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The three classes of genes that comprise the 

MHC gene family are actively involved in 

determining donor-recipient compatibility for 

organ transplant, as well as susceptibility to 

autoimmune diseases via cross-reacting 

immunization. Specifically, Class I genes HLA-

A, -B, -C, and Class II genes HLA-DR, -DQ and 

-DP are considered medically important for 

genetic analysis to determine histocompatibility. 

They are highly polymorphic and have 

thousands of alleles implicated in disease 

resistance and susceptibility. The importance of 

full-length HLA gene sequencing for 

genotyping, detection of null alleles, and 

phasing is now widely acknowledged. While 

DNA-sequencing-based HLA genotyping has 

become routine, only 7% of the HLA genes 

have been characterized by allele-level 

sequencing, while 93% are still defined by 

partial sequences. The gold-standard Sanger 

sequencing technology is being quickly 

replaced by second-generation, high-

throughput sequencing methods due to its 

inability to generate unambiguous phased 

reads from heterozygous alleles. However, 

although these short, high-throughput, clonal 

sequencing methods are better at heterozygous 

allele detection, they are inadequate at 

generating full-length haploid gene sequences. 

Thus, full-length gene sequencing from an 

enhancer-promoter region to a 3’UTR that 

includes phasing information without the need 

for imputation still remains a technological 

challenge. The best way to overcome these 

challenges is to sequence these genes with a 

technology that is clonal in nature and has the 

longest possible read lengths. We have 

employed Single Molecule Real-Time (SMRT®) 

sequencing technology from Pacific 

Biosciences for sequencing full-length HLA 

class I and II genes. 

Introduction Methods Results 

• Long amplicon analysis pipeline in SMRT Analysis 

vs 2.1 used to cluster and generate consensus for 

HLA Class I genes (4.6 to 5.5 kb). 

• An alternative analysis pipeline in development for 

>6 kb amplicons was used for clustering and 

consensus generation of the Class II gene DRB1   

• Long subreads clustered using Markov clustering. 

• High-confidence phased clusters combine information 

from multiple SNPs instead of recursively splitting 

reads on each SNP individually. 

• Quiver error model used during phasing to generate 

consistent and high-quality consensus sequences. 

• HLA genotypes were determined by comparing the 

consensus sequences to known Tokai University 

references using Sequencher ver.5.0.1 DNA 

sequence assembly software (Gene Code Co., MI). 

The genotyping was  also confirmed using BLAT 

analysis of all exons with IMGT-HLA database. 

• HLA genotypes were also determined via Conexio 

Genomics HLA Typing software  

 

 

  

Fig 3.  Long amplicon analysis followed by HLA genotyping: A pipeline for 

HLA allele level consensus sequence generation for unambiguous typing 

• SMRT Sequencing was able to generate 

full-length continuous sequences for both 

alleles in all targeted loci for all samples. 

• Unambiguous determination of genotype 

along with phasing information of 

homozygous and heterozygous alleles 

demonstrates the resolving power of this 

clonal sequencing method. 

• Internal genotyping methods match 

Conexio results (data not shown). 

• Analysis of HLA –DPA1, -DPB1,-DQA1 and 

–DQB1 still in process. 

• SMRT Sequencing of full-length HLA genes 

on the PacBio RS II opens a new era for 

allele-level high-resolution HLA typing.  

• The ability to generate long haploid reads 

for accurate genotyping along with phasing 

makes the data well suited for detection of 

novel alleles.  

• Consensus sequences generated from the 

PacBio analysis pipelines can be input into 

third party HLA-genotyping software from 

Conexio Genomics to make HLA-typing 

calls. 

Conclusion 

• PCR systems were developed to amplify 

entire HLA genes ranging between 4 kb and 

10 kb as shown in Figure 2 

• Equimolar mixtures of multiple amplicons of 

full-length HLA class I genes and long-range 

amplicons covering entire class II genes 

were converted into SMRTbell™ libraries 

• Long reads ranging from ~3,500 to 20,000 

bases were generated on the PacBio® RS II 

for all 10 samples  

Fig 1. DNA Based HLA-genotyping scheme for various sequencing platforms  
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Fig 2. Sample preparation and sequencing 
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Single SMRT Cell provides full information (all exons + all introns) for 

allele-level genotyping along with SNP phasing information  

  

Fig 4. Consensus sequence generated from allele-specific cluster of 

continuous long subreads  
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Fig 5. HLA class I (A, B and C) and class II gene (DRB1) typing by 

comparison to Tokai University reference  

• 100% concordance with the cDNA 

references  

• One mismatch in intron 2 of TU04 

DRB1*14:54:01:02  compared to 

SS-SBT generated reference 

• Alleles were correctly assigned 

based on PacBio consensus 

sequences resolving all the 

ambiguities in the PCR-SSO typing 

of these samples     
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