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Background: Recent studies have successfully implemented next-generation sequencing 
(NGS) in HLA typing. We performed HLA NGS in a Korean population to estimate HLA-A, 
-B, -C, and -DRB1 allele and haplotype frequencies up to an 8-digit resolution, which might 
be useful for an extended application of HLA results. 

Methods: A total of 128 samples collected from healthy unrelated Korean adults, previously 
subjected to Sanger sequencing for 6-digit HLA analysis, were used. NGS was performed 
for HLA-A, -B, -C, and -DRB1 using the AllType NGS kit (One Lambda, West Hills, CA, USA), 
Ion Torrent S5 platform (Thermo Fisher Scientific, Waltham, MA, USA), and Type Steam 
Visual NGS analysis software (One Lambda). 

Results: Eight HLA alleles showed frequencies of ≥10% in the Korean population, namely, 
A*24:02:01:01 (19.5%), A*33:03:01 (15.6%), A*02:01:01:01 (14.5%), A*11:01:01:01 
(13.3%), B*15:01:01:01 (10.2%), C*01:02:01 (19.9%), C*03:04:01:02 (11.3%), and 
DRB1*09:01:02 (10.2%). Nine previous 6-digit HLA alleles were further identified as two 
or more 8-digit HLA alleles. Of these, eight alleles (A*24:02:01, B*35:01:01, B*40:01:02, 
B*55:02:01, B*58:01:01, C*03:02:02, C*07:02:01, and DRB1*07:01:01) were identified 
as two 8-digit HLA alleles, and one allele (B*51:01:01) was identified as three 8-digit HLA 
alleles. The most frequent four-loci haplotype was HLA-A*33:03:01-B*44:03:01:01-C*14: 
03-DRB1*13:02:01. 

Conclusions: We identified 8-digit HLA-A, -B, -C, and -DRB1 allele and haplotype fre-
quencies in a healthy Korean population using NGS. These new data can be used as a 
representative Korean data for further disease-related HLA type analysis.
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INTRODUCTION

Human leukocyte antigen (HLA) is the most polymorphic gene 

among the known functional human genes [1]. Accurate identi-

fication of HLAs is important in solid organ and hematopoietic 

transplantations. Molecular HLA typing methods, including se-

quence-specific oligonucleotide probe, sequence-specific prim-

ers, and sequence-based typing methods have been widely used 

[2-4]. However, owing to the increasing number of HLA alleles, 

the problem of HLA typing ambiguity cannot be resolved, as 

these methods only analyze one or two exons where these vari-

ants are mainly found [5]. Recently, there have been several re-
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ports on successful implementation of next-generation sequenc-

ing (NGS) in HLA typing [6-8]. NGS has been reported to re-

duce ambiguity largely arising from heterozygotes [9]. By se-

quencing both exons and introns, NGS can reduce HLA typing 

ambiguity arising from sequencing only the specified regions 

[10, 11].

For high-resolution 8-digit HLA typing, we used the One Lam

bda AllType NGS Amplification kit (One Lambda, West Hills, CA, 

USA) to analyze the NGS results of HLA-A, -B, -C, and -DRB1 

in a Korean population and established updated allele and hap-

lotype frequencies, which will be useful for more precise and 

extended applications of HLA types in clinical and research fields 

including disease-related HLA type analysis, drug-related ad-

verse reaction analysis, immunologic interaction studies, and 

anthropological genetic studies. Additionally, we compared our 

NGS results with previous Sanger sequencing results to identify 

any discrepancies between the two methods.

MATERIALS AND METHODS

Samples collection
This retrospective study was performed at Asan Medical Center, 

Seoul, Korea, using the archival samples collected in 2003 from 

128 genetically non-related, non-familial, healthy Korean adult 

volunteers >18 years old. Samples were obtained by collecting 

10–20 mL of venous blood from each subject, and the concen-

tration of the extracted DNA was adjusted to 40–100 ng/µL. These 

samples were previously analyzed for 6-digit HLA types using 

Sanger sequencing with Big Dye Terminator 3.1 (ABI Inc., Fos-

ter City, CA, USA) and an ABI 3730 DNA analyzer (ABI Inc.) [12]. 

Samples were stored in a -70°C deep freezer until our analysis. 

The Institutional Review Board (IRB) at Asan Medical Center 

approved this study (IRB No. S2018-2423-0001) and waived 

the need for informed consents from subjects.

NGS
The AllType NGS 11-Loci Amplification Kit (One Lambda) was 

used to amplify target DNA regions. The reagents were mixed 

according to the number of samples and pipetted into a PCR 

plate containing DNA. PCR was then performed for 11 loci by 

multiplex tagging rather than per locus. The primers for PCR 

were provided by the manufacturer, and the PCR cycling condi-

tion was as follows: 1 cycle at 94°C for 2 minutes, 22 cycles of 

10 seconds at 98°C, 3 minutes at 69°C, 8 cycles of 98°C for 10 

Fig. 1. Coverage of the HLA-A, -B, -C, and -DRB1 loci. 
Abbreviations: HLA, human leukocyte antigen; UTR, untranslated region.
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seconds, and 3 minutes at 60°C. The coverage for each HLA-A, 

-B, -C, and -DRB1 locus is shown in Fig. 1. DNA was purified 

by mixing Agencourt AMPure XP Beads (Beckman Coulter, Brea, 

CA, USA) with the amplicons. The purified amplicons were quan-

tified using a Qubit 3.0 fluorometer and the Qubit dsDNA HS 

Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA) accord-

ing to the manufacturer’s instructions and were diluted to en-

sure equal concentrations. The amplicons were fragmented us-

ing the Ion Shear Plus Reagent Kit (Thermo Fisher Scientific) 

and then ligated by mixing the Ion Xpress Barcode Adapters 

and Ion Plus Fragment Library Kit (Thermo Fisher Scientific) in 

each well. Next, size selection using Agencourt AMPure XP Beads 

(Beckman Coulter) was performed. The final products were ob-

tained using PCR after adding the Ion Plus Fragment Library Kit 

to the amplicon plate. The primers for PCR were provided by 

the manufacturer, and the PCR cycling condition was as follows: 

1 cycle at 96°C for 62 minutes, 8 cycles of 96°C for 16 seconds, 

followed by 15 seconds at 58°C and 1 minute at 70°C.

Using the NGS Calculator Excel file provided by One Lambda, 

DNA amount was calculated and pooled. Clonal amplification 

and sequencing were performed using Ion 520 & 530 ExT Kit–

Chef and Ion 530 Chip Kit (Thermo Fisher Scientific). Reagents 

were accurately positioned according to the manufacturer’s in-

structions; Ion Chef (Thermo Fisher Scientific) required 7 hours 

and Ion S5 XL (Thermo Fisher Scientific) required 6.5 hours. 

The obtained bam file was analyzed using Type Stream Visual 

(TSV) software (One Lambda). Analysis parameter settings are 

shown in Table 1, and the results were analyzed using the inter-

national ImMunoGeneTics information system (IMGT/HLA data-

base) version 3.27 (the international ImMunoGeneTics informa-

tion system, Montpellier, France). 

HLA allele and haplotype frequency analysis 
Allele frequency was calculated using the Maximum Likelihood 

Estimation method of the ALLELE procedure with SAS version 

9.4 (SAS Institute Inc., Cary, NC, USA). All loci were evaluated 

to determine whether they meet Hardy-Weinberg equilibrium 

using the same program. Haplotype frequency was calculated 

with the Expectation-Maximization Algorithm of the HAPLOTYPE 

procedure using the same program. Statistical significance level 

was P <0.05 (two-sided). 

Additional exon analysis of discrepant NGS and 6-digit 
resolution Sanger sequencing results
The base position of samples showing discrepant results be-

tween NGS and previous Sanger sequencing HLA genotypes 

obtained by Jun, et al. [12] was confirmed using the BIOWI-

THUS SBT Analyzer (Biowithus Inc., Seoul, Korea). Next, we 

performed PCR using primer sets (Avita Plus Kit, Biowithus Inc., 

Seoul, Korea) harboring the necessary additional exon and Sanger 

sequencing according to previous methods to confirm the se-

quence difference in the base position of the additional exon [12].

RESULTS

HLA-A, -B, -C, and -DRB1 allele frequencies
NGS HLA genotyping revealed 24 types of HLA-A, 44 types of 

HLA-B, 25 types of HLA-C, and 28 types of HLA-DRB1 in our 

study group; allele frequencies are shown in Table 2. A few 8-digit 

alleles (2 HLA-A, 11 HLA-B, 4 HLA-C, and 2 HLA-DRB1), previ-

ously reported as 6-digit genotypes were observed for the first 

time. 

HLA-A: previously typed 6-digit HLA-A*24:02:01 was further 

typed as two 8-digit HLA types of HLA-A*24:02:01:01 and A*24: 
02:01:02L. 

HLA-B: four of the previously typed 6-digit HLA-B alleles were 

further typed as two 8-digit HLA types (B*35:01:01 to B*35:01 
01:02, B*35:01:01:06; B*40:01:02 to B*40:01:02:01, B*40:01: 
02:04; B*55:02:01 to B*55:02:01:01, B*55:02:01:02; B*58: 
01:01 to B*58:01:01:01, B*58:01:01:03), and previously typed 

6-digit HLA-B*51:01:01 was further typed as three 8-digit HLA 

types of HLA-B*51:01:01:01, B*51:01:01:03, and B*51:01: 
01:05.

HLA-C: two of the previously typed 6-digit HLA-C alleles were 

further typed as two 8-digit HLA types (C*03:02:02 to C*03:02: 
02:01, C*03:02:02:03; C*07:02:01 to C*07:02:01:01, C*07:02: 
01:03).

HLA-DRB1: previously typed 6-digit HLA-DRB1*07:01:01 was 

Table 1. TSV analysis parameter configuration

Parameter setting Coverage

Min read length 100

Max insertion 3

Max deletion 3

Max mismatch bases 5

Min base read depth 20

Min valid read 500

Noise cutoff value (%) 20

Min hetero allele balance 10

Max read for typing 300,000

Abbreviation: TSV, Type Stream Visual software.
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Table 2. HLA-A, -B, -C, and -DRB1 allele frequencies in the Korean population (N=128)

HLA-A* N
Frequency 

(%)
HLA-B* N

Frequency 
(%)

HLA-C* N
Frequency 

(%)
HLA-DRB1* N

Frequency 
(%)

01:01:01:01 6 2.3 07:02:01:01 7 2.7 01:02:01 51 19.9 01:01:01 15 5.9
02:01:01:01 37 14.5 07:05:01:01 1 0.4 01:03 1 0.4 03:01:01:01 7 2.7

02:03:01 2 0.8 08:01:01:02 2 0.8 02:02:02:01 3 1.2 04:03:01 4 1.6
02:06:01:01 25 9.8 13:01:01 11 4.3 03:02:02:01 16 6.3 04:04:01 6 2.3
02:07:01 9 3.5 13:02:01 7 2.7 03:02:02:03 1 0.4 04:05:01 21 8.2
02:10 1 0.4 14:01:01 2 0.8 03:03:01:01 24 9.4 04:06:01 16 6.3
02:53N 1 0.4 15:01:01:01 26 10.2 03:04:01:02 29 11.3 04:07:01 1 0.4
03:01:01:01 3 1.2 15:07:01 2 0.8 04:01:01:01 23 9.0 04:10:01 2 0.8
11:01:01:01 34 13.3 15:11:01 1 0.4 05:01:01:02 3 1.2 04:10:03 2 0.8
11:02:01 4 1.6 15:18:01:02 1 0.4 06:02:01:01 8 3.1 07:01:01:01 13 5.1
11 : 20 1 0.4 15:38:01 2 0.8 07:02:01:01 14 5.5 07:01:01:02 2 0.8
24:02:01:01 50 19.5 27:04:01 1 0.4 07:02:01:03 7 2.7 08:02:01 5 2.0
24:02:01:02L 1 0.4 27:05:02 11 4.3 07:04:01:01 1 0.4 08:03:02 24 9.4
24:08 1 0.4 35:01:01:02 17 6.6 07:06 8 3.1 09:01:02 26 10.2
24 : 20 1 0.4 35:01:01:06 2 0.8 07:18 1 0.4 11:01:01:01 14 5.5
26:01:01:01 9 3.5 37:01:01 1 0.4 08:01:01 14 5.5 12:01:01:03 9 3.5
26:02:01 9 3.5 38:02:01 2 0.8 08:02:01:02 2 0.8 12:02:01 13 5.1
26:03:01 1 0.4 39:01:01:03 3 1.2 08:03:01 2 0.8 12:10 3 1.2
26 : 10 1 0.4 40:01:02:01 2 0.8 08:22 2 0.8 13:01:01:01 7 2.7
29:01:01:01 2 0.8 40:01:02:04 6 2.3 12:02:02:01 9 3.5 13:02:01 19 7.4
30:01:01 5 2.0 40:02:01:01 6 2.3 12:03:01:01 1 0.4 14:03:01 2 0.8
30:04:01 2 0.8 40:03 2 0.8 14:02:01:01 20 7.8 14:05:01 8 3.1
31:01:02:01 11 4.3 40:06:01:01 7 2.7 14:03 14 5.5 14:07:01 4 1.6
33:03:01 40 15.6 44:02:01:01 3 1.2 15:02:01:03 1 0.4 14:12:01 1 0.4

44:03:01:01 14 5.5 15:05:02 1 0.4 14:54:01 4 1.6
44:03:02 8 3.1 15:01:01:03 18 7.0
46:01:01 14 5.5 15:02:01:02 7 2.7
48:01:01 10 3.9 16:02:01:02 3 1.2
51:01:01:01 17 6.6
51:01:01:03 5 2.0
51:01:01:05 1 0.4
51:02:01:02 1 0.4
52:01:01:02 8 3.1

54:01:01 18 7.0
55:01:01 1 0.4
55:02:01:01 2 0.8
55:02:01:02 5 2.0
56:01:01:04 1 0.4

57:01:01 1 0.4
58:01:01:01 1 0.4
58:01:01:03 13 5.1
59:01:01:01 5 2.0

67:01:01 4 1.6
67:01:02 2 0.8

Bold letters: previously typed as 6-digit HLA alleles. 
Abbreviation: HLA, human leukocyte antigen.
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further typed as two 8-digit HLA types of HLA-DRB1*07:01:01:01 
and DRB1*07:01:01:02.

HLA haplotype frequencies
HLA haplotypes with frequencies >1% are shown in Tables 3 

and 4. There were 25 HLA-A-B-C haplotypes with >1% frequency, 

and the following were the most frequent haplotypes: HLA-A*33: 
03:01-B*44:03:01:01-C*14:03, HLA-A*11:01:01:01-B*15:01: 
01:01-C*04:01:01:01, and HLA-A*33:03:01-B*58:01:01:03-
C*03:02:02:01. There were 20 HLA-A-B-C-DRB1 haplotypes 

with >1% frequency, and the following were the most frequent 

haplotypes: HLA-A*33:03:01-B*44:03:01:01-C*14:03-DRB1* 
13:02:01, HLA-A*11:01:01:01-B*15:01:01:01-C*04:01:01:01-
DRB1*04:06:01, and HLA-A*02:01:01:01-B*13:01:01-C*03: 

04:01:02-DRB1*12:02:01. 

Discrepancies between NGS and Sanger sequencing 
A comparative analysis of the NGS and Sanger sequencing re-

sults revealed three discrepant HLA alleles (Table 5). HLA-A and 

-B alleles showed 100% concordance between the two meth-

ods, while there were two discrepant alleles for HLA-C and one 

discrepant allele for HLA-DRB1. Following additional SBT exon 

analyses of these samples, the SBT results were all corrected to 

the NGS results, yielding 100% concordance. 

DISCUSSION

We used the One Lambda AllType 11-loci multiplex kit to per-

form HLA NGS and obtained 8-digit HLA typing results in the 

Korean population. 

The AllType NGS Amplification kit uses multiplex individual 

tagging of 11 HLA loci. Instead of detecting an independent lo-

cus at the PCR stage, the kit uses independent index combina-

tions to detect all 11 loci from each sample. Thus, AllType has 

the following advantages: during the PCR stage only one step is 

needed, it requires less DNA and fewer pipetting events than 

other commercial kits, amplicon pooling is not needed, and the 

library preparation step is 8 hrs shorter, including the PCR stage.

Eight of the HLA alleles showed frequencies of ≥10% in the 

Korean population. In previous studies examining HLA allele 

frequencies in a Korean population, In, et al. [14] reported five 

HLA alleles with frequencies of ≥10% [A*24:02 (22.7%), A*02:01 
(17.6%), A*33:03 (16.1%), C*01:02 (17.8%), C*03:03 (11.8%)] 

by SBT, while Chung, et al. [15] reported seven HLA alleles [A* 
24:02 (22.9%), A*02:01 (16.5%), A*33:03 (15.4%), B*51:01 
(10.2%), C*01:02 (17.4%), C*03:03 (10.9%), DRB1*09:01 
(10.4%)] by high-resolution DNA typing. Our results were mostly 

consistent with previous results in 4-digit resolution comparisons 

[14, 15]. Interestingly, B*51:01 (10.2%), reported by Chung, et al. 
[15], was divided into three 8-digit alleles, and C*03:03:01:01 

was nearly 10% (9.4%) in our study.

A comparison of some of the most frequent HLA alleles in Ko-

reans with those in individuals from other countries revealed 

high frequencies of HLA-A*24:02:01:01 (19.5%) in the Japa-

nese (37.9%) and Hong Kong Chinese (14.7%) populations, 

whereas the frequencies were lower in US Caucasian (7.5%), 

British Caucasian (6.9%), and Saudi (8.5%) populations [16-

20]. HLA-B*15:01:01:01 (10.2%) was not as frequent in other 

populations (Hong Kong Chinese 2.9%, US Caucasian 6.0%, 

British Caucasian 5.9%, and Saudi 0.3%) except in the Japa-

Table 3. HLA-A-B-C haplotype frequencies in the Korean popula-
tion (N=128)

Haplotype
Frequency 

(%)
Standard 

error
95% confidence 

limit

33:03:01-44:03:01:01-14:03 4.8 0.013 0.022–0.075

11:01:01:01-15:01:01:01-04:01:01:01 4.7 0.013 0.021–0.072

33:03:01-58:01:01:03-03:02:02:01 4.2 0.012 0.017–0.066

24:02:01:01-52:01:01:02-12:02:02:01 3.1 0.011 0.010–0.053

24:02:01:01-51:01:01:01-14:02:01:01 2.9 0.011 0.009–0.050

33:03:01-44:03:02-07:06 2.7 0.010 0.007–0.047

02:07:01-46:01:01-01:02:01 2.3 0.009 0.005–0.042

24:02:01:01-54:01:01-01:02:01 2.1 0.009 0.004–0.039

02:06:01:01-51:01:01:01-14:02:01:01 2.1 0.009 0.004–0.039

02:01:01:01-27:05:02-01:02:01 2.0 0.009 0.003–0.037

24:02:01:01-35:01:01:02-03:03:01:01 2.0 0.009 0.003–0.037

30:01:01-13:02:01-06:02:01:01 2.0 0.009 0.003–0.037

02:01:01:01-13:01:01-03:04:01:02 1.9 0.009 0.002–0.036

02:06:01:01-54:01:01-01:02:01 1.8 0.008 0.001–0.034

24:02:01:01-07:02:01:01-07:02:01:03 1.6 0.008 0.000–0.031

33:03:01-51:01:01:03-03:02:02:01 1.6 0.008 0.000–0.031

31:01:02:01-35:01:01:02-03:03:01:01 1.5 0.008 0.000–0.031

02:01:01:01-15:01:01:01-04:01:01:01 1.2 0.007 0.000–0.025

02:01:01:01-40:06:01:01-08:01:01 1.2 0.007 0.000–0.025

02:01:01:01-48:01:01-08:01:01 1.2 0.007 0.000–0.025

02:01:01:01-54:01:01-01:02:01 1.2 0.007 0.000–0.025

11:01:01:01-67:01:01-07:02:01:01 1.2 0.007 0.000–0.025

24:02:01:01-46:01:01-01:02:01 1.2 0.007 0.000–0.025

24:02:01:01-59:01:01:01-01:02:01 1.2 0.007 0.000–0.025

24:02:01:01-40:02:01:01-03:04:01:02 1.1 0.007 0.000–0.024

Abbreviation: HLA, human leukocyte antigen.
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Table 4. HLA-A-B-C-DRB1 haplotype frequencies in the Korean population (N=128)

Haplotype Frequency (%) Standard error 95% confidence limit 

33:03:01-44:03:01:01-14:03-13:02:01 3.9 0.012 0.015–0.063

11:01:01:01-15:01:01:01-04:01:01:01-04:06:01 3.1 0.011 0.010–0.053

02:01:01:01-13:01:01-03:04:01:02-12:02:01 2.0 0.009 0.003–0.037

02:01:01:01-27:05:02-01:02:01-01:01:01 2.0 0.009 0.003–0.037

30:01:01-13:02:01-06:02:01:01-07:01:01:01 2.0 0.009 0.003–0.037

33:03:01-44:03:02-07:06-07:01:01:01 2.0 0.009 0.003–0.037

24:02:01:01-07:02:01:01-07:02:01:03-01:01:01 1.6 0.008 0.000–-0.031

33:03:01-51:01:01:03-03:02:02:01-13:01:01:01 1.6 0.008 0.000–0.031

33:03:01-58:01:01:03-03:02:02:01-03:01:01:01 1.6 0.008 0.000–0.031

33:03:01-58:01:01:03-03:02:02:01-13:02:01 1.6 0.008 0.000–0.031

02:06:01:01-54:01:01-01:02:01-04:05:01 1.6 0.008 0.000–0.031

24:02:01:01-52:01:01:02-12:02:02:01-15:02:01:02 1.6 0.008 0.000–0.031

02:01:01:01-15:01:01:01-04:01:01:01-04:06:01 1.2 0.007 0.000–0.025

02:07:01-46:01:01-01:02:01-08:03:02 1.2 0.007 0.000–0.025

11:01:01:01-15:01:01:01-04:01:01:01-11:01:01:01 1.2 0.007 0.000–0.025

24:02:01:01-46:01:01-01:02:01-08:03:02 1.2 0.007 0.000–0.025

24:02:01:01-51:01:01:01-14:02:01:01-04:05:01 1.2 0.007 0.000–0.025

24:02:01:01-51:01:01:01-14:02:01:01-09:01:02 1.2 0.007 0.000–0.025

24:02:01:01-54:01:01-01:02:01-04:05:01 1.2 0.007 0.000–0.025

26:02:01-40:06:01:01-08:01:01-09:01:02 1.2 0.007 0.000–0.025

Abbreviation: HLA, human leukocyte antigen.

Table 5. HLA allele discrepancies between NGS and 6-digit-resolu-
tion Sanger sequencing methods

Locus NGS 
SBT (before 
discrepancy 

analysis) 

 SBT (after 
discrepancy 

analysis) 

Performed exon 
analysis

A No discrepancy No discrepancy

B No discrepancy No discrepancy

C C:15:05:02 C*15:05:01 C*15:05:02 SBT Exon 1

C:03:02:02:01 C*03:02:01 C*03:02:02 SBT Exon 5

DRB1 DRB1*04:10:03 DRB1*04:10:01 DRB1*04:10:03 SBT Exon 4

Abbreviations: HLA, Human leukocyte antigen; NGS, next-generation se-
quencing; SBT, sequence-based typing.

nese population (8.7%). HLA-C*01:02:01 (19.9%) was also ob-

served in significantly high frequencies in the Japanese (14.8%) 

and Hong Kong Chinese (19.0%) populations, whereas the fre-

quencies were lower in the other populations (US Caucasian 

2.1%, British Caucasian 4.0%, Saudi 1.0%). HLA-DRB1*09:01:02 
(10.2%) was also significantly high in the Japanese (12.4%) 

and Hong Kong Chinese (15.9%) populations, but was low in 

the other populations (US Caucasian 1.2%, British Caucasian 

1.6%, and Saudi 0.3%).

Numerous intron variants have been predicted to exist; how-

ever, identifying them was not regarded as cost-effective relative 

to their clinical importance [21]. However, HLA typing solely of 

exons can provide incomplete information for two reasons. First, 

regulatory elements in promoter genes or introns need to be 

identified to determine the difference in HLA expression, as this 

is related to disease phenotype [22, 23]. Several studies have 

reported that promoter or intron identification resolved the prob-

lems of null to low expression of certain HLA alleles [24-27]. Sec-

ond, without complete gene sequencing, it would be difficult to 

identify disease causes and drug interactions arising from the 

high linkage disequilibrium in the HLA region. Thus, the clinical 

use of NGS for HLA typing is expected to increase in the era of 

precision medicine. 

A limitation of this study is that we were unable to include 8-digit 

HLA allele frequencies of the DQ or DP loci. We observed nu-

merous ambiguities at the 8-digit resolution in these loci, which 

could not be resolved by this study alone. As the IMGT database 

is constantly being updated, further analysis would be needed 

to report 8-digit DQ and DP loci without ambiguities. This is the 
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first study on high-resolution 8-digit HLA typing using the One 

Lambda AllType NGS HLA Typing kit in the Korean population. 

We identified updated frequencies of HLA alleles and haplotypes 

by analyzing not only the exons but also the whole locus, includ-

ing introns, 3´ untranslated regions (UTR), and 5´UTRs of HLA-

A, -B, -C, and by resolving ambiguities for HLA-DRB1. Our data 

can be used as additional information in identifying cases where 

the same 4-digit or 6-digit HLA types show different characteris-

tics, especially in studies involving disease-related HLA type anal-

ysis, drug-related adverse reaction analysis, immunologic inter-

action studies, and anthropological genetic studies in the Korean 

population.
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