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Compared to Sanger sequencing, next-generation sequencing offers advantages for high resolution HLA
genotyping including increased throughput, lower cost, and reduced genotype ambiguity. Here we
describe an enhancement of the Roche 454 GS GType HLA genotyping assay to provide very high resolu-
tion (VHR) typing, by the addition of 8 primer pairs to the original 14, to genotype 11 HLA loci. These
additional amplicons help resolve common and well-documented alleles and exclude commonly found
null alleles in genotype ambiguity strings. Simplification of workflow to reduce the initial preparation
effort using early pooling of amplicons or the Fluidigm Access Array™ is also described. Performance
of the VHR assay was evaluated on 28 well characterized cell lines using Conexio Assign MPS software
which uses genomic, rather than cDNA, reference sequence. Concordance was 98.4%; 1.6% had no geno-
type assignment. Of concordant calls, 53% were unambiguous. To further assess the assay, 59 clinical
samples were genotyped and results compared to unambiguous allele assignments obtained by prior
sequence-based typing supplemented with SSO and/or SSP. Concordance was 98.7% with 58.2% as unam-
biguous calls; 1.3% could not be assigned. Our results show that the amplicon-based VHR assay is robust
and can replace current Sanger methodology. Together with software enhancements, it has the potential

to provide even higher resolution HLA typing.
© 2015 Published by Elsevier Inc. on behalf of American Society for Histocompatibility and
Immunogenetics.

1. Introduction

In recent years, various next generation sequencing platforms,

Abbreviations: gPCR, genomic PCR; CWD, common and well-documented; HLA,
human leukocyte antigen; HSCT, hematopoietic stem cell transplantation; HR, high
resolution; MID, multiplex identifier; MM, mismatches; NGS, next generation
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sequence-specific oligonucleotide; SSP, Sequence-specific primer; VHR, very high
resolution.
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based on massively parallel clonal sequencing, have been used to
develop high resolution and high throughput HLA typing systems
[1-12]. In general, two basic strategies have been used: (1) an
amplicon sequencing approach focused on the highly polymorphic
regions (primarily exons) of HLA class I and class Il genes [1-6], or
(2) long-range PCR of full or partial length individual HLA gene loci,
followed by fragmentation, shot-gun sequencing and assembly [7-
11]. A third strategy, namely sequencing the long range PCR pro-
duct directly with the long reads made possible by the PacBio
SMRT system, is now available [12]. Different applications of HLA
sequencing may be best realized with one of these various strate-
gies. Sequencing of long-range PCR products is useful for adding to
HLA sequencing databases. The amplicon sequencing strategy of
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targeting the most informative exons and intron regions, which we
have adopted, is advantageous for matching stem cell donor and
recipient at high resolution, for research studies (population genet-
ics and disease associations) and for donor registry typing, because
the genomic PCR conveniently creates the library without the need
for ligation of adaptor sequences and, typically, requires lower read
coverage and fewer total reads per sample than that required for
assembly of shotgun sequences derived from the whole gene.
Amplicon sequencing strategies can be independent of the
sequencing platform, provided that the reads are sufficiently long
to cover the amplicons, preferably in both directions, and allow
for high throughput and low cost per sample HLA typing. The lim-
itation of the selected amplicon (partial gene sequence) strategy,
however, is that, for some samples, the level of resolution will be
lower and the genotyping ambiguity greater than with other
approaches. The challenge for all of these systems based on PCR
is the design of primers that amplify individual HLA loci with high
specificity yet amplify all alleles at those loci with comparable effi-
ciency. This sometimes results in the placement of primers extend-
ing into the exons which limits important sequence data and
potentially masks polymorphic sites.

Here we report the development of a “very high resolution”
(VHR) HLA genotyping system, which builds upon the previously
reported “high resolution” (HR) amplicon sequencing system,
[1,2,4] through the resolution of the majority of both the “common
and well-documented alleles” (CWD) [13] and many of the null
alleles commonly encountered in ambiguity strings. We added 8
amplicons (22 primer pairs in total) to the 14 primer pairs of the
Roche 454 GS GType HLA High Resolution (HR) Primer Set, avail-
able as two plates, to yield DNA sequence for more exonic and
intronic sequence of class I loci, and an additional exon (exon 3)
for DRB and exon 2 for DPA1. The VHR-22 primer set amplifies
HLA-A exon 1 with intron 1, exon 2, 3, and exons 4 and 5 with
the intervening intron; HLA-B and HLA-C exon 1, 2, 3, 4, and 5;
HLA-C exon 6 and 7 with intervening intron; DPA1, DPB1, DQA1
exon 2; DQB1 and the DRB loci exons 2 and 3.When generated with
“fusion” primers (MID tags and adaptor sequences at the 5’ end of
the target specific primers), these 8 amplicons could be generated
in one additional genomic PCR plate, for a total of 3 plates. To facil-
itate high throughput, these 22 amplicons were also generated
using the 4-primer system with the Fluidigm Access Array™/[4].
A new Conexio Genomics genotyping software, MPS 1.0, was
developed to allow use of genomic DNA references and enable
the analysis of non-coding regions as well as the exons used previ-
ously by the Conexio ATF genotyping software.

The initial VHR-22 workflow was analogous to the previously
reported workflow [1,2]. It provided reliable and very high resolu-
tion (limited ambiguity) genotyping but required extensive han-
dling of individual amplicons. We also observed that, in a very
limited number of cases (exon 2 for DRB1*04 alleles and
DQB1*06:01), some alleles were not amplified as well as others
in the same sample (preferential allele amplification).
Preferential amplification creates a limitation for throughput since
a read depth sufficient to obtain accurate genotyping of samples
containing alleles that are amplified less efficiently must be
obtained (i.e., more reads required). We also noted that, especially
for the DRB loci for which generic primers are used, in vitro PCR
artifacts (“crossover products” between DRB1 and DRB3/4/5) were
occasionally detected [14]. In addition, we observed that genomic
amplification and emulsion PCR, and sequence read recovery was
less robust for the longer amplicons (HLA-C exon 3 and HLA-A
exons 4-5).

To address these issues, we made several modifications in the
previously published protocol (2). First, we modified the genomic
PCR (gPCR) to prevent preferential allele amplification, reduce
the formation of crossover products, and increase the robustness

of amplification for the longest amplicons. Second, to further
increase the number of sequence reads obtained for the longest
amplicons (HLA-A exons 4-5 and HLA-C exon 3), we modified
the emulsion PCR conditions and added more of these amplicons
(“spiking”) to the overall amplicon pool library. Third, we simpli-
fied the workflow by reducing the handling of amplicons during
library preparation.

Finally, a collaborative study with the Stanford Blood Center
was carried out in which 59 samples were analyzed to compare
the VHR-22 3 plate fusion primer system and the Conexio MPS
software to the Sanger-based HLA typing system currently used
in most HLA labs.

2. Materials and methods
2.1. Samples

Initial genotyping at RMS was carried out on DNA extracted
from cell lines of known genotype. DNA extraction was by use of
the Gentra® Puregene® Kit (Qiagen, Valencia, CA). Genomic DNA
samples tested by the Stanford Blood Center HLA laboratory (IRB
# 24968) were extracted from peripheral blood leukocytes using
either the BioRobot EZ1 or the QIAsymphony SP according to man-
ufacturer’s protocols. The samples had been previously typed for
HLA-A, -B, -C, -DRB1, and DQB1 by AlleleSEQR HLA SBT and
HARP (Abbott, Abbott Park, IL) performed with the 3130xl
Genetic Analyzer (Life Technologies, Carlsbad, CA). The sequence
data were analyzed by Assign software (Conexio Genomics,
Perth, Australia). Luminex XMAP solid-phase testing with
LABType® SSO typing kits and Fusion software (One Lambda,
Canoga Park, CA) was also performed for HLA-A, -B, -C, -DRBI1,
-DRB3/4/5, -DQAT1, -DQB1, -DPA1 and -DPB1when ambiguity reso-
lution was necessary following sequencing.

2.2. Primer designs

2.2.1. Fusion primers

The HR-14 fusion primers (Roche Life Sciences GS GType HLA
Assay, Branford, CT) were as described in Holcomb et al. 2011 [2]
with the exception that 10 base MIDs and adapter sequences were
incorporated to be compatible with the GS FLX and GS Junior
Titanium chemistry. It should be noted that the amplicon for
HLA-A exon 4 included complete sequence coverage of intron 4
and exon 5; this primer pair was exactly the same as that provided
in the 454 Life Sciences GS GType HLA Assay, but the Conexio soft-
ware was modified to allow sequence analysis of the entire ampli-
con for this study. As previously described [2], some of the HR-14
primers extended into the exons, and resulted in some residual
genotyping ambiguity. These designs were a “trade-off” to maxi-
mize allelic coverage while maintaining specificity for a given
locus. Note that specificity was less of a consideration for DRB pri-
mers in order to allow sequencing of DRB3/4/5 as well as DRB1.
The primers for the eight additional amplicons of the VHR set were
designed to allow sequencing of exon and intron regions of partic-
ular interest in ambiguity resolution. All of these primers gave
complete coverage of the targeted exons and full or partial cover-
age of the targeted introns. Coverage by all primers is summarized
in Fig. 1S. We observed some preferential allele amplification for
two of the additional amplicons in the VHR set. The DRB primers
of exon 3 amplified all alleles of the DRB1 locus but amplified exon
3 of DRB5 more efficiently (as evidenced by more recovered
sequence reads) than DRB4 and DRB3. The HLA-A exon 1 primers
amplified HLA-A*11:01 less efficiently than all other HLA-A alleles.

Please cite this article in press as: Yamamoto F et al. Very high resolution single pass HLA genotyping using amplicon sequencing on the 454 next gen-
eration DNA sequencers: Comparison with Sanger sequencing. Hum Immunol (2015), http://dx.doi.org/10.1016/j.humimm.2015.05.002

130
131
132
133
134
135
136
137
138
139
140
141

142

143

144
145
146
147
148
149
150
151
152
153
154

156
157
158
159

160

161
162
163
164
165
166
167
168

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185

187


http://dx.doi.org/10.1016/j.humimm.2015.05.002

Download English Version:

https://daneshyari.com/en/article/6116646

Download Persian Version:

https://daneshyari.com/article/6116646

Daneshyari.com


https://daneshyari.com/en/article/6116646
https://daneshyari.com/article/6116646
https://daneshyari.com/

