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Abstract

The highly polymorphic human leukocyte antigen (HLA) genes, located in the human major 

histocompatibility complex, encode the class I and II antigen-presenting molecules, which are 

centrally involved in the immune response. HLA typing is used for several clinical applications, 

such as transplantation, pharmacogenetics, and diagnosis of autoimmune disease. HLA typing is 

highly complex because of the homology of HLA genes and pseudogenes and the extensive 

polymorphism in the population. The Centers for Disease Control and Prevention established the 

Genetic Testing Reference Materials Coordination Program (GeT-RM) in partnership with the 

genetics community to improve the availability of genomic DNA reference materials necessary for 

quality assurance of genetic laboratory testing. The GeT-RM together with three clinical 

laboratories and the Coriell Cell Repositories have characterized genomic DNA obtained from a 

panel of 108 cell lines for all HLA classic polymorphic loci: HLA-A, B, C, DRB1, DRB3, DRB4, 

DRB5, DQA1, DQB1, DPA1, and DPB1. The goal was to develop a publicly available and 

renewable source of well-characterized genomic DNA reference materials to support molecular 

HLA typing assay development, validation, and verification, quality control, and proficiency 

testing. These genomic DNA samples are publicly available from the National Institutes of 

General Medical Science Repository at the Coriell Cell Repositories.
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The human major histocompatibility complex (MHC), located on the short arm of 

chromosome 6 at 6p21.3, contains a set of highly polymorphic genes, the human leukocyte 

antigen (HLA) loci.1 These genes encode the class I and II molecules (glycoproteins) that 

bind and present peptide antigens to lymphocyte receptors. Class I molecules, expressed on 

the surface of all nucleated cells, present peptides derived from intracellular proteins to 

cytotoxic CD8 T cells and thus participate in the defense against cancer, viruses, and other 

intracellular parasites. Class I molecules are also ligands of natural killer (NK) cell 

immunoglobulin-like receptors (KIRs). Class II molecules, expressed mainly on the surface 

of professional antigen-presenting cells, present peptides derived from extracellular proteins 

to CD4 T cells and thus participate in the defense against extracellular pathogens.2

HLA class I molecules are heterodimeric glycoproteins that consist of an α chain coded by 

the HLA-A, B, and C genes and of β2-microglobulin encoded on chromosome 15. Sequence 

variation is concentrated primarily in exons 2 and 3 that code for the α1- and α2-domains of 

the class I molecules. Peptide antigens interact and bind to these two domains and form a 

complex; the molecular entity formed is recognized by the T-cell receptor. The edge of the 

binding cleft formed by the α1- and α2-domains is also recognized by the KIR. Class II 

molecules are heterodimers of an α and a β chain. The most polymorphic class II loci are 

HLA-DRB1, DQB1, and DPB1, which code for the β chain of the DR, DQ, and DP 

molecules, respectively, and, to a lesser extent, HLA-DQA1 and DPA1, which code for the 

corresponding α chains. Sequence variation is concentrated on exon 2 that codes for the α1- 

and for the β1-domain that constitute the peptide and T-cell receptor binding site. Adding to 

the genetic variability of the class II region, the DR region can contain one or two DRB 
genes. The DRB1 gene is present in all haplotypes, and a second DRB gene, DRB3, DRB4, 

or DRB5, is present in only some haplotypes.3

HLA typing, the determination of a particular set of HLA alleles carried by an individual, 

has high clinical relevance. The combination of class I and class II alleles, or HLA genotype, 

personalizes an individual’s immune response through three processes. First, given the great 

polymorphism of the HLA genes in the human population, the peptide repertoire displayed 

by HLA molecules varies greatly among individuals.4 Second, HLA polymorphism affects 

the T-cell repertoire given that thymocytes undergo selection processes that require 

interactions between T-cell receptors and peptide-HLA complexes on antigen-presenting 

cells in the thymus.5,6 Third, the development and activity of NK cells are in part controlled 

by the interaction of KIRs with their cognate HLA class I ligands.7,8

Clinical testing of HLA genes is used for a variety of applications. It contributes to the 

diagnosis of autoimmune diseases, such as ankylosing spondylitis,9 narcolepsy,10 and celiac 

disease.11 HLA typing is also used to avoid severe adverse reactions to drugs, such as 

abacavir, carbamazepine, and allopurinol,12 and to stratify patients for cancer 

immunotherapy.13 HLA typing is fundamental in matching recipients and donors for solid 

organ14 and blood and marrow transplantation.15 HLA molecules of transfused or 

transplanted cells and tissues are recognized as foreign by the host’s immune system and 

elicit strong immunologic reactions that can lead to graft rejection and platelet 

refractoriness.16 HLA matching at the allele level is critical in hematopoietic cell 
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transplantation. In this setting, HLA mismatches increase the risk not only of primary graft 

failure but also of graft-versus-host disease, caused by the immune response of the donor 

against the recipient and both processes are associated with high morbidity and mortality.

The HLA loci are among the most difficult genes to sequence in the human genome. This is 

due to sequence homology between the HLA genes, the presence of pseudogenes, as well as 

the extreme sequence variability of the HLA genes themselves. Because of this complexity 

and the critical need for accurate results, the development of robust and sensitive HLA 

typing methods is crucial in the clinical setting.

HLA genes and alleles are named by the World Health Organization Nomenclature 

Committee of the Factors of HLA system.17 Each HLA allele name has a unique number 

corresponding to up to four sets of digits or fields separated by colons. HLA typing can be 

performed at different levels of resolution depending on the clinical need.18 Low resolution 

typing defines the first field or serological equivalent. The main methods are locus-specific 

PCR followed by hybridization with sequence-specific oligonucleotide (SSO) probes 

covering polymorphic regions, or PCR using sequence-specific primers (SSPs). A high-

resolution typing result is defined as a set of alleles that encode the same protein sequence 

for the antigen binding site (exons 2 and 3 for class I and exon 2 for class II molecules) and 

that excludes alleles that are not expressed at the cell-surface. This level of resolution is used 

for hematopoietic cell transplantation.19 The main methods are PCR followed by Sanger 

sequence–based typing (SBT) or by next-generation sequencing (NGS).20 HLA typing 

results obtained by SBT may be ambiguous because of the lack of sequence phasing and the 

impracticality of interrogating the whole gene. NGS methods allow phasing of 

polymorphisms along the length of the whole HLA gene and are high-throughput permitting 

allele level typing in the clinical setting.21 Currently, there are several US Food and Drug 

Administration (FDA)–approved assays for HLA typing. Many laboratories also use 

laboratory-developed tests and procedures, which are not FDA approved and must be 

developed and validated by the laboratory.

Clinical and commercial laboratories that develop new assays need characterized reference 

materials for test development, test validation, quality control, and proficiency testing. In 

addition, laboratories that use FDA-approved assays need reference materials to verify assay 

performance and for quality control. Proficiency testing programs need access to DNA 

samples with a variety of genotypes to provide comprehensive and up-to-date surveys. 

Currently, there are only two sources of characterized genomic DNA that are often used as 

reference materials for HLA testing. The UCLA Immunogenetics Center DNA Reference 

Panels (UCLA DNA Reference Panels, http://pathology.ucla.edu/uic-hla-reference-

programs, last accessed January 24, 2018) are of limited supply because they are not derived 

from cell lines. The International Histocompatibility Working Group Cell and DNA Bank 

(Fred Hutch HLA Reference Standards, https://sharedresources.fredhutch.org/products/hla-

reference-standards-ihwg, last accessed January 24, 2018) houses cell lines, DNA, and 

cloned HLA genes established in the International Histocompatibility Workshops offer 

reference panels. However, this collection is not being expanded with new cell lines and is 

not consistently typed using the current gold standard of NGS. There are no other publicly 

available sources of reference materials for HLA typing.
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The Centers for Disease Control and Prevention (CDC) established the Genetic Testing 

Reference Materials Coordination Program (GeT-RM) in partnership with the genetics 

community to improve the availability of genomic DNA reference materials necessary for 

quality assurance of genetic laboratory testing. To improve the availability of publicly 

available and renewable, characterized reference materials for HLA typing, the GeT-RM 

together with three clinical laboratories and the Coriell Cell Repositories, have characterized 

genomic DNA obtained from a panel of 108 cell lines for all HLA classic polymorphic loci: 

HLA-A, B, C, DRB1, DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPB1. This panel 

of well-characterized genomic DNA reference materials was developed to support molecular 

HLA typing, assay development, validation and verification, quality control, and proficiency 

testing.

Materials and Methods

Cell Line Selection

DNA samples from 106 cell lines from the National Institute of General Medical Sciences 

Human Genetic Cell Repository at the Coriell Cell Repositories were selected for the study. 

These samples are ethnically diverse, and all were previously characterized by GeT-RM for 

five pharmacogenetic loci (CYP2D6, CYP2C19, CYP2C9, VKORC1, UGT1A1). GeT-RM 

also collected data for several other genes, including HLA-B, during this study.22 In 

addition, two cell lines with the HLA-B*15:02 were established for this project at the Coriell 

Cell Repositories from residual patient blood. All Coriell DNA and cell line materials are 

stripped of identifiers on submission and are assigned a Coriell cell line number.

DNA Preparation

Approximately 2 mg of DNA was prepared from each of the selected cell lines by the 

Coriell Cell Repositories using Gentra/Qiagen Autopure (Valencia, CA) as per 

manufacturer’s instructions.

Protocol

Samples that contained 10 μg of DNA from the 108 cell lines were sent to three clinical 

genetic testing laboratories that used different technologies for analysis. The laboratories 

assayed each DNA sample using their standard assay methods as described below. A variety 

of different methods were used to test the samples to ensure a robust characterization. 

Consensus genotypes were developed for each of the 11 genes (HLA-A, B, C, DRB1, 

DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPB1) tested by two or three methods for 

each sample by comparison of the results obtained from each assay. The consensus genotype 

for each gene in each sample is the result obtained by NGS, which provided the highest level 

of resolution, and was consistent with the results obtained by the parallel testing using other 

methods.

HLA Typing Methods

One laboratory characterized each sample for the HLA-A, B, C, DRB1, DQA1, and DQB1 
loci at the intermediate resolution level by PCR-SSO using LABType SSO kits (One 

Lambda, Canoga Park, CA) and HLA-A, B, C, DRB1, and DQB1 loci at the high-resolution 
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level by SBT. A second laboratory provided SBT typing for HLA-DPB1. SBT was 

performed using AlleleSEQR HLA-SBT kits (Abbott Molecular, Des Plaines, IL). Allele-

specific sequence–based typing was performed as needed to resolve cis-trans ambiguities. 

The allelic library used was ImMunoGeneTics version 3.13.1. The regions covered were the 

polymorphic regions of loci A and B (exons 2, 3, and 4), C (exons 2, 3, 4, and 7), DRB1 
(exon 2), DQB1 (exons 2 and 3), and DPB1 (exon 2).

A third laboratory tested the same set of samples for HLA-DPA1 using LABType SSO kits 

(One Lambda) and DRB3/4/5 using Olerup SSP kits (Stockholm, Sweden). The same 

laboratory tested all samples using an NGS assay for the 11 loci. Samples were amplified by 

long-range PCR using primers that cover from the 5′ untranslated region (UTR) to the 3′ 
UTR for HLA-A, B, C, DQA1, DPA1, and DQB1. HLA-DRB1, 3, and 4 primers span from 

intron 1 to intron 4, and DRB5 and DPB1 span from intron 1 to 3′ UTR. Amplification and 

library preparation were performed using HoloType HLA kits (Omixon Inc., Budapest, 

Hungary) supplemented by in-house primer sets (HLA-DQA1, DPB1, DPA1, DRB4, and 

DRB5) according to the manufacturer’s instructions for NGS with the MiSeq system 

(Illumina, San Diego, CA). The in-house primer sets (HLA-DQA1, DPB1, DPA1, DRB4, 

and DRB5) are now included as part of the HoloType HLA kits. The sequencing strategy 

included 2 × 250-bp paired-end sequencing with MiSeq 500 cycle version 2 chemistry using 

full-sized and nano-sized flow cells. DNA sequence data analysis and HLA genotyping were 

performed using ImMunoGeneTics version 3.28.0 with Omixon Twin version 2.1.2 and 

GenDx NGSengine analysis software version 2.6.0. The results generated by the two 

programs were compared using the in-house developed software HLA Inspector version 1.1.

Results

The goal of this study was to generate a comprehensive panel of publicly available, 

characterized genomic DNA reference materials for testing of 11 HLA loci: HLA-A, B, C, 

DRB1, DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPB1. DNA from a panel of 108 

publicly available cell lines derived from donors with a variety of ethnicities was chosen for 

this study based on the diversity of HLA B alleles determined during a previous GeT-RM 

study.22 It was expected that by selecting a diverse set of samples, most of the common and 

many of the rare genotypes of each gene would be represented. The consensus HLA 

genotype for each DNA sample is given in Tables 1, 2, and 3.

HLA typing results using SBT, SSP, SSO, and NGS were 100% concordant. Results were 

compared between NGS and at least one other method. Because of the technologies used, 

these typing approaches give different kinds of genotyping results. NGS provides a 

definitive genotype without ambiguities, whereas the other methods are less precise and 

report a number of different possible allele combinations (ambiguity strings). As such, 

concordance is then defined as agreement between the NGS genotype and the presence of 

the NGS genotype within the ambiguity string provided by the legacy methods. 

Concordance was determined between methods accounting for typings reported at two or 

three fields, depending on the level reported by the legacy methods. Of the 1905 alleles 

typed, no discordance was identified.
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Five unique novel alleles with differences in exonic regions were identified across a total of 

six loci, and the sequences of three of the novel alleles are being submitted to the World 

Health Organization Nomenclature Committee for naming. The first phased novel allele, 

C*07:612 (sample NA17281), differs from C*07:02:0 1:01 in exon 5 at codon 277. The 

codon change from TCT to TTT results in an amino acid change from serine to 

phenylalanine (https://www.ncbi.nlm.nih.gov/genbank; accession number MG845550). The 

second phased novel allele, DPA1*02:10 (sample NA17020), differs from DPA1*02:02:02 
in exon 3 at codon 96. The codon change from CCT to GCT results in an amino acid change 

from proline to alanine (GenBank accession number MG938526). The third phased novel 

allele, DPA1*03:NEW-1 (sample NA17119), is an HLA-DPA1 allele that differs from 

DPA1*03:01 in exon 1 at codon −31, which is the translation start site (GenBank accession 

number MG836705). The codon change from ATG to ACG (methionine to threonine) is 

presumed to shift the translation start to the next ATG, which is in frame at codon −25. This 

would, in theory, create a translated peptide that is six amino acids shorter than the canonical 

DPA1*03:01 allele. More work is being performed to determine the effect of this nucleotide 

change on the RNA and protein expression before the allele is officially named. Besides 

these three phased and well-characterized sequences, there are three other unique novelties 

that were observed in exonic sequences but could not be fully phased across the targeted 

region and therefore will not be submitted to the World Health Organization Nomenclature 

Committee for naming. Two of the novel alleles are unique and are from samples NA17219 

and NA10005. Sample NA17219 has a novel HLA-DPB1 allele compared with 

DPB1*124:01 in exon 5 at codon 225, which changes CAA to CAG and is synonymous for 

glutamine, DPB1*124:01:NEW. Sample NA10005 has a novel HLA-DPA1 allele compared 

with DPA1*03:01 in exon 4 at codon 190, changing the codon ACG to GCG, resulting in an 

amino acid change from threonine to alanine, DPA1*03:NEW-2. Although the novel 

nucleotides could not be fully phased across the entire amplicon, each nucleotide 

substitution was able to be phased to other known heterozygous positions that occur between 

the alleles in the sample and thus assigned to a single allele. A third unphased sequence 

(sample NA17115) exhibited the same nucleotide change as in sample NA17119 at the 

DPA1 locus, whereby the translation start codon −31 is changed from ATG to ACG, 

DPA1*03:NEW-1. In this second sample, NA17115, the combination of alleles is different 

from that of sample NA17119, whereby the base change in exon 1 could not be phased with 

exon 2. Therefore, even though it is assumed to be the same novel DPA1*03 allele, the 

sequence was not submitted to the World Health Organization Nomenclature Committee.

Ambiguities persisted in 50/1905 allele calls, with most attributable to alternative cis/trans 

combinations of exons 2 and 3 of DPB1 (n = 21 pairs: 42 alleles) and eight caused by 

polymorphisms in a noncovered region (exon1) of the DRB1 and DPB1 genes. According to 

official nomenclature, G codes were used to designate a group of HLA alleles that have 

identical nucleotide sequences across the exons encoding the peptide-binding domains. For 

HLA-DRB1*12:01:01G, DRB1*15:02:01G, and DPB1*13:01:01G, the alleles HLA- 
DRB1*12:10 (four cases), DRB1*15:140 (two cases), and DPB1*107:01 (two cases), 

respectively, could not be ruled out because of a lack of exon 1 coverage. All other DPB1 G 

groups were reported as G groups because exons 2 and 3 could not be phased and an 
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alternative set of alleles existed that covered the known heterozygous positions. In these 

cases, the distances between heterozygous positions were 700 to 4000 bases apart.

A total of 236 unique alleles were identified. Thirty HLA-A, 54 -B, 30 -C, 36 -DRB1, 4 -

DRB3, 4 -DRB4, 3 -DRB5, 19 -DQA1, 17- DQB1, 10 -DPA1, and 29 -DPB1 alleles in 

different heterozygous and homozygous combinations are represented in the panel and are 

listed in Table 4. These alleles cover a high percentage of HLA specificities in each of five 

different ancestry groups in the US population: European, African American, Asian/Pacific 

Islander, Hispanic, and Native American (Supplemental Tables S1 and S2). Supplemental 

Tables S3, S4, and S5 list the alleles at a two-field resolution and their cumulative 

frequencies in the different populations. For HLA-A, B, C, DRB1, 3, 4, 5, and DQB1 
frequencies were obtained from the Be The Match Registry23 (Be The Match Registry 

Haplotype Frequencies, https://bioinformatics.bethematchclinical.org/HLA-Resources/

Haplotype-Frequencies/Be-The-Match-Registry-Haplotype-Frequencies, last accessed 

November 10, 2017). Allele frequencies for HLA-DQA1, DPA1, and DPB1 were obtained 

from The Allele Frequency Net Database24 (http://www.allelefrequencies.net, last accessed 

November 10, 2017) and US population data complemented with data from countries that 

represented different ancestry groups.

Discussion

This study describes the characterization of 108 genomic DNA reference materials for HLA 

genetic testing. The initiative led by CDC, in the context of the GeT-RM program, provides 

publicly available and renewable characterized reference materials for HLA typing. Each 

DNA sample has been characterized for all HLA classic polymorphic loci: HLA-A, B, C, 

DRB1, DRB3, DRB4, DRB5, DQA1, DQB1, DPA1, and DPB1. This reference material can 

be used by laboratories and other test developers to comply with regulatory and accreditation 

requirements25,26 (New York State Clinical Laboratory Evaluation Program, https://

www.wadsworth.org/regulatory/clep, last accessed January 24, 2018) for assay development, 

assay validation, and verification, as well as quality control and proficiency testing. Many 

professional guidelines27–30 recommend the use of reference materials to ensure the quality 

of the tests.

Reference materials should be thoroughly characterized using a variety of analytic methods 

to confirm the presence of the expected variants and polymorphisms. The samples were 

tested in three clinical laboratories using a variety of DNA sequence analysis methods to 

ensure a robust and complete characterization of the 11 genes studied. The characterization 

of the samples by NGS secured the best-quality typing results possible. No discordant 

typings were found on comparison of genotypes reported by the legacy methods and that of 

NGS.

Even though the NGS data may provide information that would enable the reporting of the 

alleles at the four-field level, it was not included for two reasons. First, based on the study 

design, the typing at the fourth field (introns) derived through NGS cannot be compared with 

the results from the legacy methods because these intronic sequences are not characterized 

by the legacy methods. Second, HLA genotyping at four fields remains a challenge in the 
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laboratory because there are many alleles that are not defined at the fourth field, having no 

characterized sequence in the intronic and/or UTR regions. In addition, for alleles that are 

defined at the fourth field, it is not uncommon to find differences in the lengths of 

homopolymers and other short tandem repeat regions that occur in the introns. It can be 

difficult to sequence these repeat structures and accurately call the proper number of repeats, 

which can change the fourth-field interpretation. In the absence of a second laboratory that 

would confirm our intronic sequences with an independent NGS method, four-field results 

were not reported. Finally, clinical laboratories that are implementing NGS are typically not 

using the fourth field information for clinical decision making.

Reference materials should closely resemble patient samples and should contain variants and 

polymorphisms that are common to the disorder being tested. Overall, the total number of 

alleles included in the 108 DNA samples for each of the 11 loci cumulatively covered a high 

percentage of allelic frequencies in five different ancestry groups in the US population: 

Caucasian, African American, Asian or Pacific Islander, Hispanic, and Native American. 

Thus, the variety of HLA alleles in this sample set will allow laboratories to have reference 

materials for most of the HLA alleles commonly found in their testing populations and 

should allow test developers and users to evaluate the ability of their assays to detect most 

common HLA variants.

This collection of 108 well-characterized, cell-line–based DNA samples are publicly 

available from the National Institutes of General Medical Science Repository at the Coriell 

Cell Repositories (Coriell Cell Repositories, Camden, NJ). More information about the GeT-

RM program and other genomic DNA reference materials are available on the GeT-RM 

website (https://wwwn.cdc.gov/clia/Resources/GetRM/default.aspx).

The complete sequence of the novel C allele, including exons 1 to 7 and all encompassed 

introns, and the complete sequence of the novel DPA1 allele, including exons 1 to 4 and all 

encompassed introns, were submitted to GenBank (https://www.ncbi.nlm.nih.gov/genbank; 

accession numbers MG845550 and MG938526, respectively) and to the World Health 

Organization HLA Nomenclature Committee for factors of the HLA system. The name 

C*07:612 and DPA1*02:10, respectively, were officially assigned by the World Health 

Organization Nomenclature Committee in February 2018 following the policy stipulated in 

the most recent Nomenclature Report.17

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Stephanie Rasmussen and Elizabeth Allinquant for excellent technical work and Nathan Sherman for 
support for this project during M.P.B.’s tenure at Quest Diagnostics Nichols Institute, Chantilly, VA, and the late Dr. 
Lorraine Toji (Coriell Institute for Medical Research) whose help made this, and all GeT-RM projects, possible.

Supported by The Children’s Hospital of Philadelphia funds (D.M.). M.P.B. and D.F. contributed equally to this 
work.

Bettinotti et al. Page 8

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://wwwn.cdc.gov/clia/Resources/GetRM/default.aspx
https://www.ncbi.nlm.nih.gov/genbank


References

1. Horton R, Wilming L, Rand V, Lovering RC, Bruford EA, Khodiyar VK, Lush MJ, Povey S, Talbot 
CC Jr, Wright MW, Wain HM, Trowsdale J, Ziegler A, Beck S: Gene map of the extended human 
MHC. Nat Rev Genet 2004, 5:889–899 [PubMed: 15573121] 

2. Kelly A, Trowsdale J: Introduction: MHC/KIR and governance of specificity. Immunogenetics 
2017, 69:481–488 [PubMed: 28695288] 

3. Robinson J, Halliwell JA, Hayhurst JD, Flicek P, Parham P, Marsh SG: The IPD and IMGT/HLA 
database: allele variant databases. Nucleic Acids Res 2015, 43:D423–D431 [PubMed: 25414341] 

4. Spencer CT, Bezbradica JS, Ramos MG, Arico CD, Conant SB, Gilchuk P, Gray JJ, Zheng M, Niu 
X, Hildebrand W, Link AJ, Joyce S: Viral infection causes a shift in the self peptide repertoire 
presented by human MHC class I molecules. Proteomics Clin Appl 2015, 9: 1035–1052 [PubMed: 
26768311] 

5. Starr TK, Jameson SC, Hogquist KA: Positive and negative selection of T cells. Annu Rev Immunol 
2003, 21:139–176 [PubMed: 12414722] 

6. Jenkins MK, Moon JJ: The role of naive T cell precursor frequency and recruitment in dictating 
immune response magnitude. J Immunol 2012, 188:4135–4140 [PubMed: 22517866] 

7. Anfossi N, Andre P, Guia S, Falk CS, Roetynck S, Stewart CA, Breso V, Frassati C, Reviron D, 
Middleton D, Romagne F, Ugolini S, Vivier E: Human NK cell education by inhibitory receptors for 
MHC class I. Immunity 2006, 25:331–342 [PubMed: 16901727] 

8. Hilton HG, Parham P: Missing or altered self: human NK cell receptors that recognize HLA-C. 
Immunogenetics 2017, 69:567–579 [PubMed: 28695291] 

9. Ranganathan V, Gracey E, Brown MA, Inman RD, Haroon N: Pathogenesis of ankylosing 
spondylitis - recent advances and future directions. Nat Rev Rheumatol 2017, 13:359–367 
[PubMed: 28446810] 

10. Dauvilliers Y, Arnulf I, Mignot E: Narcolepsy with cataplexy. Lancet 2007, 369:499–511 
[PubMed: 17292770] 

11. Stamnaes J, Sollid LM: Celiac disease: autoimmunity in response to food antigen. Semin Immunol 
2015, 27:343–352

12. Pavlos R, Mallal S, Ostrov D, Buus S, Metushi I, Peters B, Phillips E: T cell-mediated 
hypersensitivity reactions to drugs. Annu Rev Med 2015, 66:439–454 [PubMed: 25386935] 

13. Liu XS, Mardis ER: Applications of immunogenomics to cancer. Cell 2017, 168:600–612 
[PubMed: 28187283] 

14. Wiebe C, Nickerson P: Strategic use of epitope matching to improve outcomes. Transplantation 
2016, 100:2048–2052 [PubMed: 27362311] 

15. Lee SJ, Klein J, Haagenson M, Baxter-Lowe LA, Confer DL, Eapen M, Fernandez-Vina M, 
Flomenberg N, Horowitz M, Hurley CK, Noreen H, Oudshoorn M, Petersdorf E, Setterholm M, 
Spellman S, Weisdorf D, Williams TM, Anasetti C: High-resolution donor-recipient HLA 
matching contributes to the success of unrelated donor marrow transplantation. Blood 2007, 
110:4576–4583 [PubMed: 17785583] 

16. Stanworth SJ, Navarrete C, Estcourt L, Marsh J: Platelet refractoriness–practical approaches and 
ongoing dilemmas in patient management. Br J Haematol 2015, 171:297–305 [PubMed: 
26194869] 

17. Marsh SG, Albert ED, Bodmer WF, Bontrop RE, Dupont B, Erlich HA, Fernandez-Vina M, 
Geraghty DE, Holdsworth R, Hurley CK, Lau M, Lee KW, Mach B, Maiers M, Mayr WR, Muller 
CR, Parham P, Petersdorf EW, Sasazuki T, Strominger JL, Svejgaard A, Terasaki PI, Tiercy JM, 
Trowsdale J: Nomenclature for factors of the HLA system, 2010. Tissue Antigens 2010, 75:291–
455 [PubMed: 20356336] 

18. Nunes E, Heslop H, Fernandez-Vina M, Taves C, Wagenknecht DR, Eisenbrey AB, Fischer G, 
Poulton K, Wacker K, Hurley CK, Noreen H, Sacchi N: Definitions of histocompatibility typing 
terms: harmonization of Histocompatibility Typing Terms Working Group. Hum Immunol 2011, 
72:1214–1216 [PubMed: 21723898] 

19. Howard CA, Fernandez-Vina MA, Appelbaum FR, Confer DL, Devine SM, Horowitz MM, 
Mendizabal A, Laport GG, Pasquini MC, Spellman SR: Recommendations for donor human 

Bettinotti et al. Page 9

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



leukocyte antigen assessment and matching for allogeneic stem cell transplantation: consensus 
opinion of the Blood and Marrow Transplant Clinical Trials Network (BMT CTN). Biol Blood 
Marrow Transplant 2015, 21:4–7 [PubMed: 25278457] 

20. Latham K, Little AM, Madrigal JA: An overview of HLA typing for hematopoietic stem cell 
transplantation. Methods Mol Biol 2014, 1109:73–85 [PubMed: 24473779] 

21. Duke JL, Lind C, Mackiewicz K, Ferriola D, Papazoglou A, Gasiewski A, Heron S, Huynh A, 
McLaughlin L, Rogers M, Slavich L, Walker R, Monos DS: Determining performance 
characteristics of an NGS-based HLA typing method for clinical applications. HLA 2016, 87:141–
152 [PubMed: 26880737] 

22. Pratt VM, Zehnbauer B, Wilson JA, Baak R, Babic N, Bettinotti M, Buller A, Butz K, Campbell 
M, Civalier C, El-Badry A, Farkas DH, Lyon E, Mandal S, McKinney J, Muralidharan K, Noll L, 
Sander T, Shabbeer J, Smith C, Telatar M, Toji L, Vairavan A, Vance C, Weck KE, Wu AH, Yeo 
KT, Zeller M, Kalman L: Characterization of 107 genomic DNA reference materials for CYP2D6, 
CYP2C19, CYP2C9, VKORC1, and UGT1A1: a GeT-RM and Association for Molecular 
Pathology collaborative project. J Mol Diagn 2010, 12: 835–846 [PubMed: 20889555] 

23. Gragert L, Madbouly A, Freeman J, Maiers M: Six-locus high resolution HLA haplotype 
frequencies derived from mixed-resolution DNA typing for the entire US donor registry. Hum 
Immunol 2013, 74:1313–1320 [PubMed: 23806270] 

24. Dos Santos EJ, McCabe A, Gonzalez-Galarza FF, Jones AR, Middleton D: Allele frequencies net 
database: improvements for storage of individual genotypes and analysis of existing data. Hum 
Immunol 2016, 77:238–248 [PubMed: 26585775] 

25. ISO 15189 Medical laboratories: Requirements for Quality and Competence. Geneva, International 
Organization for Standardization, 2012

26. Electronic Code of Federal Regulations. The Clinical Laboratory Improvement Amendments 
(CLIA). Title 42, Chapter IV, Subchapter G, Part 493

27. Chen B, O’Connell CD, Boone DJ, Amos JA, Beck JC, Chan MM, Farkas DH, et al.: Developing a 
sustainable process to provide quality control materials for genetic testing. Genet Med 2005, 7: 
534–549 [PubMed: 16247292] 

28. Association for Molecular Pathology Statement. Recommendations for in-house development and 
operation of molecular diagnostic tests. Am J Clin Pathol 1999, 111:449–463 [PubMed: 
10191765] 

29. MM17-A Verification and Validation of Multiplex Nucleic Acid Assays-Approved Guideline. 
Wayne, PA, The Clinical and Laboratory Standards Institute, 2008

30. Chen B, Gagnon M, Shahangian S, Anderson NL, Howerton DA, Boone JD: Good laboratory 
practices for molecular genetic testing for heritable diseases and conditions. MMWR Recomm 
Rep 2009, 58: 1–37

Bettinotti et al. Page 10

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 11

Ta
b

le
 1

H
L

A
-A

, B
, a

nd
 C

 H
ig

h-
R

es
ol

ut
io

n 
Ty

pi
ng

 o
f 

10
8 

G
en

om
ic

 D
N

A
 P

an
el

N
am

e
H

L
A

-A
H

L
A

-B
H

L
A

-C

N
A

02
01

6
*0

2:
01

:0
1

*3
0:

02
:0

1
*5

3:
01

:0
1

*5
8:

01
:0

1
*0

4:
01

:0
1

*0
7:

18

N
A

07
43

9
*2

9:
02

:0
1

*6
8:

02
:0

1
*4

2:
02

:0
1

*5
3:

01
:0

1
*0

4:
01

:0
1

*1
7:

01
:0

1

N
A

09
30

1
*2

3:
01

:0
1

*3
0:

01
:0

1
*1

3:
02

:0
1

*4
9:

01
:0

1
*0

6:
02

:0
1

*0
7:

01
:0

1

N
A

10
00

5
*0

2:
01

:0
1

*3
3:

03
:0

1
*1

5:
03

:0
1

*4
4:

02
:0

1
*0

2:
10

:0
1

*0
5:

01
:0

1

N
A

12
24

4
*0

2:
01

:0
1

*2
3:

01
:0

1
*1

5:
01

:0
1

*4
1:

01
:0

1
*0

3:
03

:0
1

*1
7:

01
:0

1

N
A

12
27

3
*0

2:
01

:0
1

*3
2:

01
:0

1
*3

5:
01

:0
1

*4
4:

02
:0

1
*0

4:
01

:0
1

*0
7:

04
:0

1

N
A

16
65

4
*2

4:
02

:0
1

*2
6:

01
:0

1
*1

5:
01

:0
1

*5
1:

01
:0

1
*0

4:
01

:0
1

*1
5:

02
:0

1

N
A

16
68

8
*2

4:
02

:0
1

*2
6:

01
:0

1
*1

5:
07

:0
1

*3
5:

01
:0

1
*0

3:
03

:0
1

*0
3:

03
:0

1

N
A

16
68

9
*2

4:
02

:0
1

*3
0:

01
:0

1
*1

3:
02

:0
1

*5
1:

01
:0

1
*0

6:
02

:0
1

*1
4:

02
:0

1

N
A

17
01

9
*0

2:
01

:0
1

*1
1:

01
:0

1
*1

5:
02

:0
1

*1
5:

11
:0

1
*0

3:
03

:0
1

*0
8:

01
:0

1

N
A

17
02

0
*1

1:
01

:0
1

*1
1:

01
:0

1
*3

8:
02

:0
1

*3
8:

02
:0

1
*0

7:
02

:0
1

*0
7:

02
:0

1

N
A

17
03

9
*3

0:
01

:0
1

*3
1:

01
:0

2
*3

5:
08

:0
1

*4
2:

02
:0

1
*0

4:
01

:0
1

*1
7:

01
:0

1

N
A

17
05

2
*0

2:
01

:0
1

*3
3:

03
:0

1
*3

9:
04

*4
4:

03
:0

1
*0

7:
02

:0
1

*1
4:

03

N
A

17
05

7
*2

4:
20

*3
3:

03
:0

1
*1

5:
11

:0
1

*4
4:

03
:0

1
*0

3:
04

:0
1

*1
4:

03

N
A

17
05

8
*2

4:
02

:0
1

*2
6:

01
:0

1
*1

3:
01

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
8:

03
:0

1

N
A

17
07

3
*0

2:
01

:0
1

*0
2:

01
:0

1
*2

7:
05

:0
2

*4
4:

02
:0

1
*0

1:
02

:0
1

*0
5:

01
:0

1

N
A

17
07

5
*1

1:
01

:0
1

*3
2:

01
:0

1
*4

9:
01

:0
1

*4
9:

01
:0

1
*0

7:
01

:0
1

*0
7:

01
:0

1

N
A

17
07

8
*3

0:
04

:0
1

*6
8:

02
:0

1
*4

4:
03

:0
2

*5
7:

03
:0

1
*0

7:
01

:0
2

*0
7:

06

N
A

17
08

4
*1

1:
01

:0
1

*8
0:

01
:0

1
*3

8:
02

:0
2

*4
0:

02
:0

1
*0

4:
01

:0
1

*0
7:

02
:0

1

N
A

17
11

4
*0

2:
02

:0
1

*1
1:

01
:0

1
*1

5:
17

:0
1

*1
5:

17
:0

1
*0

5:
01

:0
1

*0
7:

01
:0

2

N
A

17
11

5
*3

0:
02

:0
1

*6
8:

02
:0

1
*1

5:
10

:0
1

*5
7:

03
:0

1
*0

3:
04

:0
2

*0
8:

02
:0

1

N
A

17
11

9
*0

3:
01

:0
1

*7
4:

01
:0

1
*3

5:
01

:0
1

*4
2:

02
:0

1
*0

7:
18

*1
7:

01
:0

1

N
A

17
12

9
*3

3:
01

:0
1

*7
4:

01
:0

1
*5

0:
01

:0
1

*5
3:

01
:0

1
*0

6:
02

:0
1

*0
7:

18

N
A

17
13

0
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

8:
01

:0
1

*1
4:

02
:0

1
*0

7:
01

:0
1

*0
8:

02
:0

1

N
A

17
20

1
*0

1:
01

:0
1

*0
2:

01
:0

1
*3

5:
08

:0
1

*3
9:

01
:0

1
*0

4:
01

:0
1

*1
7:

03
:0

1

N
A

17
20

3
*2

4:
02

:0
1

*2
6:

01
:0

1
*1

4:
01

:0
1

*3
5:

01
:0

1
*0

4:
01

:0
1

*0
8:

02
:0

1

N
A

17
20

4
*0

2:
01

:0
1

*0
2:

01
:0

1
*3

9:
06

:0
2

*5
0:

01
:0

1
*0

6:
02

:0
1

*0
7:

02
:0

1

N
A

17
20

5
*0

3:
01

:0
1

*1
1:

01
:0

1
*1

5:
01

:0
1

*5
6:

01
:0

1
*0

1:
02

:0
1

*0
3:

03
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 12

N
am

e
H

L
A

-A
H

L
A

-B
H

L
A

-C

N
A

17
20

6
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

7:
02

:0
1

*1
8:

01
:0

1
*0

7:
01

:0
1

*0
7:

02
:0

1

N
A

17
20

7
*0

3:
01

:0
1

*6
8:

01
:0

2
*3

5:
01

:0
1

*4
4:

03
:0

1
*0

4:
01

:0
1

*1
4:

02
:0

1

N
A

17
20

8
*0

1:
01

:0
1

*3
0:

01
:0

1
*0

8:
01

:0
1

*1
3:

02
:0

1
*0

6:
02

:0
1

*0
7:

01
:0

1

N
A

17
20

9
*0

2:
01

:0
1

*2
6:

01
:0

1
*0

7:
02

:0
1

*1
4:

01
:0

1
*0

7:
02

:0
1

*0
8:

02
:0

1

N
A

17
21

0
*2

6:
01

:0
1

*6
6:

01
:0

1
*3

8:
01

:0
1

*3
8:

01
:0

1
*1

2:
03

:0
1

*1
2:

03
:0

1

N
A

17
21

1
*2

4:
02

:0
1

*2
9:

02
:0

1
*1

5:
01

:0
1

*4
4:

03
:0

1
*0

3:
03

:0
1

*1
6:

01
:0

1

N
A

17
21

2
*0

2:
05

:0
1

*1
1:

01
:0

1
*2

7:
02

:0
1

*5
2:

01
:0

1
*0

2:
02

:0
2

*1
2:

02
:0

2

N
A

17
21

3
*0

2:
01

:0
1

*2
4:

02
:0

1
*2

7:
05

:0
2

*5
1:

01
:0

1
*0

1:
02

:0
1

*1
5:

02
:0

1

N
A

17
21

4
*0

1:
01

:0
1

*0
2:

05
:0

1
*3

7:
01

:0
1

*5
8:

01
:0

1
*0

6:
02

:0
1

*0
7:

18

N
A

17
21

5
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

8:
01

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
7:

01
:0

1

N
A

17
21

6
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

8:
01

:0
1

*3
5:

01
:0

1
*0

4:
01

:0
1

*0
7:

01
:0

1

N
A

17
21

7
*0

2:
01

:0
1

*3
4:

02
:0

1
*0

8:
01

:0
1

*3
5:

01
:0

1
*0

7:
01

:0
1

*1
5:

02
:0

1

N
A

17
21

8
*0

1:
01

:0
1

*0
1:

01
:0

1
*0

7:
02

:0
1

*0
8:

01
:0

1
*0

7:
01

:0
1

*0
7:

02
:0

1

N
A

17
21

9
*0

2:
01

:0
1

*3
3:

01
:0

1
*0

7:
06

:0
1

*1
4:

01
:0

1
*0

8:
02

:0
1

*1
5:

05
:0

2

N
A

17
22

0
*2

4:
02

:0
1

*3
0:

02
:0

1
*1

8:
01

:0
1

*4
9:

01
:0

1
*0

5:
01

:0
1

*0
7:

01
:0

1

N
A

17
22

1
*2

3:
01

:0
1

*2
4:

02
:0

1
*3

5:
02

:0
1

*4
9:

01
:0

1
*0

4:
01

:0
1

*0
7:

01
:0

1

N
A

17
22

2
*0

2:
01

:0
1

*6
8:

01
:0

2
*4

0:
01

:0
2

*4
4:

02
:0

1
*0

3:
04

:0
1

*0
5:

01
:0

1

N
A

17
22

4
*0

2:
01

:0
1

*0
2:

01
:0

1
*1

5:
01

:0
1

*1
5:

01
:0

1
*0

3:
04

:0
1

*0
3:

04
:0

1

N
A

17
22

6
*0

1:
01

:0
1

*3
4:

02
:0

1
*0

8:
01

:0
1

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
7:

01
:0

1

N
A

17
22

7
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

8:
01

:0
1

*4
0:

02
:0

1
*0

2:
02

:0
2

*0
7:

01
:0

1

N
A

17
22

8
*0

1:
01

:0
1

*2
4:

02
:0

1
*1

5:
01

:0
1

*5
5:

01
:0

1
*0

3:
03

:0
1

*0
3:

03
:0

1

N
A

17
22

9
*2

4:
02

:0
1

*3
1:

01
:0

2
*3

5:
01

:0
1

*3
5:

20
:0

1
*0

3:
04

:0
1

*0
4:

01
:0

1

N
A

17
23

0
*0

1:
01

:0
1

*3
2:

01
:0

1
*1

5:
01

:0
1

*2
7:

05
:0

2
*0

1:
02

:0
1

*0
2:

02
:0

2

N
A

17
23

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

7:
02

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
7:

02
:0

1

N
A

17
23

2
*0

3:
02

:0
1

*3
3:

01
:0

1
*1

4:
02

:0
1

*1
8:

01
:0

1
*0

8:
02

:0
1

*1
5:

02
:0

1

N
A

17
23

3
*0

2:
01

:0
1

*0
2:

01
:0

1
*3

5:
03

:0
1

*4
4:

02
:0

1
*0

4:
01

:0
1

*0
5:

01
:0

1

N
A

17
23

4
*0

2:
01

:0
1

*0
2:

01
:0

1
*4

4:
02

:0
1

*5
1:

01
:0

1
*0

2:
02

:0
2

*0
5:

01
:0

1

N
A

17
23

5
*0

3:
01

:0
1

*3
1:

01
:0

2
*0

7:
02

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
7:

02
:0

1

N
A

17
23

6
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

7:
02

:0
1

*0
7:

02
:0

1
*0

7:
02

:0
1

*0
7:

02
:0

1

N
A

17
23

7
*2

6:
01

:0
1

*3
0:

02
:0

1
*3

5:
01

:0
1

*4
4:

02
:0

1
*0

4:
01

:0
1

*1
6:

04
:0

1

N
A

17
24

0
*0

3:
01

:0
1

*3
0:

02
:0

1
*0

7:
02

:0
1

*5
7:

01
:0

1
*0

6:
02

:0
1

*0
7:

02
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 13

N
am

e
H

L
A

-A
H

L
A

-B
H

L
A

-C

N
A

17
24

2
*0

2:
01

:0
1

*3
2:

01
:0

1
*3

5:
01

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
4:

01
:0

1

N
A

17
24

3
*2

4:
02

:0
1

*2
9:

02
:0

1
*4

0:
01

:0
2

*4
4:

03
:0

1
*0

3:
04

:0
1

*1
6:

01
:0

1

N
A

17
24

4
*0

2:
01

:0
1

*3
0:

02
:0

1
*1

3:
02

:0
1

*5
1:

01
:0

1
*0

6:
02

:0
1

*1
4:

02
:0

1

N
A

17
24

5
*0

2:
05

:0
1

*6
8:

02
:0

1
*4

4:
02

:0
1

*5
3:

01
:0

1
*0

4:
01

:0
1

*1
6:

04
:0

1

N
A

17
24

6
*2

4:
02

:0
1

*2
5:

01
:0

1
*0

8:
01

:0
1

*1
8:

01
:0

1
*0

7:
01

:0
1

*0
7:

01
:0

1

N
A

17
24

7
*0

1:
01

:0
1

*2
4:

03
:0

1
*4

4:
03

:0
1

*5
7:

01
:0

1
*0

4:
01

:0
1

*0
6:

02
:0

1

N
A

17
24

8
*0

2:
01

:0
1

*3
0:

01
:0

1
*1

3:
02

:0
1

*3
8:

01
:0

1
*0

6:
02

:0
1

*1
2:

03
:0

1

N
A

17
24

9
*0

1:
01

:0
1

*3
2:

01
:0

1
*0

8:
01

:0
1

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
7:

01
:0

1

N
A

17
25

4
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

8:
01

:0
1

*3
5:

01
:0

1
*0

7:
01

:0
1

*1
5:

02
:0

1

N
A

17
25

6
*0

1:
01

:0
1

*3
0:

01
:0

1
*1

3:
02

:0
1

*4
0:

01
:0

2
*0

3:
04

:0
1

*0
6:

02
:0

1

N
A

17
25

7
*0

1:
01

:0
1

*1
1:

01
:0

1
*0

7:
02

:0
1

*1
5:

01
:0

1
*0

3:
03

:0
1

*0
7:

02
:0

1

N
A

17
26

0
*0

1:
01

:0
1

*2
9:

02
:0

1
*0

8:
01

:0
1

*4
4:

03
:0

1
*0

7:
01

:0
1

*1
6:

01
:0

1

N
A

17
26

1
*0

1:
01

:0
1

*0
3:

01
:0

1
*3

5:
08

:0
1

*4
4:

02
:0

1
*0

4:
01

:0
1

*0
6:

02
:0

1

N
A

17
26

2
*0

2:
01

:0
1

*1
1:

01
:0

1
*2

7:
05

:0
2

*3
9:

01
:0

1
*0

2:
02

:0
2

*0
7:

02
:0

1

N
A

17
26

3
*0

2:
01

:0
1

*0
2:

05
:0

1
*4

4:
02

:0
1

*5
3:

01
:0

1
*0

5:
01

:0
1

*0
6:

02
:0

1

N
A

17
26

4
*0

1:
01

:0
1

*2
4:

02
:0

1
*0

8:
01

:0
1

*3
5:

01
:0

1
*0

4:
01

:0
1

*0
7:

01
:0

1

N
A

17
26

5
*0

2:
01

:0
1

*2
6:

01
:0

1
*0

7:
02

:0
1

*5
1:

01
:0

1
*0

7:
02

:0
1

*1
5:

02
:0

1

N
A

17
26

7
*0

2:
01

:0
1

*0
2:

01
:0

1
*1

5:
17

:0
1

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
7:

01
:0

2

N
A

17
26

8
*0

1:
01

:0
1

*0
2:

01
:0

1
*1

5:
01

:0
1

*5
2:

01
:0

1
*0

3:
03

:0
1

*1
2:

02
:0

2

N
A

17
26

9
*0

2:
01

:0
1

*2
6:

01
:0

1
*4

0:
01

:0
2

*4
0:

02
:0

1
*0

2:
02

:0
2

*0
3:

04
:0

1

N
A

17
27

2
*3

2:
01

:0
1

*3
3:

01
:0

1
*1

4:
02

:0
1

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
8:

02
:0

1

N
A

17
27

4
*0

2:
05

:0
1

*2
6:

01
:0

1
*3

8:
01

:0
1

*5
8:

01
:0

1
*0

7:
18

*1
2:

03
:0

1

N
A

17
27

5
*0

2:
01

:0
1

*2
9:

02
:0

1
*1

3:
02

:0
1

*4
4:

03
:0

1
*0

6:
02

:0
1

*1
6:

01
:0

1

N
A

17
27

6
*0

1:
01

:0
1

*2
9:

02
:0

1
*0

8:
01

:0
1

*4
4:

03
:0

1
*0

7:
01

:0
1

*1
6:

01
:0

1

N
A

17
27

7
*2

4:
02

:0
1

*3
1:

01
:0

2
*2

7:
05

:0
2

*5
6:

01
:0

1
*0

1:
02

:0
1

*0
2:

02
:0

2

N
A

17
27

9
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

8:
01

:0
1

*3
9:

01
:0

1
*0

7:
01

:0
1

*0
7:

02
:0

1

N
A

17
28

0
*0

1:
01

:0
1

*1
1:

01
:0

1
*0

8:
01

:0
1

*1
8:

01
:0

1
*0

7:
01

:0
1

*0
7:

01
:0

1

N
A

17
28

1
*0

2:
01

:0
1

*3
1:

01
:0

2
*3

9:
06

:0
2

*5
6:

01
:0

1
*0

1:
02

:0
1

*0
7:

61
2

N
A

17
28

2
*0

3:
01

:0
1

*1
1:

01
:0

1
*3

5:
03

:0
1

*5
6:

01
:0

1
*0

1:
02

:0
1

*0
4:

01
:0

1

N
A

17
28

3
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

7:
02

:0
1

*0
7:

02
:0

1
*0

7:
02

:0
1

*0
7:

02
:0

1

N
A

17
28

5
*0

2:
05

:0
1

*2
3:

01
:0

1
*3

5:
02

:0
1

*5
1:

08
:0

1
*0

4:
01

:0
1

*1
6:

02
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 14

N
am

e
H

L
A

-A
H

L
A

-B
H

L
A

-C

N
A

17
28

6
*0

2:
01

:0
1

*0
3:

01
:0

1
*1

4:
02

:0
1

*4
5:

01
:0

1
*0

6:
02

:0
1

*0
8:

02
:0

1

N
A

17
28

7
*0

3:
01

:0
1

*0
3:

02
:0

1
*1

5:
01

:0
1

*3
5:

03
:0

1
*0

3:
03

:0
1

*0
4:

01
:0

1

N
A

17
28

8
*0

1:
01

:0
1

*0
2:

01
:0

1
*4

4:
02

:0
1

*5
7:

01
:0

1
*0

5:
01

:0
1

*0
6:

02
:0

1

N
A

17
28

9
*0

2:
01

:0
1

*2
3:

01
:0

1
*1

4:
06

:0
2

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
8:

02
:0

1

N
A

17
29

0
*1

1:
01

:0
1

*2
6:

01
:0

1
*0

7:
02

:0
1

*5
7:

01
:0

1
*0

6:
02

:0
1

*1
2:

03
:0

1

N
A

17
29

1
*0

2:
01

:0
1

*0
2:

01
:0

1
*1

3:
02

:0
1

*3
5:

02
:0

1
*0

4:
01

:0
1

*0
6:

02
:0

1

N
A

17
29

2
*0

2:
01

:0
1

*0
2:

01
:0

1
*0

7:
02

:0
1

*5
1:

01
:0

1
*0

7:
02

:0
1

*1
4:

02
:0

1

N
A

17
29

3
*0

2:
01

:0
1

*2
9:

02
:0

1
*0

7:
02

:0
1

*4
4:

02
:0

1
*0

5:
01

:0
1

*0
7:

02
:0

1

N
A

17
29

5
*0

1:
01

:0
1

*2
4:

02
:0

1
*0

8:
01

:0
1

*1
5:

01
:0

1
*0

3:
03

:0
1

*0
7:

01
:0

1

N
A

17
29

6
*0

2:
23

6
*2

4:
02

:0
1

*1
4:

02
:0

1
*4

4:
02

:0
1

*0
5:

01
:0

1
*0

8:
02

:0
1

N
A

17
29

8
*0

3:
01

:0
1

*1
1:

01
:0

1
*0

7:
02

:0
1

*0
8:

01
:0

1
*0

7:
01

:0
1

*0
7:

02
:0

1

N
A

17
30

0
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

7:
02

:0
1

*5
3:

01
:0

1
*0

4:
01

:0
1

*0
7:

02
:0

1

N
A

17
43

8
*2

4:
02

:0
1

*6
8:

03
:0

1
*3

5:
01

:0
1

*5
2:

01
:0

2
*0

3:
03

:0
1

*0
4:

01
:0

1

N
A

17
44

0
*0

2:
01

:0
1

*0
2:

06
:0

1
*1

5:
15

*3
5:

23
*0

1:
02

:0
1

*0
4:

01
:0

1

N
A

17
46

6
*1

1:
01

:0
1

*2
3:

01
:0

1
*4

4:
03

:0
1

*4
4:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
61

8
*0

2:
01

:0
1

*0
2:

01
:0

1
*1

5:
16

:0
1

*3
5:

12
:0

1
*0

4:
01

:0
1

*1
4:

02
:0

1

N
A

23
09

0
*1

1:
01

:0
1

*1
1:

01
:0

1
*1

5:
02

:0
1

*5
1:

01
:0

1
*0

8:
01

:0
1

*1
4:

02
:0

1

N
A

23
09

3
*1

1:
01

:0
1

*1
1:

01
:0

1
*1

5:
02

:0
1

*1
5:

02
:0

1
*0

8:
01

:0
1

*0
8:

01
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 15

Ta
b

le
 2

H
L

A
-D

R
B

1,
 3

, 4
, a

nd
 5

 H
ig

h-
R

es
ol

ut
io

n 
Ty

pi
ng

 o
f 

10
8 

G
en

om
ic

 D
N

A
 P

an
el

N
am

e
H

L
A

-D
R

B
1

H
L

A
-D

R
B

3
H

L
A

-D
R

B
4

H
L

A
-D

R
B

5

N
A

02
01

6
*0

8:
04

:0
1

*1
4:

54
:0

1
*0

2:
02

:0
1

N
A

07
43

9
*0

4:
03

:0
1

*1
5:

03
:0

1
*0

1:
03

:0
1

*0
1:

01
:0

1

N
A

09
30

1
*0

7:
01

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1

N
A

10
00

5
*0

4:
01

:0
1

*1
5:

03
:0

1
*0

1:
03

:0
1

*0
1:

01
:0

1

N
A

12
24

4
*0

4:
01

:0
1

*0
7:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1

N
A

12
27

3
*1

1:
01

:0
1

*1
3:

05
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

16
65

4
*0

8:
03

:0
2

*1
2:

02
:0

1
*0

3:
01

:0
3

N
A

16
68

8
*0

4:
05

:0
1

*1
2:

01
:0

1G
*0

1:
01

:0
2

*0
1:

03
:0

1

N
A

16
68

9
*0

7:
01

:0
1

*1
4:

03
:0

1
*0

1:
01

:0
2

*0
1:

03
:0

1

N
A

17
01

9
*0

9:
01

:0
2

*1
2:

02
:0

1
*0

3:
01

:0
3

*0
1:

03
:0

2

N
A

17
02

0
*0

8:
03

:0
2

*1
2:

02
:0

1
*0

3:
01

:0
3

N
A

17
03

9
*0

4:
03

:0
1

*0
8:

04
:0

1
*0

1:
03

:0
1

N
A

17
05

2
*0

4:
03

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

*0
1:

03
:0

1

N
A

17
05

7
*0

9:
01

:0
2

*1
5:

01
:0

1
*0

1:
03

:0
2

*0
1:

01
:0

1

N
A

17
05

8
*0

4:
05

:0
1

*1
2:

02
:0

1
*0

3:
01

:0
3

*0
1:

03
:0

1

N
A

17
07

3
*0

1:
01

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

N
A

17
07

5
*1

1:
01

:0
1

*1
5:

01
:0

1
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
07

8
*0

7:
01

:0
1

*1
2:

01
:0

1G
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
08

4
*1

1:
01

:0
1

*1
5:

02
:0

1G
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
11

4
*0

3:
01

:0
1

*1
1:

02
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

17
11

5
*0

8:
04

:0
1

*1
3:

03
:0

1
*0

1:
01

:0
2

N
A

17
11

9
*0

8:
04

:0
1

*0
8:

06

N
A

17
12

9
*0

1:
02

:0
1

*1
3:

01
:0

1
*0

1:
01

:0
2

N
A

17
13

0
*0

8:
01

:0
1

*1
5:

03
:0

1
*0

1:
01

:0
1

N
A

17
20

1
*1

0:
01

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

N
A

17
20

3
*0

7:
01

:0
1

*1
4:

54
:0

1
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
20

4
*0

3:
01

:0
1

*0
7:

01
:0

1
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
20

5
*0

7:
01

:0
1

*1
5:

02
:0

2
*0

1:
03

:0
1

*0
1:

02

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 16

N
am

e
H

L
A

-D
R

B
1

H
L

A
-D

R
B

3
H

L
A

-D
R

B
4

H
L

A
-D

R
B

5

N
A

17
20

6
*1

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
20

7
*0

1:
01

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
1

N
A

17
20

8
*0

3:
01

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
2

*0
1:

03
:0

1

N
A

17
20

9
*0

7:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
21

0
*0

4:
02

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1

N
A

17
21

1
*1

2:
01

:0
1G

*1
5:

01
:0

1
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
21

2
*1

3:
02

:0
1

*1
6:

01
:0

1
*0

3:
01

:0
1

*0
2:

02

N
A

17
21

3
*0

1:
01

:0
1

*0
4:

04
:0

1
*0

1:
03

:0
2

N
A

17
21

4
*1

0:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
1

N
A

17
21

5
*0

3:
01

:0
1

*1
3:

02
:0

1
*0

1:
01

:0
2

*0
3:

01
:0

1

N
A

17
21

6
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

1:
01

:0
2

N
A

17
21

7
*0

1:
03

:0
1

*0
3:

01
:0

1
*0

1:
01

:0
2

N
A

17
21

8
*0

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
21

9
*0

4:
05

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
1

*0
1:

03
:0

1

N
A

17
22

0
*0

3:
01

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

17
22

1
*1

1:
04

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

17
22

2
*1

3:
02

:0
1

*1
4:

54
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1

N
A

17
22

4
*0

4:
01

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1

N
A

17
22

6
*0

7:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

*0
1:

01
:0

1

N
A

17
22

7
*0

3:
01

:0
1

*1
3:

02
:0

1
*0

1:
01

:0
2

*0
3:

01
:0

1

N
A

17
22

8
*1

2:
01

:0
1G

*1
3:

01
:0

1
*0

1:
01

:0
2

*0
2:

02
:0

1

N
A

17
22

9
*0

4:
07

:0
1

*1
4:

06
:0

1
*0

1:
01

:0
2

*0
1:

03
:0

1

N
A

17
23

0
*0

1:
01

:0
1

*0
4:

04
:0

1
*0

1:
03

:0
1

N
A

17
23

1
*0

1:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

N
A

17
23

2
*0

1:
02

:0
1

*0
7:

01
:0

1
*0

1:
03

:0
1:

02
N

N
A

17
23

3
*0

1:
02

:0
1

*0
7:

01
:0

1
*0

1:
03

:0
1:

02
N

N
A

17
23

4
*0

3:
01

:0
1

*0
8:

01
:0

1
*0

2:
02

:0
1

N
A

17
23

5
*0

4:
04

:0
1

*1
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

01
:0

1

N
A

17
23

6
*1

5:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
23

7
*1

1:
04

:0
1

*1
3:

02
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1

N
A

17
24

0
*0

7:
01

:0
1

*1
3:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1:
02

N

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 17

N
am

e
H

L
A

-D
R

B
1

H
L

A
-D

R
B

3
H

L
A

-D
R

B
4

H
L

A
-D

R
B

5

N
A

17
24

2
*0

1:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

N
A

17
24

3
*0

7:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

*0
1:

01
:0

1

N
A

17
24

4
*1

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
24

5
*0

1:
02

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

N
A

17
24

6
*0

3:
01

:0
1

*1
3:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

2

N
A

17
24

7
*0

1:
01

:0
1

*1
3:

05
:0

1
*0

2:
02

:0
1

N
A

17
24

8
*0

7:
01

:0
1

*1
1:

04
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1

N
A

17
24

9
*0

3:
01

:0
1

*1
3:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

2

N
A

17
25

4
*0

1:
03

:0
1

*0
3:

01
:0

1
*0

1:
01

:0
2

N
A

17
25

6
*0

4:
01

:0
1

*0
7:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1

N
A

17
25

7
*0

7:
01

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1:
02

N

N
A

17
26

0
*0

3:
01

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
26

1
*0

4:
01

:0
1

*1
6:

07
*0

1:
03

:0
1

*0
2:

02

N
A

17
26

2
*0

4:
04

:0
1

*0
8:

01
:0

1
*0

1:
03

:0
1

N
A

17
26

3
*0

7:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

*0
1:

03
:0

1

N
A

17
26

4
*0

1:
03

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

N
A

17
26

5
*0

4:
04

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1

N
A

17
26

7
*0

1:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

N
A

17
26

8
*0

7:
01

:0
1

*1
5:

02
:0

1G
*0

1:
03

:0
1:

02
N

*0
1:

02

N
A

17
26

9
*1

3:
01

:0
1

*1
3:

02
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1

N
A

17
27

2
*0

1:
01

:0
1

*0
1:

02
:0

1

N
A

17
27

4
*0

4:
02

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1

N
A

17
27

5
*0

7:
01

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
1

*0
1:

03
:0

1

N
A

17
27

6
*0

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
27

7
*0

8:
01

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

N
A

17
27

9
*0

3:
01

:0
1

*0
8:

01
:0

1
*0

1:
01

:0
2

N
A

17
28

0
*0

3:
01

:0
1

*1
1:

04
:0

1
*0

1:
01

:0
2

*0
2:

02
:0

1

N
A

17
28

1
*0

1:
01

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

N
A

17
28

2
*0

7:
01

:0
1

*1
3:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1:
02

N

N
A

17
28

3
*1

5:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
28

5
*1

1:
04

:0
1

*1
3:

03
:0

1
*0

1:
01

:0
2

*0
2:

02
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 18

N
am

e
H

L
A

-D
R

B
1

H
L

A
-D

R
B

3
H

L
A

-D
R

B
4

H
L

A
-D

R
B

5

N
A

17
28

6
*0

7:
01

:0
1

*1
3:

02
:0

1
*0

3:
01

:0
1

*0
1:

01
:0

1

N
A

17
28

7
*1

1:
01

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

17
28

8
*0

3:
01

:0
1

*0
7:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1:
02

N

N
A

17
28

9
*0

1:
02

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

N
A

17
29

0
*1

4:
54

:0
1

*1
5:

01
:0

1
*0

2:
02

:0
1

*0
1:

01
:0

1

N
A

17
29

1
*0

7:
01

:0
1

*1
1:

01
:0

1
*0

2:
02

:0
1

*0
1:

03
:0

1

N
A

17
29

2
*0

8:
03

:0
2

*1
1:

01
:0

1
*0

2:
02

:0
1

N
A

17
29

3
*0

7:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
29

5
*0

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
29

6
*1

3:
02

:0
1

*1
5:

01
:0

1
*0

3:
01

:0
1

*0
1:

01
:0

1

N
A

17
29

8
*0

3:
01

:0
1

*1
5:

01
:0

1
*0

1:
01

:0
2

*0
1:

01
:0

1

N
A

17
30

0
*0

4:
04

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
1

*0
1:

03
:0

1

N
A

17
43

8
*0

4:
07

:0
1

*1
4:

06
:0

1
*0

1:
01

:0
2

*0
1:

03
:0

1

N
A

17
44

0
*0

8:
02

:0
1

*0
8:

02
:0

1

N
A

17
46

6
*0

7:
01

:0
1

*0
7:

01
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
61

8
*0

1:
02

:0
1

*0
8:

02
:0

1

N
A

23
09

0
*0

4:
05

:0
1

*0
9:

01
:0

2
*0

1:
03

:0
1

*0
1:

03
:0

2

N
A

23
09

3
*1

2:
02

:0
1

*1
2:

02
:0

1
*0

3:
01

:0
3

*0
3:

01
:0

3

T
he

 D
R

B
1 

ge
ne

 is
 p

re
se

nt
 in

 a
ll 

ha
pl

ot
yp

es
, a

nd
 a

 s
ec

on
d 

D
R

B
 g

en
e,

 D
R

B
3,

 D
R

B
4,

 o
r 

D
R

B
5 

is
 p

re
se

nt
 in

 o
nl

y 
so

m
e 

ha
pl

ot
yp

es
.

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 19

Ta
b

le
 3

H
L

A
-D

Q
A

1,
 D

Q
B

1,
 D

PA
1,

 a
nd

 D
PB

1 
Ty

pi
ng

 o
f 

10
8 

G
en

om
ic

 D
N

A
 P

an
el

N
am

e
H

L
A

-D
Q

A
1

H
L

A
-D

Q
B

1
H

L
A

-D
PA

1
H

L
A

-D
P

B
1

N
A

02
01

6
*0

1:
05

:0
1

*0
4:

01
:0

2
*0

4:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
3:

01
:0

1

N
A

07
43

9
*0

1:
02

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
6:

02
:0

1
*0

2:
02

:0
2

*0
3:

01
*0

1:
01

:0
1

*1
05

:0
1:

01

N
A

09
30

1
*0

2:
01

:0
1

*0
5:

05
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*1
7:

01
:0

1

N
A

10
00

5
*0

1:
02

:0
1

*0
3:

03
:0

1
*0

3:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
3:

N
E

W
-2

*0
4:

01
:0

1
*3

50
:0

1

N
A

12
24

4
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

2:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

12
27

3
*0

5:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

16
65

4
*0

1:
03

:0
1

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
6:

01
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

2:
01

:0
2

*0
5:

01
:0

1

N
A

16
68

8
*0

3:
03

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

4:
02

:0
1

*0
5:

01
:0

1

N
A

16
68

9
*0

2:
01

:0
1

*0
5:

07
*0

2:
02

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
02

:0
1G

*1
7:

01
:0

1G

N
A

17
01

9
*0

3:
02

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
3:

03
:0

2
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
3:

01
:0

1

N
A

17
02

0
*0

1:
03

:0
1

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
6:

01
:0

1
*0

2:
02

:0
2

*0
2:

10
*0

2:
02

:0
1

*0
2:

02
:0

1

N
A

17
03

9
*0

3:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
4

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*1
04

:0
1:

01

N
A

17
05

2
*0

1:
02

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
05

7
*0

1:
02

:0
1

*0
3:

02
*0

3:
03

:0
2

*0
6:

02
:0

1
*0

2:
02

:0
2

*0
2:

02
:0

2
*0

5:
01

:0
1

*0
5:

01
:0

1

N
A

17
05

8
*0

3:
03

:0
1

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
4:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
07

3
*0

1:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*1
0:

01
:0

1

N
A

17
07

5
*0

1:
02

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
07

8
*0

1:
05

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

1:
01

:0
2

*1
8:

01

N
A

17
08

4
*0

1:
02

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
5:

02
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
11

4
*0

5:
01

:0
1

*0
5:

05
:0

1
*0

2:
01

:0
1

*0
3:

19
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
11

5
*0

5:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

4
*0

1:
03

:0
1

*0
3:

N
E

W
-1

*0
2:

01
:1

9
*5

84
:0

1

N
A

17
11

9
*0

1:
02

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
4

*0
6:

02
:0

1
*0

2:
01

:0
1

*0
3:

N
E

W
-1

*1
31

:0
1

*5
84

:0
1

N
A

17
12

9
*0

1:
01

:0
2

*0
1:

03
:0

1
*0

5:
01

:0
1

*0
6:

03
:0

1
*0

2:
01

:0
1

*0
2:

01
:0

8
*0

1:
01

:0
1

*1
1:

01
:0

1

N
A

17
13

0
*0

1:
02

:0
1

*0
4:

01
:0

1
*0

4:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
20

1
*0

1:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
20

3
*0

1:
04

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
5:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*1
6:

01
:0

1

N
A

17
20

4
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
2:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
20

5
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*2
6:

01
:0

2

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 20

N
am

e
H

L
A

-D
Q

A
1

H
L

A
-D

Q
B

1
H

L
A

-D
PA

1
H

L
A

-D
P

B
1

N
A

17
20

6
*0

1:
02

:0
1

*0
1:

03
:0

1
*0

6:
02

:0
1

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2G

*0
4:

02
:0

1G

N
A

17
20

7
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2G

*0
4:

02
:0

1G

N
A

17
20

8
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
2:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*1
7:

01
:0

1

N
A

17
20

9
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
21

0
*0

3:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
21

1
*0

1:
02

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
2:

01
:0

2

N
A

17
21

2
*0

1:
02

:0
1

*0
1:

02
:0

2
*0

5:
02

:0
1

*0
6:

09
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
21

3
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1

N
A

17
21

4
*0

1:
02

:0
1

*0
1:

05
:0

1
*0

5:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
21

5
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
21

6
*0

1:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

06
*0

4:
02

:0
1

*0
5:

01
:0

1

N
A

17
21

7
*0

1:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

1:
01

:0
1

*0
4:

02
:0

1

N
A

17
21

8
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
21

9
*0

2:
01

:0
1

*0
3:

03
:0

1
*0

2:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*4

5:
01

*1
24

:0
1:

N
E

W

N
A

17
22

0
*0

5:
01

:0
1

*0
5:

05
:0

1
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
2:

02
:0

1

N
A

17
22

1
*0

5:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
22

2
*0

1:
02

:0
1

*0
1:

04
:0

1
*0

5:
03

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

01
:0

1G

N
A

17
22

4
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

01
:0

1G

N
A

17
22

6
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

5:
01

:0
1

*1
5:

01
:0

1

N
A

17
22

7
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
22

8
*0

1:
03

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
22

9
*0

3:
01

:0
1

*0
5:

03
*0

3:
01

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
23

0
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

3:
01

:0
1

*1
0:

01
:0

1

N
A

17
23

1
*0

1:
01

:0
1

*0
1:

02
:0

1
*0

5:
01

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

01
:0

1G

N
A

17
23

2
*0

1:
01

:0
2

*0
2:

01
:0

1
*0

3:
03

:0
2

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*2
3:

01
:0

1

N
A

17
23

3
*0

1:
01

:0
2

*0
2:

01
:0

1
*0

3:
03

:0
2

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
23

4
*0

4:
02

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
23

5
*0

1:
02

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
23

6
*0

1:
02

:0
1

*0
1:

02
:0

1
*0

6:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
23

7
*0

1:
02

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
6:

09
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
24

0
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

3:
03

:0
2

*0
5:

03
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

2:
01

:0
2

*1
3:

01
:0

1G

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 21

N
am

e
H

L
A

-D
Q

A
1

H
L

A
-D

Q
B

1
H

L
A

-D
PA

1
H

L
A

-D
P

B
1

N
A

17
24

2
*0

1:
01

:0
1

*0
1:

02
:0

1
*0

5:
01

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
24

3
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
6:

01
:0

1

N
A

17
24

4
*0

1:
02

:0
1

*0
1:

03
:0

1
*0

6:
02

:0
1

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
24

5
*0

1:
01

:0
2

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
24

6
*0

1:
03

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
24

7
*0

1:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
24

8
*0

2:
01

:0
1

*0
5:

05
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
02

:0
1

*0
9:

01
:0

1

N
A

17
24

9
*0

1:
03

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
25

4
*0

1:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
25

6
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

2:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

2:
01

:0
2

*1
7:

01
:0

1

N
A

17
25

7
*0

2:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

03
:0

2
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

01
:0

1G

N
A

17
26

0
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
2:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
2:

01
:0

2

N
A

17
26

1
*0

1:
02

:0
2

*0
3:

03
:0

1
*0

3:
01

:0
1

*0
5:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
26

2
*0

3:
01

:0
1

*0
4:

01
:0

1
*0

3:
02

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
26

3
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*1
3:

01
:0

1G

N
A

17
26

4
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
6:

01
:0

1

N
A

17
26

5
*0

3:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
1G

*0
4:

01
:0

1G

N
A

17
26

7
*0

1:
01

:0
1

*0
1:

02
:0

1
*0

5:
01

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
26

8
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

3:
03

:0
2

*0
6:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
26

9
*0

1:
02

:0
1

*0
1:

03
:0

1
*0

6:
03

:0
1

*0
6:

04
:0

1
*0

1:
03

:0
1

*0
2:

06
*0

2:
01

:0
2

*0
5:

01
:0

1

N
A

17
27

2
*0

1:
01

:0
1

*0
1:

01
:0

2
*0

5:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
27

4
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
27

5
*0

2:
01

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
27

6
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

02
:0

1
*0

2:
01

:0
2

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
1:

01
:0

1

N
A

17
27

7
*0

4:
01

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
27

9
*0

4:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
28

0
*0

5:
01

:0
1

*0
5:

05
:0

1
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
28

1
*0

1:
01

:0
1

*0
3:

01
:0

1
*0

3:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
28

2
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

3:
03

:0
2

*0
6:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
2

*0
4:

01
:0

1

N
A

17
28

3
*0

1:
02

:0
1

*0
1:

02
:0

1
*0

6:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
28

5
*0

5:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*1
04

:0
1:

01

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 22

N
am

e
H

L
A

-D
Q

A
1

H
L

A
-D

Q
B

1
H

L
A

-D
PA

1
H

L
A

-D
P

B
1

N
A

17
28

6
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

09
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
02

:0
1

*0
4:

02
:0

1

N
A

17
28

7
*0

5:
05

:0
1

*0
5:

05
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
28

8
*0

2:
01

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
3:

03
:0

2
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
28

9
*0

1:
01

:0
2

*0
3:

03
:0

1
*0

3:
01

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
29

0
*0

1:
02

:0
2

*0
1:

04
:0

1
*0

5:
02

:0
1

*0
5:

03
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
29

1
*0

2:
01

:0
1

*0
5:

05
:0

1
*0

2:
02

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1G

*0
4:

02
:0

1G

N
A

17
29

2
*0

5:
05

:0
1

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

1:
01

:0
2

*0
2:

01
:0

2

N
A

17
29

3
*0

1:
02

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
2:

06
*0

3:
01

:0
1G

*0
5:

01
:0

1G

N
A

17
29

5
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
02

:0
1G

*2
3:

01
:0

1G

N
A

17
29

6
*0

1:
02

:0
1

*0
1:

02
:0

1
*0

6:
02

:0
1

*0
6:

09
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*0
5:

01
:0

1

N
A

17
29

8
*0

1:
02

:0
1

*0
5:

01
:0

1
*0

2:
01

:0
1

*0
6:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

2
*0

1:
01

:0
1

*0
4:

01
:0

1

N
A

17
30

0
*0

2:
01

:0
1

*0
3:

01
:0

1
*0

2:
02

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*1
7:

01
:0

1

N
A

17
43

8
*0

3:
01

:0
1

*0
5:

03
*0

3:
01

:0
1

*0
3:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
02

:0
1

*1
4:

01
:0

1

N
A

17
44

0
*0

4:
01

:0
1

*0
4:

01
:0

1
*0

4:
02

:0
1

*0
4:

02
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
01

:0
1

*0
4:

01
:0

1

N
A

17
46

6
*0

2:
01

:0
1

*0
2:

01
:0

1
*0

2:
02

:0
1

*0
2:

02
:0

1
*0

1:
03

:0
1

*0
2:

01
:0

1
*0

4:
01

:0
1

*1
4:

01
:0

1

N
A

17
61

8
*0

1:
01

:0
2

*0
4:

01
:0

1
*0

4:
02

:0
1

*0
5:

01
:0

1
*0

1:
03

:0
1

*0
1:

03
:0

1
*0

4:
02

:0
1

*1
04

:0
1:

01

N
A

23
09

0
*0

3:
02

*0
3:

03
:0

1
*0

3:
03

:0
2

*0
4:

01
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

2:
01

:0
2

*0
5:

01
:0

1

N
A

23
09

3
*0

6:
01

:0
1

*0
6:

01
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

1
*0

1:
03

:0
1

*0
2:

02
:0

2
*0

5:
01

:0
1

*2
1:

01

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 23

Ta
b

le
 4

L
is

t o
f 

H
L

A
 A

lle
le

s 
Fo

un
d 

at
 L

ea
st

 O
nc

e 
in

 th
e 

10
8 

G
en

om
ic

 D
N

A
 P

an
el

H
L

A
-A

H
L

A
-B

H
L

A
-C

H
L

A
-D

R
B

1
H

L
A

-D
R

B
3

D
Q

A
1

D
Q

B
1

D
PA

1
D

P
B

1

*0
1:

01
:0

1
*0

7:
02

:0
1

*0
1:

02
:0

1
*0

1:
01

:0
1

*0
1:

01
:0

2
*0

1:
01

:0
1

*0
2:

01
:0

1
*0

1:
03

:0
1

*0
1:

01
:0

1

*0
2:

01
:0

1
*0

7:
06

:0
1

*0
2:

02
:0

2
*0

1:
02

:0
1

*0
2:

02
:0

1
*0

1:
01

:0
2

*0
2:

02
:0

1
*0

2:
01

:0
1

*0
1:

01
:0

2

*0
2:

02
:0

1
*0

8:
01

:0
1

*0
2:

10
:0

1
*0

1:
03

:0
1

*0
3:

01
:0

1
*0

1:
02

:0
1

*0
3:

01
:0

1
*0

2:
01

:0
2

*0
2:

01
:0

2

*0
2:

05
:0

1
*1

3:
01

:0
1

*0
3:

03
:0

1
*0

3:
01

:0
1

*0
3:

01
:0

3
*0

1:
02

:0
2

*0
3:

01
:0

1
*0

2:
01

:0
8

*0
2:

01
:1

9

*0
2:

06
:0

1
*1

3:
02

:0
1

*0
3:

04
:0

1
*0

4:
01

:0
1

*0
1:

03
:0

1
*0

3:
01

:0
4

*0
2:

02
:0

2
*0

2:
02

:0
1

*0
2:

23
6

*1
4:

01
:0

1
*0

3:
04

:0
2

*0
4:

02
:0

1
D

R
B

4
*0

1:
04

:0
1

*0
3:

02
:0

1
*0

2:
06

*0
3:

01
:0

1

*0
3:

01
:0

1
*1

4:
02

:0
1

*0
4:

01
:0

1
*0

4:
03

:0
1

*0
1:

01
:0

1
*0

1:
05

:0
1

*0
3:

03
:0

2
*0

2:
10

*0
4:

01
:0

1

*0
3:

02
:0

1
*1

4:
06

:0
2

*0
5:

01
:0

1
*0

4:
04

:0
1

*0
1:

03
:0

1
*0

2:
01

:0
1

*0
3:

19
:0

1
*0

3:
01

*0
4:

02
:0

1

*1
1:

01
:0

1
*1

5:
01

:0
1

*0
6:

02
:0

1
*0

4:
05

:0
1

*0
1:

03
:0

1:
02

N
*0

3:
01

:0
1

*0
4:

01
:0

1
*0

3:
N

E
W

-1
*0

5:
01

:0
1

*2
3:

01
:0

1
*1

5:
02

:0
1

*0
7:

01
:0

1
*0

4:
07

:0
1

*0
1:

03
:0

2
*0

3:
02

*0
4:

02
:0

1
*0

3:
N

E
W

-2
*0

6:
01

:0
1

*2
4:

02
:0

1
*1

5:
03

:0
1

*0
7:

01
:0

2
*0

7:
01

:0
1

*0
3:

03
:0

1
*0

5:
01

:0
1

*0
9:

01
:0

1

*2
4:

03
:0

1
*1

5:
07

:0
1

*0
7:

02
:0

1
*0

8:
01

:0
1

D
R

B
5

*0
4:

01
:0

1
*0

5:
02

:0
1

*1
0:

01
:0

1

*2
4:

20
*1

5:
10

:0
1

*0
7:

04
:0

1
*0

8:
02

:0
1

*0
1:

01
:0

1
*0

4:
01

:0
2

*0
5:

03
:0

1
*1

1:
01

:0
1

*2
5:

01
:0

1
*1

5:
11

:0
1

*0
7:

06
*0

8:
03

:0
2

*0
1:

02
*0

4:
02

*0
6:

01
:0

1
*1

3:
01

:0
1G

*2
6:

01
:0

1
*1

5:
15

*0
7:

18
*0

8:
04

:0
1

*0
2:

02
*0

5:
01

:0
1

*0
6:

02
:0

1
*1

4:
01

:0
1

*2
9:

02
:0

1
*1

5:
16

:0
1

*0
7:

61
2

*0
8:

06
*0

5:
03

*0
6:

03
:0

1
*1

5:
01

:0
1

*3
0:

01
:0

1
*1

5:
17

:0
1

*0
8:

01
:0

1
*0

9:
01

:0
2

*0
5:

05
:0

1
*0

6:
04

:0
1

*1
6:

01
:0

1

*3
0:

02
:0

1
*1

8:
01

:0
1

*0
8:

02
:0

1
*1

0:
01

:0
1

*0
5:

07
*0

6:
09

:0
1

*1
7:

01
:0

1

*3
0:

04
:0

1
*2

7:
02

:0
1

*0
8:

03
:0

1
*1

1:
01

:0
1

*0
6:

01
:0

1
*1

8:
01

*3
1:

01
:0

2
*2

7:
05

:0
2

*1
2:

02
:0

2
*1

1:
02

:0
1

*2
1:

01

*3
2:

01
:0

1
*3

5:
01

:0
1

*1
2:

03
:0

1
*1

1:
04

:0
1

*2
3:

01
:0

1

*3
3:

01
:0

1
*3

5:
02

:0
1

*1
4:

02
:0

1
*1

2:
01

:0
1G

*2
6:

01
:0

2

*3
3:

03
:0

1
*3

5:
03

:0
1

*1
4:

03
*1

2:
02

:0
1

*4
5:

01

*3
4:

02
:0

1
*3

5:
08

:0
1

*1
5:

02
:0

1
*1

3:
01

:0
1

*1
04

:0
1:

01

*6
6:

01
:0

1
*3

5:
12

:0
1

*1
5:

05
:0

2
*1

3:
02

:0
1

*1
05

:0
1:

01

*6
8:

01
:0

2
*3

5:
20

:0
1

*1
6:

01
:0

1
*1

3:
03

:0
1

*1
24

:0
1:

N
E

W

*6
8:

02
:0

1
*3

5:
23

*1
6:

02
:0

1
*1

3:
05

:0
1

*1
31

:0
1

*6
8:

03
:0

1
*3

7:
01

:0
1

*1
6:

04
:0

1
*1

4:
03

:0
1

*3
50

:0
1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Bettinotti et al. Page 24

H
L

A
-A

H
L

A
-B

H
L

A
-C

H
L

A
-D

R
B

1
H

L
A

-D
R

B
3

D
Q

A
1

D
Q

B
1

D
PA

1
D

P
B

1

*7
4:

01
:0

1
*3

8:
01

:0
1

*1
7:

01
:0

1
*1

4:
06

:0
1

*5
84

:0
1

*8
0:

01
:0

1
*3

8:
02

:0
1

*1
7:

03
:0

1
*1

4:
54

:0
1

*3
8:

02
:0

2
*1

5:
01

:0
1

*3
9:

01
:0

1
*1

5:
02

:0
1G

*3
9:

04
*1

5:
02

:0
2

*3
9:

06
:0

2
*1

5:
03

:0
1

*4
0:

01
:0

2
*1

5:
02

:0
1G

*4
1:

01
:0

1
*1

5:
02

:0
2

*4
2:

02
:0

1
*1

6:
01

:0
1

*4
4:

02
:0

1
*1

6:
07

*4
4:

03
:0

1

*4
5:

01
:0

1

*4
9:

01
:0

1

*5
0:

01
:0

1

*5
1:

01
:0

1

*5
1:

08
:0

1

*5
2:

01
:0

1

*5
3:

01
:0

1

*5
5:

01
:0

1

*5
6:

01
:0

1

*5
7:

01
:0

1

*5
7:

03
:0

1

*5
8:

01
:0

1

J Mol Diagn. Author manuscript; available in PMC 2020 January 02.


	Abstract
	Materials and Methods
	Cell Line Selection
	DNA Preparation
	Protocol
	HLA Typing Methods

	Results
	Discussion
	References
	Table 1
	Table 2
	Table 3
	Table 4

