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Abstract
Polymerase chain reaction (PCR)-based technology for clinical HLA typing involves DNA Sanger
sequencing of the PCR amplified products of polymorphic loci of HLA, such as HLA-A, -B, -C, -DPB1,DQB1, and -DRB1, in support of unrelated donor hematopoietic stem cell transplantation. The TA
cloning of all the amplicons, followed by Sanger sequencing, provides a primary screening tool of
potential organ donors, or to identify individuals who might have potential adverse drug responses. The
Class I exon 2 and 3 genes of HLA was amplified as a single fragment and cloned into a TA cloning
vector pTZ57R/T, while the Class II exon 2 and 3 amplified fragments were added together in a ligation
mix with the vector pTZ57R/T. Positive clones were subjected to Sanger sequencing, and HLA alleles
determined using the IMGT database. Results indicate that all the exons of the HLA genes by could be
cloned by the strategies described. Furthermore, we were also successful in achieving the amplification of
all the desired amplicons as a multiplex PCR, thereby reducing the cost of the modified method further by
almost 60 %. We present a cost-effective TA cloning strategy for achieving accurate allele typing of HLA
at 2- digit resolution. Taken together, an efficient cloning methodology with a significant lower cost for
accurate HLA typing presented here is encouraging. The data suggests that it may be employed for
routine cloning of variable targets in molecular biology applications.
Keywords: Allele typing, cloning, HLA typing, PCR products, pTZ57R/T
Introduction
Routines procedure in any molecular biology laboratory is the PCR amplification of a gene of
interest and the cloning the amplified product into a plasmid/expression vector. Several methods have
now been developed for the cloning of PCR-amplified DNA molecules. These include cohesive-end
cloning through the introduction of restriction sites at the 5'-ends of PCR primers [1], blunt-end cloning
[2], ligation-independent cloning [3], and TA cloning [4], etc.
TA cloning involves the cloning of any PCR amplified product using DNA polymerases (like Taq
DNA polymerase) that lack 5'-3' proofreading activity and the addition of adenosine triphosphate residue
to the 3' ends of the double stranded PCR product. Such PCR products are then ligated to a linearized ‘T’
vector with complementary 3' T overhangs on both the strands. This methodology does not require the
use of restriction enzymes for cloning and, hence, is one of the simplest and most straightforward
methods to clone PCR products. The cloning methodology is bidirectional, and the clones can be screened
for the rightly oriented clones by Sanger sequencing or restriction mapping [5].
TA cloning kits with high cloning efficiencies are commercially available. These include TA
Cloning® Kit with pCR™2.1 vector (Thermo Fisher Scientific, Waltham, MA, USA), TOPO TA cloning
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kit (Invitrogen, CA, USA), T-Vectors pMD20 and pMD19 (Takara Biotech, Kusatsu, Shiga, Japan),
InsTAclone PCR Cloning Kit (pTZ57R/T-Thermo Fisher Scientific, Waltham, MA, USA), TOPO TA
(Invitrogen, CA, USA), and pGEM-T vector system (Promega, WI, USA). A modified version of a TA
cloning vector has also been developed by Zhao et al. [6]. However, these kits appear expensive for
employment in processing large volume samples. In this paper, we describe a TA cloning methodology
that is cost-effective and also adaptable to multiple targets.
The Major Histocompatibility Complex (MHC), also known in humans as the human leukocyte
antigen (HLA) region, encompasses 7.6Mb on chromosome 6p21, and encoding 252 expressed loci,
including several key immune response genes. HLA genes are among the most polymorphic in the human
genome, and the changes in sequence affect the specificity of antigen presentation and histocompatibility
in transplantation. Six of the HLA genes (HLA-A, -B, -C, -DQA1, -DQB1, and -DRB1) are extremely
polymorphic and constitute the most important set of markers for matching patients and donors for bone
marrow and kidney transplantation [7].
Polymerase chain reaction (PCR)-based technology is used for clinical HLA typing [8], and DNA
sequencing of the PCR amplified products of multiple loci of HLA is being used in support of unrelated
donor hematopoietic stem cell transplantation [9]. HLA alleles are designated by the locus, followed by
an asterisk (*), a 2-digit number corresponding to the antigen specificity, and the assigned allele number.
The 2-digit resolution (e.g., A*01) of HLA typing approximates the serological antigen groupings, while
the sequence specific oligonucleotide probes (SSOP) method has been used for HLA typing at 4-digit
resolution (e.g., A*01:01), which can distinguish amino acid differences [10]. Since uncertainty in read
alignments to highly homologous HLA allele sequences exists, accurate HLA typing at high-resolution is
essential.
It is observed that the majority of the mistyped HLA alleles are accurate at the 2-digit resolution.
Overall, only 5 out of the total 564 alleles at the 2-digit resolution are incorrect, corresponding to an
accuracy of 99.1 %. [11]; hence, HLA typing using Sanger sequencing data can provide a primary
screening tool of potential organ donors, or to identify individuals who might have potential adverse drug
responses. Moreover, allele determination is generally based on sequence alignment to the IMGT/HLA
database, where there is an inherent limitation.
Also, studies have shown that specific HLA alleles are associated with a number of autoimmune
diseases. These include multiple sclerosis, rheumatoid arthritis, and type I diabetes [12], and infectious
diseases [13]; numerous animal studies have shown that these genes are often the major contributors to
disease susceptibility or resistance [14], making HLA typing clinically relevant.
Sequence-based typing (SBT) involves PCR amplification and sequencing of specific HLA exons,
with both the alleles of HLA locus amplified and sequenced; hence, to determine exactly which 2 alleles
were responsible for the sequence results through Sanger sequencing is difficult to predict. This limitation
is, however, resolved by cloning the PCR amplicons in a TA cloning vector and selecting bacterial
recombinants for both the alleles for accurate HLA typing. Traditionally, for Class I typing, most
laboratories only sequence exon 2 and 3 and, for Class II typing, only sequence exon 2, although reports
have also recommended the essentiality of including both exon 2 and 3 of class II. This approach has been
the standard due to the functional relevance of this region, which defines the peptide groove of Class I
and Class II molecules, respectively [15]. For bone marrow registries, a low to medium resolution is the
minimum requirement for screening. We were, thus, motivated to develop low-cost techniques for
improving resolution, and the results are described in this paper.
Sanger sequencing is the gold-standard DNA sequencing technique, used routinely in life sciences
laboratories for various workflows. During Sanger sequencing, DNA polymerases copy single-stranded
DNA templates by adding nucleotides to a growing chain (extension product). Because of its suitability
for routine validation of cloning experiments and PCR fragments, Sanger sequencing remains a popular
technique in many laboratories across the world.
The protocol described here offers comparable data quality and outperforms traditional Sanger
sequencing in terms of cost-effectiveness and multiple steps and high throughput. Although the Sanger
sequencing method has proven effective for HLA typing, the perceptions of it being labor-intensive, timeconsuming, and expensive can now be addressed by the strategy described in this paper. Since not all
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research and diagnostic laboratories have the feasibility of or access to next-generation sequencing
technologies, we have been motivated to develop an efficient protocol for the genotyping of the classical
HLA genes of class I and Class II by a slight tweaking of the classical TA cloning method, and the results
are described in this paper.
Materials and methods
All chemicals and reagents used in this study were of analytical grade. Oligonucleotides were
synthesized at BioServe Technologies Pvt. Ltd, Hyderabad, India. Standard genomic DNA sample
designated-IHWG09124 was purchased from International Histocompatibility Working Group (IHWG),
Seattle, WA, USA.
The blood sample from a donor SP was collected, with appropriate consent forms maintained in our
laboratory. The HLA typing of the sample-SP was determined using the PacBio system at MedGenome,
Bangalore, India (Table 1). In-house, the genomic DNA of this sample was prepared using QIAamp
columns (Qiagen, Germantown, MD, USA), since they are reported to have superior binding capability
[16]; hence, we preferred to use QIAamp columns for extraction of the gDNA for this study.
All the PCRs for Class I genes of sample SP were performed using 1 x ammonium sulphate buffer,
pH 8.3, 0.2 mM dNTP mix, MgCl2 (2.5 mM), DMSO, Tween-20, and BSA at 5, 2, and 0.32 % final
concentrations, respectively. The PCR conditions included an initial denaturation at 95 °C for 5 min,
followed by 28 cycles of 95 °C for 30 s, 61.4 °C for 45 s, and 72 °C for 45 s, while for Class II, the
extension time was 1.5 min, with other PCR parameters the same. Suitable amounts of the amplified
products were then analyzed on 2 % agarose gel. The PCR of the entire HLA panel comprised the
following genes. HLA-A, exon-2 (375 bp); HLA-A-exon3 (327 bp); HLA-B, exon-2 (378 bp); HLA-Bexon3 (371 bp); HLA-C, exon-2; HLA-C-exon3 (375 bp); HLA-DPB1, exon-3 (368 bp); HLA-DQB1exon3 (350 bp); HLA-DRB1, exon-3 (351 bp); HLA-DPB1-exon2 (426 bp); HLA-DQB1, exon-2 (324
bp), and HLA-DRB1-exon 2 (307 bp) were based on the primers designed in the intronic regions, as per
Itoh et al. [17] and Lange et al. [18].
For PCR screening of the TA clones, M13 vector primers was used. The M13 PCR was carried out
in a total volume of 25 µl using 1 x ammonium sulphate buffer, pH 8.3 with 2.5 mM magnesium chloride,
5 % DMSO, 0.32 % BSA, 2 % Tween-20, and 0.4 µM of forward (5’ GTAAAACGACGGCCAGT 3’)
and reverse (5’ AACAGCTATGACCATG 3’) primers. The PCR was carried out for 35 cycles, with an
initial denaturation of 5 min at 95 °C, and 35 cycles of denaturation at 95 °C for 30 s, annealing at 60 °C
for 30 s, and extension at 72 °C for 45 s. After a final extension of 7 min at 72 °C, suitable aliquots of the
PCR amplicons were examined on 2 % agarose gel stained with ethidium bromide.
We adopted 2 strategies for cloning Class I and II genes. This was mainly due to close proximity of
the polymorphic class I genes HLA-A, -B, and -C, and significant distant localization of the Class II
genes DPB1, DQB1, and DRB1.
PCR amplification of Class I HLA genes HLA-A, -B, -C genes and TA cloning
Class I genes of HLA: A, B, and C were amplified using forward primer for the exon 2 and reverse
primer for the exon 3 region, in order to get a single product of ~800 to 900 bp that included both the
exon 2 and 3 regions.
The gDNA of the sample- SP was quantified using NanoDrop Spectrophotometry (Thermo Fisher
Scientific, Waltham, MA, USA); 40 ng gDNA was taken and, using 0.4 µM primers of HLA-A- exon 2
forward primer (Table 1) and HLA-A-Exon 3 reverse primers, all the genes of Class I was amplified. For
PCR of IHWG09194 sample with known HLA typing (Table 1), 40 ng of the purified genomic DNA was
taken, and PCR was carried for the exon 2 gene of HLA-B using HLA-B gene specific primers [17] at 0.4
µM final concentrations. The PCR reaction mix remained the same as mentioned above. The PCR
conditions included an initial denaturation of 95 °C for 5 min, followed by 28 cycles of 95 °C for 30 s, 60
°C for 30 s, and 72 °C for 45 s, with a final extension at 72 °C for 10 min. Suitable amounts of the
amplified products were then visualized on ethidium bromide stained 2 % agarose gel.
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All the 3 PCR products of HLA-A, -B, and -C genes were loaded on 2 % agarose gel separately, and
gel purified (Thermo Fisher Scientific, Waltham, MA, USA) and ligated to pTZ57R/T vector with an
insert: vector ratio of 1:3, as suggested by the manufacturer (Thermo Fisher Scientific, Waltham, MA,
USA). The ligated products were then introduced into E. coli competent cells (Thermo Fisher, Waltham
Scientific, MA, USA), and positive clones were selected by colony PCR using gene specific primers.
Xiao-Qing et al. [19] describe allele typing of HLA-B using TA cloning method and also mentioned
that the probability of obtaining both kinds of allele clone products by this methodology is variable. When
6 positive clones were picked in the study, the probability of getting both the alleles was close to 96.88 %.
Hence, we restricted the selection of at least 6 clones from each of the HLA sets for DNA sequencing, so
that the cost of the sequencing reactions was controlled and the possibility of obtaining both the arms of
the alleles was achieved.
PCR amplification of class II HLA genes and TA cloning
Class II genes of HLA, namely DPB1, DQB1, and DRB1, were PCR amplified from sample SP
using exon 2 and exon 3 region specific primers, to get amplicons of ~300-400 bp length. All the 6 PCR
products of Class II genes, namely, DPB1, exons 2 and 3; DQB1, exon 2 and 3, and DRB1, exons 2 and
3, were purified and ligated to the vector pTZ57R/T at the ratio of inset: vector of 3:1 using the TA
cloning kit (Thermo Fisher Scientific, Waltham, MA, USA).
A minimum of twenty colonies from each set were screened by M13 PCR, followed by gene
specific PCRs, and a suitable number of positive clones were DNA sequenced by Sanger sequencing.
Extraction of PCR amplified products directly from excised agarose gel for Sanger sequencing
and direct PCR amplicon sequencing
To verify if one could do away with plasmid isolation prior to DNA sequencing, we tested direct
elution of the amplicons of HLA-B- exon2 of IHWG09124 from agarose gels and, in the second
approach, we sent the same amplicons of the HLA-B- exon2 of IHWG09124 directly for Sanger
sequencing without any purification.
We tested 6 independent PCR amplicons of HLA-B-exon 2 of IHWG09124 and eluted the
amplicons directly from the agarose gel using nuclease free water. This was subjected to Sanger
sequencing, and the sequences obtained were submitted to the IMGT database for allele determination.
Also, in another experiment, we subjected 3 aliquots of the HLA-B, exon 2 PCR amplicons for Sanger
sequencing directly using the gene specific primers. In all the cases, the allele type exactly matched with
the type mentioned in the IHWG database for the IHWG09124 sample (Table 1).
Multiplex PCR
Currently, the HLA PCR panel described in this paper comprises of 3 PCRs of Class I genes and 6
PCRs of Class II genes, to cover all the target genes, namely, HLA-A, -B, and -C, and DPB1, DQB1, and
DRB1. Use of exons 2 and 3 of HLA-A, -B, and -C, and exons of Class II genes, namely, DPB1, DQB1,
and DRB1, is reported to be sufficient for HLA typing [20]. In the light of these reports, we attempted to
carry out a multiplex PCR for the Class I genes for exons 2 and 3, and a multiplex PCR for only the exon
2 of the class II genes DPB1, DQB1, and DRB1.
For the multiplex PCRs, the PCR reaction mix was first tested by gradient PCR from 50 to 65 °C,
keeping all other conditions the same, as done for uniplex PCRs (data not shown). The optimal Tm for the
multiplex PCR of Class I was found to be 53.3 °C, while for Class II exon 2, it was 61.4 °C. The PCRs
were carried out as described before, and the products were examined on 2.5 % agarose gels stained with
ethidium bromide.
Allele determination
The IMGT/HLA database (http://www.ebi.ac.uk/imgt/hla) for the allelic sequences of the genes in
the HLA system provides the tools for submitting both new and confirmatory sequences to the WHO
HLA Nomenclature Committee [21]. All the sequencing data from all the TA clones generated in this
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study were subjected to IMGT database for designating the HLA alleles. The genotypes of each allele
were obtained directly according to 2 main indexes: Score and E-value.
Results
PCR amplification of Class I HLA genes HLA-A, -B, -C genes, TA cloning, and allele
determination
The HLA PCR panel, comprising of HLA-A, exon 2 and 3; HLA-B, exons 2 and 3; HLA-C- exons
2 and 3, are shown in lanes 1 to 6 in the same order. Lanes 7, 8 and 9 show PCR of exons 3 of DPB1,
DQB1, and DRB1, respectively, while lanes 10, 11, and 12 represent exons 2 of DPB1, DQB1, and
DRB1, respectively (Figure 1).

Figure 1 HLA PCR of Class I and II genes.
Lanes 1, 3, and 5 represent PCR of class I exons 2 of HLA-A, -B, and -C, while lanes 2, 4, and 5
represent the PCR of class I exons 3 of HLA-A, -B, and -C. DPB1, DQB1, and DRB1 exon 3 PCRs are
shown in lanes 7, 8, and 9, while lanes 10, 11, and 12 show PCR of DPB1, BQBI, and DRB1. –ve
represents no template control.
Table 1 HLA allele typing of 2 samples used in this study.
Sample
SP

Gene
HLA-A
HLA-B
HLA-C
HLA-DPB1
HLA-DQB1
HLA-DRB1

HLA Allele type
A*23, A*11
B* 58, B*27
C* 03, C*15
DPB1 *05, DPB1 *02
DQB1 *03, DQB1 *06
DRB1 *08, DRB1 *01

IHWG09124

HLA-A
HLA-B
HLA-C
HLA-DPB1
HLA-DQB1
HLA-DRB1

A*34, A*02
B*56, B*40
C*15, C*01
DPB1 *02, DPB1 *02
DQB1 *05, DQB1 *06
DRB1 *08, DRB1 *14
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Panel A of Figure 2 shows the PCRs of HLA-A, -B, and -C using exon 2 forward and exon 3
reverse primers, as indicated in the M & M section, while in Figure 2, panels B, C, and D represent the
PCR screening of TA clones of HLA-A, -B, and -C using gene specific primers.
From 7 randomly chosen TA clones from each set, almost 6 of the clones showed strong PCR
signals for HLA-A, -B, and -C, rendering a cloning efficiency of > 90 % in all the cases. The results are
shown in Figure 2, where panel B represents TA clones of HLA-A-E2+E3, and panel C and D show
HLA-B-E2+E3 and HLA-C-E2+E3, respectively. These clones were subjected to plasmid DNA
preparation, followed by Sanger sequencing.

Figure 2 HLA Class I PCRs with Exon 2 forward and exon 3 reverse primers.
The sizes of the PCR products were 807 bp, 856 bp, and 892 bp, as shown in panel A, lanes 1, 2,
and 3, respectively. Panels B, C, and D show the agarose gel electrophoresis of TA clones of HLA-A
2+3; HLA-B 2+3, and HLA-C 2+3. Lanes 1 to 7 show the colony PCRs, as detailed out in the M & M
section. The lane M refers to DNA molecular weight marker.
Figure 3 shows the PCR screening of TA clones of Class II genes using M13 primers. Panel A, B,
and C represent the PCR of twenty randomly chosen bacterial recombinants of DPB1/Exon2 and
DPB1/Exon3, DQB1/Exon2 and DQB1/Exon3, DRB1/Exon2 and DRB1/Exon3, respectively.
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Figure 3 PCR screening of TA clones of DPB1, DQB1, and DRB1 exons 2 and 3, obtained from a single
ligation mix using M13 vector primers.
Panel A shows TA clones of DPB1, panel B shows TA clones of DQB1, and panel C represents TA
clones of DRB1. Note that the cloning efficiency in all the cases was more than 95 %, as evident from the
figures.
It is clear from Figure 4 that PCR of the above TA clones with DPB1 gene specific primers showed
colonies # 3, 4, 9, 12, 16, 18, 19, and 20 as clones of DPB1, exon 2 (Figure 4, panel A), while colonies
#1, 2, 5, 6, 7, 8, 11, 13, 14, 15, and 16 were clones of DPB1, exon3 (Figure 4, panel B). Similarly, for
DQB1 exon 2, bacterial colonies that showed positive PCR signals were #6, 8, 9, and 19 (Figure 4, panel
C), while for exon 3, the PCR positive colonies were #4, 5, 9,10, 11, 13, 15, 16, 17 (Figure 4, panel D).

Figure 4 Gene specific PCR of TA clones of DPB1 and DQB1.
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Panels A and B show PCR of exons 2 and 3 of DPB1, while panels C and D show PCRs of exons 2
and 3 of DQB1 clones. Note that one can easily see that the clones showing PCR signals in panel A do
not show PCR signals in the next panel, indicating the ease in differentiating the exon 2 and 3 clones of
each set. The same results were observed for DQB1 exon 2 and 3 clones.
Figure 5 shows that the bacterial colonies that were positive for DRB1, exon 2, were 15 out of 20,
and that the colonies that were positive for DRB1, exon 3 were only 3 of 20, taken for PCR screening.
Hence, only 6 clones of DRB1, exon 2 and 3 together were sent for DNA Sanger sequencing.

Figure 5 PCR screening of TA clones of DRB1.
Table 2 HLA allele typing of TA clones of HLA-A-E2+E3, HLA-B-E2+E3, HLA-C-E2+E3.
Bacterial TA
clone no.
1
2
3
4
5
6
1
2
3
4
5
6
1
2
3
4
5
6
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Gene and allele type from IMGT
HLA- A Exon 2 + Exon 3
A*23
A*11
A*23
A*11
A*23
A*23
HLA-B Exon 2 + Exon 3
B*58
B*58
B*27
B*58
B*27
B*58
HLA-C Exon 2 + Exon 3
C*03
C*03
C*03
C*15
C*15
C*15

Length (bp)

Score (Bits)

Identities %

807
807
807
807
807
807

549.6
549.6
549.6
375.2
549.6
549.6

100
100
100
92.3
100
100

856
856
856
856
856
856

541.7
549.6
531.8
549.6
541.7
541.7

99.6
100
99.6
100
100
99.6

892
892
892
892
892
892

537.7
539.7
531.8
537.7
537.7
529.8

100
100
99.6
100
100
99.6
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Lanes 1 to 20 of panel A show clones of exons 2 of DRB1, while panel B shows the clones of exon
3 of DRB1. Clones #6, 7, and 8 of DRB1, exon 2 and clones #15, 16, and 17 of DRB1, exon 3 were taken
for Sanger sequencing.
These data clearly indicate that one could ligate 2 inserts successfully into a TA cloning vector with
an appreciable cloning efficiency. Six of the PCR positive clones from all the sets were subjected to
plasmid DNA preparation and DNA sequencing. The results indicated that, after the search blast with the
IMGT database, accurate 2 digit (98 to 100 % identities to IMGT database) HLA type was achieved as
expected, and represented in supplementary tables (Tables 2 and 3). From the IMGT HLA type data, one
could extract information on both the allele types for a single gene (Tables 2 and 3) in all the cases
accurately, with no ambiguity.
Extraction of PCR amplified products directly from excised agarose gel for Sanger sequencing
The PCR amplicons of HLA-B-exon 2 eluted from the agarose gel without column purification after
Sanger sequencing showed the expected HLA allele typing with 98 - 100 % identity (Table 4). Also, the
PCR amplicons that were subjected to direct Sanger sequencing showed identical HLA-B allele typing to
what was achieved by using plasmid DNA for the same clones tested in this paper (Table 4).
Table 3 HLA allele typing of TA clones of HLA-DPB1-E2 and DPB1-E3, HLA-DQB1-E2 and DQB1E3, and HLA-DRB1-E2 and DRB1-E3.
Bacterial TA clone no.
1
2
3
4
5
6
7
8
9
1
2
3
4
5
6
7
8
9
10
1
2
3
4
5
6

Gene and allele type from IMGT

Length (bp)

Score (Bits)

Identities %

426
426
426
426
368
368
368
368
368

529.8
529.8
513.9
521.9
539.7
468.3
555.6
555.6
555.6

100
100
99.3
99.6
98.9
95.8
99.6
99.6
99.6

350
350
350
350
350
350
350
350
350
350

521.9
537.7
557.5
232.4
557.5
557.5
565.5
557.5
557.5
557.5

99.3
100
99.6
86.1
99.6
99.6
100
99.6
99.6
99.6

307
307
307
307
307
307

535.7
521.9
569.4
545.6
553.6
554

100
99.6
100
99.0
99.3
99.6

HLA-DPB1 Exon 2 + Exon 3
DPB1*05
DPB1*02
DPB1*02
DPB1*02
DPB1*02
DPB1*02
DPB1*02
DPB1*02
DPB1*02
HLA-DQB1 Exon 2 + Exon 3
DQB1*06
DQB1*06
DQB1*06
DQB1*04
DQB1*04
DQB1*06
DQB1*04
DQB1*06
DQB1*06
DQB1*04
HLA-DRB1 Exon 2+ Exon 3
DRB1*13
DRB1*13
DRB1*08
DRB1*08
DRB1*08
DRB1*08
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Multiplex PCR
Figure 6, panel A shows amplification of Class I genes, HLA-A, -B, and -C in a single tube by
multiplex PCR, while panel B shows the amplification of exons 2 of class II genes, namely, DPB1,
DQB1, and DRB1, when multiplex PCR is employed.

Figure 6 Multiplex PCR of Class I and Class II genes.
Panel A shows the multiplex PCR of HLA-A E2+E3, (807 bp), HLA-B-E2+E3 (856 bp), and HLAC-E2+E3 (892 bp), while panel B represents the multiplex PCR of exon 2 of class II genes that includes
HLA-DPB1, -DQB1, and -DRB1 of 426 bp, 324 bp, and 307 bp, respectively. Arrows denote the bands
of interest, and M refers to DNA molecular weight marker.
Table 4 Allele typing results of HLA-B-exon 2 Sanger sequences of sample IHWG09124.
Sample #
1
2
3
4
5
6
Sample #
1
2
3
Sample #
1
2
3
4
5
6
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Purified plasmids
Gene and allele type from IMGT
Length (bp)
Score (Bits)
B*56
378
531.8
B*56
378
539.7
B*56
378
531.8
B*56
378
531.8
B*40
378
539.7
B*56
378
523.8
Amplicons purified through gel and eluted
Gene and allele type from IMGT
Length (bp)
Score (Bits)
B*56
378
539.7
B*56
378
531.8
B*40
378
539.7
Unpurified amplicons
Gene and allele type from IMGT
Length (bp)
Score (Bits)
B*56
378
525.8
B*56
378
531.8
B*56
378
531.8
B*56
378
531.8
B*40
378
539.7
B*56
378
502.0
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Identities %
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Identities %
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100
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Table 5 Cost comparisons between the TA cloning for 9 target genes by original protocol and proposed
protocol.
Original protocol
Activity
PCR
Amplicon Purification
Ligation
Plasmid isolation
Sanger sequencing for 6 clones
of each set using a single primer$
Total

Per
Rxn
44
120
600
96

Cost in INR*
Class I# Class II@
6 rxns
3 rxns
264
132
720
360
3600
1800
3456
1728

200

7200

3600

1060

15240
7620
22860

Proposed protocol
Activity
PCR
Amplicon Purification
Ligation
Plasmid isolation
Sanger sequencing for 6 clones
of each set using a single primer$
Total

Cost in INR*
#
@
Per Class I Class II
Rxn 1 rxn
1 rxn
44
44
44
--600
600
600
--200
844

3600

3600

4244

4244
8488

*

INR- Indian rupees
Using genes of HLA-A-exons 2 and 3, HLA-B- exons 2 and 3, and HLA-C exons 2 and 3
@
Based on literature reports of using only the exon 2 of Class II genes DPB1, DQB1, and DRB1
$
Cost calculated for carrying out unidirectional Sanger sequencing of the amplicons
#

Cost comparison
We have compared the cost of carrying out TA cloning of all the 6 target genes of Class I and 3
target genes of Class II, from the step of PCR amplification to the final step of DNA Sanger sequencing,
between the original TA cloning protocol that is regularly followed against the proposed protocol
described in this paper. The data (Table 5) clearly indicates an almost 60 % cost reduction in the protocol
proposed here, which will have a significant impact when samples are processed on a large scale/ in large
numbers.
Discussion
There are numerous reports on improvements of TA cloning in the literature [22]. Zhao et al. [6]
report the construction of an improved TA cloning vector (pGEM-FT), by use of a restriction enzyme
site XcmI to generate linear plasmids with single overhang deoxythymidine at both 3′ ends for better
cloning efficiency. Studies have shown that the cloning efficiency of TA cloning vectors vary
considerably, based on the size of the insert used for ligation [23]. In our studies, too, the TA cloning
vector pTZ57R/T vector showed better cloning efficiency with smaller sized inserts, like with Class II
genes in comparison to Class I genes, supporting the observations of Palatinszky et al. [23].
Emonet et al. [24] have described a sequencing procedure where the method relies on ultrasonic
shearing of PCR products, resulting in fragments 700 - 1,000 nt long that are further ligated to TA vector
and sequenced. The complete sequence information is obtained approximately 5 d after the PCR step,
depending on the sequencing procedure adopted. The NGS procedure requires a large sample size, and
the process takes nearly 2 - 3 days for the MiSeq run, followed by the time required for bioinformatic
analysis. Sanger sequencing, on the other hand, requires merely 2 - 3 days total turnaround time, where
PCR, ligation, and transformation is carried out in one day, followed by sequencing the PCR amplicons
the next day, with an added advantage of the feasibility of processing a single sample.
Sanger sequencing is a method of DNA sequencing based on the selective incorporation of chainterminating dideoxynucleotides by DNA polymerase during in vitro DNA replication reaction. There are
specific advantages of Sanger over NGS. These include the possibility of sequencing of single genes,
using fewer toxic reagents, sequencing verification for site-directed mutagenesis or for the presence of
cloned inserts, and achieving read-lengths of ~1,000 bp. However, the major limitation of the Sanger
sequencing method for HLA typing is that it does not generate 2 separate haploid sequences. Hence, it is
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not possible to resolve the individual HLA haplotype sequences in a diploid pair of chromosome 6, unless
they are available as independent clones.
With the development of NGS, large amounts of sequencing data are becoming widely available. It
is capable of cost-efficient, simultaneous interrogation of more than 100 genes at a time with low amounts
of input DNA, no requirement of cloning before sequencing, and the capability of conducting multiple
reactions in one lane, and performing sequence reading by using specific primers for each reaction is
often considered to be superior to Sanger sequencing; however, one of the major limitations of NGS
includes shorter read lengths when compared to Sanger sequencing, as well as higher error rates [25]. In
addition, bioinformatic challenges include developing processes to store, retrieve, and process large
amounts of data, reducing errors in image analyses and base-calling, and identifying and removing lowquality reads. Hence, the present work, highlighting the successful use of Sanger sequencing for HLA
allele typing, assumes critical importance. Although NGS is cheaper than Sanger sequencing, it still
remains an expensive technique for some small laboratories, since the single run cost is high if the sample
size is small. Also, NGS data analysis is time consuming, and needs a large storage space and
bioinformatics knowledge, due to the high amount of data resulting from the sequencing experiments
[26].
It is predicted that only one out of 1081 pairs for HLA-A, 3 out of 4851 for HLA-B, and one out of
528 for HLA-C will fail to have the alleles identified in heterozygous individuals if exons 2 and 3 are
analyzed together [27]. The amplified products of Class I, described here, includes the entire sequences of
exon 2 and exon 3, encoding the hyper variable domains that form the peptide binding pocket of HLA
class I molecules. These 2 exons encompass most of the variable sequences that distinguish alleles.
Hence, our data on achieving accurate allele typing of class I genes, where both exons 2 and 3 are
amplified as one fragment, does invite the possibility of revisiting this aspect in other areas too.
The HLA allele sequences are available in the IMGT/HLA database [20]. As of March 2017, there
are currently 16,933 HLA and related alleles described by the HLA nomenclature and included in
the IPD-IMGT/HLA database. With such a high number of alleles, genotyping is a very tough challenge.
Low resolution (LR), referred to as generic typing, or 2-digit typing, corresponds to the identification of
broad families of alleles (e.g., 02), and is the equivalent of serological typing (A2). While Gowda et al.
[28] have described HLA allele typing using the Micro SSP DNA typing kit of One-Lambda (Thermo
Fisher Scientific, Waltham, MA, USA) using exon 2 and 3 of HLA class I and exon 2 of HLA-DRB1 of
class II for a 2 digit resolution for HLA typing, Boegel et al. [29] successfully applied seq2HLA to 50
individuals included in the HapMap project, yielding 100 % specificity and 94 % sensitivity at a p-value
of 0.1 for 2-digit HLA types. It is recommended that selection of an unrelated donor is based on these first
2 sets of digits and in a second level of selection to use high resolution typing; hence, our present work on
achieving 2-digit resolution of HL typing by the present methodology assumes clinical significance.
In this study, we have successfully demonstrated the possibility of sequencing the PCR products by
the Sanger method directly, without the need to isolate plasmid DNA, making the entire process very
cost-effective. Although plasmid DNA provides certain advantages, like complete sequencing of the
insert, since the sequence include universal priming sites flanking inserted DNA, while approximately 20
- 50 bases of the fragment would not be sequenced over direct sequencing when sequenced from a PCR
fragment.
There are certain advantages and disadvantages of sequencing plasmid DNA of the TA clones.
While the additional cost of generating plasmid DNA is irrefutable, where DNA fragments
are cloned before sequencing, the resulting sequence may contain parts of the cloning vector. Recently,
one-step Sanger sequencing methods, such as Ampliseq and SeqSharp, have been developed that allow
rapid sequencing of target genes without cloning or prior amplification that enzymatically removes chain
termination products originating from one or both of the amplification primers [30]. Direct sequencing
from a PCR fragment requires that the original PCR primers be used, as with plasmid DNA. The Sanger
dye-terminator method is a linear amplification requiring sufficient copy numbers off the original
template.
Meltzer [31] has highlighted several advantages of direct sequencing of polymerase chain reaction
(PCR) products over conventional sequencing of cloned products, with speed as the greatest asset. The
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steps involved include purification of PCR amplified fragments, sub-cloning, bacterial transformation,
and plasmid preparation steps, that are all eliminated when the PCR amplicons are directly sequenced.
The other biggest advantage of direct PCR product sequencing is that one could avoid PCR generated
mutations which are amplified upon cloning prior to sequencing. Since there is an ability to sequence
thousands, or even millions, of different templates at once, thereby obtaining pooled averages of mutated
or polymorphic sequences, our data on right allele typing using direct PCR product sequences will be
beneficial.
The main advantage of the described approach in this article is the possibility of separation of the
sequences derived from each allele of one HLA locus and, hence, its usefulness in clinical laboratories
focused on allele typing of HLA, that has become an essential tool in understanding pathogenesis of
various diseases [32], is undebatable; although other alternative methodologies, like the use of allelespecific sequencing primers [33] and sequence specific primers [34] are reported, they are expensive, not
free from unambiguous typing issues, and not easily scalable. The TA cloning methodology is an
attractive alternative, since it employs the use of common gene specific primers that is easily scalable in
the NGS system without any standardization, and can be applied for smaller sample volumes with
accurate 2 digit typing.
We have observed that, in case of a homozygous sample, where both the alleles are expected to
show similar allele typing, we could safely rely on this described TA methodology, since one could easily
differentiate both the alleles by alignment analysis of the TA clone sequences using ClustalW, ensuring
no allele drop out. Our results support the observations of Xiao-Qing et al. [19], who show that the
probability of obtaining both kinds of allele clone products is > 99.6 % when 9 recombinant clones are
screened for PCR and Sanger sequencing.
Conclusions
To summarize, we have successfully demonstrated the elimination of the steps of gel purification,
plasmid DNA preparation, and multiple target ligation in regularly employed TA cloning, and the cost of
generating a TA clone for a single sample is 60 % less than the original protocol. This is an attractive
proposition for use in large-scale sequencing projects that have urged researchers on developing technical
improvements to reduce the cost and time required to obtain single-sequence resolution. Our data in the
suggested alternatives to creating bacterial libraries and to Sanger sequencing is an effort in this regard
and would prove useful to the research community. Although the method has been validated in only 2
samples, and establishes a proof of concept, we have tested this methodology on several samples
successfully. We are in the process of implementing this protocol for larger volumes of samples by
establishing a high through-put screening, which will be dealt with elsewhere.
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