the x-axis and y-axis. Genotypes cluster into homozygotes for rs3135388*A,

rs3135388*G and heterozygote individuals. NTC, non-template control.

Table 1 Assay primers and probes used for the rs3135388 A/G assay

Sequence

Final

concentration

(nM)

Forward

primer

5#-CCTTTCCCGGTAAAATATCTGAATG-3# 450

Reverse

primer

5#-CCATGCATTCTGAGATCCATACCTT-3# 450

Probe 1a VIC-5#-CAACAAACCAATCC-3#-MGB 100

Probe 2a FAM-5#-CAACAAACCAACCC-3#-MGB 100

a Probes are designed on the reverse strand.

Table 2 Performance of the rs3135388 assay in tagging HLA-DRB1*15

in the UK population

Source

(number of

chromosomes)

DRB1*15

Allele

frequency (%)

DRB1*1501

Allele

frequency Specificity Sensitivity r2

MS trios

(n ¼ 1776)

25.8 25.3 99.8 99.3 0.982

1958 birth

cohort

(n ¼ 2132)a

13.7 NA 99.6 97.6 0.941

HLA, human leukocyte antigen; MS, multiple sclerosis.
a In the analysis of these data, we assumed that chromosomes positive

for DR15 classical typing and the tagging SNP rs3135388*A allele were

in fact *1501. DR15 subtyping was not performed to confirm this.
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rs3135388*A. One of the DRB1*1501–rs3135388*G combi-

nations was transmitted to the individual’s child, the other

instances occurred on the non-transmitted parental chro-

mosomes. In 1066 individuals from the UK 1958 birth

cohort where low-resolution (2-digit) HLA-DRB1datawere

already available, we found our optimized tagging assay

gave an r2 of 0.94 (Table 2). DR15 subtyping with sequence-

specific primers and sequencing was performed in the 19

chromosomes positive for DR15 but negative for

rs3135388*A and showed that 7 carried *1501, 10 carried

*1502 alleles and 2 (representing one individual) appeared

not to be DR15 in our hands.

Applying our assay to a study population consisting of

MS patients and controls from Belgium, the genotyping

success rate was>98% and analysis confirmed the expected

association. TheDR1501 allele and genotype frequencies as

deduced from the tagging SNP results were concordant with

those reported previously for full HLA-DRB1 typing in

different samples from the same geographic region

(Table 3) (8, 9). The observed distribution was in line with

a gradient seen throughout Europe in which DR15

frequency decreases from north to south and accounts for

a significant part of the variation in MS prevalence (9).

Association of the DRB1*1501 allele with MS was

confirmed (P ¼ 5 � 10221), and the estimated odds ratios

of 3.03 (95%CI 2.32–3.95) for heterozygotes and 5.10 (95%

CI 2.22–11.72) for homozygotes overlap with previous

estimates in other populations.

SNP rs3135388 is located 197 base pairs downstream of

the last exon of the HLA-DRA gene. The very high degree

of correlation observed between SNP rs3135388 and HLA-

DRB1 is remarkable, given that they are separated by

a distance of nearly 120 kb. This fragment is, however,

located within a 158-kb highly conserved segment that is

most extensively preserved on theHLA-DR15 haplotype (6,

10). Using this characteristic allowed the development of an

efficient Taqman-based assay for HLA-DRB1*1501 typing

that can be used in the study of diseases such as MS.
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Table 3 Comparison of the HLA-DRB1 data in the Belgian population using the rs3135388 assay with previously published data

Ghabanbasani et al. (8) Current study

MS (n ¼ 78) Controls (n ¼ 204) MS (n ¼ 468) Controls (n ¼ 482) OR (95% CI) P

DR1501 0.256 0.123 0.299 0.109 2.67 (2.11–3.38) 5 � 10221

DR1501/DR1501 0.013 0.015 0.073 0.004 5.10 (2.22–11.72) 1 � 1027

DR1501/X 0.500 0.230 0.453 0.210 3.03 (2.32–3.95) 1 � 10217

X/X 0.487 0.755 0.474 0.786 Reference Reference

CI, confidence interval; HLA, human leukocyte antigen; MS, multiple sclerosis; OR, odds ratio.
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