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Summary
Th e database of the World Health Organization (WHO) 
Nomenclature Committee for Factors of the HLA Sys-
tem (IPD-IMGT/HLA Database) contained informa-
tion on the nucleotide sequences of 20272 diff erent HLA 
alleles in September 2018, of which 14800 were HLA 
class I and 5288 were found for the HLA class II alleles. 

Over the last 20 years, the automated Sanger technique 
is a prevalent approach to genome sequencing in hu-
mans, animals, bacteria, and viruses. However, a need 
for more rapid routine genome screening stimulated 
novel technologies of multiplex DNA sequencing. Th ese 
modern methods are depicted as the second-generation 
approaches (Next-Generation Sequencing, NGS).

Th e aim of our research was a comparison of two meth-
ods and their effi  ciency evaluation. To achieve our pur-
pose, we selected a group of 35 DNA samples, mainly 
from potential hematopoietic cells donors, and conduct-
ed a comparative analysis by Sanger and NGS method. 

NGS method allowed detecting rare or novel variants of 
alleles. Th is approach is confi rmed to be more sensitive 
and more cost-eff ective, especially in large HLA-typing 
laboratories. 
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Introduction 
Th e Major Histocompatibility Complex (MHC) is among 
the most polymorphic genetic systems in humans. Over last 
decade, extensive research in HLA (Human Leukocyte An-
tigens) has revealed hundreds of new HLA alleles through 
intensive application of immunogenetic sequencing meth-
ods, including monoallelic Sanger-sequencing method, 
or, more recently, next-generation sequencing. In Septem-
ber 2018, the database of the World Health Organization 
(WHO) Nomenclature Committee for Factors of the HLA 
System (IPD-IMGT/HLA Database) contained information 
on the nucleotide sequences of 20272 diff erent HLA alleles, 
of which 14800 were HLA class I and 5288 founded for the 
HLA class II alleles [1-3].

During last 20 years, the automated Sanger technique has 
become a prevalent approach to genome sequencing in hu-
mans, animals, bacteria, and viruses. However, a need for 
more rapid routine genome screening required some novel 
technologies of multiplex DNA sequencing. It depicts these 
modern methods as the second-generation approaches 
(Next-Generation Sequencing, NGS). Th ese technological 
platforms based on diff erent strategies, regarding unique 
preparations of DNA templates, their sequencing, registra-
tion, retrieval and evaluation of the nucleotide sequences 
with novel bioinformatics approaches [4]. A principal ben-
efi t of the new-generation sequencing is an opportunity get 
large databases of multiple defi ned oligonucleotide sequenc-
es within a short time period with low costs.

Out of all known HLA loci, the relatively important and 
most commonly used for transplantation of hematopoietic 
cells are HLA – A, B, C, DRB1 and DQB1 (Fig. 1).

Figure 1. Current mapping of HLA loci on the chromosome 6 [Robinson J et al.]
http://www.hla.alleles.org/alleles/index.html

Th e American Society for Histocompatibility and Immu-
nogenetics (ASHI) established a catalogue of common and 
well‐documented (CWD) HLA. It is very commonly used 
now around the world as a great tool for resolving typing 
ambiguities in tissue transplantation or for checking the uni-
versality of any HLA allele in the world [5]. Th ere established 
catalogues (database). Th e total number of CWD alleles is 
similar in the EFI (N = 1048) and ASHI (N = 1031) cata-
logues [6] (http://igdawg.org/cwd.html). 

Th e importance of only Exons 2 and 3 for the Class I and 
Exon 2 for Class II is very well-known and designated as 
coding proteins involved in antigen presentation in the ma-
jor histocompatibility complex (MHC) receptor grove in-be-
tween the two helices accommodates peptides and interac-
tion between an alloantibody IgG complex. 

HLA alleles having nucleotide sequences that encode the 
same protein sequence for the peptide binding domains 
(exon 2 and 3 for HLA class I and exon 2 only for HLA class 
II alleles) designated by an upper case ‘P’ which follows the 
allele designation of the lowest numbered allele in the group. 
HLA alleles that have identical nucleotide sequences for the 
exons encoding the peptide binding domains (exon 2 and 3 
for HLA class I and exon 2 only for HLA class II alleles) des-
ignated by an upper case ‘G’ which follows the allele designa-
tion of the lowest numbered allele in the group.

Th e fi rst two digits describe the allele family, which oft en 
corresponds to the serological antigen carried by the allo-
type. Th e third and fourth digits assigned in the order in 
which the sequences have been determined. Alleles whose 
numbers diff er in the fi rst four digits must diff er by one or 
more nucleotide substitutions that change the amino-acid 
sequence of the encoded protein. Alleles that diff er only by 
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synonymous nucleotide substitutions within the coding se-
quence distinguished by the use of the fi ft h and sixth digits. 
Alleles that only diff er by sequence polymorphisms in in-
trons or in the 5’ and 3’ untranslated regions that fl ank the 
exons and introns distinguished by the use of the seventh 
and eight digits [7].

No wonder that the general NGS approach adapted for HLA 
typing proved to be a breakthrough in molecular biology ap-
plications being quite promising to the transplantation clin-
ics and bone marrow donor registries. However, to promote 
the NGS implementation, we need specialized typing strat-
egies and digital program algorithms. Th e sequencing costs 
per single run sharply decreased with NGS approach, which 
may be accessible to the small size tissue typing laboratories 
in a sooner time [8].

However, despite higher resolution of NGS [9], it was nec-
essary to conduct a comparative analysis of control samples 
with "rare" genotypes. It is also important to understand the 
cost-eff ectiveness of diff erent methods. Hence, the aim of 
this pilot study was to evaluate the comparative advantages 
of using NGS and the Sanger sequencing approach, to iden-
tify rare HLA alleles, and to estimate the costs for the both 
diff erent methods.

Materials and methods
Th e potential donor's test samples were obtained from the 
Bone Marrow Donor Registry at the First I. P. Pavlov State 
Medical University of St. Petersburg, Russia, Raisa Gor-
bacheva Memorial Institute of Children's Hematology, On-
cology, and Transplantation, and various hematology pa-
tients undergoing HLA SBT testing for planned allogeneic 
hematopoietic stem cell transplantation. 

Genomic DNA was isolated from peripheral blood leuko-
cytes using MagNA Pure System (Roche Life Science). Th e 
target DNA concentration was from 10 to 140 ng/μL. Quanti-
ty and quality estimation of the isolated DNA was performed 
with Quantus Fluorometer TM (Promega Corp., USA).

Th e main steps of the NGS as performed with Illumina plat-
form (MiSeq, USA) using NGSgo protocol were as follows:
1. HLA locus-specifi c amplifi cation: the complete sequences 
of HLA genes are amplifi ed with allele-specifi c primers in a 
single reaction for each locus using Long-Range DNA poly-
merase;
2. DNA quantifi cation by Quantus Fluorometer and pool-
ing of amplicons according to the volumes calculated by 
the NGSgo Pooling Calculation Sheet (provided by GenDx, 
Netherlands);

3. Double-stranded DNA fragmentation by means of specifi c 
fragmentase optimized by its size for the specifi c HLA locus, 
end repair, 5’ phosphorylation of poly-A and poly-T ends 
and adapter ligation (Fig. 2);
4. DNA cleanup and size selection with 0.45x SPRI beads us-
ing 80% ethanol (Beckman Coulter, AMPure XP);
5. Indexing PCR products using a unique combination of i5 
and i7 primers for each sample;
6. Plate-based DNA cleanup and size selection with
0.6x SPRI beads using 80% ethanol (Beckman Coulter, AM-
Pure XP);
7. Plate-based library pooling, library quantifi cation per-
formed using Qubit Fluorometer and loading to the NGS 
sequencer (MiSeq, Illumina, USA);
8. Next-generation sequencing by MiSeq and data analysis.

Th e libraries are sequenced on an Illumina NGS platform. 
Th e FastQ data can be analyzed with an HLA typing soft ware 
package to determine the HLA typing (for example, NGS en-
gine). To assign the HLA alleles, the soft ware allows commu-
nicating with updated IMGT database (Fig. 3).

Th e NGS method allows performing sequencing of all exons 
in the A, B, and C HLA loci and three exons (from second to 
fourth) of DQB1 and DRB1 (Fig. 4) which, however, has its 
limitations. Th e allele imbalances can be observed in some 
rare cases:
• NGSgo HLA-DRB1: allele imbalances for DRB1*01, 
DRB*04, and DRB1*14 alleles can occur in case of imbal-
anced amplifi cation.
• NGSgo HLA-DRB4: allele imbalances for DRB2 exon 2 and 
exon 3 can occur in case of imbalanced DRB4 amplifi cation. 
In the case of an HLA-DRB4 exon 3 amplicon dropout, limit 
the analysis to exon 2 only.
• NGSgo HLA-DRB3/4/5: allele imbalances for heterozygous 
DRB3/4/5 samples can occur in case of imbalanced ampli-
con pooling. Analysis of DRB3/4/5 has been optimized in 
NGSengine v2.1 (and higher), which applies a split-analysis 
of the individual DRB3/4/5 loci to improve HLA typing.

Th e main steps of Sanger sequencing when performed with 
Applied Biosystems Genetic Analyzer (USA) 3500xl genet-
ic analyzer using PROTRANS HLA SBT Class I and Class 
II S4 (Hockenheim, Germany, http://www.protrans.info/
nano.cms/en/products/MainCatID/9/). Single Allele, Al-
lele-Group and Locus Specifi c Sequencing. Fourteen specifi c 
primer mixes pre-pipetted in 8 and 16 well strip, in order 
of sequencing the Exons 1, 2, 3 and 4 for Class I, Exon 2 for 
DRB1 and Exon 2, 3 for DQB1, according to the manufac-
turers’ recommendations.

Figure 2. Gene library preparation with NGSgo – LibX and NGSgo – IndX referred from https://www.gendx.com [10]
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Figure 3. Data analysis software (NGSengine, https://www.gendx.com)

Figure 4. Target generation with NGSgo – AmpX [10]

Direct automated fl uorescent DNA sequencing was per-
formed by a 24-channel automated capillary electrophoresis 
system, and fl uorescent detection of DNA fragments using 
an Applied Biosystems GA3500xl Genetic Analyzer. Capil-
lary electrophoresis proceeded in the POP-7 polymer under 
denaturation conditions. Th e data on nucleotide sequences 
were retrieved at a stationary computer in the Data Collec-
tion program, then having been analyzed by Protrans SE-
QUENCE PILOT soft ware (Hockenheim, Germany). 

DNA amplifi cation kits for Sanger sequencing are designed 
to provide high-resolution identifi cation of alleles of the hu-
man HLA-A, -B, -C, -DRB1, -DQB1 genes. 

Results
Th e aim of our pilot study was a comparison of two meth-
ods and an evaluation of their eff ectiveness. To achieve our 
purpose, we selected a group of 35 persons (see Materials 
and methods), and conducted analysis by Sanger and NGS 
method in parallel. Th e NGS method allowed detecting 
rare variants of alleles when performing data analysis with 
NGSengine soft ware (Fig. 5). 

We have conducted two sets of experiments. Mean coverage 
in the fi rst experiment was 881x – (1010x, 897x, 768x, 807x, 
923x, respectively for A-, B-, C-, DRB-, DQB- loci), and 992x 
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in a second experiment (1194x, 856x, 698x, 1001x, 1346x, 
respectively for A-, B-, C-, DRB-, DQB- loci). 

Mean percentage of aligned reads to the total read num-
ber was 96.5% in the fi rst set (DRB locus, 92.6%, other loci, 
>97.2%). In the second set, an appropriate percentage of 
aligned reads to the total read number was 95.0% (DRB lo-
cus, 91.6%, other loci, >95.5%) (Fig. 6). Th is metrics shows a 

Figure 5. A typical data evaluation table presented by NGSengine software (Genome Diagnostics, Netherlands)
It presents information for each locus (HLA-A, -B, -C, -DRB1, -DQB1) for single samples. Data on total read number and per-
centage of aligned reads for the given locus, mean read length, mean coverage, alleles identifi ed and presence of synonymous 
substitutions in coded [Ex] and it also displays non-coding [In] regions.

Figure 6. Statistics for samples (percentage aligned reads from total number of reads and number of reads mapped 
to the reference per strand) in NGSengine software

high quality of the sequencing that was performed according 
to the manufacturer’s instructions. 

To perform a more detailed analysis of each sample, the 
NGSengine soft ware contains the sections of «typing results» 
and «visualization», where the coverage for diff erent regions 
may be registered in more details, or a nucleotide position of 
interest should be found (Fig. 7).
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Figure 7. The results of the NGS sequencing all alleles for sample “3” and visualization of HLA-A locus for sample “3” 
in NGSengine software
It displays typing results for all HLA loci assayed. Th e cases of ambiguous results shown as Allele Ambiguities. In our series, no 
ambiguities were detectable for any locus. Th e fi gure visualization allows us to look at the visual segment (it shows exons in yel-
low). It indicates the sequencing coverage of the given locus below (marked gray). Th e vertical ticks seen at appropriates points 
of HLA loci in cases of synonymous nucleotide substitutions.

Table 1. Comparison of allele sequenced by NGS and Sanger’s method – 100% homology results (there are no differ-
ences in 2nd and 3rd exons sequences)

NGS approach Sanger technique

Sample 
number

Locus Allele 1 Allele 2 Allele 1 Allele 2

1 HLA-A 01:01:01:01 02:01:01:01 01:01 02:01
HLA-B 08:01:01:01 27:02:01:01 08:01 27:02
HLA-C 02:02:02:03 07:01:01:01 02:02 07:01
DRB1 03:01:01:01 08:01:01 03:01 08:01
DQB1 02:01:01 04:02:01:01 02:01 04:02

2 HLA-A 02:01:01:01 66:01:01:01 02:01 66:01
HLA-B 07:02:01:01 07:05:01:01 07:02 07:05
HLA-C 07:02:01:03 15:05:02 07:02 15:05
DRB1 10:01:01:01 15:01:01:01 10:01 15:01
DQB1 05:01:01:02 06:02:01:01 05:01 06:02

3 HLA-A 02:01:01:01 02:01:01:01 02:01 02:01
HLA-B 40:02:01:01 44:27:01 40:02 44:27
HLA-C 02:02:02:01 07:04:01:01 02:02 07:04
DRB1 11:01:01:01 16:01:01 11:01 16:01
DQB1 03:01:01:02 05:02:01:01 03:01 05:02

5 HLA-A 01:01:01:01 11:01:01:01 01:01 11:01
HLA-B 08:01:01:01 35:01:01:02 08:01 35:01
HLA-C 04:01:01:05 07:01:01:01 04:01 07:01
DRB1 03:01:01:01 15:01:01:01 03:01 15:01
DQB1 02:01:01 06:02:01:01 02:01 06:02

6 HLA-A 01:01:01:01 02:01:01:01 01:01 02:01
HLA-B 15:01:01:01 38:01:01 15:01 38:01
HLA-C 03:03:01:01 12:03:01:01 03:03 12:03
DRB1 15:01:01:01 13:01:01:01 13:01 15:01
DQB1 06:02:01:01 06:03:01:01 06:02 06:03

7 HLA-A 23:01:01:01 23:01:01:01 23:01 23:01
HLA-B 49:01:01:01 50:01:01:01 49:01 50:01
HLA-C 06:02:01:02 07:01:01:01 06:02 07:01
DRB1 03:01:01:01 11:01:01:01 03:01 11:01
DQB1 02:01:01 03:01:01:02 02:01 03:01

8 HLA-A 03:01:01:01 23:01:01:01 03:01 23:01
HLA-B 35:01:01:02 44:03:01:01 35:01 44:03
HLA-C 04:01:01:01 04:01:01:01 04:01 04:01
DRB1 01:01:01 07:01:01:01 01:01 07:01
DQB1 02:02:01:01 05:01:01:02 02:02 05:01
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NGS approach Sanger technique

Sample 
number

Locus Allele 1 Allele 2 Allele 1 Allele 2

9 HLA-A 01:01:01:01 25:01:01:01 01:01 25:01
HLA-B 18:01:01:02 37:01:01 18:01 37:01
HLA-C 06:02:01:01 12:03:01:01 06:02 12:03
DRB1 15:01:01:01 15:01:01:01 15:01 15:01
DQB1 06:02:01:01 06:02:01:01 06:02 06:02

10 HLA-A 02:01:01:01 24:02:01:01 02:01 24:02
HLA-B 35:02:01:01 44:02:01:01 35:02 44:02
HLA-C 04:01:01:06 05:01:01:02 04:01 05:01
DRB1 11:01:01:01 11:137 11:01 11:137
DQB1 03:01:01:02 03:01:01:02 03:01 03:01

11 HLA-A 03:01:01:01 31:01:02:01 03:01 31:01
HLA-B 35:01:01:02 44:03:02 35:01 44:03
HLA-C 04:01:01:01 07:06 04:01 07:01/07:06/07:18/07:343/07:419/07:458
DRB1 11:01:01:01 15:02:01:01 11:01 15:02
DQB1 03:01:01:02 06:01:01 03:01 06:01

12 HLA-A 02:01:01:01 26:01:01:01 02:01 26:01
HLA-B 08:01:01:02 13:02:01:01 08:01 13:02
HLA-C 06:02:01:01 07:02:01:01 06:02 07:02
DRB1 03:01:01:01 07:01:01:01 03:01 07:01
DQB1 02:01:01 02:02:01:01 02:01 02:02

13 HLA-A 11:01:01:01 33:01:01:01 11:01 33:01
HLA-B 14:02:01:01 35:03:01:01 14:02 35:03
HLA-C 08:02:01:01 12:03:01:01 08:02 12:03
DRB1 01:02:01 04:08:01 01:02 04:08
DQB1 03:04:01 05:01:01:01 03:04 05:01

14 HLA-A 02:01:01:01 29:02:01:01 02:01 29:02
HLA-B 13:02:01:01 44:03:01:01 13:02 44:03
HLA-C 06:02:01:01 16:01:01:01 06:02 16:01
DRB1 07:01:01:01 07:01:01:01 07:01 07:01
DQB1 02:02:01:01 02:02:01:01 02:02 02:02

15 HLA-A 02:01:01:01 29:02:01:01 02:01 29:02
HLA-B 13:02:01:01 44:03:01:01 13:02 44:03
HLA-C 06:02:01:01 16:01:01:01 06:02 16:01
DRB1 07:01:01:01 07:01:01:01 07:01 07:01
DQB1 02:02:01:01 02:02:01:01 02:02 02:02

16 HLA-A 02:06:01:01 03:01:01:01 02:06 03:01
HLA-B 15:01:01:01 35:01:01:02 15:01 35:01
HLA-C 03:03:01:01 04:01:01:01 03:03 04:01
DRB1 01:01:01 13:01:01:01 01:01 13:01
DQB1 05:01:01:02 06:03:01:01 05:01 06:03

17 HLA-A 02:01:01:01 11:01:01:01 02:01 11:01
HLA-B 27:05:02:01 52:01:01:02 27:05 52:01
HLA-C 02:02:02:01 12:02:02:01 02:02 12:02
DRB1 01:01:01 01:01:01 01:01 01:01
DQB1 05:01:01:02 05:02:01:01 05:01 05:02

18 HLA-A 02:01:01:01 03:01:01:01 02:01 03:01
HLA-B 07:02:01:01 35:03:01:01 07:02 35:03
HLA-C 04:01:01:01 07:02:01:03 04:01 07:02
DRB1 11:01:01:01 13:01:01:01 11:01 13:01
DQB1 03:01:01:02 06:03:01:01 03:01 06:03

19 HLA-A 02:01:01:01 30:01:01 02:01 30:01
HLA-B 13:02:01:01 27:05:02:01 13:02 27:05
HLA-C 02:02:02:01 06:02:01:01 02:02 06:02
DRB1 01:01:01 07:01:01:01 01:01 07:01
DQB1 02:02:01:01 05:01:01:02 02:02 05:01

20 HLA-A 03:01:01:01 68:01:27 03:01 68:01
HLA-B 35:01:01:02 35:01:01:02 35:01 35:01
HLA-C 03:03:01:01 04:01:01:01 03:03 04:01
DRB1 01:01:01 08:01:01 01:01 08:01
DQB1 04:02:01:01 05:01:01:02 04:02 05:01

21 HLA-A 03:01:01:01 24:02:01:01 03:01 24:02
HLA-B 13:02:01:01 35:01:01:02 13:02 35:01
HLA-C 04:01:01:01 06:02:01:01 04:01 06:02
DRB1 01:01:01 07:01:01:01 01:01 07:01
DQB1 02:02:01:01 05:01:01:02 02:02 05:01

22 HLA-A 01:01:01:01 02:01:01:01 01:01 02:01
HLA-B 08:01:01:01 44:27:01 08:01 44:27
HLA-C 07:01:01:01 07:04:01:01 07:01 07:04
DRB1 03:01:01:01 16:01:01 03:01 16:01
DQB1 02:01:01 05:02:01:01 02:01 05:02

23 HLA-A 01:01:01:01 02:01:01:01 01:01 02:01
HLA-B 08:01:01:01 13:02:01:01 08:01 13:02
HLA-C 06:02:01:01 07:01:01:01 06:02 07:01
DRB1 03:01:01:01 07:01:01:01 03:01 07:01
DQB1 02:01:01 02:02:01:01 02:01 02:02



79

EXPERIMENTAL STUDIES

CTT JOURNAL | VOLUME 7 | NUMBER 4 | DECEMBER 2018

NGS approach Sanger technique

Sample 
number

Locus Allele 1 Allele 2 Allele 1 Allele 2

24 HLA-A 02:01:01:01 03:01:01:05 02:01 03:01
HLA-B 07:02:01:01 57:01:01 07:02 57:01
HLA-C 06:02:01:01 07:02:01:03 06:02 07:02
DRB1 01:01:01 07:01:01:01 01:01 07:01
DQB1 03:03:02:01 05:01:01:02 03:03 05:01

26 HLA-A 02:01:01:01 03:01:01:01 02:01 03:01
HLA-B 07:02:01:01 18:01:01:02 07:02 18:01
HLA-C 07:01:01:01 07:02:01:03 07:01 07:02
DRB1 15:01:01:01 16:01:01 15:01 16:01
DQB1 05:02:01:01 06:02:01:01 05:02 06:02

27 HLA-A 01:01:01:01 24:02:01:01 01:01 24:02
HLA-B 08:01:01:01 18:01:01:02 08:01 18:01
HLA-C 07:01:01:01 07:01:01:01 07:01 07:01
DRB1 03:01:01:01 11:04:01 03:01 11:04
DQB1 02:01:01 03:01:01:02 02:01 03:01

28 HLA-A 02:01:01:08 23:01:01:01 02:01 23:01
HLA-B 38:01:01 49:01:01:01 38:01 49:01
HLA-C 07:01:01:01 12:03:01:01 07:01 12:03
DRB1 11:01:01:01 13:01:01:01 11:01 13:01
DQB1 03:01:01:02 06:03:01:01 03:01 06:03

CET1 HLA-A 24:02:01:01 24:02:01:01 24:02/24:353  -
HLA-B 44:02:01:01 44:03:01:02 44:02 44:03
HLA-C 05:01:01:02 02:02:02:01 05:01/05:145 02:02
DRB1 01:02:01 13:10 01:02/01:83 13:10
DQB1 05:01:01:01 06:03:01:01 05:01 06:03

CET2 HLA-A 24:07:01 26:01:01:01 24:07 26:01
HLA-B 07:06:01 15:02:01 07:05/07:06 15:02
HLA-C 07:02:01:01 08:01:01:01 07:02 08:01
DRB1 11:05 14:04:01 11:05 14:04
DQB1 05:03:01:01 06:02:01:01 05:03/15:149 06:02

CET3 HLA-A 11:01:01:01 24:02:01:01 11:01/11:263 24:02/24:353
HLA-B 40:06:01:02 55:01:01 40:06 55:01/55:85
HLA-C 03:03:01:01 15:02:01:01 03:03/03:227/03:341/03:357 15:02/15:87
DRB1 14:04:01 14:54:01:01 14:04:01 14:01/14:54
DQB1 05:03:01:01 05:03:01:01 05:03/15:149  -

CET4 HLA-A 02:01:01:01 02:64:01 02:01/02:665/02:686/02:689 02:64
HLA-B 39:06:02:03 51:01:01:01 39:06 51:01/51:193/51:224
HLA-C 01:02:01:01 12:03:01:01 01:02/01:85/01:127/01:142 12:03/12:143/12:167
DRB1 14:05:01:01 16:01:01 14:05 16:01
DQB1 05:02:07  05:03:01:01 05:02 05:03

CET5 HLA-A 02:01:01:01 02:01:01:01 02:01/02:665/02:686/02:689  -
HLA-B 07:02:01:01 44:02:01:01 07:02/07:61 44:02
HLA-C 05:01:01:02 07:02:01:03 05:01/05:145 07:02/07:50/07:349/07:566/07:592/07:594/07:59

5/07:596
DRB1 04:01:01:02 15:01:01:01 04:01 15:01/15:141/15:145/15:146
DQB1 03:02:01:01 06:02:01:01 03:02/03:32/03:85/03:190/03:245/03:247/0

3:251/03:263/03:265
06:02/06:47/06:84/06:109/06:111/06:116/06:117/06:1
27/06:188/06:200/06:219/06:224/06:225/06:226/06:
227/06:228/06:237/06:240

CET7 HLA-A 33:03:01 68:02:01:01 33:03 68:02/68:163
HLA-B 08:01:01:01 58:01:01:01 08:01/08:173/08:183 58:01
HLA-C 03:02:02:01 03:04:01:02 03:02 03:04/03:358/03:359
DRB1 13:04 13:04 13:04  -
DQB1 03:19:01 03:19:01 03:19  -

CET8 HLA-A 02:05:01:01 74:01:01 02:05 74:01
HLA-B 15:03:01:02 15:10:01 15:03 15:10
HLA-C 02:10:01:01 02:10:01:02 02:10  -
DRB1 11:01:02 11:04:02 11:01 11:04
DQB1 03:19:01 05:02:01:01 03:01/03:09/03:19/03:21/03:22/03:24/03:29/

03:35/03:42/03:49/03:50/03:51/03:94/03:11
5/03:116/03:164/03:165/03:169/03:182/03:19
1/03:196/03:198/03:206/03:241/03:243/03:2
46/03:353/03:264/03:266

05:02/05:14/05:17/05:35/05:36/05:37/05:46/05:47/
05:57/05:102/05:106/05:136

CET9 HLA-A 33:03:01 33:03:01 33:03  
HLA-B 44:03:02 56:01:01:03 44:03 56:01
HLA-C 01:02:01:01 07:06 01:02/01:85/01:127/01:142 07:01/07:06/07:18/07:343/07:419/07:458/07:591
DRB1 03:01:01:01 07:01:01:01 03:01/03:124/03:132/03:137 07:01/07:34/07:72/07:79
DQB1 02:01:01 02:02:01:01 02:01 02:02/02:97

CET10 HLA-A 34:02:01 36:01 34:02 36:01
HLA-B 35:01:01:02 53:01:01 35:01/35:332 53:01
HLA-C 04:01:01:01 04:01:01:01 04:01/04:40/04:82/04:226  
DRB1 11:01:02 12:01:01:01 11:01 12:01/12:06/12:10/12:17
DQB1 05:01:01:02 06:02:01:01 05:01 06:02
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Factors contributing to the costs arising for the 
in-depth sequencing
Th e reagents for the entire HLA-sequencing process in-
clude those used for routine pre-analytic steps (e.g., DNA 
extraction, quality assessment, and initial low-resolution 
typing step). Additional expenditures are subject to some 
ambiguities, due to diff erent prices for reagents and equip-
ment off ered by distinct manufacturers. Moreover, it should 
be addressed that all the commercial NGS platforms off er 
their closed-type systems, thus causing broad variations in 
prices for the entire NGS procedure per single DNA sample, 
strongly depending on the annual capacity of the given HLA 
typing laboratory.

However, even considering maintenance costs (about 10% 
equipment cost), enrolling third-party core facilities or 
shared equipment, the Sanger sequencing (220 K) proves to 
be twice more expensive than NGS (variable, but still less 
than Sanger technique), as shown elsewhere [11]. Hence, the 
sample preparation costs remain the same whereas the se-
quencing tends to decrease as discussed in [9].

Calculations of economic effi  ciency for HLA typing in Rus-
sia by Sanger technique versus NGS were among our ma-
jor tasks. Th erefore, we have performed a pricing for the 
sequencing kits at a company providing reagents to this 
purpose. Th e request was made twice (February 2017 and 
August 2018). Th e reagent price in Euros did not change suf-
fi ciently. Of note, the sequencing kits by Sanger are produced 
for 25 or 100 tests, whereas NGS kits are off ered for 24 and 
96 tests. 

Clear benefi t of Sanger approach is that a single locus may 
be sequenced in the sample, being, however, economically 
ineff ective when using NGS technology.

Hence, we have compared the panels for 100 tests cover-
ing fi ve main HLA loci, i.e., AlleleSEQR HLA-A PCR/Se-
quencing Mix, AlleleSEQR HLA-B PCR/Sequencing Mix, 
AlleleSEQR HLA-C Plus PCR/Sequencing Mix, AlleleSEQR 
HLA-DRB1 PCR/Sequencing Mix, AlleleSEQR HLA-DQB1 
PCR/Sequencing Mix). Each set was purchased for 6250 Eu-
ros. Hence, the total cost of locus-specifi c reagents for 5 loci 
was 31250 Euros, thus providing 312.50 Euros per 1 human 
DNA sample (ca. 24,000 roubles as per October 2018). Th e 
prime costs should also include disposables for the core se-
quencing procedure. E.g., if performing 100 tests for 5 HLA 
loci, we run 2500 reactions with a 24-channel Applied Bio-
systems GA3500xl Genetic Analyzer ABI 3500. To start the 
process, the following general items are needed: 26 plates for 
the gene analyzer (MicroAmp 96 Well Reaction Plate); three 
universal polymers. For capillary electrophoresis, POP-7 for 
960 samples, fi ve Formamide packs (25 mL each), containers 
with anode and cathode buff ers etc., at a total price of 4500 
Euros. Hence, the prime costs of Sanger reagents, when se-
quencing 5 main loci at the full-load regimen and usage of a 
100-test kit, makes about 35750 Euros (ca. 2681250 roubles), 
excluding costs for pipette tips, microtubes, gloves and other 
inexpensive disposables. Th at means ca. 27000 roubles per 
one human DNA sample.

When applying NGS approach, the number of samples taken 
into analysis is quite suffi  cient, since even a high-throughput 

MiSeq machine may perform sequencing of up to 269 sam-
ples in parallel, using a standard 4.5-Gb cartridge.

To calculate costs of comparable NGS analysis, we have cho-
sen a reagent set for  sequencing of 96 samples which incud-
ed the following items: NGSgo®-AmpX HLA-A, B, C, DRB1, 
DQB1, NGSgo®-LibrX Library Preparation (2 kits), NGS-
go®-IndX Adapter & Indices (4x24) RUO Illumina, Agen-
court AMPure XP 5 mL Kit, GenDx LongRange polymerase 
(3 kits), MiSeq Reagent Kit v2. A total sum for typing 5 loci 
made ca. 14 800 Euros, thus comprising 155 Euros (>10000 
Roubles) per sample.

However, in case of spared use of the reagents for sample 
preparation by two-fold decrease in reaction volume (as 
proven by our experience), the prime costs per a single test 
dropped to 90 Euros. Th e self-cost is here provided without 
accessory disposables. 

Hence, the costs of sequencing reagents, even without their 
sparing, is suffi  ciently cheaper when using NGS technolo-
gies. Moreover, the procedure takes 2-fold less time for its 
performance than the Sanger technique.

Conclusion
Comparison of allele sequenced by NGS and Sanger’s meth-
od yielded 100% homology results. Hence, our work is in ac-
cordance with previously published data [9], which demon-
strate the advantage and effi  ciency of NGS, as compared to 
Sanger sequencing. 

NGS-based HLA analysis is performed with a 100% re-
liability, and well fi ts the tasks of HLA typing in unrelated 
donors, in concordance with EFI and ASHI policies. Th is 
work process well corresponds to the working schedules for 
medium- and high-capacity laboratories, thus being poten-
tially attractive to the donor registries. Recently introduced 
next-generation sequencing techniques have a facilitating 
potential for the high-resolution genotyping via a decrease 
of general ambiguity of end results, like as due to more 
extended sequencing regions. In near future, the NGS ap-
proaches will be an eff ective and cost-eff ective technology 
when evaluating histocompatibility parameters and immu-
nogenetic interactions.
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Сравнительный анализ методов секвенирования 
NGS и по Сэнгеру при HLA-типировании в российской  
университетской клинике  

Резюме
База данных Всемирной организации здравоохра-
нения (ВОЗ) Комитета по номенклатуре факторов 
системы HLA (база данных IPD-IMGT/HLA) на сен-
тябрь 2018 г. содержала информацию о нуклеотид-
ных последовательностях 20272 различных аллелей 
HLA, из которых 14800 были аллелями HLA класса I,
а 5288 – класса II. 

На протяжении последних 20 лет при секвенирова-
нии генома человека, животных, бактерий и виру-
сов преобладает автоматизированная технология 
Сэнгера. Однако необходимость более быстрого 
скрининга генома стимулировало развитие новых 
технологий мультиплексного секвенирования ДНК. 
Эти современные методы обозначаются как подходы 
следующего поколения (Next-Generation Sequencing, 
NGS).

Целью нашего исследования было сравнение двух 
этих методов и оценка их эффективности. Чтобы 
достичь этой цели, мы выбрали группу из 35 об-
разцов ДНК, в основном – потенциальных доноров 
гемопоэтических клеток, и провели сравнительный 
анализ по Сэнгеру и методом NGS. Метод NGS по-
зволяет выявлять редкие или новые варианты ал-
лелей. Этот подход подтвержден в качестве более 
чувствительного и более экономичного, особенно в 
больших лабораториях по HLA-типированию. 
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следующего поколения, NGS, секвенирование по Сэ-
нгеру, трансплантация гемопоэтических клеток, ти-
пирование по сиквенсам ДНК.
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