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TECHNICAL FIELD / 
The present invention relates to the technical fyfd of nucleic acid sequencing, in 

particular, the technical field of PCR sequencing In addition, the present invention 
also relates to DNA barcoding technique ana DNA incomplete shearing strategy. 
The method of the present invention particularly applicable to the second 
generation sequencing technique, espeofally to the Paired-end sequencing technique 
of the second generation sequencing technique, and is also applicable to HLA 
genotyping. In particular, the oresent invention provides a method for HLA 
genotyping, in particular, a method for HLA-A, HLA-B, HLA-C and HLA-DQB1 
genotyping, and also provides the primer pairs for PCR amplification used in the 
method. / 

BACKGROUND^ 

A PCR sequencing method refers to a technique wherein DNA fragments of a 
gene of interesrare obtained by a PCR method, and the obtained DNA fragments of 
the gene of interest are subjected to DNA sequencing to obtain the DNA sequence 
information, of the gene of interest. PCR sequencing methods are widely applied to the 
fields s»ch as detection of gene mutation and genotyping for a long time. 

^)NA sequencing technique is mainly classified into the first generation DNA 
sequencing technique represented by Sanger sequencing method and the second 

-l-



generation DNA sequencing technique represented by Illumina GA, Roche 454, ABI 
Solid, and the like. Sanger DNA sequencing technique is characterized by simpje 
experimental operations, visual and accurate results, and short experimental period, 
and thus is wildly applied in fields such as clinical gene mutation detection and 
genotyping, wherein a fast turnaround time is highly required as to detection results. 
However, due to the characteristics such as low throughput and Wgh cost, its 

application in fields where genotyping is performed in a large scale, isfiimitedo 

As compared with the first generation DNA sequencing tecifnique, the second 
generation DNA sequencing technique has the characteristics such as high sequencing 
throughput, low cost, high level of automation, and sinafe-molecule sequencing. 
Taken Illumina GA single-molecule sequencing as an example, a single sequencing 
run generates data of 50G (about 50 billion) bases, 5/billion bases data per day in 
average, and the average sequencing cost for a Joase is less than 1/1000 of the 
sequencing cost in Sanger method. Moreover, the analysis of results can be directly 
carried out by a computer. Thus, the second generation DNA sequencing technique is 
a technique quite suitable for large-sctrte sequencing projects. However, the 
contiguous sequencing length is generally short in the second generation DNA 
sequencing technique. Currently, thp maximum bidirectional sequencing length is 
200bp for Illumina GA; although tne maximum sequencing length can be up to about 
500 bp for Roche 454 GS-FLX^he sequencing cost is high and the throughput is low. 
When a PCR amplicon is of ar length greater than the maximum sequencing length in a 
sequencer, the thorough sequencing of the whole amplicon cannot be accomplished by 
sequencing directly, anfl the whole DNA sequence information of the amplicon cannot 
be obtained. Due ioAhoxt maximum sequencing length, the application of the second 
generation sequencing technique in PCR sequencing method is limited. In addition to 
gradual implement of sequencing technique to obtain a longer maximum 
sequencin^ength, it is urgent need to develop a new technique to overcome the 
deficiency of the current maximum sequencing length of the second generation DNA 
sequencer in the PCR sequencing application field. 
/ Human leukocyte antigen (HLA) is one of the gene systems found so far to be of 

due highest polymorphism. It is a primary gene system for modulating specific 
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immune response in human bodies and determining individual difference in 
susceptibility to diseases, and is closely associated with allogeneic organ transplant 
rejection. It is found in studies that the higher the matching degree of genes, suwi as 
HLA-A, B, C, DRB1 and DQB1, as well as the resolution are in a donor and a 
receptor, the longer a transplant survives. It is already a regular testing itemfto subject 
a potential donor and a receptor to high-resolution HLA genot^ing before 
hematopoietic stem cell transplantation. / 

The current international standard HLA high-resolution genotyping technique is 
a Sanger sequencing technique-based PCR sequencing method^hich comprises PCR 
amplifying the corresponding HLA gene regions, sequencing the amplified product, 
subjecting the sequencing result to genotyping withX professional genotyping 
software, and finally obtaining the HLA genotype information of the sample. It is 
characterized by visual results, high resolution andCapability of detecting new allele. 
However, due to the characteristics of Sanger sequencing, such as high cost and low 
throughput, its application in institutes like hematopoietic stem cell volunteer 
registration database (Bone Marrow BanWf, in which large-scale HLA genotyping 
detection is required, is limited. / 

It was reported that a Roche GS-FLX-based PCR sequencing method was 
used in HLA genotyping. Howevepf since its cost for sequencing was relatively high, 
it was not significantly superioj/over the Sanger sequencing-based HLA genotyping 
technique in terms of sequencing throughput and sequencing cost. As compared with 
Roche 454 GS-FLX, Illumflna GA has a shorter maximum sequencing length, but has 
obvious advantages ii^erms of sequencing throughput and sequencing cost. If the 
defect of the short maximum sequencing length of Illumina GA can be overcome, its 
application in Hyh genotyping will make up for the shortage of the current HLA 
genotyping memod. 

CONTENTS OF THE INVENTION 
wien conducting sequencing analysis simultaneously to sequences associated 

witii a specific gene in a large number of samples by the second generation 
sequencing technique, PCR sequencing strategy is generally employed, wherein the 
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combination of primer index and the second generation sequencing technique is 
employed directly. When the maximum sequencing length of the sequencer can covm 
the length of the whole PCR product, the above strategy meets the requirements. 
When the maximum sequencing length of the sequencer cannot cover the lengtjrof the 
whole PCR product, Illumina GA needs to be replaced with the second generation 
sequencer having a longer maximum sequencing length (such as Roche 4e4 GS-FLX). 
If the maximum sequencing length still cannot meet the requirements, a first 
generation sequencer has to be employed with the scarification of cost and 
throughput. / 

The actual situation is that Illumina GA has a super higjj^equencing throughput, 
but its maximum sequencing length is 200bp only; althouaK the maximum sequencing 
length of Roche 454 GS-FLX can reach about 500 hp, the cost for sequencing is 
relative high and the throughput is relative low; although the maximum sequencing 
length of the first generation sequencer can reacjf above lOOObp, its throughput and 
cost are not comparable to those of the secondgeneration sequencer. 

Is there a technique capable of enhancing the length of PCR products that can be 
sequenced thoroughly by a sequencer without the scarification of cost and throughput? 
The combination of primer indexes, MA incomplete shearing strategy, and the second 
generation sequencing technique m the present application can make the length of 
PCR products that can be sequenced by a sequencer longer than the maximum 
sequencing length of the sequencer whilst making full use of the characteristics of the 
second generation sequencing technique such as high throughput and low cost, 
thereby greatly broadeomg its applicable scope. The second generation sequencing 
technique employe^n the present invention includes, among second generation 
sequencing techniques, a Paired-end sequencing technique, and a PCR sequencing 
technique whichflias a DNA reference sequence for the PCR template. 

The praent invention provides methods for PCR sequencing, by which the 
limitation resulted from short maximum sequencing length is alleviated and the 
application of the second generation DNA sequencing technique in the PCR 
sequencing application field is broadened. For example, when performing sequencing 

^rath the second generation sequencing technique, index primers having a primer index 
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added to the 5' end are used, the amplified PCR products are sheared, the sheared 
products are terminally repaired and have deoxyadenosine (A) ligated to their 3' ends, 
and then are ligated to different PCR-free adapters. / 

A PCR sequencing method, based on DNA barcoding technique an/8 DNA 
incomplete shearing strategy, can greatly increase the number of sampl& labeled 
specifically without increasing the number of primer indexes (Figure 5)./n the present 
invention, the actually sequenced length of PCR products exceed^ the maximum 
sequencing length of the sequencer by adding primer indexes fio the forward and 
reverse PCR primers, in combination with using DNA incomnjete shearing strategy, 
and applying the second generation sequencing technique. / 

The addition of an index sequence to the front end ofan amplification primer is 
aimed to realize simultaneous sequencing of a plurality of samples. Concretely 
speaking, a unique primer index is added to eac« sample during PCR by using 
PCR-index/barcode technique in combination v/ycn. synthesizing an index primer by 
adding a primer index to the 5' end of a PCR/lrimer. As such, during the sequencing 
by the second generation sequencing technique, samples have to be processed one by 
one only in PCR step, and may be mixecL&gether and processed simultaneously in the 
rest experimental steps, and the final Desult for each sample can be traced by virtue of 
its unique primer index. / 

"Adapter" or "library aaapter" index technique refers to a library indexing 
technique comprising ad/wng different library adapters to multiple sequencing 
libraries (different library adapters consist of different sequences, and the different 
portion among th^sequences is called adapter index), constructing indexed 
sequencing libraries, then accomplishing sequencing of multiple different indexed 
sequencing liberies in a pool, wherein the final sequencing result for each indexed 
sequencing Wnrary is distinguishable. The term "PCR-Free library adapter" refers to a 
designec^egment of bases, whose main role lies in auxiliary fixation of DNA 
moleo/e onto the sequencing chip and lies in providing the binding sites for universal 
sequencing primers, wherein PCR-Free library adapter may be directly ligated to the 
tiwo termini of the DNA fragments in the sequencing library. Since no PCR is 
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involved in the introduction of the adapter, the adapter is called PCR-Free library 
adapter. For example, PCR-FREE library adapters used in the Examples of the preset 
invention are from ILLUMIA. / 

A method of constructing PCR-FREE library, wherein a library adaptor index 
technique is used, refers to direct ligation of library adapter to the two ternfini of the 
DNA fragment of the sequencing library. Since no PCR is invdfved in the 
introduction of the library adapter, it is called PCR-Free library ^Construction. A 
DNA ligase may be used for ligation in the introduction process* Since no PCR is 
involved in the process of library construction, inaccuracy/of the final results 
resulted from PCR bias is avoided during the constructioi^f a library comprising 
PCR products of high sequence similarity. / 

DNA amplification methods, DNA extraction methods, DNA purification methods 
and DNA sequence alignment methods as involved ii^he present invention may be any 
methods available in the art. Said methods can be selected by a person skilled in the art 
according to practical situations. As to DNA segmenting methods, a person skilled in the 
art can carry out them according to conventional methods or following the instruction of 
the sequencer. / 

The design of primer indexes ^ries depending on the applied experimental 
platform. In view of the characteristics of Illumina GA sequencing platform, the 
following factors are primarily^ronsidered when designing the primer indexes in the 
present invention: 1: a mononucleotide repeat sequence comprising 3 or more base is 
avoided in primer index sequences, 2: the total amount of base A and base C at the 
same site of all the pruner indexes accounts for 30%-70% of the amount of all the 
bases, 3: the GC consent of the primer index sequence itself is between 40 and 60%, 4: 
primer indexes dtffer from one another by at least 4 bases, 5: sequences having a high 
sequence similarity to the Illumina GA sequencing primers are avoided in primer 
index sequences, and 6: the circumstance where the addition of primer index 
sequences to PCR primers results in serious hairpin and dimer, are reduced. 

\j£ the present invention, two primer indexes (which are either identical or 
different) are added to two termini of a PCR product, respectively, so that the primer 
index at either terminal of the PCR product can specifically label the sample 
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information of the PCR product. The resultant PCR product is subjected to incomplete 
shearing. The so-called "incomplete shearing" refers to the circumstance where tke 
products comprise intact un-sheared PCR products and partially sheared yPCR 
products. The shearing methods include, but are not limited to, chemical shearing 
methods (such as enzymatic digestion) and physical shearing methods. The physical 
shearing methods include ultrasonic shearing methods or mechanical shearing 
methods. The sheared DNA is subjected to 2% agarose electrophoreses, and all DNA 
bands between the maximum sequencing length and the maximyn applicable DNA 
length of the sequencer are purified and recovered by slicing thprgel (the longest DNA 
applicable to Illumina GA sequencer is 700 bp, and the length Defers to the original DNA 
length, which does not comprise the length of the library ad/pter sequence). Methods for 
purification and recovery include, but are not limited to, jfccovery by electrophoresis and 
gel slicing, and recovery by magnetic beads. The recovered DNA fragments are 
subjected to the construction of sequencing libraries according to the procedures for 
constructing the sequencing libraries for the seoond generation sequencer, and then are 
subjected to sequencing. Preferably, thp sequencing libraries are constructed 
according to the PCR-FREE procedure^for constructing sequencing libraries, and 
Paired-End method is used as the aCquencing method. PCR-Free construction of 
sequencing libraries is carried out according to methods known by a person skilled in 
the art. In the sequencing dat^btained, the sequence information for all the test 
samples can be obtained by yrtue of the primer index sequences. The sequence reads 
are aligned to the corresponding DNA reference sequences of the PCR products by 
BMA, and the complete sequence is assembled by the overlapping and linkage 
relationship betweei^he sequence reads (Figure 1). The linkage here refers to the 
paired-end linkagpnrelationship due to paired-End sequencing characteristics. 

In Illuranna GA sequencing (Genome Analyzer Sequencer from Illumina Inc., cited 
as Hlumjna GA for brief), DNA sequence analysis is carried out based on the principle 
of sequencing by synthesis. It may be applied to phase haplotype, and the finally 
obtained data refers to a series of base sequences and may be directly applied to the 

Alignment with the reference sequences in HLA database. Since it does not have the 
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defect of misjudgment of peaks present in the traditional typing software, it is 
advantageous for automation of software typing. Illumina GA has a high sequencing 
throughput. Currently, one single sequencing run generates 50G (50 billion) bas^oata, 
5 billion base data per day in average. Due to the high data throughput^ high 
sequencing depth can be obtained for each sequence, thereby ensuring the reliability of 
the sequencing results. / 

There are no studies on applying Illumina GA to HLA typing fiel^et. The present 
invention applies Illumina GA sequencing to HLA typing field fo^he first time, and 
accomplishes HLA typing with low cost, high throughput, hi^n accuracy and high 
resolution by using a PCR sequencing technique, based on DNA barcoding technique, 
DNA incomplete shearing and PCR-FREE library preparation. 

In the present invention, by using a PCR sequencing technique which is based on 
DNA barcoding technique, DNA incomplete shearing and PCR-FREE library preparation, 
samples to be analyzed are grouped; the sample^rf each group are subjected to the 
amplification of a fragment of interest of/TLA genes with primers labeled by 
bidirectional primer indexes (the maximun^ength of PCR products depends on the 
maximum length of the DNA that can be allied in a sequencer; the maximum applicable 
DNA length is 700bp in the current IUlumina GA, and the length is the original DNA 
length, which does not comprise th/f length of the library adapter sequence); the PCR 
products are pooled together wrth the same amount, then subjected to incomplete 
shearing and indexed PCR-Frae DNA sequencing library preparation. Different indexed 
sequencing libraries, as obyfned from various groups of samples, are mixed in an equal 
mole, all the DNA fragments of a length longer than the maximum sequencing length of 
the sequencer are selectively recovered and are sequenced by Illumina GA sequencer. 
The DNA sequence reads for each sample can be obtained by screening the sequence 
information of araapter indexes, primer indexes and PCR primers in the total sequencing 
data. The rerfiltant DNA sequences after assembly are aligned with the corresponding 
data in IMGT HLA professional database, thereby determining the HLA genotype of the 
samplomnally. 

/In the methods described above, after shearing said DNA, DNA from samples of 
different groups is ligated to a different library adapter during indexed PCR-Free 
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library preparation, and therefore in the following typing steps, the resultant 
sequencing data can be traced to the samples one by one based on the primer indexes 
and adapter indexes used in each sample. Sequences of each sample are aligiyra to 
the known DNA reference sequence corresponding to the PCR product by software. 
Based on the sequence overlapping and linkage relationship, an intact sequence for the 
PCR product is assembled from the sequences of the sheared DNA. / 

The present invention provides Illumina GA sequencing >echnique-based 
high-resolution HLA genotyping methods, thereby accomplishing haplotype 
sequencing and software typing automation, enhancing HLA genotyping throughput, 
and reducing cost. / 

Due to the requirement on the length of DNA tenyflate in the current sequencing 
techniques and the short read length in the current sequencing techniques, the original 
PCR primers for HLA-SBT methods are run applicable to new sequencing 
technique-based high-resolution HLA typing methods any more. The present 
invention designs new PCR primers with^ood specificity and conservation, which 
amplify Exons 2, 3, 4 of HLA-A, B gene independently, and whose PCR products 
have a length no more than 700 bp amr are particularly applicable to Illumina GA (the 
maximum DNA length applicable/the current Illumina GA is 700bp). A set of PCR 
primers as provided in the present invention is applicable to HLA genotyping for 
subjects (in particular humairinvith a large scale, a high throughput and a low cost. 

In the technical sohrfions employed in the present invention, all the latest 
HLA-A/B gene sequences are downloaded from IMGT/HLA internet website 
(http://www.ebi.ac.u^imgt/hla/), and then are saved in the local disk as HLA-A data 
set; meanwhile, ajf the latest HLA-I gene sequences other than HLA-A sequences are 
downloaded a^he comparison data set. Said two data sets are compared to look for 
conservativorand specific sequences for each gene site at the two termini and internal 
portion QjrExons 2, 3, 4, and the designed PCR primer sequence is compared with the 
whol^numan genome sequence for homology. Since HLA-A/B gene is highly similar 
to oflier genes belonging to HLA-I molecules in terms of sequence, when designing 
PCR primers, the 3' terminal of the primer should be specific as far as possible so as 
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to ensure the specificity of amplifying HLA-A/B gene with the primers. Meanwhile, 
the length of the PCR products is less than 700bp, and the annealing temperature o# 
forward and reverse primers are substantially the same. / 

Multiple pairs of candidate HLA-A/B primers meeting the design requirements 
are used to amplify template DNAs of common HLA-A/B serotypes. Am^ng them, 
two sets of PCR primers of HLA-A/B (6 pairs for each set) with thebest^onservatism 
and specificity, for amplification of Exons 2, 3 and 4, respectively, are^creened out. 

The two sets of PCR primers (6 pairs for each set) are used as^he basic primers, 
on the basis of which, 95 sets of index primers which are used fior amplification of 95 
and 950 DNA templates of common serotypes of HLA-A/Br(the serotypes of these 
templates include all the common serotypes of HLA-A/B Respectively, are designed. 
All the PCR products are sequenced with Illumina G^Pair-End 100 after mixing in 
an equal amount, and the sequencing results after^assembly are compared with the 
original typing results to confirm the conservatisnrand specificity of the PCR primers. 

HLA-A, B primers as designed in the Resent invention, i.e. two sets of PCR 
primers of HLA-A/B (6 pairs for each sefijT for amplification of Exons 2, 3 and 4, 
respectively, are shown in Table 1 and 2/ 
Table 1: PCR primers of HLA-A, B 

SEQ 

ID NO: 

primer 

No. 

primer sequencp the use of 

primer 

length of 

products 

1 A-F2 CCTCTC^GGGGAGAAGCAA Amplifying 

Exon 2 of 

HLA-A gene 

480bp 

2 
A-R2 ATCTCTCGACCCGGAGACTG 

Amplifying 

Exon 2 of 

HLA-A gene 

480bp 

3 A-F3 GGGGGCCAGGTTCTCACAC Amplifying 

Exon 3 of 

HLA-A gene 
410bp 

4 
A-R3 / GGYGATATTCTAGTGTTGGTCCC 

AA 

Amplifying 

Exon 3 of 

HLA-A gene 
410bp 

5 GTGTCCCATGACAGATGCAAAA Amplifying 

Exon 4 of 

HLA-A gene 
430bp 

6 J 
/A-R4 GGCCCTGACCCTGCTAAAGG 

Amplifying 

Exon 4 of 

HLA-A gene 
430bp 

B-F2 AGGAGCGAGGGGACCGCA Amplifying 

Exon 2 of 
400bp 

/ 8 B-R2 CGGGCCGGGGTCACTCAC 

Amplifying 

Exon 2 of 
400bp 
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HLA-B gene 

9 B-F3 CGGGGCCAGGGTCTCACA Amplifying 

Exon 3 of 

HLA-B gene 

10 B-R3 GAGGCCATCCCCGGCGAC 

Amplifying 

Exon 3 of 

HLA-B gene 

11 B-F4 GCTGGTCACATGGGTGGTCCTA Amplifying 

Exon 4 of/ 

HLA-B a^ne 
380bp 12 B-R4 CTCCTTACCCCATCTCAGGGTG 

Amplifying 

Exon 4 of/ 

HLA-B a^ne 
380bp 

Table 2: PCR primers of HLA-A, B / 

SEQ ID 

NO: 

primer 

No. 

primer sequence /the use of 

primer 

length of 

products 

13 A-F2s CCTCTGYGGGGAGAAGCAA / Amplifying 

Exon 2 of 

HLA-A gene 

481bp 

14 
A-R2s GGATCTCGGACCCGGAGAGtfGT 

Amplifying 

Exon 2 of 

HLA-A gene 

481bp 

15 A-F3s TGGGCTGACCGYGGGOTC Amplifying 

Exon 3 of 

HLA-A gene 

403bp 
16 

A-R3s GGYGATATTCTAGT^TTGGTCCC 

AA / 

Amplifying 

Exon 3 of 

HLA-A gene 

403bp 

17 A-F4s GTGTCCCATKACAGATGCAAAA Amplifying 

Exon 4 of 

HLA-A gene 

405bp 
18 

A-R4s GGCCCTGAOCCTGCTAAAGG 

Amplifying 

Exon 4 of 

HLA-A gene 

405bp 

19 B-F2s AGGAGfCGAGGGGACCGCA Amplifying 

Exon 2 of 

HLA-B gene 

400bp 20 B-R2s CGGQfcCGGGG TCACTCAC 

Amplifying 

Exon 2 of 

HLA-B gene 

400bp 

21 B-F3s ^CAAAATCCCCGCGGGTT Amplifying 

Exon 3 of 

HLA-B gene 

405bp 22 B-R3/ GAGGCCATCCCCGGCGAC 

Amplifying 

Exon 3 of 

HLA-B gene 

405bp 

23 Jg-F4s GCTGGTCACATGGGTGGTCCTA Amplifying 

Exon 4 of 

HLA-B gene 

374bp 24 /B-R4s TGACCCCTCATCCCCCTCCT 

Amplifying 

Exon 4 of 

HLA-B gene 

374bp 

/ Degenerate primers refer to a mixture of all possible different sequences 
^presenting all different bases encoding a single amino acid. In order to increase 
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specificity, degeneracy may be reduced according to bias of base usage in different 

organisms by referring to codon table, wherein R=A/G, Y=C/T, M=A/C, K=G/Ty6 

— C/G, W=A/T, H=A/C/T, B = C/G/T, V=A/C/G, D=A/G/T,N=A/C/G/T. / 

The present invention designs 2 set of PCR primers (three pairs for eacl^et) for 
amplification of Exons 2, 3 and 4 of HLA-C by using the method of designing PCR 
primers for amplification of Exons 2, 3 and 4 of HLA-A/B gene. / 

In the following Examples, 95 and 950 blood samples with knowjrHLA genotypes 
are subjected to PCR amplification for HLA-C by using the selected 2 set of PCR 
primers (3 pairs for each set), respectively. The amplified products are sequenced by 
Sanger method and the second generation sequencing method.ythe sequencing results are 
applied to HLA-C typing, and are compared with the original typing results to confirm 
the conservatism and specificity of the PCR primers. / 

The present invention provides 2 set of PCR primers (three pairs for each set) for 
amplification of Exons 2, 3 and 4 of HLA-C genpfwhich are SEQ ID NOs: 25 and 26, 
27 and 28, and 29 and 30 as shown in Table 3jmd SEQ ID NOs: 31 and 32, 33 and 34, 
and 35 and 3 6 as shown in Table 4. Said 6 pairs of PCR primers have good conservatism 
and specificity, and can cover the full-length sequences of Exons 2, 3 and 4 of HLA-C, 
wherein the length of all the PCR^roducts is less than 700bp, which meets the 
requirement of normal Illumina Solexa sequencing. In addition, the primers of the 
present invention are also applicpme for Sanger sequencing. 

Table 3: PCR primers oficxons 2, 3 and 4 of HLA-C gene 

SEQ ID 

NO: 
No. / primer sequence 

HLA-C 

Exons 

length of 

products 

25 C-F2 / GACCCGGGGAGCCGCGCA 
2 455bp 

26 C-R?T TCGAGGGTCTGGGCGGGTT 
455bp 

27 063 CCTTTACCCGGTTTCATTTTCRGTTT 
3 417bp 

28 /C-R3 CTACGGGAGATGGGGAAGGCT 
417bp 

29 / C-F4 GTGTCGCAAGAGAGATRCAAAGTGT 
4 451 bp 

C-R4 GCTCTGGGAAAGGAGGRGAAGG 
451 bp 
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Table 4: PCR primers of Exons 2, 3 and 4 of HLA-C gene 

SEQ ID NO: No. primer sequence 
HLA-C 

Exons 

length o9 

products 

31 C-F2s GACCCGGGGAGCCGCGCA 
2 ^55bp 

32 C-R2s TCGAGGGTCTGGGCGGGTT 
2 ^55bp 

33 C-F3s GCCCAGACCCTCGRCCGGA 
3 / 443bp 

34 C-R3s AGATRGGGAAGGCTCCCCACT 3 / 443bp 

35 C-F4s TCTCAGGATRGTCACATGGGC 

/ 4 481bp 
36 

GCTCTGGGAAARGAGGRGAAG 
C-R4s > 

G / 

/ 4 481bp 

According to the methods as described above,ym order to apply the second 
generation sequencing technique to HLA-DQB1 genotyping, the present invention 
provides the PCR primers for amplification of Ex/dns 2 and/or 3 of HLA-DQB1, which 
are SEQ ID NOs: 37-40 as shown in Table 5. Tile PCR primers have good conservatism 
and specificity, and can cover the full-IengtK sequences of Exons 2, 3 of HLA-DQB1, 
wherein the lengtli of all the PCR pwraucts is less than 700bp, which meets the 
requirement of normal Illumina SoloKa sequencing. In addition, the primers of the 
present invention are also applicablo^o Sanger sequencing. 

Table 5 PCR primers for amplification of the corresponding Exons of HLA-DQB1 

SEQ ID 

NO: 

Primer 

No. 

/primer sequence amplification 

target 

length of 

amplificated 

products 

37 Q-F2 /GATTCCYCGCAGAGGATTTCG Exon 2 of 

HLA-DQB1 

31 Ibp 

38 
Q-R2 / AGGGGCRACSACGCTCACCTC 

Exon 2 of 

HLA-DQB1 

31 Ibp 

39 0^3 CCTGTCTGTTACTGCCCTCAGT Exon 3 of 

HLA-DQB1 
339bp 

40 /Q-R3 GGCCCATAGTAACAGAAACTCAATA 

Exon 3 of 

HLA-DQB1 
339bp 

fenotyping may be carried out on the basis of amplification of Exons 2 and/or 3 of 
HLA-DQB1 by using the primer pairs for amplification and the genotyping methods as 
provided in the present invention. In relative to the prior art, the genotyping methods use 
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Illumina Solexa sequencing technique, which is characterized by the capability of 
obtaining a high resolution HLA typing results with high throughput and low cost. / 

SPECIFIC MODE FOR CARRYING OUT THE INVNETIQN / 
A method for nucleic acid sequencing / 
In one aspect, the present invention provides a method for determining the 

nucleotide sequence of a nucleic acid of interest in a sample, comprising: 
1) providing n samples, wherein n is an integer of > 1, the samples are preferably 

from mammalian, more preferably human, particularly are human blood sample; 
optionally, the n samples to be analyzed are divided into n^roups, m is an integer 
and n>m>l; / 

2) amplifying: a pair or multiple pairs of index pruners are used for each sample, 
when there are templates from the sample, PCR amplification is performed under 
conditions suitable for amplifying the nucleic aofa of interest, wherein each pair of 
index primers consist of a forward index primer and a reverse index primer (both of 
which may be degenerate primers) comprising primer indexes, wherein the primer 
indexes comprised in the forward inde* primer and reverse index primer may be 
identical or different: the primer indexes in the pairs of index primers used for 
different samples are different; / 

3) pooling: when n>l, poolmg PCR products from each of the samples together: 
4) shearing: subjecting/the amplified products to incomplete shearing, and 

purifying and recovering;/ 
5) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation Sequencing technique, preferably, Paired-End technique (for 
example, Illumin^xA, Illumina Hiseq 2000), to obtain sequences of the sheared DNA; 
and / 

6) assembling: corresponding the obtained sequencing data to samples one by 
one basepon the unique primer index for each sample, aligning each sequence read to 
the TMA. reference sequence corresponding to the PCR products by using alignment 
program (such as Blast, BWA program), assembling a complete sequence of the 
Nucleic acid of interest from the sequences of the sheared DNA by virtue of sequence 
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overlapping and linkage relationship. 
In one aspect of the present invention, each pair of primer indexes and a pair Q/T 

PCR primers form a pair of index primers, forward and reverse PCR primers hwe a 
forward primer index and a reverse primer index at 5' end (or optionally linked by a 
linker sequence), respectively. / 

In one embodiment of the present invention, said PCR primers areJPCR primers 
for amplification of HLA gene, particularly PCR primers for amplification of 
HLA-A/B gene, preferably PCR primers for amplification of E^ons 2, 3 and 4 of 
HLA-A/B and Exon 2 of HLA-DRB1, preferably PCR primer^for amplification of 
Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Tahie 2, or preferably PCR 
primers for amplification of Exon 2 of HLA-DRB1 as sho^n in Table 7. 

In one embodiment of the present invention, saidi^R primers are PCR primers 
for amplification of HLA gene, particularly PCR pryners for amplification of HLA-C 
gene, preferably PCR primers for amplificationyof Exons 2, 3 and/or 4 of HLA-C; 
preferably, said PCR primers are shown in TaWe 3 or Table 4. 

In one embodiment of the present inveiuion, said PCR primers are PCR primers 
for amplification of HLA gene, preferably PCR primers for amplification of Exon 2 
and/3 of HLA-DQB1 gene; preferabl^^aid PCR primers are shown in Table 5. 

In one aspect of the present imrention, said primer indexes are designed for PCR 
primers, preferably for PCR printers for amplification of specific gene of HLA, more 
preferably for PCR primers wr amplification of Exons 2, 3 and 4 of HLA-A/B and 
Exon 2 for HLA-DRB1, particularly for PCR primers as shown in Table 1, Table 2 or 
Table 7; said primer indexes particularly comprise at least 10, or at least 20, or at least 
30, or at least 40, or it least 50, or at least 60, or at least 70, or at least 80, or at least 
90, or 95 pairs ofpairs of primer indexes as shown in Table 6 (or the set of primer 
indexes consisting of 10-95 pairs (for example, 10-95 pairs, 20-95 pairs, 30-95 pairs, 
40-95 pairs^H)-95 pairs, 60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs) 
of the 95ifairs of primer indexes as shown in Table 6); and 

the set of index primers preferably comprises at least PI-1 to PI-10, or PI-11 to 
PI-2^, or PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or 
B*-61 to PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of 95 pairs of 
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primer indexes as shown in Table 6, or combinations of any two or more of them. 
In one embodiment of the present invention, said DNA shearing includes 

chemical shearing methods and physical shearing methods, wherein the chewncal 
shearing methods include enzymatic digestion, and the physical shearing nfethods 
include ultrasonic shearing methods or mechanical shearing methods. / 

In one embodiment of the present invention, after said DNA shearing, all the 
DNA bands between the maximum read length of the sequencer ami the applicable 
maximum DNA length of the sequencer are purified and recowed, wherein said 
purification and recovery methods include, but are not limited to, recovery by 
electrophoresis and gel slicing, and recovery by magnetic beads. 

In another embodiment of the present invention, ainethod for sequencing the 
nucleotide sequence of a nucleic acid of interest in a tejft sample, comprising steps 1) 
to 4) of claim 1, and the following steps: / 

5) constructing a library: constructing a PGR-free sequencing library by using 
the library of the sheared PCR products, wherein different library adapters may be 
added to distinguish different PCR-Free sequencing libraries, all the DNA bands 
between the maximum read length of ifie sequencer and the applicable maximum 
DNA length of the sequencer, preferably DNA fragments of 450 to 750 bp, are 
purified and recovered; / 

6) sequencing: subjecting tbe recovered DNA mixture to sequencing by using the 
second generation sequencina^echnique, preferably Paired-End technique (for example, 
Illumina GA, Illumina Hisejf2000), obtaining the sequences of the sheared DNAs; 

7) assembling: corresponding the obtained sequencing data to the samples one by 
one based on different library adapter sequences of the libraries and the unique primer 
index for each sajnple, aligning each sequence read to the DNA reference sequence 
correspondingio the PCR products by using alignment program (such as Blast, BWA 
program), assembling a complete sequence of the nucleic acid of interest from the 
sequence? of the sheared DNA based on sequence overlapping and linkage 
relationship. 

/ In one aspect, the present invention further provides the use of the 
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above-mentioned method in HLA typing, characterized by comprising: sequencing a, 

sample (particularly blood sample) from a patient by said method, and aligning 

sequencing results with sequence data of Exons of HLA, preferably, Exons 2, 4 of 

HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 3 of HLA-DQBl gene 

and/or Exon 2 of HLA-DRB1 in HLA database (such as IMGT HLA >irofessional 

database); wherein if the result of sequence alignment shows 100% ofatch, the HLA 

genotype of the corresponding sample is determined. / 

A set of primer indexes / 

In another aspect, the present invention provide^ a set of primer indexes, 

comprising at least 10, or at least 20, or at least 30, oj/kt least 40, or at least 50, or at 

least 60, or at least 70, or at least 80, or at leas^O, or 95 pairs of the 95 pairs of 

primer indexes as shown in Table 6 (or said serof primer indexes consisting of 10-95 

pairs (for example, 10-95 pairs, 20-95 paii^; 30-95 pairs, 40-95 pairs, 50-95 pairs, 

60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs) of the 95 pairs of 

primer indexes as shown in Table 6), 2nd 
said set of index primers preferably comprises at least PI-1 to PI-10, or PI-11 to 

PI-20, or PI-21 to PI-30, or PMfl to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or 
PI-61 to PI-70, or PI-71 to PM or PI-81 to PI-90, or PI-91 to PI-95 of 95 pairs of 
primer indexes as shown in/Table 6, or combinations of any two or more of them. 

The present invention further provides the use of said set of primer indexes in 
PCR sequencing me^nods, wherein in particular, each pair of primer indexes and a 
pair of PCR primes for amplification of a sequence of interest to be tested form a pair 
of index primed, wherein forward and reverse PCR primers have a forward primer 
index and adverse primer index at 5' end (or optionally linked by a linker sequence), 
respectively. 

hvone aspect of the present invention, said PCR primers are PCR primers for 
amplification of a specific gene of HLA, preferably PCR primers for amplification of 
Bxons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB1, preferably PCR primers 
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for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Table 2, or 
preferably PCR primers for amplification of Exon 2 of HLA-DRB1 as shown in Table 
7; or preferably PCR primers for amplification of Exons 2, 3 and/or 4 of HL^-C, 
preferably said PCR primers are shown in Table 3 or Table 4; or preferably PCR 
primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferablyy^aid PCR 
primers are shown in Table 5. / 

In another aspect, the present invention provides a set yof index primers 
comprising said set of primer indexes and a pair of PCR primerslor amplification of a 
sequence of interest to be tested, wherein a pair of index prm(ers comprises a pair of 
primer indexes and a pair of PCR primers, the forward amLreverse PCR primer have a 
forward and a reverse primer index at 5' end (or optionally linked by a linker 
sequence), respectively. / 

In one embodiment of the present invention^aid PCR primers are PCR primers 
for amplification of a specific gene of HLA, pmerably PCR primers for amplification 
of Exons 2, 3, 4 of HLA-A/B gene and 2xon 2 of HLA-DRB1, preferably PCR 
primers for amplification of Exons 2, 3 Jmd 4 of HLA-A/B as shown in Table 1 or 
Table 2, or preferably PCR primers for amplification of Exon 2 of HLA-DRB1 as 
shown in Table 7; preferably PCR pnmers for amplification of Exons 2, 3 and/or 4 of 
HLA-C, preferably said PCR primers are shown in Table 3 or Table 4; or preferably 
PCR primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferably said 
PCR primers are shown in Table 5. 

In another aspect, Jne present invention further provides the use of said index 
primers in PCR sequencing methods. 

A HLA tyotoig method 
In one aspect, the present invention provides a HLA typing method, comprising: 
1) pawiding n samples, wherein n is an integer of >1, the sample is preferably 

from mammalian, more preferably human, particularly human blood sample; 

/l) dividing n samples to be analyzed into m groups, m is an integer and n>m>l; 

/ 3) amplifying: a pair of index primers is used for each sample, when there are 
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templates from the sample, PCR amplification is performed under conditions suitable 
for amplifying the nucleic acid of interest, wherein each pair of index primers consist 
of a forward index primer and a reverse index primer (both of which ma/ be 
degenerate primers) comprising primer indexes, wherein the primer indexes 
comprised in the forward index primer and reverse index primer may be identical or 
different: the primer indexes in the pairs of index primers used for different samples 
are different; / 

4) pooling: pooling PCR amplified products from each of the samples together to 
obtain PCR product libraries; / 

5) shearing: subjecting the resultant PCR productyfibraries to incomplete 
shearing; / 

6) constructing libraries: constructing PCR-free Sequencing libraries from the 
library of the sheared PCR products with library adapter index technique, wherein 
different library adapters may be added to distinguish different PCR-Free sequencing 
libraries, all the DNA bands between the maximum read length of the sequencer and 
the applicable maximum DNA length of th^sequencer, particularly DNA fragments of 
450 to 750 bp, are recovered; / 

7) sequencing: subjecting the recovered DNA mixture to sequencing by using the 
second generation sequencing techofque, preferably Paired-End technique (for example, 
Illumina GA, Illumina Hiseq 200JJ5, obtaining the sequences of the sheared DNAs; 

8) assembling: corresponding the obtained sequencing results to the samples one 
by one based on differen^ibrary adapter sequences of the libraries and the unique 
primer index for eachyeample, aligning each sequence read to the DNA reference 
sequence corresponding to the PCR products by using alignment program (such as 
Blast, BWA prognwn), assembling a complete sequence of the nucleic acid of interest 
from the sequences of the sheared DNA based on sequence overlapping and linkage 
relationship^tnd 

9) Jyping: aligning the sequencing results with sequence data of Exons of HLA, 

preferably, Exons 2, 3, 4 of HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 

3y6f HLA-DQBl gene and/or Exon 2 of HLA-DRB1 in HLA database (such as IMGT 
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HLA professional database), wherein if the result of sequence alignment shows 100% 

match, the HLA genotype of the corresponding sample is determined. / 
In the HLA typing method of the present invention, a pair of index pryners 

comprises a pair of primer indexes and a pair of PCR primers, the forward an^everse 
PCR primer have a forward and a reverse primer index at 5' end (or optioiyflly linked 
by a linker sequence), respectively. / 

In one embodiment of the present invention, said PCR primers ire PCR primers 
for amplification of a specific gene of HLA, preferably PCR primore for amplification 
of Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRBl, preferably PCR 
primers for amplification of Exons 2, 3 and 4 of HLA-A/B/as shown in Table 1 or 
Table 2, or preferably PCR primers for amplification o^Exon 2 of HLA-DRB1 as 
shown in Table 7; preferably PCR primers for amplification of Exons 2, 3 and/or 4 of 
HLA-C, preferably said PCR primers are shown iimable 3 or Table 4; or preferably 
PCR primers for amplification of Exon 2 and/^f 3 of HLA-DQBl, preferably said 
PCR primers are shown in Table 5. / 

In one embodiment of the present iwention, said primer indexes are a set of 
primer indexes as described above. / 

In one embodiment of the HL4f typing method of the present invention, said 
DNA shearing includes chemica^hearing methods and physical shearing methods, 
wherein the chemical shearingViethods include enzymatic digestion, and the physical 
shearing methods include^ltrasonic shearing methods or mechanical shearing 
methods. / 

In one embodiment of the HLA typing method of the present invention, said 
purification and recovery methods include, but are not limited to, recovery by 
electrophoresis apRl gel slicing, and recovery by magnetic beads. 

In onp embodiment of the HLA typing method of the present invention, the 
construction of PCR-free sequencing libraries from the libraries of the sheared PCR 
products with library adapter indexing technique comprises, adding m library adapters 
t<^he m PCR product libraries obtained in 2), wherein each PCR product library uses 
£ different library adapter, thereby constructing m adapter indexed sequencing 
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libraries; m adapter indexed sequencing libraries are pooled together at equal mole to 
construct a mixture of adapter indexed sequencing libraries, wherein the method wx 
linking library adapters refers to direct linkage using DNA ligase without ayPCR 
procedure. / 

PCR primers for HLA genotyping / 
In one aspect, the present invention provides PCR primers for HLA genotyping, 

characterized by that said PCR primers are PCR primers for amplification of Exons 2, 
3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB1, preferably PCR primers for 
amplification of Exons 2, 3 and 4 of HLA-A/B as shown iir Table 1 or Table 2, or 
preferably PCR primers for amplification of Exon 2 of H^-DRB1 as shown in Table 
7; preferably PCR primers for amplification of Exo^s 2, 3 and/or 4 of HLA-C, 
preferably said PCR primers are shown in Table 3r or Table 4; or preferably PCR 
primers for amplification of Exons 2 and/or 3 o/HLA-DQBl, preferably said PCR 
primers are shown in Table 5. / 

The present invention further provides a sequencing method using said PCR 
primers, comprising / 

providing a sample, particularly^rblood sample, said blood sample is preferably 
from mammalian, particularly hunrfan; 

amplifying: amplifying DNft. from the blood sample with the PCR primers to 
obtain PCR products, and purifying the PCR products; 

sequencing: subjecting the PCR products to sequencing, the sequencing method 
may be Sanger sequencing method, or the second generation sequencing method (such 
as Hiseq 2000, Illum^a GA and Roche454). 

In another aspect, the present invention further provides the use of said PCR 
primers in HL4t genotyping, characterized by using said PCR primers, carrying out 
assembly an»fl alignment analysis on the results obtained by the above sequencing 
method, and comparing the sequencing results with the standard sequences in the 
database to obtain the HLA genotyping results. 

An another aspect, the present invention further provides a kit for HLA 
awiotyping, comprising said PCR primers. 
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PCR primers for HLA-A, B genotyping / 
In one aspect, the present invention provides a set of PCR primers for HL/^A,B 

genotyping, characterized by that said PCR primers are as shown in Table 1 or Tajfle 2. 
In another aspect, the present invention provides a sequencing method Wsing PCR 

primers for HLA-A,B genotyping, comprising: / 
providing a sample, particularly a blood sample, said blood sample is preferably 

from mammalian, particularly human; / 
amplifying: amplifying DNA from the blood sample witbrthe PCR primers to 

obtain PCR products, and purifying the PCR products; / 
sequencing: subjecting the PCR products to sequencing, the sequencing method 

may be Sanger sequencing method, or the second genemion sequencing method (such 
as Hiseq 2000, Illumina GA and Roche454). / 

In another aspect, the present invention fuWner provides the use of said PCR 
primers in HLA genotyping, characterized bwising said PCR primers, carrying out 
assembly and alignment analysis on the insults obtained by the above sequencing 
method, and comparing the sequencin^esults with the standard sequences in the 
database to obtain the HLA genotyping results. 

In another aspect, the present invention further provides a kit for HLA 
genotyping, comprising the PGR primers for HLA-A,B genotyping of the present 
invention. / 

PCR primers for HL&-C genotyping 
The present invention further provides a new method for amplifying Exons 2,. 3 and 

4 of HLA-C gejfe, characterized by carrying out PCR amplification using the 
amplification pawner pairs of the present invention, the sequences of the amplification 
primer pairs ire as shown in Table 3 or Table 4. 

SincpExons 2, 3 and 4 of HLA-C can be amplified by a PCR reaction, the method 
of the Present invention is particularly suitable for HLA-C genotyping. As compared with 
thojprior HLA-C genotyping methods, since the products obtained by using the method 
afid the amplification primers of the present invention are controlled within 700 bp, 

-22-



Illumina Solexa sequencing technique-based HLA-SBT may be used during further 
genotyping. / 

The present invention further provides a method for sequencing Exons 2, 3 an^i of 
HLA-C gene in samples, comprising the followings steps of: / 

1) providing a sample and extracting DNA of the sample; / 
2) amplifying the DNA with the PCR primer pair for HLA-C genotyping of the 

present invention to obtain PCR products, preferably purifying the PGR products, said 
PCR primer pair is preferably selected from the group consisting o^he primer pair of 
SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ IDWO: 28, SEQ ID NO: 
29 and SEQ ID NO: 30, or SEQ ID NO: 31 and SEQ ID NOj/32, SEQ ID NO: 33 and 
SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36; / 

3) subjecting the PCR products to sequencing, preferably by the second generation 
sequencing method, such as Illumina Solexa or Roche4o4. 

The present invention further provides a HLA^C genotyping method, comprising: 
1) PCR amplifying Exons 2, 3 and/or 4 ofJHLA-C gene of the sample to be tested 

with the PCR primer pair for HLA-C genotyping of the present invention, said PCR 
primer pair is preferably selected from th^group consisting of the primer pair of SEQ ID 
NO: 25 and SEQ ID NO: 26, SEQ ID y6: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and 
SEQ ID NO: 30, or SEQ ID NO: 31/&nd SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID 
NO: 34, SEQ ID NO: 35 and SEQTO NO: 36; 

2) subjecting the amplified exons to sequencing, comparing the sequencing results 
with the standard sequence/in the database so as to determine the genotyping results, 
wherein the sequencings carried out by Sanger sequencing method, or the second 
generation sequencina^nethod, such as Illumina Solexa or Roche454. 

In another asn«:t, the present invention further provides a kit for HLA-C genotyping, 
comprising th^PCR primer pair for HLA-C genotyping of the present invention, 
preferably selected from the group consisting of the primer pair of SEQ ID NO: 25 and 
SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 
30, or\gEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, SEQ 
ID mO: 35 and SEQ ID NO: 36. In one embodiment, said kit further comprises additional 
agents, for example, agents for DNA amplification, DNA purification, and/or DNA 
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sequencing. 
Genotyping may be performed on the basis of amplification of Exons 2, 3 and 4p. 

HLA-C, by using the amplification primer pair and the genotyping method as providjra in 
the present invention. Hence, as compared with the prior art, the genotyping^itilizes 
Illumina Solexa sequencing technique, enhances the throughput, simplifies th^rocedure, 
and meanwhile save time and cost. / 

PCR primers for HLA-DQBl genotyping / 
The present invention further provides a new method for annmfying Exon 2 and/or 

3 of HLA-DQBl, characterized by carrying out PCR amplification with the amplification 
primer pairs of the present invention, said amplification rainier pairs are as shown in 
Table 5. / 

Since Exons 2 and/or 3 of HLA-DQBl can be Amplified by a PCR reaction, the 
method of the present invention is particularly suitable for HLA-DQBl genotyping. As 
compared with the prior HLA-DQBl genotypin^methods, since the products obtained by 
using the method and the amplification primes of the present invention are controlled 
within 300-400 bp, Illumina Solexa sequencing technique-based HLA-SBT may be used 
during further typing. / 

The present invention further provides a method for sequencing Exon 2 and/or 3 of 
HLA-DQBl in samples, comprising the following steps of: 

1) providing a sample an^xtracting DNA of the sample; 
2) amplifying the DN^vith the PCR primer pair for HLA-DQBl genotyping of the 

present invention, preferably PCR primer pairs shown in Table 5, to obtain PCR products, 
preferably purifying PCR products; 

3) subjecting ine PCR products to sequencing, preferably by the second generation 
sequencing meftrod, such as Illumina Solexa or Roche454. 

In anotitfer aspect of the present invention, the present invention provides an 
improvec^nethod for HLA-DQBl genotyping, comprising: 

1 Amplifying Exon 2 and/or 3 of HLA-DQBl to be tested with the PCR primer pair 
for tiLA-DQBl genotyping of the present invention, preferably the PCR primer pairs as 
sjrown in Table 5; 

-24-



2) subjecting the amplified exons to sequencing, comparing the sequencing results 
with the standard sequences in the database so as to determine the genotyping resufos, 
wherein the sequencing method may be Sanger sequencing method or the second 
generation sequencing method, such as Illumina Solexa or Roche454. / 

In another aspect, the present invention further provides a kit for HLA-DQBl 
genotyping, comprising the PCR primer pair for HLA- DQB1 genotypin^of the present 
invention, preferably, the PCR amplification primer pairs as shown ii^Table 5. In one 
embodiment, said kit further comprises additional agents, for example, agents for DNA 
amplification, DNA purification, and/or DNA sequencing. / 

DESCRIPTION OF DRAWINGS / 
Figure 1: A drawing illustrating the sequence assembling after labeling with 

primer indexes, DNA shearing and DNA sequencing. The forward and reverse 
primer index sequences Index-N-F/R (1) are hnroduced to the two termini of the 
PCR products of the sample No. N. The PCB: products after shearing by a physical 
shearing method, comprises products canning primer index sequences at one end, 
products carrying no primer index Sequence at two termini, and completely 
unsheared products. All the DNA hands between the maximum read length of the 
sequencer and the applicable m^imum DNA length of the sequencer are purified 
and recovered by gel slicing, atfu used for sequencing (2). The sequencing data of the 
PCR products belonging t^he sample No. N are traced using Index-N-F/R. The 
known reference sequences of the PCR products are used to localize the relative 
positions of the sequence reads, and the sequencing results of the complete PCR 
products are assembled based on the overlapping and linkage relationship between 
the sequence rea^s (3,4). 

Figure 2: drawing illustrating the results of electrophoresis of PCR products of the 
corresponding Exons of HLA-A/B/DRB1 in Sample No.l of Example 2. It can be seen 
from eledrophoretogram that PCR products are a series of single bands of 300bp-500bp, 
whereuf Lane M is a marker of molecular weight (DL 2000, Takara Co.), Lanes 1-7 are 
th^CR products of the exons (A2, A3, A4, B2, B3, B4, DRB1-2) of HLA-A/B/DRB1 
of Sample No. 1, and there is no amplification band in negative control (N). The results of 
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other samples are similar. 
Figure 3: A drawing illustrating results of DNA electrophoresis after shearing 

HLA-Mix in Example 4 (before and after gel slicing), wherein the gel-slicing anea is 
the area of 450-750bp. Lane M is a marker of molecular weight (NEB-50bp DNA 
Ladder), and Lane 1 shows the electrophoretic result of HLA-Mix before gel aiicing, and 
Lane 2 is a drawing showing the gel of HLA-Mix after slicing. / 

Figure 4: A screen-capture of the program for constructive of consensus 
sequence of Sample No.l in Example 6, illustrating assembling the complete 
sequence of the PCR products based on primer indexes yfind the overlapping 
relationship between DNA fragments. Slease refer to 
http://www.ebi.ac.uk/imgt/lila/align.html for nomenclature of HLA genotypes. One 
could find the results of all the coding sequence of 4r02:03:01 A* 11:01:01 in the 
result output column on the left, wherein the sequence of Exon 2 is identical to the 
original known result of Template 1. / 

Figure 5: A drawing illustrating the PGR product after labeling with primer 
indexes and an adapter index. During experimentation, primer indexes are introduced 
to the two termini of the PCR produof of each sample by PCR simultaneously; 
multiple PCR products carrying different primer indexes are pooled together to 
construct a sequencing library. During construction of sequencing libraries, when 
multiple sequencing libraries h&fe to be constructed, the sequencing libraries may be 
labeled with the library adao^ers carrying different adapter indexes. After finishing 
the construction of libraries, multiple sequencing libraries labeled with different 
adapter indexes are pooled together and are sequenced by Illumina GA 
simultaneously (the^rinaer indexes may be identical among sequencing libraries 
labeled with different adapter indexes). After getting the sequencing results, DNA 
sequence information for each sample may be obtained by screening the sequence 
informatioiyof the adapter indexes and the primer indexes in the sequencing results. 

Figure 6: A drawing illustrating the electrophoretic result of the PCR products of 
Exons/l, 3, 4 of HLA-C of some samples in Example 8. It can be seen from 
eleowophoretogram that PCR products are a series of single bands of 400bp-500bp, 
therein Lane M is reference for standard DNA molecular weights (DL 2000, Takara 
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Co.). 
Figure 7: A drawing illustrating results of DNA electrophoretic gel slicing afm 

shearing HLA-Mix in Example 8, wherein the gel-slicing area is the area of 450-7^6bp. 
Lane M is a marker of molecular weight (NEB-50bp DNA Ladder), and Lan^ 1 is a 
drawing showing the gel of HLA-Mix before slicing, and Lane 2 is a drawing showing 
the gel of HLA-Mix after slicing. / 

Figure 8: A screen-capture of the program for constructioir of consensus 
sequence of Exon 2 of HLA-C site of Sample No. 2 in Example 8. Firstly, the 
sequence reads of C site of the sample are aligned with the nwerence sequence by 
BWA software, thereby constructing the consensus sequences of Exons 2, 3, 4 of C 
site of the sample; further, the haplotype sequence of each exon of C site is 
determined on the basis of the linkage relationship between SNPs; and finally the type 
of the sample is determined by the intersection oMhe haplotype sequences of the 
exons. As shown in the figure, two heterozygousySNP are comprised in 695-764 area 
of C gene sequence of sample No.2, and it cax be determined from readl and read2 
that the linkage relationship of SNP is A-O; G-A in the figure represents the 
bases identical to those of the referenceydequence). The sequences correspond to the 
shaded parts of the sequences of the Q*010201 and C*07020101 types, respectively. 
The judgment of the linkage relationship of other areas is similar. 

Figure 9: A drawing illustrating electrophoresis results of PCR products of Exons 
2, 3 and 4 of HLA-C site of 2Jf samples in Example 9. As shown in the figure, all the 
PCR products are of a lensm less than 500 bp; the electrophoretic band is single; there 
is no obvious non-spectffc band; and the amplification efficiency of the same pair of 
primers is the same ii^arious samples. 

Figure 10: ^irawing illustrating the analytic results of the sequencing data of 
PCR amplification products of Template 1 by using uType software in Example 9. 
The result ouflput column on the left shows the result, C*08:01:01 C*15:05:01, which 
are identical to the original known type of Template 1. 

Figure 11: A drawing illustrating the electrophoretic result of PCR products of 
EXOJI 2+3 of HLA-DQBl in 94 samples of Example 10. It can be seen from 
ejectrophoretogram that PCR products are a series of single bands of 250bp-500bp, 



wherein Lane M is reference for standard DNA molecular weights (DL 2000, Takara 
Co.), Lanes PI-1 to PI-94 are the PCR amplification products of Exon 2+3 
HLA-DQBl in 94 samples, and there is no amplification band in negative controL^N). 

Figure 12 shows the results of DNA electrophoretic gel slicing after shearing 
HLA-Q-Mix in Example 10, wherein the gel-slicing area is an area of lp0-550bp. 
Lane M is a marker of standard DNA molecular weights (NEB-50bp DNA Ladder), 
and Lane 1 is a drawing showing the gel of HLA-Q-Mix before slicin^ind Lane 2 is a 
drawing showing the gel of HLA-Q-Mix after slicing. / 

Figure 13 shows a screen-capture of the program for construction of consensus 
sequence of Sample No. 7 in Example 10, illustrating th^nain procedure of data 
analysis. Firstly, the sequence reads of the DQB1 site of me sample are aligned with 
the reference sequence by BWA software, thereby constructing the consensus 
sequences of Exons 2, 3 of DQB 1 of the sample; an^aplotype sequences of Exons 2, 
3 of DQB 1 are determined based on the linkage relationship between SNPs. As shown 
in the figure, six heterozygous SNPs are comnnsed in 2322-2412 area of DQB1 gene 
sequence of Sample No.7, and it can be^ietermined from readl that the linkage 
relationship of SNP1-SNP5 is T-G-T-C^C; it can be determined from read2 that the 
linkage relationship of another SNP1^>JP5 is C-C-A-G-T; it can be determined from 
read3 that the linkage relationshi^n SNP3-SNP6 is A-G-T-G; it can be determined 
from read4 that the linkage relationship of another SNP3-SNP6 is T-C-C-A; and it can 
be determined from the abo^r linkage relationships of said SNPs that readl is linked 
to read4, read2 is linked^o read3, the complete SNP combination in this area is 
T-G-T-C-C-A and C-C^-G-T-G, and the sequences correspond to the shaded parts of 
the sequences of DQB1*0303 and DQB1*0602 type. The judgment of the linkage 
relationship of other areas is similar. 

Figure l^hows the electrophoretogram of the products in Example 11, resulted 
from amplication of each of Exons 2 and 3 of HLA-DQBl site and amplification of 
Exons 2 imd 3 with two pairs of PCR primers, respectively. The electrophoretogram 
show^hree sets of PCR products from seven DNA templates, wherein all the PCR 
products have a length less than 500 bp; electrophoretic bands are single; and there is no 
ofcvious non-specific band. There is no amplification band in negative control (N), and 
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Lane M is reference for standard DNA molecular weights (DL 2000, Takara Co.). 
Figure 15 illustrates the analytic results of the sequencing data of PCR produces 

resulted from amplification of Exons 2 and 3 of HLA-DQBl of Template 7, by^sing 
uType software in Example 11. The result output column on the left shows the result, 
DQB1*03:03 DQB1*06:02, which is identical to the original knowi^esult of 
Template 7. / 

Figure 16 shows the electrophoretic results of PCR pro/ducts from the 
corresponding Exons of HLA-A/B/C/DQB1 in Sample No. 1 in Ex*(mple 12. It can be 
seen from electrophoretogram that PCR products are a series of single bands of 
300bp-500bp, wherein Lane M is a marker of molecular weights (DL 2000, Takara Co.); 
Lanes 1-10 are the PCR amplified products of the Exons 6ft2, A3, A4, B2, B3, B4, C2, 
C3, C4, DQB1) of HLA-A/B/C/DQB1 of Sample No. \\/o amplification band is present 
in negative control (N). The results of other samples ape similar. 

Figure 17 illustrates the result of recovery from agarose gel after pooling 
HLA-l-Mix, HLA-2-Mix, HLA-3-Mix, HIA-4-Mix, HLA-5-Mix, HLA-6-Mix, 
HLA-7-Mix, HLA-8-Mix, HLA-9-Mix and I^LA-10-Mix in equal mole in Example 12. 
Lane M is a marker of molecular weightsfand Lane 1 is the electrophoretic result of the 
pool, and Lane 2 is the electrophondiogram after gel slicing containing the DNA 
fragments of a length ranging from 4e0 to 750 bp. 

Figure 18 shows a screen-oapture of the program for construction of consensus 
sequence of Exon 2 of HL^£C site of Sample No. 1 in Example 12. Firstly, the 
sequence reads of C site /i the sample are aligned with the reference sequence by 
BWA software, thereby^onstructing the consensus sequences of Exons 2, 3, 4 of C 
site of the sample; ̂ farther, the haplotype sequences of the exons of C site are 
determined on th^asis of the linkage relationship between SNPs; and finally the type 
of the sample is determined by the intersection of the haplotype sequences of the 
exons. As shown in the figure, two heterozygous SNPs are comprised in 695-764 area 
of C geno^equence of Sample No. 1, and it can be determined from readl and read2 
that the linkage relationship of SNPs is A-C, G-A ("..." in the figure represents the 
basds identical to those of the reference sequence). The sequences correspond to the 
sjMtaded parts of the sequences of the C*010201 and C*07020101 type, respectively. 
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The judgment of linkage relationship of other areas is similar. 

EXAMPLES / 
The embodiments of the present invention are described in detail in the folfowing 

examples. However, a person skilled in the art would understand that th^ollowing 
examples are used to illustrate the present invention rather than restricting the scope 
of the present invention. / 

In Examples 1-6 of the present invention, Exons 2, 3, 4 of HLhflJB and Exon 2 of 
HLA-DRB1 in 95 samples were genotyped by using the combination! of primer indexes + 
DNA incomplete shearing strategy + Illumia GA se<njrencer Paired-End 100 
sequencing technique (PCR products have a lengtli ranging from 290bp to 500bp), 
demonstrating that the method of the invention could srccomplish the typing of gene 
fragments of a length exceeding the maximum yfad length of sequencer whilst 
sufficiently utilizing the characteristics of the second generation sequencer, such as high 
throughput and low cost. / 

Principle: for the sample to be analyzedyprimer indexes were introduced to the two 
termini of the PCR products of Exons 2, of HLA-A/B and Exon 2 of HLA-DRB1 by 
PCR reaction so as to specifically labeline sample information of the PCR products. The 
products of PCR amplification o^hree sites (HLA-A/B/DRB1) in each group of 
samples were pooled together tor obtain a library of PCR products; after incomplete 
ultrasonic shearing of the library of PCR products, a PCR-free sequencing library was 
constructed. The sequencing library was subjected to 2% low melting point agarose 
gel electrophoresis, an^ll the DNA bands of a length ranging from 450bp to 750bp 
were purified and recovered by gel slicing (during the construction of the PCR-Free 
sequencing libraryf since library adapters were added to the two termini of the DNA 
fragments, the iength of the DNA band as shown in the electrophoretogram was about 
250 bp longer than the actual length of the DNA fragments; therefore, the fragments of a 
length ranging from 450bp to 700bp as recovered here actually correspond to DNA 
fragments of an original length ranging from 200 bp to 500 bp). The recovered DNA 
wa^equenced by Illumina GA PE-100. The sequence information of all the tested 
smnples can be traced by primer index sequences, and the sequence of the whole PCR 
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product can be assembled on the basis of the known reference sequences and the 
overlapping and linkage relationship between the sequences of DNA fragments, TJjfe 
complete sequence of the original PCR product can be assembled with the standard 
database of the corresponding exons of HLA-A/B/DRB1, thereby accomplishing 
HLA-A/B/DRB1 genotyping. / 

Example 1 / 
Sample extraction / 
DNAs were extracted from 95 blood samples with known HLA-SBT typing 

results (China Marrow Donor Program cited hereafter^is (CMDP)) by using 
KingFisher Automatic Extraction Instrument (US ThermpCo.). The main steps were 
as followed: as directed in the handbook, a certain aofount of self-contained agents 
was added to six deep-well plates and one shaUow-well plate equipped by the 
KingFisher Automatic Extraction Instrument, and all the plates, to which the agents 
were added, were placed in the corresponding positions as required. The program 
"Bioeasy_200ul Blood DNA_KF.msz" wa^elected, and was implemented to extract 
nucleic acids by pressing "star". Approximately 100 ^1 eluted products (i.e. the 
extracted DNA) were collected fronyplate Elution after the program was finished. 

/ Example 2 

PCR amplification / 
Different PCR indej^rimers were made by synthesizing PCR primers having 

different primer indexes at 5' end, and such different PCR index primers may be 
applied to different samples, wherein the PCR primers were PCR primers for Exons 2, 
3, 4 of HLA-A/BT and Exon 2 of HLA-DRB1. Thereafter, primer indexes were 
introduced toyme two termini of the PCR products by PCR reaction, thereby 
specifically labeling the PCR products from different samples. 

95 sets of PCR index primers were used to amplify 95 DNA samples, 
respectively, wherein each set of PCR index primers consisted of a pair of 
bidirectional primer indexes (Table 6) and PCR primers for amplification of Exons 2, 
WA of HLA-A/B (Table 1) and of Exon 2 of HLA-DRB1 (Table 7), each forward PCR 
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primer has the forward primer index in the pair of primer indexes linked at the 5' end, 
and the reverse PCR primer has the reverse primer index in the pair of primer indexes 
linked at the 5' end. During the synthesis of primers, the primer indexes were diwrctly 
added to the 5' end of the PCR primers. / 

The 95 DNAs obtained from the sample extraction step of Examnre 1 were 
designated as No. 1-95. PCR reaction took place in 96-weIl plates, 7 njates in total, 
designated as HLA-P-A2, HLA-P-A3, HLA-P-A4, HLA-P-R^ HLA-P-B3, 
HLA-P-B4 and HLA-P-DRB1-2 (A2/A3/A4, B2/B3/B4, DRB/2 represent the 
amplified sites), wherein a negative control without adding any template was set in 
each plate, and the primers used in the negative control were the same as those for 
Template 1. During experimentation, the numbering information of the samples 
corresponding to each pair of primer indexes was reconred. 

Table 6: Relevant information of primer indexe 

Primer Corresponding Corresponding 

index Forward primer index Reverse primer index position in template 

No. 96-well plate (Group 1) 
PI-1 TCGCAGACATCA TGACA^GATGCT A1 1 

PI-2 TACATCGCACTA TAC^GATGCTGA A2 2 

PI-3 CTCGAT GAGTAC AOGTCTAGACAC A3 3 

PI-4 TCTGTATACTCA /GCTGTAGTGAC A4 4 

PI-5 T ATCT GCT CATA/ AGATATCGAGCT A5 5 

PI-6 TACATGCTGAGTC ACGTGTCTATCA A 6 6 

PI-7 TCATATCGOGAT AGATCGTATAGC A7 7 

PI-8 ACAGATGCACGC ATCTCGTGACAG A8 8 

PI-9 TAGATCGTACAT ACTAGTACACGC A9 9 

PI-10 ACT^CACGTCTC ATAGTCACGCGT A10 10 

PI-11 AGfACTCGCGTAT TACTAGCTGACG All 11 

PI-12 ATACTAGTGCTC TGTATCGTGCTC A12 12 

PI-l/ CACGATGACATC TAGTGAGCGCAC B1 13 

PL44 TGCTGTCTCGAG CATAGCAGTGTC B2 14 
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PI-15 TGTGCTCGAGTC TCTGATCGAGCA B3 15 / 
PI-16 CACTCGTACATC AGCGATGCTCAT B4 16 / 
PI-17 CGACGTGCTCGC CGCGTACTGCAG B5 17 / 

PI-18 ACGCATCTATAC CTAGTATCGCAG B6 18 / 

PI-19 CGAGATGACTCT TGTATACACGAT B7 19/ 
PI-20 ACTGTCTCGAGC ACGTAGCGCACA B8 

PI-21 CATCTGCTATAG TCTAGCTCATGA B9 / 21 

PI-22 ACGCACTCTAGA CTATGCACTGAT BIO / 22 

PI-23 TGAGATACAGTA ATCTGCTATGAC Bll / 23 

PI-24 ACTCATCGTGCT TAGAGCTGTCAC B12 / 24 

PI-25 TACACTGTCTAT CAGCACATAGAT cy 25 

PI-26 CACAGTACTCGC CTGCTAGTGTAT /C2 26 

PI-27 TGTACTATCATA TGTGATAGACAC/ C3 27 

PI-28 CTAGTACTGACG AGCGAGTCTAOT C4 28 

PI-29 TAGACTGAGCTA ACATACTGAGAC C5 29 

PI-30 CAGACGCGTGAG TACATCT^GTAT C6 30 

PI-31 CGCGACATCACG TAGCG/fTGAGAC C7 31 

PI-32 ACACTCATAGAT CTATPCATGACAC C8 32 

PI-33 AGCGTATACTAG C^TACTCACGTA C9 33 

PI-34 TGTCGTGCTATC XcATGACTCACG CIO 34 

PI-35 CGCTAGACTGTA/ TACTATAGTCGA Cll 35 

PI-36 ACAGTGTAGCQfC TGATATGCTACA C12 36 

PI-37 CACTCTATC^AC TCACGCGATGAG D1 37 

PI-38 ACACTC^GTCA ACGTAGATCTAT D2 38 

PI-39 CATAT^fAGATCG AGCAGAGTGCTC D3 39 

PI-40 CAG0TATCATAC CACTGCAGACGA D4 40 

PI-41 TATACTCTAGAT TGCATAGAGCGC D5 41 

PI-42 ^GTATGCTCGTC TCGTGACAGATC D 6 42 

PI4/ TAGTGATGCTCT ACGAGCTGATAT D7 43 

PL44 AGACTCTGAGTC CTGATAGTATCA D8 44 
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PI-45 CTCATAGACTAC ATCGCGAGTGAC D9 45 

PM 6 TCGCTCACTACA TGTCTCGACATC D10 46 / 

PL-47 ATAGAGTCTCAT CGCATAGCGTAT Dll 47 / 

PI-48 CGAGACACTCGC TCGTAGTCTACA D12 48 / 

PI-49 CAGCATACTATC TCGTGATACAGA El 49 / 

PI-50 CAGCTATAGTCT ATGCAGATATCT E2 

PI-51 TCTATCGATGCA ACACGCAGATCG E3 / 51 

PI-52 CATGAGTATAGC CTAGCTGACGTA E4 / 52 

PI-53 TAGCATATCGAG TACACGTATGAG E5 / 53 

PL-54 ACGACTCGCTAC TCATGACTAGTA E6 / 54 

PI-55 TAGCATACACGC TGACGCGTATAC E1/ 55 

PI-56 CGTCATATGCAG TATAGCGATGAC A 56 

PI-57 TGCAGCGAGTAC TCGACGCTAGCCy E9 57 

PI-58 CGTGTCGACAGA CAGTCGTGAGOA E10 58 

PI-59 ACTCGACGTGAG ACGCGAGTG&TA Ell 59 

PI-60 ACTCGTCTGACG TGCTATC^CTGA E12 60 

PI-61 CATACTGTATCT TACAT^GATGTC F1 61 

PI-62 TCTACTCGTGAC CACOTATAGTGA F2 62 

PL63 CTGCACTAGACA AOTCATATCGCA F3 63 

PI-64 ACACGAGCTCAT ^ACTCATATCGA F4 64 

PI-65 TACAGATAGTCT/ TCGTCTGTGATA F5 65 

PL66 TACACTCGTGOT TGACGCTCATCT F6 66 

PI-67 TACATGTGACGA TCGTACATGCTC F7 67 

PI-68 TGTATGA^CTCG CACTGTGCTCAT F8 68 

PI-69 CAGTA^ACTCTA ACTGCATGATCG F9 69 

PI-70 C AT^CT AT C ACG TCGTGTCACTAC F10 70 

PI-71 C^CTATACAGAT CGACACGTACTA Fll 71 

PI-72 ATATCGTAGCAT TCGTGATCACTA F12 72 

PI-73/ TAGTCTATACAT AGACGCTGTCGA G1 73 

Pl/74 TGTCACAGTGAC TCATATGATCGA G2 74 
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PI-75 ATCGACTATGCT CGATCATATGAG G3 75 A 
PI-76 ATACTAGCATCA T C ATGCT G AC G A G4 

76 / 

PI-77 CACTGACGCTCA CACTACATCGCT G5 77 / 

PI-78 TCGCTCATCTAT TAGTACAGAGCT G 6 78 / 

PI-79 TGTATCACGAGC ATGATCGTATAC G7 19/ 
PI-80 TACTGCTATCTC CGCTGCATAGCG G8 

PI-81 CGCGAGCTCGTC ACTCGATGAGCT G9 y 81 
PI-82 TAGAGTCTGTAT T GT CT AT C AC AT G10 / 82 

PI-83 TACTATCGCTCT TATGTGACATAC Gil / 83 

PI-84 TAGATGACGCTC TACTCGTAGCGC G12 / 84 

PI-85 TCGCGTGACATC ATCTACTGACGT 
H/ 

85 

PI-86 ACACGCTCTACT ACAGTAGCGCAC m 86 

PI-87 TACATAGTCTCG CTAGTATCATGA/ H3 87 

PI-88 TGAGTAGCACGC TCGATCATGC^G H4 88 

PI-89 TAGATGCTATAC TACATGCAGTCA H5 89 

PI-90 ATCGATGTCACG CAGCTCG/CTAC H6 90 

PI-91 ATCATATGTAGC CTCTA^AGTCAC H7 91 

PI-92 TAGCATCGATAT AGA/AGCACATC H8 92 

PI-93 TGATCGACGCTC CTAGATATCGTC H9 93 

PI-94 TGCAGCTCATAG /ACAGACTGCAC H10 94 

PI-95 CGACGTAGAGTC/ CAGTAGCACTAC Hll 95 
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Table 7: PCR primers for amplification of the corresponding exons of DRBl and 
without primer indexes / 
primer No. primer sequence use of primer length o/( 

products 
D2-F1 CACGTTTCTTGGAGTACTCTA 

D2-F2 GTTT CTT GT GGC AgCTT A AgTT 

D2-F3 CCTGTGGCAGGGTAAGTATA 

D2-F4 GTTTCTTGAAGCAGGATAAGT For amplification 

T of Exon 2 of 300bp 

D2-F5 GCACGTTTCTTGGAGGAGG HLA-DRR* gene 

D2-F6 TTTCCTGTGGCAGCCTAAGA 

D2-F7 GTTTCTTGGAGCAGGTTAAAC 

D2-R CCTCACCTCGCCGCTGCAC 

D2-F1, D2-F2, D2-F3, D2-F4, D2-F5, D2/6, D2-F7 were forward primers for 
amplification of Exon 2 of HLA-DRB1, D2-R Was a reverse primer for amplification of 
Exon 2 of HLA-DRB1. / 

PCR procedure for HLA-A/B/DB® 1 was as followed: 
96 °C 2min / 
95 °C 30s ->60°C 30s 20s (32cycles) 
15°C oo / 

PCR reaction syshnn for HLA-A/B was as followed, wherein all the agents were 
purchased from Pymega (Beijing) Bio-Tech Co. 

Prompt 5><buffer I (Mg2+ plus) 5.0ul 

dNT^ Mixture (2.5mM/ \il each) 2.0ul 

D^nfA/B-F2/3/4 (2pmol/ ul) l.Oul 

PInr-A/B-R2/3/4 (2pmol/ ul) l.Oul 

Promega Taq (5U/ul) 0.2ul 

DNA (about 20 ng/ul) 5.0ul 
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ddH20 10.8ul 

Total 25.0ul 

PCR reaction system for HLA-DRB1 was as followed : 

Promega 5xbuffer I (Mg2+ plus) 5.0ul 

dNTP Mixture (2.5mM/ [ii each) 2.0ul 

PInf-D2-Fl (2pmol/ul) l.Oul / 

PInf-D2-F2 (2pmol/ ul) l.Oul / 

PInf-D2-F3 (2pmol/ ul) l.Oul / 

PInf-D2-F4 (2pmol/ ul) l.Oul / 

PInf-D2-F5 (2pmol/ ul) l.Ou\/ 

PInf-D2-F6 (2pmol/ ul) \.m 
PInf-D2-F7 (2pmol/ ul) /.0u\ 

PInr-D2-R (2pmol/ ul) / l.Oul 

Promega Taq (5U/ul) / 0.2ul 

DNA (about 20 ng/ul) / 5.0ul 

ddH20 / 4.8ul 

Total / 25.0ul 

Wherein PI„rA/B/D2-F mmisi/i represents the F primer of HLA-A/B/DRB 1 having 
the forward primer index sequence No. n (Table 6) at 5' end, PInr-A/B/D2-R2/3/4 
represents the R primer of H^-A/B/DRB1 having the reverse primer index sequence No. 
n at 5' end (here n<95), ajira the rest may be deduced similarly. Moreover, each sample 
corresponds to a specific set of PCR primers (PInfA/B/D2-Fi/2/3/4/s/6/7, 
PInr-A/B/D2-R2/3/4)-

PCR reactioj^vas carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 
PCR reaction^ul PCR products were subjected to 1% agarose gel electrophoresis. 
Figure 2 showed the electrophoretic result of the PCR products of the corresponding 
exons o?HLA-A/B/DRBl of Sample No. 1, and the marker for DNA molecular weights 
was l/L 2000 (Takara Co.). There were a series of single bands of a length ranging from 

to 500 bp in the electrophorogram, indicating successful PCR amplification of the 
5xons (A2, A3, A4, B2, B3, B4, DRBl-2) of HLA-A/B/DRB 1 of Sample No.l. There 
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was no amplification band in the negative control (N). The results of other samples were 

similar. / 

Example 3 / 
Pooling and purification of PCR products / 
20 \il of the rest PCR products was taken from each well of the/iS-well plate 

HLA-P-A2 (except for the negative control), and was mixed homogeneously under 
shaking in a 3 ml EP tube (designated as HLA-A2-Mix). The spane operation was 
applied to the other 6 96-well plates, designated as HLA-A^Mix, HLA-A4-Mix, 
HLA-B2-Mix, HLA-B3-Mix, HLA-B4-Mix and HLA-D2-M^ 200ul was taken from 
each of HLA-A2-Mix, HLA-A3-Mix, HLA-A4-Mix, H^A-B2-Mix, HLA-B3-Mix, 
HLA-B4-Mix and HLA-D2-Mix, and was mixed in ml EP tube, designated as 
HLA-Mix. 500ul DNA mixture from HLA-Mix wa^ubjected to column purification 
with Qiagen DNA Purification kit (QIAGEN CoY{Vor the specific purification steps, 
please refer to the manufacturer's instruction/It was determined by Nanodrop 8000 
(Thermo Fisher Scientific Co.) that the 2Q0ul DNA obtained by purification has a 
HLA-Mix DNA concentration of 48 ng/ujif 

/ Example 4 
Shearing of PCR produo^s, and construction of Illumina GA PCR-Free 

sequencing libraries / 
1. DNA shearing / 
A total amount of ^Ug DNA, taken from the purified HLA-Mix, was contained in 

a Covaris microtube/with an AFA fiber and Snap-Cap and was subjected to the 
shearing in CovaS2DNA Shearer (Covaris Co.). The shearing conditions were as 

followed: / 
Frequency sweeping 

Duty Cycle 10% 

Intensity 5 
Cycles/Burst 200 

Time (second) 300 
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2. Purification after shearing 

All the sheared products of HLA-Mix were recovered and purified by QL^liick 

PCR Purification Kit, and were dissolved in 37.5ul EB (QIAGEN Elutionpuffer), 

respectively. 

3. Terminal repairing reaction 

The purified HLA-Mix after the shearing was subject to DN/ terminal repairing 

reaction, and the reaction system was as followed (all the ageqjs were purchased from 

Enzymatics Co.): 

DNA / 37.5]JL 

H2O / 37.5(iL 

lOx Polynucleotide Kinase Buffer (B904) / 10 ^L 

dNTP mixture (Solution Set (lOmM each)) / 4 \iL 

T4 DNA Polymerase / 5JIL 

Klenow Fragment / l^iL 

T4 Polynucleotide Kinase / 5\iL 

Total volume / 100 ]xL 

Reaction conditions: inculyfting at 20°C for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.' 

The reaction productywere recovered and purified by the QIAquick PCR 

Purification Kit, and wera^issolved in 34 \i\ EB (QIAGEN Elution Buffer). 

4. Addition op A at 3' end 

A was added to 3' end of the DNA recovered in the last step, and the reaction 

system was as^ollowed (all the agents were purchased from Enzymatics Co.): 

DNA obtained in the last step 32 \iL 

lOx blu/buffer 5 (iL 

dATp(lmM, GE Co.) 

;now (3'-5> exo-) 

10 \xL 

3 \iL 
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Total volume 50 \xL 

Reaction conditions: incubating at 37°C for 30 min in a Thermomixer 
(Thermomixer, Eppendorf Co.). / 

The reaction products were recovered and purified by MiniEhrie PCR 
Purification Kit (QIAGEN Co.), and were dissolved in 13 \i\ EB (QIAGEN Elution 
Buffer), / 

5. Ligation of Illumina GA PCR-Free library adapter / 

The term "PCR-Free library adapter" refers to a segment of designed bases, 
whose main role lies in auxiliary fixation of DNA molecul^mto the sequencing chip 
and lies in providing the binding sites for universal sequencing primers, wherein 
PCR-Free library adapter may be directly ligated tythe two termini of the DNA 
fragments in the sequencing library; since no PCRTOS involved in the introduction of 
the library adapter, the library adapter was callec^PCR-Free library adapter. 

The products having A added were ligateu to the Illumina GA PCR-Free library 
adapters, and the reaction system was as fojfcjwed (all the agents were purchased from 
Illumina Co.): / 

DNA obtained in the last step / llnL 
2x Rapid ligation buffer / 15jxL 

PCR-free adapter oligo mix (3Q^M) ljaL 

T4 DNA Ligase (Rapid, L6Q*f-HC-L) 3jiL 

Total volume / 30 \xL 
Reaction conditions: incubating at 20°C for 15 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 
The reaction products were purified by Ampure Beads (Beckman Coulter 

Genomics), wd were dissolved in 50ul deionized water, and the DNA concentration 
determinedly Fluorescence quantitative PCR (QPCR) was as followed: 

result determined by qPCR (nM) 

HLA-Mix 78.90 
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6. Recovery by gel slicing 
30|aL HLA-Mix was subjected to 2% low melting point agarose g/A 

electrophoresis. The electrophoretic condition was 100V, lOOmin. DNA markei^as 
the 50bp DNA marker from NEB Co.. The gel containing the DNA fragments^ranging 
from 450 to 750bp was sliced (Figure 3). The products in the slicei^^el were 
recovered and purified by QIAquick PCR Purification Kit (QIAGEN CoJlf the volume 
after purification was 32ul, and the DNA concentration measured Wy Fluorescence 
quantitative PCR (QPCR) was 10.16nM. / 

Example 5 / 
Illumina GA sequencing / 
According to the results of QPCR, lOpmol DNA/as taken and subjected to the 

sequencing by Illumina GA PE-100 program. For tfie specific operation procedure, 
please refer to the Illumina GA operation instruction (Illumina GA IIx). 

Exam/e 6 
Analysis of the results / 

The sequencing results from Illurama GA were a series of DNA sequences, and by 

searching the forward and reverse Primer index sequences and primer sequences in the 

sequencing results, databases comprising the sequencing results of the PCR products of 

various exons of HLA-A/B/J0RB1 for each sample corresponding to respective primer 

index were constructed^he sequencing results of each exon were aligned to the 

reference sequence (reference sequences were from http://www.ebi.ac.uk/imgt/hla/) of 

the corresponding^xon by BWA (Burrows-Wheeler Aligner), and meanwhile, the 

consensus sequ^fices of each database were constructed, and the DNA sequences in the 

database wepe selected and corrected. The corrected DNA sequences were assembled into 

the corresponding sequences of exons of HLA-A/B/DRB 1 on the basis of sequence 

overlapping and linkage (Paired-End linkage) relationship. The resultant DNA sequence 

was aligned with the sequence database of the corresponding exon of HLA-A/B/DRB 1 in 
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IMGT HLA professional database. If the result of sequence alignment shows 100%^ 

match, the HLA-A/B/DRB 1 genotype of the corresponding sample was determine 

Please refer to the screen-capture of the program for construction of consensus sequence 

of Exon 2 of HLA-A site in Sample No. 1 as illustrated in Figure 4. 
For all 95 samples, the typing results obtained by the above method were 

completely consistent with the known typing results, wherein the resits of Samples 
No. 1-32 were as followed: 
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Sample No. Original known HLA-A/B/DRB 1 type 

1 A*O2:03 A*ll:01 B*38:02 B*48:01 DRB1*14:54 DRBlj^5:01 

2 A*01:01 A*30:01 B*08:01 B* 13:02 DRBl*03:0l DR^f*07:01 

3 A*01:01 A*02:01 B* 15:11 B*47:01 DRB1*13:02 E*RB1*15:01 

4 A*24:08 A*26:01 B*40:01 B*51:01 DRB1*04:0V DRB1*09:01 

5 A*01:01 A*24:02 B*54:01 B*55:02 DRB1*04TO5 DRB1*09:01 

6 A*01:01 A*03:02 B*15:ll B*37:01 DRBl/lOtfl DRBl *14:54 

7 A*ll:01 A*30:01 B*13:02 B*15:18 DKB1*04:04 DRBl *07:01 

8 A*01:01 A*02:01 B*35:03 B*81:01 /DRB1*11:01 DRB1*15:01 

9 A*02:06 A*31:01 B*27:07 B*40:0£ DRB1*03:01 DRB1*13:02 

10 A*01:01 A*66:01 B*37:01 B*^9:01 DRB1*10:01 DRB1*13:02 

11 A*01:01 A*03:01 B*35:01 J5*52:0\ DRB1*01:01 DRB1*15:02 

12 A*ll:01 A*ll:01 B*15:Or B*15:05 DRB1*04:06 DRB1*15:01 

13 A*01:01 A*ll:02 BW:02 B*15:02 DRB1*09:01 DRB1*15:01 

14 A*01:01 A*02:01 JP5 2:01 B*67:01 DRBl *15:02 DRB1*16:02 

15 A*01:01 A*02:0y B*15:17 B*50:01 DRBl *07:01 DRB1*15:01 

16 A*01:01 A* mil B*37:01 B*40:02 DRB1*10:01 DRB1*12:02 

17 A*24:07 A^32:01 B*35:05 B*40:01 DRBl *03:01 DRBl *04:05 

18 A*ll:0y A*24:02 B*13:01 B*35:01 DRB1*16:02 DRB1*16:02 

19 A* 11*01 A*ll:01 B*40:02 B*55:12 DRBl *04:05 DRB1*15:01 

20 A?D2:11 A*24:02 B*40:01 B*40:06 DRB1*11:01 DRB1*15:01 

21 /A*01:01 A*02:06 B*51:01 B*57:01 DRB1*07:01 DRB1*12:01 

22 / A*01:01 A*29:01 B*07:05 B*15:01 DRBl *04:05 DRB1*07:01 

2y A*01:01 A*02:07 B*37:01 B*46:01 DRBl *04:03 DRB1*10:01 

/A A*24:85 A*30:01 B*13:02 B*55:02 DRBl *07:01 DRB1*15:01 

' 25 A*11:01 A*31:01 B*07:06 B*51:01 DRB1*12:02 DRB1*14:05 
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26 A*01:01 A*ll:01 B*46:01 B*57:01 DRBl *07:01 DRB1*08:03 

27 A*01:01 A*02:01 B*15:18 B*37:01 DRB1*04:01 DRB1*15:0^ 

28 A*01:01 A*24:02 B*37:01 B*46:01 DRBl *09:01 DRBl *1^01 

29 A*26:01 A*66:01 B*40:40 B*41:02 DRB1*12:01 DRB^15:01 

30 A*02:01 A*29:02 B*13:02 B*45:01 DRBl *03:01 Mffil*12:02 

31 A*01:01 A* 11:03 B*15:01 B*57:01 DRBl*07:01y /DRB1*15:01 

32 A*ll:01 A*26:01 B*35:03 B*38:01 DRBl*lliB DRB1*14:04 

Sample No. The determined HLA-A/B/DMTl type 

1 A*02:03 A*ll:01 B*38:02 B*48:01 DRB1*14:54 DRB1*15:01 

2 A*01:01 A*30:01 B*08:01 B*13:02/DRB1*03:01 DRB1*07:01 

3 A*01:01 A*02:01 B*15:ll DRB1*13:02 DRB1*15:01 

4 A*24:08 A*26:01 B*40:01 B^51:01 DRB1*04:04 DRB1*09:01 

5 A*01:01 A*24:02 B*54:0l/B*55:02 DRB1*04:05 DRB1*09:01 

6 A*01:01 A*03:02 B*15/[l B*37:01 DRB1*10:01 DRB1*14:54 

7 A*ll:01 A*30:01 B/l3:02 B*15:18 DRB1*04:04 DRB1*07:01 

8 A*01:01 A*02:01/B*35:03 B*81:01 DRB1*11:01 DRB1*15:01 

9 A*02:06 A*31/l B*27:07 B*40:02 DRB1*03:01 DRB1*13:02 

10 A*01:01 Ajj^6:01 B*37:01 B*49:01 DRB1*10:01 DRB1*13:02 

11 A*01:01 /A*03:01 B*35:01 B*52:01 DRB1*01:01 DRB1*15:02 

12 A* 11:01 A*ll:01 B*15:01 B*15:05 DRB1*04:06 DRB1*15:01 

13 A*j5\:0l A* 11:02 B*07:02 B*15:02 DRB1*09:01 DRB1*15:01 

14 A*01:01 A*02:01 B*52:01 B*67:01 DRB1*15:02 DRB1*16:02 

15 / A*01:01 A*02:05 B*15:17 B*50:01 DRB1*07:01 DRB1*15:01 

A*01:01 A*ll:01 B*37:01 B*40:02 DRB1*10:01 DRB1*12:02 

A*24:07 A*32:01 B*35:05 B*40:01 DRB1*03:01 DRB1*04:05 

A*ll:01 A*24:02 B*13:01 B*35:01 DRB1*16:02 DRB1*16:02 
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19 A* 11:01 A*ll:01 B*40:02 B*55:12 DRB1*04:05 DRB1*15:01 

20 A*02:ll A*24:02 B*40:01 B*40:06 DRB1*11:01 DRBl*15tfl 

21 A*01:01 A*02:06 B*51:01 B*57:01 DRB1*07:01 DRB 1*12:01 

22 A*01:01 A*29:01 B*07:05 B*15:01 DRBl *04:05 DRBfl*07:01 

23 A*01:01 A*02:07 B*37:01 B*46:01 DRBl *04:03 DRB1*10:01 

24 A*24:85 A*30:01 B*13:02 B*55:02 DRBl*07:0l/ DRB1*15:01 

25 A*ll:01 A*31:01 B*07:06 B*51:01 DRB1*12TO2 DRB1*14:05 

26 A*01:01 A*ll:01 B*46:01 B*57:01 DRBy07:01 DRBl *08:03 

27 A*01:01 A*02:01 B*15:18 B*37:01 DRB1*04:01 DRB1*15:01 

28 A*01:01 A*24:02 B*37:01 B*46:01 ^DRB1*09:01 DRB1*10:01 

29 A*26:01 A*66:01 B*40:40 B*41:Q2 DRB1*12:01 DRB1*15:01 

30 A*02:01 A*29:02 B*13:02 B*45:0\ DRBI*03:01 DRB1*12:02 

31 A*0I:01 A*ll:03 B*15:01 ^*57:01 DRBl *07:01 DRB1*15:01 

32 A*ll:01 A*26:01 B*35:Q/ B*38:01 DRBl *11:03 DRB1*14:04 
Note: among HLA-DRB1 types, DR61*1201 does not exclude the possibility of 

DRB1*1206/1210/1217, and DRB^^454 does not exclude the possibility of 
DRB1*1401, because said allelesjwere completely identical in the sequence of Exon 
2 of HLA-DRB1. / 

Example 7 / 

HLA-A,B and DRJsl genotyping by using the second generation sequencing 
technique (Illumina Gft) 

Sample extraction 
DNAs wejje extracted from 950 blood samples with known HLA-SBT typing 

results (Cbma Marrow Donor Program cited hereafter as (CMDP)) by using 
KingFisher Automatic Extraction Instrument (US Thermo Co.). The method was as 
described in Example 1. 

PCR amplification 



The 950 DNAs obtained from the sample extraction step were designated as No. 
1-950, and were divided into 10 groups (95 DNAs for each), which were designate^ 
as HLA-1, HLA-2, HLA-3, HLA-4, HLA-5, HLA-6, HLA-7, HLA-8, HL^9, 
HLA-10. For each group of samples, 95 DNA samples were amplified by 95 iets of 
PCR primers (Table 1) carrying bidirectional primer indexes (Tablp 6) for 
amplification of Exons 2, 3, 4 of HLA-A/B and PCR primers (Tabl^) carrying 
bidirectional primer indexes (Table 6) for amplification of Exon 2 arc HLA-DRB1. 
PCR reaction took place in 96-well plates, using 70 plates in taral, designated as 
HLA-X-P-A2, HLA-X-P-A3, HLA-X-P-A4, HLA-X-P-^2, HLA-X-P-B3, 
HLA-X-P-B4 and HLA-X-P-DRBl-2 ("X" represents the information of the group 
number 1/2/3/4/5/6/7/8/9/10, "A2/3/4", "B2/3/4", ^5RBl-2" represent the 
amplification sites), wherein a negative control withou^dding any template was set 
in each plate, and the primers used for the negativ^control were primers labeled by 
PI-1 (Table 6). During experimentation, the inforofation of each sample on the group 
number and primer indexes was recorded. The method was as described in Example 2. 

Pooling and purification of PCR products 
For samples of Group X ("X" is y^/3/4/5/6/7/8/9/10), 20 p.1 of rest PCR products 

was taken from each well of the 9^^ell plate HLA-X-P-A2 (except for the negative 
control), and was mixed homogeneously under shaking in a 3 ml EP tube (designated 
as HLA-X-A2-Mix). The sam^operation was applied to the other 6 96-well plates of 
the samples of Group^C, designated as HLA-X-A3-Mix, HLA-X-A4-Mix, 
HLA-X-B2-Mix, HLAO^B3-Mix, HLA-X-B4-Mix and HLA-X-D2-Mix. 200ul was 
taken from each/of HLA-X-A2-Mix, HLA-X-A3-Mix, HLA-X-A4-Mix, 
HLA-X-B2-Mix, J<LA-X-B3-Mix, HLA-X-B4-Mix and HLA-X-D2-Mix, and was 
mixed in a 3nrff EP tube, designated as HLA-X-Mix. 500ul DNA mixture from 
HLA-X-Mi^ras subjected to column purification with Qiagen DNA Purification kit 
(QIAGEN^Co.) (For the specific purification steps, please refer to the manufacturer's 
instruonon) to obtain 200ul DNA, and its DNA concentration was determined by 
Nanodrop 8000 (Thermo Fisher Scientific Co.). The same operation was also applied 
\dother groups. The finally determined DNA concentrations were as followed. 
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HLA-

1-Mix 

HLA-

2-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

concentration 

(r#rt) 
48.0 52.1 49.3 502 47.6 48.5 49.1 48.6 51.3 50.8 

The method was as described in Example 3. 

The construction of Illumina GA Sequencing libraries was ^rformed by the 
method of Example 4. The corresponding relationships betweei^he sample groups 
and the library adapters were as followed. / 

Sample 

goupNo. 

HLA-1 HLA-2 HLA-3 HLA4 HLA-5 HLA-6 HLA-S HLA-9 HLA-10 

library 

adapterNo. 

1 2 3 4 5 6 / 7 8 9 10 

The reaction products were purified toy Ampure Beads (Beckman Coulter 
Genomics), and were dissolved in 50uy deionized water, and the DNA molar 
concentrations determined by Fluorescence quantitative PCR (QPCR) were as 
followed: / 

HLA-

1-Mix 

HLA-

2-Mix 

HLA-

3-Mix . ̂ -Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

Cone. 

(nM) 

78.90 72.13 193/ 8021 77.68 78.50 89.12 78.60 8132 80.82 

Recovery by %/slicing 
HLA-l-Mij^^ILA-2-Mix, HLA-3-Mix, HLA-4-Mix, HLA-5-Mix, HLA-6-Mix, 

HLA-7-Mix, HLA-8-Mix, HLA-9-Mix and HLA-10-Mix were mixed at an equal mole 
(final concentration was 72.13 nM/ul), designated as HLA-Mix-10. 30jaL 
HLA-My^lO was subjected to 2% low melting point agarose gel electrophoresis. The 
electrophoretic condition was 100V, lOOmin. DNA marker was the 50bp DNA marker 
frojfi NEB Co.. The gel containing the DNA fragments ranging from 450 to 750bp 
was sliced. The products in the sliced gel were recovered and purified by QIAquick 
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PCR Purification Kit (QIAGEN Co.), the volume after purification was 32ul, and the 
DNA concentration measured by Fluorescence quantitative PCR (QPCR) wafi 

9.96 nM. / 
The sequencing and result analysis were performed as described in Exaofples 5 

and 6. For all 950 samples, the typing results obtained by the above mejnod were 
completely consistent with the known typing results. / 

Example 8 / 
HLA-C genotyping by using the second generation sequencing technique 

(Illumina GA) / 

1. DNA sample extraction / 

The steps were as described in Example 1. / 

2. PCR amplification / 

The steps were as described in Example 2/except that the PCR primers used 
were PCR primers for Exons 2, 3 and 4 of HLA£C, as shown in Table 3. 

95 sets of PCR index primers ware used to amplify 95 DNA samples, 
respectively, wherein each set of PCR index primers consisted of PCR primers for 
amplification of Exons 2, 3, 4 of Hl^f-C (Table 3) and a pair of bidirectional primer 
indexes (as described below), eac^orward PCR primer has the forward primer index 
of a pair of primer indexes linked at the 5' end, and the reverse PCR primer has the 
reverse primer index of a tufir of primer indexes linked at the 5' end. During the 
synthesis of primers, the onmer indexes were directly added to the 5' end of the PCR 
primers. / 

The 95 DNAs obtained from the sample extraction step were designated as No. 
1-95. PCR reaction took place in 96-well plates, 3 plates in total, designated as 
HLA-P-C2, BLA-P-C3, HLA-P-A4 (C2/3/4 represent the amplification sites), 
wherein a negative control without adding any template was set in each plate, and the 
primersydsed in the negative control were the same as the primer PI-96. During 
experimentation, the numbering information of the sample corresponding to each pair 
ofprimer indexes was recorded. 
/ The primer indexes used were the primer indexes PI-1 to PI-95 as listed in Table 
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6, and the following negative control pirraer index PI-96 (Table 8) 

Table 8: Relevant information of the primer index used for the negative control 

Negarfve 
control 

PI-96 CACTGTATAGCT CGACTAGTACTA H12 
Negarfve 
control 

The DNAs, extracted by using KingFisher Automatic Extraction Instrument in 

step 1, were used as the templates, and PCR amplification was carrie^ut in single 

tubes by using primers for exons of HLA-C, wherein the primers h^Ve indexes at 5' 

end. PCR procedure was as followed: 

C2: 96 °C 2 min 

95°C 30s ->62°C 30s ->72°C 20s (35 cycles) 
15°C co 

C3: 96°C 2 min 

95°C 30s ->56°C 30s ->72"C 20s (35 cycles) 
15°C oo 

C4: 96°C 2 min 

95°C 30s ->60°C 30s ->72°C 20s (35 </cIes) 

15°C oo 

PCR reaction system of HLA/; was as followed: 

Promega 5 puffer I (Mg2+ plus) 5.0 
dNTP nature (2.5 mM each) 2.0 (aL 

PIjrfr-C-F2/3/4 (50 ng/ul) 1.5 \iL 

y/lnf-C-R2/3/4 (50 ng/ul) 1.5 [iL 
/ Promega Taq (5 U/ul) 0.2 |iL 

/ DNA (about 20 ng/ul) 2.0 [iL 
/ ddH20 12.8 jiL 

* Total 25.0 \xL 
Wherein, PInf-C-F2/3/4 represents the F primer of HLA-C having the forward primer 

inde^equence No. n (Table 2) at 5' end, PInrC-R2/3/4 represents the R primer of HLA-C 

hayfng the reverse primer index sequence No. n at 5 s end (here n<96), and the rest may 

fe deduced similarly. Moreover, each sample corresponds to a specific set of PCR 
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primers. 
PCR reaction was earned out in PTC-200 PCR apparatus from Bio-Rad Co.. After 

PCR reaction, 2ul PCR products were subjected to 1.5% agarose gel electrophojresis. 
Figure 6 showed the electrophoretic result of the PCR products of the corresponding 
exons of HLA-C of the first 20 samples, and the DNA molecular marker was DL 2000 
(Takara Co.). There were a series of single bands of a length ranging fron^OO bp to 500 
bp in the electrophorogram, indicating successful PCR amplification or exons (C2, C3, 
C4) of HLA-C of the samples. The results of other samples were similar. 

Pooling and purification of PCR products / 
20 jil of the rest PCR products was taken from eacft well of the 96-well plate 

HLA-P-C2 (except for the negative control), and wa^pooled homogeneously under 
shaking in a 3 ml EP tube (designated as HLA-C^>Mix). The same operation was 
applied to the other 2 96-well plates, designate<Ms HLA-C3-Mix and HLA-C4-Mix. 
200ul was taken from each of HLA-C2-Mi?^HLA-C3-Mix and HLA-C4~Mix, and 
was mixed in a 1.5 ml EP tube, designator as HLA-Mix. 500ul DNA mixture from 
HLA-Mix was subjected to column purification with Qiagen DNA Purification kit 
(QIAGEN Co.) (For the specific purification steps, please refer to the manufacturer's 
instruction). It was determined by^anodrop 8000 (Thermo Fisher Scientific Co.) that 
the 200ul DNA obtained by purification has a HLA-Mix DNA concentration of 
50ng/ul. / 

4. Construction o^Illumina GA PCR-Free sequencing libraries 

4.1 Shearing owCR products 
A total amount of 5ug DNA, taken from the purified HLA-Mix, was contained in 

a Covaris micsotube with AFA fiber and Snap-Cap and was subjected to the shearing 
in Covaris 32 (Covaris Co.). The shearing conditions were as followed: 

Frequency sweeping 

Duty Cycle 10% 
Intensity 3 

Cycles/Burst 200 
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Time (s) 180 
4.2 Purification of the sheared PCR products 
All the sheared products of HLA-Mix were recovered and purified by QIAofiick 

PCR Purification Kit, and were dissolved in 37.5ul EB (QIAGEN Elution puffer), 
respectively, 

4.3 Terminal repairing reaction 
The purified products were subject to DNA terminal repairing reaction, the 

reaction system was as followed (all the agents were purchase^from Enzymatics 
Co.): 

Products purified in the last step /37.S \xL 
lOx Polynucleotide Kinase Buffer (B904^ 5 JIL 

dNTP mixture (Solution Set (lOmM eaolQ) 2 jiL 
T4 DNA Polymerase / 2.5 fiL 

Klenow Fragment / 0.5 ^L 
T4 Polynucleotide Kinase 2.5 JIL 

Total volume/ 50 pL 
Reaction conditions: incubating fa 20°C for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 
The reaction products wer^recovered and purified by the QIAquick PCR 

Purification Kit, and were dissolved in 32 |al EB (QIAGEN Elution Buffer). 
4.4 Addition of A at V md 
A was added to 3' end of the DNA recovered in the last step, and the reaction 

system was as followedr(all the agents were purchased from Enzymatics Co.): 

DNA obtained in the last step 32 \it 
10;?^>lue buffer 5 JJ.L 
dATP (ImM, GE Co.) 10 nL 
Klenow (3'-5' exo-) 3 \xL 

Total volume 50 JIL 
Leaction conditions: incubating at 37°C for 30 min in a Thermomixer 

("pfiermomixer, Eppendorf Co.). 
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The reaction products were recovered and purified by MiniElute PCR 
Purification Kit (QIAGEN Co.), and were dissolved in 38 ^1 EB (QIAGEN Elution 
Buffer). / 

4.5 Ligation of Illumina GA PCR-Free library adapter / 
The products having A added were ligated to the Illumina GA PCR-Fj€e library 

adapters, and the reaction system was as followed (all the agents were purchased from 
Illumina Co.): / 

DNA obtained in the last step /38fiL 
lOx Ligation buffer / 5 [^L 

PCR-free adapter oligo mix (30mM) / 2 \iL 

T4 DNA Ligase (Rapid, L603-HC-L) / 5 \xL 

Total volume / 50 nL 
Reaction conditions: incubating at 16eC/overnight in a Thermomixer 

(Thermomixer, Eppendorf Co.). / 
The reaction products were purified by Ampure Beads (Beckman Coulter 

Genomics), and were dissolved in 50ul deionized water, and the DNA concentration 
determined by Fluorescence quantitativ^CR (QPCR) was as followed: 

re^dlt determined by qPCR (nM) 
HLA-Mix / 122.71 

4.6 Recovery by gel slicinaf 
30JAL HLA-Mix was/subjected to 2% low melting point agarose gel 

electrophoresis. The electrophoretic condition was 100V, lOOmin. DNA marker was 
the 50bp DNA Ladderirom NEB Co.. The gel containing the DNA fragments ranging 
from 400 to 750bj^was sliced (Figure 7). The products in the sliced gel were 
recovered and purified by QIAquick PCR Purification Kit (QIAGEN Co.), the volume 
after purification was 32ul, and the DNA concentration measured by Fluorescence 
quantitativo^PCR (QPCR) was 17.16nM. 

5. /llumina GA sequencing 

yfijcording to the detection results of QPCR, lOpmol DNA was taken and 
sujtfected to the sequencing by Illumina GA PE-100 program. For the specific 
operation procedure, please refer to the Illumina GA operation instruction (Illumina 
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GA llx). 

6, Analysis of the results / 

The sequencing results from Illumina GA were a series of DNA sequences, apra by 
searching the forward and reverse primer index sequences and primer sequences in the 
sequencing results, databases comprising the sequencing results of the PCRproducts of 
various exons of HLA-C for each sample corresponding to respective primer index were 
constructed were constructed. The sequencing results of each exon Ws aligned to the 
reference sequence (reference sequences were from http://www.ehrac.uk/imgt/hla/) of 
the corresponding exon by BWA (Burrows-Wheeler Aligner), and consensus sequences 
of each database were constructed; and the sequence reads w^re selected and corrected 
based on the quality value of base sequencing, and differencebetween the sequence reads 
and consensus sequences. The corrected DNA sequences were assembled into the 
corresponding sequences of exons of HLA-C on theJfasis of sequence overlapping and 
linkage (Paired-End linkage) relationship. The scran-capture of Figure 8 illustrates the 
procedure for construction of consensus sequence of Exon 2 of HLA-C site in Sample 
No.2. / 

The resultant DNA sequence ™as aligned with the sequence database of the 
corresponding exon of HLA-C in iMGT HLA professional database. If the result of 
sequence alignment showed 100% match, the HLA-C genotype of the corresponding 
sample was determined. For all 95 samples, the typing results obtained by the above 
method were completely consistent with the known typing results, wherein the typing 
results of Samples No/-32 were as followed: (as shown in Table 9, all the obtained 
results were identical the original known results). 
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Table 9: Comparison of the typing results obtained by the above method with the 
original known typing results of the samples / 

Sample Original known HLA-C Results for HLA-C Identical 

No. genotype obtained at this time or nojr 

1 C*08:01 C*15:05 C*08:01 C*15:05 yA 
2 C*01:02 C*07:02 C*01:02 C*07:02 / yes 

3 C*08:01 C*16:02 C*08:01 C*16:02 / yes 

4 C*01:02 C*03:02 C*01:02 C*03:02/ yes 

5 C*01:02 C*02:02 C*0I:02 C*02 yes 

6 C*01:02 C*15:02 C*01:02 O
 

0
 

yes 

7 C*01:02 C*03:04 C*01:02 /*03:04 yes 

8 C*03:02 C*07:02 C*03:02 / C*07:02 yes 

9 C*06:02 C*16:02 C*06:02/ C*16:02 yes 

10 C*01:02 C*03:04 C*01i)2 C*03:04 yes 

11 C*03:04 C*07:02 O
 

*
 

0
 

C*07:02 yes 

12 0*07:02 C*08:01 /*07:02 C*08:01 yes 

13 C*01:02 C*15:02 A / C*01:02 C*15:02 yes 

14 C*01:02 C*03:04/ C*01:02 C*03:04 yes 

15 C*01:02 C*03/04 C*01:02 C*03:04 yes 

16 C*07:02 Cy2:02 C*07:02 C*12:02 yes 

I? C*04:01 yC*08:01 C*04:01 C*08:01 yes 

18 C*08:01 > ' C*16:02 C*08:01 C*16:02 yes 

19 C*14:0/ C*15:02 C*14:02 C*15:02 yes 

20 C*01^)2 C*03:03 C*01:02 C*03:03 yes 

21 C^D3:03 C*08:01 C*03:03 C*08:01 yes 

22 >£*03:04 C*07:02 C*03:04 C*07:02 yes 

23 / C*07:02 C*08:01 C*07:02 C*08:01 yes 

iy C*07:02 C*12:02 C*07:02 C*12:02 yes 

As C*07:02 C*12:03 C*07:02 C*12:03 yes 

26 C*03:04 C*08:01 C*03:04 C*08:01 yes 

21 C*01:02 C*03:04 C*01:02 C*03:04 yes 
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28 C*07:02 C*12:02 C*07:02 C*12:02 yes 

29 C*03:02 C*07:02 C*03:02 C*07:02 yes 

30 C*01:02 C*03:03 C*01:02 C*03:03 yes 

31 C*01:02 C*07:02 C*01:02 C*07:02 yesf 

32 C*01:02 C*07:02 C*01:02 C*07:02 jfes 
Note: among HLA-C types, C*0303 does not exclude the possibility of C*0320N> 

C*0401 does not exclude the possibility of C*0409N/0430, 00)702 does not 

exclude the possibility of C*0750, C*0801 does not excludythe possibility of 

C*0822, C*1505 does not exclude the possibility of C*152£fbecause said alleles 

were completely identical in the sequences of Exons 2, 3, ^f HLA-C. 

Example 9: HLA-C genotyping by using Sanger sequencing method 

1. Sample DNA extraction / 

As described in Example 1, DNAs w^e extracted by using KingFisher 

Automatic Extraction Instrument from 26^ut of 95 samples with known HLA 

genotypes. / 

2. PCR amplification / 

The above DNAs, extracted/by using KingFisher Automatic Extraction 

Instrument, were used as templates, and PCR amplification was carried out in single 

tubes by using three pairs of PQR primers C-F2/C-R2, C-F3/C-R3, C-F4/C-R4 (Table 

3), respectively. The PCR procedure for each pair of primers was as followed: 

C2: 96 °C 2 min / 

95°C 30s ->62"C 30s ->72DC 20s (35 cycles) 
15°C oo / 

C3: 96°C ibm 

95°C 30s/456oC 30S ->72°C 20s (35 cycles) 
15°C y 

CAy 96 °C 2min 

9f°C 30s ->60°C 30s ->72°C 20s (35 cycles) 

/I5°C oo 

/ PCR reaction system of HLA-C was as followed: 
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Promega 5xbuffer I (Mg2+ plus) 5.0 \xh 

dNTP Mixture (2.5 mM each) 2.0 \xL 

Primer mix (50 ng/jiL) 3.0 \iL 

Promega Taq (5 XJ/^L) 0.2 \xL 

DNA (about 20 ng/jiL) 2.0 \iL / 

ddH20 12.8 JIL/ 

total 25.0 yt 
PCR products were subjected to agarose gel electrophoresis/(Figure 9) before 

purification. / 

3. Purification of PCR products / 

PCR products were purified by using Millipore purification plates. The main 
steps were as followed. The wells to be used were marked with a marker pen in the 
96-well purification plate for PCR products, and SO pi ultrapure water was added to 
each of the wells to be used. The rest wells w^re sealed by sealing film. The plate 
was stood for 15 min or was connected to a drawing and filtering system (-10 pa) for 
5 min. When the purification plate was tajren from the drawing and filtering system, 
liquid in the discharge port at the botto^i of the purification plate was sipped up with 
absorbent paper. / 

PCR products to be purified \^re centrifugated at 4000 rpm for 1 min; the cover 
or silica gel pad for the PCI^>roducts to be purified was removed, and 100 jil 
ultrapure water was added t^ach PCR reaction system. Then, the purification plate, 
to which the PCR products to be purified were added, was connected to the drawing 
and filtering system, and the vacuum degree was adjusted to -10 pa as shown in 
barometer. The drawig and filtering were continued until no liquid was left on the 
microporous regefieratable cellulose film at the bottom of the purification plate, and 
no reflection gjioss of intact liquid surface was found when observing under light. 

In the spells containing PCR products to be purified, 50 \i\ ultrapure water or TE 
was addafl to the microporous regeneratable cellulose film; the purification plate was 
vibratara. at room temperature in a trace vibrator for 5 min; and the whole liquids 
contained in the corresponding wells were transferred to the corresponding wells of a 
tfew 96-well PCR plate. 
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4. Performance of sequencing reaction and purification of products of the, 

sequencing reaction 
The above purified PCR products were used as templates for seque^fcing 

reaction. 
Conditions for sequencing reaction 
96V 2 min 
96eC 10s 55°C 5s 60°C 2min (25 cycles) 
15°C oo 

The system for sequencing reaction was 
Purified PCR products 1 Mj/ 
primers (3.2 pmol/1) l/iL 

2.5 *Bigdye /.3\L L 
5*Buffer /0.85 \xL 

water / 1.85 \iL 
Total volume / 5 \iL 

The products of the sequencing reaction were purified by the olio wing steps: the 
sequencing reaction plate was balance/and centrifugated at 3000 g for 1 min. In the 
96-well plate, to each 5 pL reactio/ystem, 2j*L 0.125 mol/L EDTA-Na2 solution, 
33 [iL 85% ethanol were added,yand the plate was covered by a silica gel pad and 
was sufficiently vibrated for /nin. The plate was then centrifugated at 4°C, 3000 g 
for 30 min. The sequencing plate was taken out after centrifugation, the silica gel 
pad was removed, and the sequencing plate was placed downwardly onto absorbent 
paper, and was then/bjected to inverted centrifugation until the centrifugal force 
reached 185g. To a^fch well of the 96-well plate, 50 jal 70% ethanol was added. The 
plate was coveral with a silica gel pad, and vibrated for 1.5 min, and centrifugated 
at 4°C, 3000/for 15 min. The sequencing reaction plate was then placed in a dark 
and ventil/ive place for 30 min so as to be air-dried until no ethanol odor was felt. 
To eacl^ell of the 96-well plate, 10 \iL HI-DI formamide was added (alternatively, 
to ea/h well of a 3 84-well plate, 8 \xL was added), and then the plate was covered by 
sealing film, and was centrifugated to 1000 rpm after vibrating for 5s. 

5. Sequencing and result analysis 
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Purified products of the sequencing reaction were subjected to capillary 
electrophoresis sequencing in ABI 3730XL. The sequencing peaks were analyzed 1V 
uType software (Invitrogen) to obtain HLA typing results (Figure 10). All the re/lts 
obtained by the above method were identical to the original known results, a^ehown 
in Table 10. / 

Table 10: Comparison of the typing results obtained by the aboveinethod with 
the original known typing results / 

Sample Original known HLA-C Results for HLA-C > Identical 

No. genotype obtained at this time or not 

1 C*08:01 C*15:05 C*08:01 C*y(:05 yes 

2 C*01:02 C*07:02 C*01:02 Or 07:02 yes 

3 C*08:01 C*16:02 C*08:01 y /0*16:02 yes 

4 C*01:02 C*03:02 C*01:<MT C*03:02 yes 

5 0*01:02 C*02:02 C*0j/()2 C*02:02 yes 

6 C*01:02 C*15:02 OWUQ2 C*15:02 yes 

7 C*01:02 C*03:04 /c*0\\02 C*03:04 yes 

8 C*03:02 C*07:02/ C*03:02 C*07:02 yes 

9 C*06:02 cnern C*06:02 C*16:02 yes 

10 C*01:02 C*03:O4 C*01:02 C*03:04 yes 

11 C*03:04 JC*Q7:02 C*03:04 C*07:02 yes 

12 C*07:02 A f C*08:01 C*07:02 C*08:01 yes 

13 C*01:MT C*15:02 C*01:02 C*15:02 yes 

14 C*0VTO2 C*03:04 C*01:02 C*03:04 yes 

15 CjTOl:02 C*03:04 C*01:02 C*03:04 yes 

16 >6*07:02 C*12:02 C*07:02 C*12:02 yes 

17 / C*04:01 C*08:01 C*04:01 C*08:01 yes 

\y C*08:01 C*16:02 C*08:01 C*16:02 yes 

yi9 C*14:02 C*15:02 C*14:02 C*15:02 yes 

20 C*01:02 C*03:03 C*01:02 C*03:03 yes 

21 C*03:03 C*08:01 C*03:03 C*08:01 yes 

22 C*03:04 C*07:02 C*03:04 C*07:02 yes 
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23 C*07:02 C*08:01 C*07:02 C*08:01 yes 

24 C*07:02 C*12:02 C*07:02 C*12:02 yes 

25 C*07:02 C* 12:03 C*07:02 C*12:03 yes 

26 C*01:02 C*07:02 C*01:02 C*07:02 yes 

Example 10: HLA-DQBl genotyping by using the second generati/ sequencing 
technique (Illumina Solexa) / 

94 blood samples with known HLA-SBT typing results/ere subjected to 
HLA-DQBl genotyping, according to the methods as describe/n Example 8, except 
for the following items. / 

94 sets of PCR index primers were used to amplify 94 DNA samples, 
respectively, wherein each set of PCR index primers/onsisted of PCR primers for 
amplification of Exon 2 or 3 of HLA-DQBl (Tahre 5) and a pair of bidirectional 
primer indexes (as described above), each forwar/PCR primer has the forward primer 
index of a pair of primer indexes linked at the/ end, and the reverse PCR primer has 
the reverse primer index of a pair of prim/indexes linked at the 5' end. During the 
synthesis of primers, the primer indexes/ere directly added to the 5' end of the PCR 
primers, wherein the primers were synmesized by Shanghai Invitrogen Co. 

The 94 DNAs obtained in thp sample extraction step, were designated as No. 
1-94. PCR reaction was carriec^ut in 96-well plates, Exons 2, 3 of DQB 1 in each 
sample was amplified in th^ame well. Two negative controls without adding any 
template were set in each/ate, and the primer indexes used in negative controls are 
PI-95 and PI-96. During experimentation, the numbering information of the sample 
corresponding to eacjf pair of primer indexes was recorded. 

The primer inflexes used were the primer indexes PI-1 to PI-94 as listed in Table 
6, and the following primer indexes PI-95 and PI-96 (Table 11) for negative controls. 

Table M: Relevant information on the primer indexes used for negative controls 

PI-95r CGACGTAGAGTC CAGTAGCACTAC Hll 
Negative 

control 

>PI-96 CACTGTATAGCT CGACTAGTACTA H12 
Negative 

control 
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PCR procedure for HLA-DQBl was as followed: 
96 °C 2min 
95°C 30s->60°C 30s->72°C 20s (32 cycles) 
15°C oo 

PCR reaction system for HLA-DQBl was as followed: 
Promega 5><buffer I (Mg2+ plus) /Oul 

dNTP mixture (2.5 mM each) /2.0 ul 

PInf-Q-F2 (2 pmol/ul) / l.Oul 

PInf-Q-R2 (2 pmol/ul) / l.Oul 

PInf-Q-F3 (2 pmol/ul) / l.Oul 

PInf-Q-R3 (2 pmol/ul) / 1.0 ul 

Promega Taq (5U/ul) / 0.2 ul 

DNA (about 20 ng/ul) / 5.0 ul 

ddHzO / 8.8 ul 

Total / 25.0 ul 

lerein, PInf-Q-F2/3 represent^he F primer of HLA-DQBl having the f 

primer index sequence No. n (Tabl^) at 5' end; PInf-Q-R 2/3 represents the R primer of 
HLA-DQBl having the reverseprimer index sequence No. n at 5' end (here n<96); and 
the rest may be deduced similarly. Moreover, each sample coiresponds to a specific set 
of PCR primers. 

PCR reaction was/arried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 
PCR reaction, 2ul PjcR products were subjected to 1.5% agarose gel electrophoresis. 
Figure 11 showed the electrophoretic result of the PCR products of Exons 2+3 of 
HLA-DQB1 oj§4 samples, and the DNA molecular marker was DL 2000 (Takara Co.). 

Pooling and purification of PCR products 
\x\ of the rest PCR products was taken from each well of the 96-well plate 

Hh&.-P-DQB1 (except for the negative control), and was mixed homogeneously in a 3 
ll EP tube (designated as HLA-Q-Mix). 500ul DNA mixture from HLA-Q-Mix was 
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subjected to column purification with Qiagen DNA Purification kit (QIAGEN Co.) 
(For the specific purification steps, please refer to the manufacturer's instruction), 
was determined by Nanodrop 8000 (Thermo Fisher Scientific Co.) that the QJoOul 
DNA obtained by purification has a HLA-Q-Mix DNA concentration of 48ng/] 

Conditions for shearing were as followed: 
Frequency sweeping 

Duty Cycle 10% 

Intensity 5 / 

Cycles/Burst 200 

Time (s) /300 

The reaction products were subjected to terminal impairing reaction, and then 
were recovered and purified by QIAquick PCR Purific^uon Kit, and were dissolved in 
34ul EB (QIAGEN Elution Buffer). 

The reaction products were further subjectedto the addition of A at 3' end, and 
then were recovered and purified by MiniElut/c PCR Purification Kit (QIAGEN Co.), 
and were dissolved in 13 ^il EB solution (Q$.GEN Elution Buffer). 

After ligation of library adapters, the reaction products were purified by Ampure 
Beads (Beckman Coulter Genomics/and were dissolved in 50 pi deionized water, 
and the DNA concentration dete^nined by Fluorescence quantitative PCR (QPCR) 
was as followed: 

result determined by qPCR (nM) 

HLA-O^Iix 115.3 

The gel containing the DNA fragments ranging from 350 to 550bp was sliced 
(Figure 12). After purification and recovery of the products from the gel, the DNA 
concentration, a^etermined by Fluorescence quantitative PCR (QPCR), was 18.83 
nM. 

Analysis of the results 
le sequencing results from Illumina GA were a series of DNA sequences, and by 

searching the forward and reverse primer index sequences and primer sequences in the 
sequencing results, databases, comprising the sequencing results of the PCR products of 
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various exons of HLA-DQBl for each sample corresponding to respective primer 
index were constructed. The sequencing results of each exon was aligned to thp 
reference sequence (reference sequences were from http://www.ebi.ac.uk/imgt/hla^T of 
the corresponding exon by BWA (BUITOWS-Wheeler Aligner), and consensus segcences 
of each database were constructed, and the sequence reads were selected an^orrected 
based on the quality value of base sequencing, and difference between the sequence reads 
and consensus sequences. The corrected DNA sequences were assembled into the 
corresponding sequences of Exons 2, 3 of HLA-DQBl on the Joasis of sequence 
overlapping and linkage (Paired-End linkage) relationship. The screen-capture of Figure 
13 illustrates the procedure for construction of consensus sequence of Exon 2 of 
HLA-DQB1 site in Sample No.7. / 

The resultant DNA sequence for Exons 2, 3 of HLJfDQBl was aligned with the 
sequence database of the corresponding exon of HLA-OQB1 in IMGT HLA professional 
database. If the result of sequence alignment showed 100% match, the HLA-DQBl 
genotype of the corresponding sample was determwied. 

For all 94 samples, the typing result/ obtained by the above method were 
completely consistent with the original k/own typing results, wherein the results of 
Samples No. 1-32 were shown in Tablofl2. 
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Table 12: The typing results of Samples No. 1-32 

Sample 

No. 

Original known DQB 1 

genotype 

Results for DQBl obtained at 

this time 

Identical 
oyfot 

1 DQB 1*02:02 DQB1*03:01 DQB1*02:02 DQB1*03:01 / yes 

2 DQBl *02:02 DQB1*04:01 DQB1*02:02 DQB1*04:01 , ' yes 

3 DQBl *05:02 DQB1*02:02 DQB 1*05:02 DQB 1*02:02 yes 

4 DQB1*02:02 DQB1*06:03 DQB 1*02:02 DQBl*o/o3 yes 

5 DQB1*03:03 DQB 1*04:02 DQB 1*03:03 DQBV*04:02 yes 

6 DQB1*05:02 DQB1*03:17 DQB1*05:02 DQB1*03:17 yes 

7 DQB1*03:03 DQB1*06:02 DQB1*03:03 yOQBl *06:02 yes 

8 DQB1*05:03 DQBl *04:02 DQBl*05:0y DQB1*04:02 yes 

9 DQB 1*04:02 DQB1*06:01 DQB 1*04^2 DQB1*06:01 yes 

10 DQB1*05:01 DQB1*06:10 DQBl*gfc:01 DQB1*06:10 yes 

11 DQB1*"03:01 DQB 1*03:03 DQR^*03:01 DQBl *03:03 yes 

12 DQB1*05:01 DQB1*05:01 DjQBl*05:01 DQB1*05:01 yes 

13 DQBl *02:02 DQB1*04:02 /DQB1*02:02 DQB1*04:02 yes 

14 DQB 1*05:02 DQB1*02:Q/ DQB1*05:02 DQBl *02:01 yes 

15 DQB1*02:01 DQB1*0^02 DQB1*02:01 DQBl *06:02 yes 

16 DQB1*03:03 DQB^04:01 DQB1*03:03 DQB1*04:01 yes 

17 DQB1*05:01 DQB 1*03:02 DQB1*05:01 DQB1*03:02 yes 

18 DQB1*03:03 25QB1*06:01 DQB 1*03:03 DQB1*06:01 yes 

19 DQB1*03:03/ DQB1*06:10 DQB 1*03:03 DQB1*06:10 yes 

20 DQBl *05^03 DQB1*04:01 DQB1*05:03 DQB1*04:01 yes 

21 DQB1^5:02 DQB1*04:01 DQB1*05:02 DQB1*04:01 yes 

22 DQB^f*03:01 DQB1*03:03 DQB1*03:01 DQB 1*03:03 yes 

23 DQB1*05:02 DQB1*05:03 DQB1*05:02 DQBl *05:03 yes 

24 /DQB1*05:02 DQB1*03:02 DQB1*05:02 DQB1*03:02 yes 

25/ DQB1*03:03 DQB1*06:01 DQB1*03:03 DQB1*06:01 yes 

/e DQB1*05:02 DQB1*06:09 DQB1*05:02 DQB1*06:09 yes 
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27 DQB 1*02:02 DQBl *06:02 DQB1*02:02 DQB1*06:02 yes j 

28 DQB 1*05:02 DQB1*03:01 DQB1*05:02 DQB1*03:01 yes / 

29 DQB1*02:01 DQB1*03:01 DQB1*02:01 DQB1*03:01 yd 
30 DQB1*06:03 DQB1*06:09 DQB1*06:03 DQB 1*06:09 /yes 

31 DQB 1*05:02 DQB 1*02:02 DQB1*05:02 DQB1*02:02 / yes 

32 DQB1*05:01 DQB1*06:01 DQB1*05:01 DQB1*06:0/ yes 

Example 11: HLA-DQBl genotyping by using Sanger seque^&ng method 
1. Sample DNA extraction 
As described in Example 1, DNAs were extracted by using KingFisher 

Automatic Extraction Instrument from 20 out of 94/samples with known HLA 
genotypes. 

2. PCR amplification 
The above DNAs, extracted by using/KingFisher Automatic Extraction 

Instrument, were used as templates, and PCI^tmplification was carried out in single 
tubes by using two pairs of PCR primers 6Q-F2 and Q-R2, Q-F3 and Q-R3) as listed 
in Table 5, respectively. The PCR proc^mre for each pair of primers was as followed: 

96 °C 2min 
95°C 30s->56eC 30s^72°C 2/s (35 cycles) 
15°C oo 

PCR reaction system fo/HLA-Q was as followed: 
Promeg^xbuffer I (Mg2+ plus) 5.0 JIL 

dNj£ Mixture (2.5 mM each) 2.0 jiL 

yjfrimer mixture (25 ng/jiL) 3.0 \iL 

/ Promega Taq (5 U/|aL) 0.2 jiL 

/ DNA (about 20 ng/|aL) 2.0 |iL 

/ ddH20 12.8 jiL 

total 25.0 (.iL 
rCR products were subjected to agarose gel electrophoresis before purification. 

3. Purification of PCR products 
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The method and steps were the same as those described in Example 9. 

4. Performance of sequencing reaction and purification of products of thre 

sequencing reaction / 
The method and steps were the same as those described in Example 9. / 
5. Sequencing and result analysis / 
Purified products of the sequencing reaction were subjected/o capillary 

electrophoresis sequencing in ABI 3730XL. The sequencing peaks were analyzed by 
uType software (Invitrogen) to obtain HLA typing results (Figureyf5). All the results 
obtained by the above method were identical to the original kn^wn results, as shown 
in Table 13. / 

Table 13: Comparison of the typing results obtaine^y the above method with 
the original known typing results / 

Sample Resul/fcr DQBl obtained at Identical 

No. Original known DQBl genotype / this time or not 

1 DQB1*02:02 DQB1*03:01 DQB1*02:02 DQB1*03:01 yes 

2 DQB1*02:02 DQBl *04:01 /DQB 1*02:02 DQB1*04:01 yes 

3 DQB1*05:02 DQB 1*02:02 DQB1*05:02 DQBl *02:02 yes 

4 DQB1*02:02 DQB1*0^03 DQB1*02:02 DQBl *06:03 yes 

5 DQB1*03:03 DQB/04:02 DQB1*03:03 DQB1*04:02 yes 

6 DQB1*05:02 DQBl *03:17 DQB1*05:02 DQB1*03:17 yes 

7 DQB1*03:03 /QB1*06:02 DQB1*03:03 DQB1*06:02 yes 

8 DQB1*05:03J DQB 1*04:02 DQB1*05:03 DQB1*04:02 yes 

9 DQB 1 *04/2 DQB1*06:01 DQB1*04:02 DQB1*06:01 yes 

10 DQBl*p£oi DQB1*06:10 DQB1*05:01 DQB1*06:10 yes 

11 DQRP03:01 DQB1*03:03 DQB1*03:01 DQB1*03:03 yes 

12 D#B1*05:01 DQB1*05:01 DQB1*05:01 DQB1*05:01 yes 

13 /DQB1*02:02 DQB1*04:02 DQB1*02:02 DQB1*04:02 yes 

14 / 
DQB1*05:02 DQB1*02:01 DQB 1*05:02 DQB1*02:01 yes 

Y DQB1*02:01 DQB 1*06:02 DQB 1*02:01 DQB1*06:02 yes 

Ae DQB 1*03:03 DQB1*04:01 DQB1*03;03 DQB1*04:01 yes 
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17 DQB1*05:01 DQB1*03:02 DQB1*05:01 DQB 1*03:02 yes 

18 DQB1*03:03 DQB1*06:01 DQB1*03:03 DQB1*06:01 yes/ 

19 DQB1*03:03 DQB1*06:10 DQB 1*03:03 DQB1*06:10 /s 

20 DQB1*05:03 DQB1*04:01 DQB1*05:03 DQB1*04:01 / yes 

Example 12: Genotyping of Exons 2, 3, 4 of HLA-A/B/C and Exons 2, 3 of 
HLA-DQBl in 950 samples / 

In the present example, Exons 2, 3, 4 of HLA-A/B/C and Exon/f, 3 of HLA-DQBl 
in 950 samples were genotyped by using the combination of/rimer indexes, DNA 
incomplete shearing strategy, library indexes, PCR-Free ttCraries preparation, and 
Illumia GA Paired-End 100 sequencing technique (PCJf products having a length 
ranging from 300bp to 500bp), demonstrating that the ofethod of the present invention 
could accomplish the genotyping of gene fragments or i length exceeding the maximum 
read length of sequencer, and also demonstrating that the present invention could 
accomplish HLA genotyping with low cost, hjgh throughput, high accuracy and high 
resolution. / 

Principle: the samples to be analyze^ were divided into 10 groups; for samples of 
each group, primer indexes were introjiuced to the two termini of the PCR products of 
Exons 2, 3, 4 of HLA-A/B/C and E^ons 2, 3 of HLA-DQBl by PCR reaction so as to 
specifically label the sample in/rmation of the PCR products. The products of PCR 
amplification of four sites (HIA.-A/B/C/DQB1) in each group of samples were mixed 
together to obtain a libranr of PCR products; after incomplete ultrasonic shearing of 
the libraries of PCy products, indexed PCR-free sequencing libraries were 
constructed (wherein/for the PCR product library of each sample group, a different 
adapter was use/ thereby constructing 10 indexed sequencing libraries). The 10 
indexed sequencing libraries were pooled together at an equal mole to construct a 
mixed inde^equencing library. The mixed index sequencing library was subjected to 
2% low pfelting point agarose gel electrophoresis, and all the DNA bands of a length 
ranging from 450bp to 750bp were recovered and purified by gel slicing. The 
recovered DNA was sequenced by the Illumina GA PE-100 method. The sequence 
/formation of all the tested samples can be traced by primer index sequences and 
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library index sequences, and the sequence of the whole PCR product can be 

assembled on the basis of the known reference sequences and the overlapping aircl 

linkage relationship between the sequences of DNA fragments, The complete 

sequence of the original PCR product can be aligned with the standard database of the 

corresponding exons of HLA-A/B/C/DQB1, thereby accomplishing 

HLA-A/B/C/DQB1 genotyping. / 

1. Sample extraction / 

DNAs were extracted from 950 blood samples with knawn HLA-SBT typing 

results (China Marrow Donor Program cited hereafter As (CMDP)) by using 

KingFisher Automatic Extraction Instrument (US Thermp/Co.). The process was the 

same as that described in Example 1. / 

2. PCR amplification / 

The 950 DNAs obtained from the sample extraction step were designated as No. 

1-950, and were divided into 10 groups (95rDNAs for each group), which were 

designated as HLA-1, HLA-2, HLA-3, A-4, HLA-5, HLA-6, HLA-7, HLA-8, 

HLA-9, HLA-10. For each group of sarnies, 95 DNA samples were amplified by 95 

sets of PCR primers carrying bidirectional primer indexes (Table 6) for amplification 

of Exons 2, 3, 4 of HLA-A/B (Tabje 2), for amplification of Exons 2, 3, 4 of HLA-C 

(Table 4), and for amplificationExons 2, 3 of HLA-DQBl (Table 5), respectively. 

PCR reaction took place in 95-well plates, using 100 plates in total, designated as 

HLA-X-P-A2, HLA-X-jp^A3, HLA-X-P-A4, HLA-X-P-B2, HLA-X-P-B3, 

HLA-X-P-B4, HLA-X-9*C2, HLA-X-P-C3, HLA-X-P-C4 and HLA-X-P-DQB1 ("X" 

represents the infonnation of the group number 1/2/3/4/5/6/7/8/9/10, "A2/3/4", 

"B2/3/4", "C2/3/4?% "DQBl" represent the amplification sites), wherein a negative 

control withouradding any template was set in each plate, and the primers used for 

the negativ^control were primers labeled by PI-1 (Table 6). During experimentation, 

the information of each sample on the group number and primer indexes was recorded. 

For exfimple, the relevant information on primer indexes PI-1 and PI-2 was as 

followed, and the rest may be deduced similarly. 
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primer 

index 

No. 

forward primer index reverse primer index 

Correspon 

ding 

position 

in 96-well 

plate 

Correspon 

ding 

template 

(Group 1) 

Corresponding/ 

template (Qroup 

n+1, wherein 1< 

n<10f n was an 

inf^ger) 
PM TCGCAGACATCA TGACACGATGCT A1 1 . l+95*n 
PI-2 TACATCGCACTA TACAGATGCTGA A2 2 / 2+95*n 

The PCR procedure and PCR reaction system for HLA//B/C were the same as 
those described in Example 2. The PCR primers /or amplification of the 
corresponding exons of HLA-A/B were shown in Table 2, and the PCR primers for 
amplification of the corresponding exons of HLA-C^ere shown in Table 4. 

PCR procedure for HLA-DQBl was as follo^red. 
96 °C 2min / 
95°C 30s->55°C 30s^72°C 20s (32cyc^s) 
15°C oo / 

Multiple PCR reaction system %x HLA-DQBl (amplification of Exons 2, 3 
simultaneously) is the same as the one described in Example 10, and the PCR primers 
for amplification of the corresponding exons of HLA-DQBl were as shown in Table 
5. / 

Wherein, PInrA/B/CJ^/3/4 and PI„rQ-F2/F3 represent the F primers of 
HLA-A/B/C/DQB1 havirig the forward primer index sequence No. n (Table 6) at 5' end, 
PInr-A/B/C-R2/3/4 an^^>Inr-Q-R2/R3 represent the R primers of HLA-A/B/C/DQB1 
having the revers^primer index sequence No. n at 5' end (here n<95), and the rest may 
be deduced similarly. Moreover, each sample corresponds to a specific set of PCR 
primers (PIn^/B/C-F2/3/4, PInr-A/B/C-R2/3/4, PInrQ-F2/F3, PInr-Q-R2/R3). 

PC^eaction was carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 
PCR reaction, 3ul PCR products were subjected to 2% agarose gel electrophoresis. 
Figure 16 showed the electrophoretic result of the PCR products of the corresponding 
QKons of HLA-A/B/C/DQB 1 of Sample No. 1, and the DNA molecular marker was DL 
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2000 (Takara Co.). There were a series of single bands of a length ranging from 300 bp 
to 500 bp in the electrophorogram, indicating successful PCR amplification of exons (^2, 
A3, A4, B2, B3, B4, C2, C3, C4, DRBl) of HLA-A/B/C/DQB 1 of Sample No.l./here 
was no amplification band in negative control (N). The results of other samples were 
similar. / 

3. Pooling and purification of PCR products / 
For samples of Group X ("X" is 1/2/3/4/5/6/7/8/9/10), 20 jalthe rest PCR 

products was taken from each well of the 96-well plate HLA-X-I^.2 (except for the 
negative control), and was mixed homogeneously under shaking in a 3 ml EP tube 
(designated as HLA-X-A2-Mix). The same operation wa^pplied to the other 9 
96-well plates of the samples of Group X, designated as HLA-X-A3-Mix, 
HLA-X-A4-Mix, HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix, 
HLA-X-C2-Mix, HLA-X-C3-Mix, HLA-X-C4-Mix/and HLA-X-DQB1 -Mix. 200ul 
was taken from each of HLA-X-A2-Mix, >TLA-X-A3-Mix, HLA-X-A4~Mix, 
HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix, HLA-X-C2-Mix, 
HLA-X-C3-Mix, HLA-X-C4-Mix, and HL^X-DQBl-Mix, and was mixed in a 3ml 
EP tube, designated as HLA-X-Mix. 5m)ul DNA mixture from HLA-X-Mix was 
subjected to column purification witl^Jiagen DNA Purification kit (QIAGEN Co.) 
(For the specific purification steps^lease refer to the manufacturer's instruction) to 
obtain 200ul purified DNA, o^which the DNA concentration were determined by 
Nanodrop 8000 (Thermo Fish^r Scientific Co.). The same operation was also applied 
to the other 9 groups of samples. The finally determined DNA concentrations of the 
10 groups of samples were as followed. 

HLA-

1-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

Cone. 

(ngW) 

53.1 / 52.3 56.1 572 50.5 55.7 542 58.6 53.9 54.8 

4/^onstruction of Illumina GA sequencing libraries 
As described in Example 4, a total amount of 5ug DNA, taken from the purified 

A-X-Mix, was subjected to DNA shearing, purification after shearing, terminal 
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repairing reaction, addition of A at 3' end, and ligation of Illumina GA PCR-Free 
library adapter. 

The corresponding relationship between the sample groups and library adapters 
was as followed. 
Sample 

group 

No. 

HLA-1 HLA2 HLA-3 HLA4 HLA-5 HLA6 HLA-7 HLA-8 HLAj/ HLA-10 

Library 

adapter 

No. 

1 2 3 4 5 6 7 8 / 
9 10 

The obtained reaction products were purified byAmpure Beads (Beckman 
Coulter Genomics), and were dissolved in 50ul deionized water, and the DNA 
concentrations determined by Fluorescence qualitative PCR (QPCR) were as 
followed: 

HLA-

l-Mix 

HLA-

2-Mix 

HLA-

3-VBx 

HLA-

4-Mix 

HLA-y 
5-Mjfc 

'HIA-

6-Mix 

HLA-

7-Mix 

HXA-

8-Mix 

HLA-9 

-Mix 

HLA-10 

-Mix 

ConcTnM 86.60 7821 54.56 87.35 S437 85.09 9621 85.81 88.14 88.26 

6. Recovery by gel slicing 
HLA-l-Mix, HLA-2-Mix, MLA-3-Mix, HLA-4-Mix, HLA-5-Mix, HLA-6-Mix, 

HLA-7-Mix, HLA-8-Mix, H/(-9-Mix and HLA-10-Mix were mixed at an equal mole 
(final concentration was 70.86nM/ul), designated as HLA-Mix-10. 30|*L 
HLA-Mix-10 was subje^ed to 2% low melting point agarose gel electrophoresis. The 
electrophoretic condijfion was 100V, lOOmin. DNA marker was the 50bp DNA marker 
from NEB Co.. Tffe gel containing the DNA fragments ranging from 450 to 750bp 
was sliced (Figjnre 17). The products in the sliced gel were recovered and purified by 
QIAquick P/CR Purification Kit (QIAGEN Co.), the volume after purification was 
32ul, th^)NA concentration measured by Fluorescence quantitative PCR (QPCR) 
was l(yz5nM. 

5. Illumina GA sequencing and result analysis 

-70-



Sequencing and result analysis were carried out according to the methods as 
described in Examples 5 and 6. 

Databases, comprising the sequencing results of the PCR products of various 
exons of HLA-A/B/C/DQB 1 for each sample corresponding to respectiv^rimer 
index were constructed. The resultant DNA sequence was aligned with ther sequence 
database of the corresponding exon of HLA-A/B/C/DQB 1 in IMGT HL^)rofessional 
database. If the result of sequence alignment showed lOOjro match, the 
HLA-A/B/C/DQB1 genotype of the corresponding sample was determined. Please refer 
to the screen-capture of the program for construction of consensu^equence of Exon 2 of 
HLA-C site in Sample No.l, as illustrated in Figure 18. For al^50 samples, the typing 
results obtained by the above method were completely consistent with the original 
known typing results, wherein the results of Samples No/1-32 were as followed: 

No. Original known HLA-A/I^C/DQB 1 type 

1 A*02: A*03: B*07: B*46: c*oi/ C*07: DQB 1*03 DQB 1*06 

07 01 02 01 oA 02 :03 :02 

A*11: A*31: B*15: B*38: /C*03: C*07: DQB 1*03 DQBl *04 

01 01 11 02 / 03 02 :03 :01 

A*02: A*24: B*13: 0*46: C*01: C*03: DQB 1*03 DQB 1*06 

07 02 01 / 
'01 02 04 :02 :01 

A*24: A*33: B *A: B*51: C*01: C*14: DQB 1*03 DQB1*03 

02 03 A 01 02 02 :03 :03 

A*31: A*3l/ B*15: B*35: C*04: C*04: DQB 1*03 DQBl *06 

01 0/ 01 01 01 01 :02 :02 

A*02:, /A*03: B*44: B*46: C*01: C*05: DQB 1*03 DQB 1*06 

07 / 01 02 01 02 01 :01 :02 

Ao2: A*30: B*07: B*13: C*06: C*07: DQB 1*02 DQB1*06 

01 01 02 02 02 02 :02 :01 

A*02: A* 02: B*46: B*46: C*01: C*01: DQB1*05 DQB1*03 

07 07 01 01 02 02 :02 :03 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

A*01: 

01 

A*02: 

07 

A*02: 

06 

A*24: 

02 

A*ll: 

01 

A*01: 

01 

A*02: 

06 

A*ll: 

01 

A*24: 

02 

A*24: 

02 

A*ll: 

01 

20 A*2< 

o: 
i*02: 

01 

A*02: 

A*33: 

03 

A*ll: 

01 

A*30: 

01 

A*31: 

01 

A*33: 

03 

A*02: 

03 

A*24: 

02 

A*24: 

02 

A*24: 

02 

A*24: 

02 

A* 

(3 

A*30: 

01 

A*24: 

02 

A*33: 

B*49: 

01 

B*46: 

01 

B*13: 

02 

B*35: 

01 

B*46: 

01 

B*38: 

02 

B*13: 

01 

B*15: 

02 

B*40: 

01 

^40: 

01 

B*40: 

02 

B*13: 

02 

B*40: 

01 

B*15: 

B*58: 

01 

B*48: 

01 

B*15: 

02 

B*51: 

01 

B*46: 

01 

B*57: 

01 

B*15: 

25 

B*15; 

1/ 

t*46: 

01 

B*46: 

01 

B*58: 

01 

B*40: 

01 

B*40: 

01 

B*44: 

C*03: 

02 

C*01: 

03 

C*06: 

02 

C*03: 

03 

C*01: 

02 

C*06: 

02 

C*04: 

01 

C*01: 

02 

C*01: 

02 

C*03: 

02 

C*03: 

04 

C*07: 

02 

C*01: 

C*07: 

01 

C*08: 

01 

C*08: 

01 

C*14: 

02 

C*01: 

02 

4)7: 

C*07: 

02 

C*08: 

01 

C*03: 

04 

C*03: 

04 

C*03: 

04 

C*06: 

02 

C*14: 

02 

C*14: 

DQB 1*06 

:04 

DQB 1*05 

:03 

DQB 1*03 

:01 

*03 

>QB1*03 

:02 

DQB1*05 

:02 

DQB 1*03 

:01 

DQB 1*03 

:01 

DQB 1*03 

:03 

DQB 1*03 

:03 

DQB 1*02 

:01 

DQB 1*06 

:02 

DQB 1*04 

:02 

DQBl *03 

DQB1*06 

:09 

D( 

:0; 

>QB1*03 

:01 

DQB1*06 

:01 

DQB 1*03 

:03 

DQB1*03 

:03 

DQB 1*06 

:01 

DQB 1*03 

:03 

DQB1*06 

:02 

DQB 1*06 

:02 

DQB1*03 

:02 

DQB 1*06 

:03 

DQB1*06 

:02 

DQB 1*06 
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01 03 01 03 02 03 :01 :04 

23 A*2 6: A*33: B*15: B*58: C*03: C*08: DQB 1*02 DQB1*0> 

01 03 01 01 02 01 :01 .01 / 

24 A*02: A*ll: B*13: B*55: C*01: C*03: DQB 1*03 DQBl *03 

01 01 01 02 06 04 :01 /03 

25 A*02: A*32: B*40: B*52: C*03: C*12: DQBI*Q/ DQB 1*06 

01 01 01 01 04 02 :02 / :01 

26 A*02: A*02: B*40: 6*46: C*01: C*07: D$B1*03 DQBl *06 

03 07 01 01 02 02 f\02 :01 

27 A*02: A*02: B*46: B*46: C*01: C*0/ DQBl *03 DQB 1*06 

07 07 01 01 02 :03 :01 

28 A*24: A*30: B*13: B*39: C*06y 'C*07: DQB 1*02 DQB 1*06 

02 01 02 05 02/ 02 :02 :01 

29 A*31: A*33: B*15: B*58: /*03: C*07: DQBl *04 DQB 1*06 

01 03 18 01 / 02 04 :01 :09 

30 A*02: A*03: B*27: B/0: C*02: C*03: DQB 1*03 DQB 1*03 

06 01 05 /02 02 04 :01 :01 

31 A*02: A*33: B*isf B*58: C*03: C*08: DQB 1*05 DQB1*06 

06 03 01 02 01 :01 :01 

32 A*03: A*30y B*13: B*51: C*06: C*15: DQB1*02 DQBl *03 

01 01 / 02 01 02 02 :02 :01 

No. KLA-A/B/C/DQB1 type determined by the method of the invention 

A/)2: A*03: B*07: B*46: C*01: C*07: DQBl *03 DQB1*06 

01 02 01 02 02 ;03 :02 

A*ll: A*31: B*15: B*38: C*03: C*07: DQB1*03 DQB1*04 

01 01 11 02 03 02 :03 :01 
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10 

11 

12 

13 

14 

A*02: 

07 

A*24: 

02 

A*31: 

01 

A*02: 

07 

A*02: 

01 

A*02: 

07 

A*01: 

01 

A*02: 

07 

A*02: 

06 

A*24: 

02 

A*ll: 

01 

A*0. 

Y 
*A*02: 

06 

A*ll: 

A*24: 

02 

A*33: 

03 

A*31: 

01 

A*03: 

01 

A*30: 

01 

A*02: 

07 

A*33: 

03 

A*ll: 

01 

A*30: 

01 

A*31: 

01 

V* 

)3 

A*02: 

03 

A*24: 

02 

A*24: 

B*13: 

01 

3*40: 

01 

B*15: 

01 

g*44: 

02 

B*07: 

02 

B*46: 

01 

B*49: 

01 

B*46: 

01 

B*13: 

02 

'35: 

01 

B*46: 

01 

B*38: 

02 

B*13: 

01 

B*15: 

B*46: 

01 

B*51: 

01 

B*35: 

01 

B*46: 

01 

B*13: 

02 

B*46: 

01 

B*58: 

01 

B*48; 

0. 

t*15: 

02 

B*51: 

01 

B*46: 

01 

B*57: 

01 

B*15: 

25 

B*15: 

C*01: 

02 

C*01: 

02 

C*04: 

01 

C*01: 

02 

C*06: 

02 

C*01: 

02 

C*l 

pi 

C*01: 

03 

C*06: 

02 

C*03: 

03 

C*01: 

02 

C*06: 

02 

C*03: 

04 

C*04: 

C*03: 

04 

C*14: 

02 

C*04: 

01 

C*05: 

01 

C*07: 

02 

02 

C*07: 

01 

C*08: 

01 

C*08: 

01 

C*14: 

02 

C*01: 

02 

C*07: 

02 

C*07: 

02 

C*08: 

DQB 1*03 

:02 

DQB 1*03 

:03 

DQBl *03 

:02 

DQB^03 

y 
)QB1*02 

:02 

DQBl *05 

:02 

DQB1*06 

:04 

DQB 1*05 

:03 

DQB1*03 

:01 

DQB 1*03 

:03 

DQB 1*03 

:02 

DQBl *05 

:02 

DQB 1*03 

:01 

DQB 1*03 

DQBl *06 

:01 

DQB: 
:0-

)QB1*06 

:02 

DQB 1*06 

:02 

DQBl *06 

:01 

DQB 1*03 

:03 

DQB 1*06 

:09 

DQBl *03 

:02 

DQB 1*03 

:01 

DQB 1*06 

:01 

DQBl *03 

:03 

DQB 1*03 

:03 

DQB1*06 

:01 

DQB 1*03 
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17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

01 02 02 27 01 01 :01 :03 

A*24: A*24: B*40: B*46: 

o
 

•X-O
 C*03: DQB 1*03 DQB 1 *0^ 

02 02 01 01 02 04 :03 :02 / 

A*24: A*24: B*40: B*46: C*01: C*03: DQBl *03 D0B1*O6 

02 02 01 01 02 04 :03 /02 

A*ll: A*33: B*40: B*58: C*03: C*03: DQB 1*02 DQB1*03 

01 03 02 01 02 04 :01 / :02 

A*24: A*30: B*13: B*40: C*03: C*06: D/^B1*0 6 DQB1*06 

02 01 02 01 04 02 /02 :03 

A*02: A*24: B*40: B*40: C*07: 0*1/: DQB 1*04 DQB 1*06 

01 02 01 01 02 :02 :02 

A*02: A*33: B*15: B*44: c*oiy C*14: DQB 1*03 DQB 1*06 

01 03 01 03 02/ 03 :01 :04 

A*26: A*33: B*15: B*58: JC*03: C*08: DQBl *02 DQBl *03 

01 03 01 01 / 02 01 :01 :01 

A*02: A*ll: B*13: BJK5: C*01: C*03: DQB 1*03 DQB 1*03 

01 01 01 . m 06 04 :01 :03 

A* 02: A*32: B*4J£ B*52: C*03: C*12: DQB 1*05 DQB 1*06 

01 01 01 04 02 :02 :01 

A*02: A*Q2-J B*40: B*46: C*01: C*07: DQB 1*03 DQB 1*06 

03 07/ 01 01 02 02 :02 :01 

A*02: A* 02: B*46: B*46: C*01: C*01: DQBl *03 DQBl *06 

07 / 07 01 01 02 02 :03 :01 

A^4: A*30: B*13: B*39: C*06: C*07: DQB 1*02 DQB 1*06 

V2 01 02 05 02 02 :02 :01 

A*31: A*33: B*15: B*58: C*03: C*07: DQB 1*04 DQB1*06 

01 03 18 01 02 04 :01 :09 
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30 A*02: A*03: B*27: B*40: C*02: 0*03: DQB1*03 DQB1*03 

06 01 05 02 02 04 :01 :01 / 

31 A*02: A*33: B*15: B*58: C*03: C*08: DQB1*05 DQBI/W6 

06 03 02 01 02 01 :01 :0y 

32 A*03: A*30: B*13: B*51: C*06: C*15: DQB1*02 yDQBl*03 

01 01 02 01 02 02 :02 / :01 
Notice: In case that the sequences of Exons 2, 3, 4 of 11LA-A/B/C were 

completely identical, a common type was selected. / 
950 samples with known HLA-SBT typing results were Subjected to genotyping 

of HLA-A/B/C/DQB 1 sites by the technical strategy of th^resent invention, and the 
results showed that the typing results obtained by the technical strategy of the present 
invention were completely consistent with the originairknown results. 

Although the embodiments of the present/ivention have been already described 
in detail, a person skilled in the art would Understand that based on all the teaching 
as disclosed, various modification and substitution may be made to the embodiments 
without departing from the spirit an^cope of the present invention. The scope of 
the present invention is defined b^^ne claims appended and any equivalent thereof. 
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Claims 

1. A method for determining the nucleotide sequence of a nucleic acid of interest in a 
sample, comprising: / 

1) providing n samples, wherein n is an integer of > 1, the samples ar^preferably 
from mammalian, more preferably human, particularly are human Wood sample; 
optionally, the n samples to be analyzed are divided into m groups^n is an integer 
and n>m>3; / 

2) amplifying: a pair or multiple pairs of index primers ar^sed for each sample, 
when there are templates from the sample, PCR amplification is performed under 
conditions suitable for amplifying the nucleic acid of interest, wherein each pair of 
index primers consist of a forward index primer and ^reverse index primer (both of 
which may be degenerate primers) comprising pryner indexes, wherein the primer 
indexes comprised in the forward index primejrand reverse index primer may be 
identical or different: the primer indexes iivthe pairs of index primers used for 
different samples are different; / 

3) pooling: when n>l, pooling PCR Products from each of the samples together: 
4) shearing: subjecting the amplified products to incomplete shearing, and 

purifying and recovering; / 
5) sequencing: subjecting tbc recovered DNA mixture to sequencing by using the 

second generation sequencing technique, preferably, Paired-End technique (for 
example, Illumina GA, Illumina Hiseq 2000), to obtain sequences of the sheared DNA; 
and / 

6) assembling: corresponding the obtained sequencing data to samples one by one 
based on the unique primer index for each sample, aligning each sequence read to the 
DNA reference/sequence corresponding to the PCR products by using alignment 
program (sufli as Blast, BWA program), assembling a complete sequence of the 
nucleic atifd of interest from the sequences of the sheared DNA by virtue of sequence 
overlapping and linkage relationship. 

/ 2. A method of claim 1, wherein each pair of primer indexes and a pair of PCR 
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primers form a pair of index primers, wherein forward and reverse PCR primers have 
a forward primer index and a reverse primer index at 5' end (or optionally linked byA 
linker sequence), respectively. / 

3. A method of claim 1 or 2, wherein said PCR primers are PCR rimers for 
amplification of HLA gene, particularly PCR primers for amplificatioi^f HLA-A/B 
gene, preferably PCR primers for amplification of Exons 2, 3 and 4 or HLA-A/B and 
Exon 2 of HLA-DRB1, preferably PCR primers for amplification o# Exons 2, 3 and 4 
of HLA-A/B as shown in Table 1 or Table 2, or preferab^ PCR primers for 
amplification of Exon 2 of HLA-DRB1 as shown in Table 7. / 

4. A method of claim 1 or 2, wherein said PCRyprimers are PCR primers for 
amplification of HLA gene, particularly PCR primers for amplification of HLA-C 
gene, preferably PCR primers for amplificationyof Exons 2, 3 and/or 4 of HLA-C; 
preferably, said PCR primers are as shown in Table 3 or Table 4. 

5. A method of claim 1 or 2, whenfin said PCR primers are PCR primers for 
amplification of HLA gene, particularly PCR primers for amplification of 
HLA-DQBl gene, preferably PCEr primers for amplification of Exon 2 and/3 of 
HLA-DQBl gene; preferably, SQXL PCR primers are as shown in Table 5. 

6. A method of claimr 1, wherein said primer indexes are designed for PCR 
primers, preferably foryrCR primers for amplification of a specific gene of HLA, 
more preferably for BCR primers for amplification of Exons 2, 3 and 4 of HLA-A/B 
and Exon 2 of HLi^DRB 1, particularly for PCR primers as shown in Table 1, Table 2 
or Table 7; said^rimer indexes particularly comprise at least 10, or at least 20, or at 
least 30, or ac least 40, or at least 50, or at least 60, or at least 70, or at least 80, or at 
least 90, on 95 pairs of the 95 pairs of primer indexes as shown in Table 6 (or the set 
of prirarer indexes consisting of 10-95 pairs (for example, 10-95 pairs, 20-95 pairs, 
30-95 pairs, 40-95 pairs, 50-95 pairs, 60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 
nmrs, or 95 pairs) of the 95 pairs of primer indexes as shown in Table 6); and 
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the set of index primers preferably comprises at least PI-1 to PI-10, or PI-11 to 
PI-20, or PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60,ytt 
PI-61 to PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of the 95/fairs 
of primer indexes as shown in Table 6, or combinations of any two or more o^hem. 

7. A method of claim 1, wherein said DNA shearing includes cherancal shearing 
methods and physical shearing methods, wherein the chemical shearing methods 
include enzymatic digestion, and the physical shearing method^nclude ultrasonic 
shearing methods or mechanical shearing methods. / 

8. A method of claim 1, wherein after said DNA shearing, all the DNA bands 
between the maximum read length of the sequenceryand the applicable maximum 
DNA length of the sequencer are purified and recovered, wherein said purification 
and recovery methods include, but are not limite^o, recovery by electrophoresis and 
gel slicing, and recovery by magnetic beads. / 

9. A method of claim 1, comprisine/in addition to steps 1) to 4) of claim 1, the 

following steps: / 
5) constructing a library: constructing a PCR-free sequencing library by using 

the library of the sheared PCRyfroducts, wherein different library adapters may be 
added to distinguish different PCR-Free sequencing libraries, all the DNA bands 
between the maximum rejrcl length of the sequencer and the applicable maximum 
DNA length of the sequencer, preferably DNA fragments of 450 to 750 bp, are 
purified and recovered; 

6) sequencing: subjecting the recovered DNA mixture to sequencing by using the 
second generation sequencing technique, preferably Paired-End technique (for 
example, Illumina GA, Illumina Hiseq 2000), obtaining the sequences of the sheared 
DNAs; / 

7^ssembling: corresponding the obtained sequencing data to the samples one by 
on^Based on different library adapter sequences of the libraries and the unique primer 
ifluex for each sample, aligning each sequence read to the DNA reference sequence 
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corresponding to the PCR products by using alignment program (such as Blast, BWA 
program), assembling a complete sequence of the nucleic acid of interest from the 
sequences of the sheared DNA based on sequence overlapping and linjrage 
relationship. / 

10. Use of a method of any one of claims 1 to 9 in HLA typing, characterized by 
comprising: sequencing a sample (particularly blood sample) from ar patient by the 
method of any one of claims 1 to 7, and aligning the sequencing results with sequence 
data of Exons of HLA, preferably, Exons 2, 3, 4 of HLA-A/B, Bxons 2, 3 and/or 4 of 
HLA-C, Exon 2 and/or 3 of HLA-DQBl gene and/or Exon 2/bf HLA-DRB1 in HLA 
database (such as IMGT HLA professional database)^vherein if the result of 
sequence alignment shows 100% match, the HLA genotype of the corresponding 
sample is determined. / 

11. A set of primer indexes, comprising ajfleast 10, or at least 20, or at least 30, 
or at least 40, or at least 50, or at least 60, or at least 70, or at least 80, or at least 90, 
or 95 pairs of the 95 pairs of primer indexes as shown in Table 6 (or said set of primer 
indexes consisting of 10-95 pairs (for Example, 10-95 pairs, 20-95 pairs, 30-95 pairs, 
40-95 pairs, 50-95 pairs, 60-95 pai^f70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs) 
of the 95 pairs of primer indexe^as shown in Table 6), and 

said set of index primerypreferably comprises at least PI-1 to PI-10, or PI-11 to 
PI-20, or PI-21 to PI-30, of ,PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or 
PI-61 to PI-70, or PI-7^o PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of the 95 pairs 
of primer indexes as siiown in Table 6, or combinations of any two or more of them. 

12. The ussrof the set of primer indexes of claim 11 in PCR sequencing methods, 
wherein in particular, each pair of primer indexes and a pair of PCR primers for 
amplification of a sequence of interest to be tested form a pair of index primers, 
wherenjr forward and reverse PCR primers have a forward primer index and a reverse 
primer index at 5' end (or optionally linked by a linker sequence), respectively. 



13. The use of claim 12, wherein said PCR primers are PCR primers for 
amplification of a specific gene of HLA, preferably PCR primers for amplification JDI 
Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB1, preferably PCR prefers 
for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or TaWe 2, or 
preferably PCR primers for amplification of Exon 2 of HLA-DRB1 as shown in Table 
7; or preferably PCR primers for amplification of Exons 2, 3 and/or /of HLA-C, 
preferably said PCR primers are as shown in Table 3 or Table 4; orareferably PCR 
primers for amplification of Exon 2 and/or 3 of HLA-DQBl, poeferably said PCR 
primers are as shown in Table 5. / 

14. A set of index primers comprising the set of primer indexes of claim 11 and a 
pair of PCR primers for amplification of a sequence of interest to be tested, wherein a 
pair of index primers comprises a pair of primer indexes and a pair of PCR primers, 
the forward and reverse PCR primer have a forward and a reverse primer index at 5' 
end (or optionally linked by a linker sequence)^espectively. 

15. The index primers of claim 14, wtterein said PCR primers are PCR primers for 
amplification of a specific gene of HI^, preferably PCR primers for amplification of 
Exons 2, 3, 4 of HLA-A/B gene an/a Exon 2 of HLA-DRB1, preferably PCR primers 
for amplification of Exons 2, 3 a*fa 4 of HLA-A/B as shown in Table 1 or Table 2, or 
preferably PCR primers for anrfplification of Exon 2 of HLA-DRB 1 as shown in Table 
7; preferably PCR prim ere for amplification of Exons 2, 3 and/or 4 of HLA-C, 
preferably said PCR pryners are as shown in Table 3 or Table 4; or preferably PCR 
primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferably said PCR 
primers are as shown in Table 5. 

16. Use of the index primers of claim 14 in PCR sequencing methods. 

17^ HLA typing method, comprising: 
T) providing n samples, wherein n is an integer of >1, the sample is preferably 

from mammalian, more preferably human, particularly human blood sample; 



2) dividing n samples to be analyzed into m groups, m is an integer and n>m>l; 

3) amplifying: a pair of index primers is used for each sample, when there ajre 
templates from the sample, PCR amplification is performed under conditions suitable 
for amplifying the nucleic acid of interest, wherein each pair of index primers fironsists 
of a forward index primer and a reverse index primer (both of whicjf may be 
degenerate primers) comprising primer indexes, wherein the pryner indexes 
comprised in the forward index primer and reverse index primer maybe identical or 
different: the primer indexes in the pairs of index primers used for different samples 
are different; / 

4) pooling: pooling PCR amplified products from each drthe samples together to 
obtain PCR product libraries; / 

5) shearing: subjecting the resultant PCR product libraries to incomplete shearing; 
6) constructing libraries: constructing PCR-free sequencing libraries from the 

library of the sheared PCR products with libranr adapter index technique, wherein 
different library adapters may be added to distinguish different PCR-Free sequencing 
libraries, all the DNA bands between the maximum read length of the sequencer and 
the applicable maximum DNA length of we sequencer, particularly DNA fragments of 
450 to 750 bp, are recovered; / 

7) sequencing: subjecting the recovered DNA mixture to sequencing by using the 
second generation sequencing^echnique, preferably Paired-End technique (for 
example, Illumina GA, Illumjca Hiseq 2000), obtaining the sequences of the sheared 
DNAs; / 

8) assembling: corresponding the obtained sequencing results to the samples one 
by one based on different library adapter sequences of the libraries and the unique 
primer index fory^ach sample, aligning each sequence read to the DNA reference 
sequence corresponding to the PCR products by using alignment program (such as 
Blast, BWA^program), assembling a complete sequence of the nucleic acid of interest 
from the Sequences of the sheared DNA based on sequence overlapping and linkage 

relationship; and 
&) typing: aligning the sequencing results with sequence data of Exons of HLA, 

preferably, Exons 2, 3, 4 of HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 
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3 of HLA-DQBl gene and/or Exon 2 of HLA-DRB1 in HLA database (such as IMGT 
HLA professional database), wherein if the result of sequence alignment shows 100$ 
match, the HLA genotype of the corresponding sample is determined. / 

18. A method of claim 17, wherein a pair of index primers comprise^a pair of 
primer indexes and a pair of PCR primers, the forward and reverse PCR jdrimer have a 
forward and a reverse primer index at 5' end (or optionally linked by a linker 
sequence), respectively. / 

19. A method of claim 17, wherein said PCR primers are PCR primers for 
amplification of a specific gene of HLA, preferably PCR >fimers for amplification of 
Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB1, preferably PCR primers 
for amplification of Exons 2, 3 and 4 of HLA-A/B apshown in Table 1 or Table 2, or 
preferably PCR primers for amplification of Exoi^ of HLA-DRB 1 as shown in Table 
7; preferably PCR primers for amplificatioi^f Exons 2, 3 and/or 4 of HLA-C, 
preferably said PCR primers are as shown in Table 3 or Table 4; or preferably PCR 
primers for amplification of Exon 2 andfor 3 of HLA-DQBl, preferably said PCR 
primers are as shown in Table 5. / 

20. A method of claim 17, wherein said primer indexes are as shown in claim 6. 

21. A method of claim//, wherein said DNA shearing includes chemical shearing 
methods and physical anearing methods, wherein the chemical shearing methods 
include enzymatic digestion, and the physical shearing methods include ultrasonic 
shearing methods or mechanical shearing methods. 

22. A method of claim 17, wherein said purification and recovery methods 
include, hot are not limited to, recovery by electrophoresis and gel slicing, and 
recovery by magnetic beads. 

/ 23. A method of claim 17, wherein the construction of PCR-free sequencing 
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libraries from the libraries of the sheared PCR products with library adapter indexing 
technique comprises, adding m library adapters to the m PCR product libraries 
obtained in 2), wherein each PCR product library uses a different library adajfter, 
thereby constructing m adapter indexed sequencing libraries; m adapter indexed 
sequencing libraries are pooled together at equal mole to construct a mixture of 
adapter indexed sequencing libraries, wherein the method for linking library adapters 
refers to direct linkage using DNA ligase without a PCR procedure. / 

24. PCR primers for HLA genotyping, characterized by thakfiaid PCR primers are 
PCR primers for amplification of Exons 2, 3, 4 of HLA-^B gene and Exon 2 of 
HLA-DRB 1, preferably PCR primers for amplificatioi^f Exons 2, 3 and 4 of 
HLA-A/B as shown in Table 1 or Table 2, or jjreferably PCR primers for 
amplification of Exon 2 of HLA-DRB1 as shown iiyfable 7; preferably PCR primers 
for amplification of Exons 2, 3 and/or 4 of HLApreferably said PCR primers are 
as shown in Table 3 or Table 4; or preferably BCR primers for amplification of Exons 
2 and/or 3 of HLA-DQBl, preferably said P^R primers are as shown in Table 5. 

25. A sequencing method using th^CR primers of claim 24, comprising 
providing a sample, particular!^ a blood sample, said blood sample is preferably 

from mammalian, particularly human; 
amplifying: amplifying WNA from the blood sample with the PCR primers to 

obtain PCR products, and purifying the PCR products; 
sequencing: subjecjmg the PCR products to sequencing, the sequencing method 

may be Sanger sequencing method, or the second generation sequencing method (such 
as Hiseq 2000, Illumina GA and Roche454). 

26, Us^>f the PCR primers of claim 24 in HLA genotyping, characterized by 
using theXcR primers of claim 24, carrying out assembly and alignment analysis on 
the results obtained by the method of claim 25, and comparing the sequencing results 
witMhe standard sequences in the database to obtain the HLA genotyping results. 
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27. A kit for HLA genotyping, comprising the PCR primers of claim 24. 

28. A set of PCR primers for HLA-A, B genotyping, characterized by that sai^CR 

primers are as shown in Table 1 or Table 2; preferably, said typing is h^fsed on 

sequencing methods, including the second generation sequencing method ind Sanger 

method. / 

29. A sequencing method using PCR primers of claim 28, composing: 

providing a sample, particularly a blood sample, said bloo/tt sample is preferably 

from mammalian, particularly human; / 

amplifying: amplifying DNA from the blood sample wj<n the PCR primers to obtain 

PCR products, and purifying the PCR products; / 

sequencing: subjecting the PCR products to sequencing, the sequencing method may 

be Sanger sequencing method, or the second generation sequencing method (such as 

Hiseq 2000, Illumina GA and Roche454). / 

30. Use of the PCR primers of claj/m. 28 in HLA genotyping, characterized by 

using the PCR primers of claim 28, cjfrrying out assembly and alignment analysis on 

the results obtained by the methodydr claim 29, and comparing the sequencing results 

with the standard sequences in the database to obtain the HLA genotyping results. 

31. A kit for HLA genotyping, comprising the PCR primers of claim 28. 

32. A polynucleotide having a sequence as shown in any of SEQ ID NO: 25, SEQ 

ID NO: 26, SEQ HZ NO: 27, SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, or 

SEQ ID NO: 31< SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35 

and SEQ 1D/O:36. 

33^ A method for amplifying Exons 2, 3 and/or 4 of HLA-C gene, characterized 

by amplifying Exon 2, 3 and/or 4 of HLA-C gene with the PCR primer pair selected 

from the group consisting of SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and 
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SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, or SEQ ID NO: 31 and SEQ ID 
NO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36. / 

34. A method for sequencing Exons 2, 3 and 4 of HLA-C gene in aSample, 

comprising the followings steps of: / 
1) providing a sample and extracting DNA of the sample; / 
2) amplifying the DNA with a PCR primer pair to obtain PCR products, preferably 

purifying the PCR products, wherein said PCR primer pair is selected from the group 
consisting of SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 mA SEQ ID NO: 28, 
SEQ ID NO: 29 and SEQ ID NO: 30, or SEQ ID NO: 31 and 2EQ ID NO: 32, SEQ ID 
NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID Njfc 36; 

3) subjecting the PCR products to sequencing. / 

35. The method of claim 34, wherein said sample is a blood sample. 

36. The method of claim 35, wherein iaid blood sample is from mammalian or 
human. / 

37. A method for HLA-C geno*yping> comprising: 
1) PCR amplifying Exons 2,yand/or 4 of HLA-C gene of a sample to be tested with 

a PCR primer pair selected frooi the group consisting of SEQ ID NO: 25 and SEQ ID NO: 
26, SEQ ID NO: 27 and SE® ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, or SEQ 
ID NO: 31 and SEQ ID WO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 
and SEQ ID NO: 36; / 

2) subjectingyme amplified exons to sequencing, and comparing the sequencing 
results with th^tandard sequences in the database so as to determine the genotyping 
results. / 

3yThe method of claim 34 or 37, wherein the sequencing is carried out by Sanger 
sequencing method, or the second generation sequencing method. 



39. The method of claim 38, wherein said second generation sequencing method 
is Illumina Solexa or Roche454. / 

40. A kit for HLA-C genotyping, comprising a PCR amplification printer pair 
selected from the group consisting SEQ ID NO: 25 and SEQ ID NO: 26, SEQ^D NO: 27 
and SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 30, or SEQ ID NQ^l and SEQ 
ID NO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, SEQ ID NO: 35 andi*EQ ID NO: 36, 
and preferably further comprising agents for DNA amplification^)NA purification, 
and/or DNA sequencing. / 

41. Use of the polynucleotide of claim 32, the methyl of claim 37, or the kit of 

claim 40 in HLA-C genotyping. / 

42. A polynucleotide having a sequence asjmown in any of SEQ ID NO: 37 to 
SEQ ID NO: 40. / 

43. A method for amplifying Exon^ and/or 3 of HLA-DQBl, characterized by 
performing PCR amplification using tiie primer pair of SEQ ID NO: 37 and SEQ ID 
NO: 38; and/or SEQ ID NO: 39 and^EQ ID NO: 40. 

44. A method for sequ^cing Exons 2 and/or 3 of HLA-DQBl in a sample, 
comprising the following steps of: 

1) providing a sanmre and extracting DNA of the sample; 
2) amplifying th^DNA with the primer pair of SEQ ID NO: 37 and SEQ ID NO: 

38; and/or SEQ JjD NO: 39 and SEQ ID NO: 40, so as to obtain PCR products, 
preferably purimng the PCR products, 

3) subje^ing the PCR products to sequencing. 

4Y The method of claim 44, wherein said sample is a blood sample. 

/ 46. The method of claim 45, wherein said blood sample is from mammalian or 
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human. 

47. A method for HLA-DQBl genotyping, comprising: / 
1) PCR amplifying Exons 2 and/or 3 of HLA-DQBl in a sample to be testM with 

the PCR primer pair of SEQ ID NO: 37 and SEQ ID NO: 38; and/or SEQ ID NO: 39 
and SEQ ID NO: 40, / 

2) subjecting the amplified exons to sequencing, and comparingrae sequencing 
results with the standard sequences in the database so as to determine the genotyping 
results. / 

48. The method of claim 44 or 47, wherein said sequencing is carried out by 

Sanger sequencing method or the second generation seouencing method. 

49. The method of claim 48, wherein said second generation sequencing method 

is Illumina Solexa or Roche454. / 

50. A kit for HLA-DQBl genotyping, comprising the primer pair of SEQ ID NO: 
37 and SEQ ID NO: 38; and/or SEQ^CD NO: 39 and SEQ ID NO: 40, and preferably 
further comprising agents for DN& amplification, DNA purification, and/or DNA 
sequencing. / 

51. Use of the polynucleotide of claim 42, the method of claim 47, or the kit of 

claim 50 in HLA-DQB/genotyping. 
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NEW PCR SEQUENCING METHOD AND USE THEREOF 

IN HLA GENOTYPING 

Relevant applications 

The present application claims the priority right of the Chinese Patent 

Application Nos. 201010213717.6, 201010213719.5, and 201010213721.2 as filed on 

Jun. 30, 2010 and the priority right of the International Application Nos. 

PCT/CN2010/002150 and PCT/CN2010/002149 as filed on Dec. 24, 2010, the 

contents of which are incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

The present invention relates to the technical field of nucleic acid sequencing, in 

particular, the technical field of PCR sequencing. In addition, the present invention 

also relates to DNA barcoding technique and DNA incomplete shearing strategy. 

The method of the present invention is particularly applicable to the second 

generation sequencing technique, especially to the Paired-end sequencing technique 

of the second generation sequencing technique, and is also applicable to HLA 

genotyping. In particular, the present invention provides a method for HLA 

genotyping, in particular, a method for HLA-A, HLA-B, HLA-C and HLA-DQBl 

genotyping, and also provides the primer pairs for PCR amplification used in the 

method. 

BACKGROUND 

A PCR sequencing method refers to a technique wherein DNA fragments of a 

gene of interest are obtained by a PCR method, and the obtained DNA fragments of 

the gene of interest are subjected to DNA sequencing to obtain the DNA sequence 

information of the gene of interest. PCR sequencing methods are widely applied to the 

fields such as detection of gene mutation and genotyping for a long time. 

DNA sequencing technique is mainly classified into the first generation DNA 

sequencing technique represented by Sanger sequencing method and the second 
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generation DNA sequencing technique represented by Illumina GA, Roche 454, ABI 

Solid, and the like. Sanger DNA sequencing technique is characterized by simple 

experimental operations, visual and accurate results, and short experimental period, 

and thus is wildly applied in fields such as clinical gene mutation detection and 

genotyping, wherein a fast turnaround time is highly required as to detection results. 

However, due to the characteristics such as low throughput and high cost, its 

application in fields where genotyping is performed in a large scale, is limitedo 

As compared with the first generation DNA sequencing technique, the second 

generation DNA sequencing technique has the characteristics such as high sequencing 

throughput, low cost, high level of automation, and single-molecule sequencing. 

Taken Illumina GA single-molecule sequencing as an example, a single sequencing 

run generates data of 50G (about 50 billion) bases, 5 billion bases data per day in 

average, and the average sequencing cost for a base is less than 1/1000 of the 

sequencing cost in Sanger method. Moreover, the analysis of results can be directly 

carried out by a computer. Thus, the second generation DNA sequencing technique is 

a technique quite suitable for large-scale sequencing projects. However, the 

contiguous sequencing length is generally short in the second generation DNA 

sequencing technique. Currently, the maximum bidirectional sequencing length is 

200bp for Illumina GA; although the maximum sequencing length can be up to about 

500 bp for Roche 454 GS-FLX, the sequencing cost is high and the throughput is low. 

When a PCR amplicon is of a length greater than the maximum sequencing length in a 

sequencer, the thorough sequencing of the whole amplicon cannot be accomplished by 

sequencing directly, and the whole DNA sequence information of the amplicon cannot 

be obtained. Due to short maximum sequencing length, the application of the second 

generation sequencing technique in PCR sequencing method is limited. In addition to 

gradual improvement of sequencing technique to obtain a longer maximum 

sequencing length, it is urgent need to develop a new technique to overcome the 

deficiency of the current maximum sequencing length of the second generation DNA 

sequencer in the PCR sequencing application field. 

Human leukocyte antigen (HLA) is one of the gene systems found so far to be of 

the highest polymorphism. It is a primary gene system for modulating specific 
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immune response in human bodies and determining individual difference in 

susceptibility to diseases, and is closely associated with allogeneic organ transplant 

rejection. It is found in studies that the higher the matching degree of genes, such as 

HLA-A, B, C, DRBl and DQBl, as well as the resolution are in a donor and a 

receptor, the longer a transplant survives. It is already a regular testing item to subject 

a potential donor and a receptor to high-resolution HLA genotyping before 

hematopoietic stem cell transplantation. 

The current international standard HLA high-resolution genotyping technique is 

a Sanger sequencing technique-based PCR sequencing method, which comprises PCR 

amplifying the corresponding HLA gene regions, sequencing the amplified product, 

subjecting the sequencing result to genotyping with a professional genotyping 

software, and finally obtaining the HLA genotype information of the sample. It is 

characterized by visual results, high resolution and capability of detecting new allele. 

However, due to the characteristics of Sanger sequencing, such as high cost and low 

throughput, its application in institutes like hematopoietic stem cell volunteer 

registration database (Bone Marrow Bank), in which large-scale HLA genotyping 

detection is required, is limited. 

It was reported that a Roche 454 GS-FLX-based PCR sequencing method was 

used in HLA genotyping. However, since its cost for sequencing was relatively high, 

it was not significantly superior over the Sanger sequencing-based HLA genotyping 

technique in terms of sequencing throughput and sequencing cost. As compared with 

Roche 454 GS-FLX, Illumina GA has a shorter maximum sequencing length, but has 

obvious advantages in terms of sequencing throughput and sequencing cost. If the 

defect of the short maximum sequencing length of Illumina GA can be overcome, its 

application in HLA genotyping will make up for the shortage of the current HLA 

genotyping method. 

CONTENTS OF THE INVENTION 

When conducting sequencing analysis simultaneously to sequences associated 

with a specific gene in a large number of samples by the second generation 

sequencing technique, PCR sequencing strategy is generally employed, wherein the 
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combination of primer index and the second generation sequencing technique is 

employed directly. When the maximum sequencing length of the sequencer can cover 

the length of the whole PCR product, the above strategy meets the requirements. 

When the maximum sequencing length of the sequencer cannot cover the length of the 

whole PCR product, Illumina GA needs to be replaced with the second generation 

sequencer having a longer maximum sequencing length (such as Roche 454 GS-FLX). 

If the maximum sequencing length still cannot meet the requirements, a first 

generation sequencer has to be employed with the scarification of cost and 

throughput. 

The actual situation is that Illumina GA has a super high sequencing throughput, 

but its maximum sequencing length is 200bp only; although the maximum sequencing 

length of Roche 454 GS-FLX can reach about 500 bp, the cost for sequencing is 

relative high and the throughput is relative low; although the maximum sequencing 

length of the first generation sequencer can reach above lOOObp, its throughput and 

cost are not comparable to those of the second generation sequencer. 

Is there a technique capable of enhancing the length of PCR products that can be 

sequenced thoroughly by a sequencer without the scarification of cost and throughput? 

The combination of primer indexes, DNA incomplete shearing strategy, and the second 

generation sequencing technique in the present application can make the length of 

PCR products that can be sequenced by a sequencer longer than the maximum 

sequencing length of the sequencer whilst making full use of the characteristics of the 

second generation sequencing technique such as high throughput and low cost, 

thereby greatly broadening its applicable scope. The second generation sequencing 

technique employed in the present invention includes, among second generation 

sequencing techniques, a Paired-end sequencing technique, and a PCR sequencing 

technique which has a DNA reference sequence for the PCR template. 

The present invention provides methods for PCR sequencing, by which the 

limitation resulted from short maximum sequencing length is alleviated and the 

application of the second generation DNA sequencing technique in the PCR 

sequencing application field is broadened. For example, when performing sequencing 

with the second generation sequencing technique, index primers having a primer index 
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added to the 5' end are used, the amplified PCR products are sheared, the sheared 

products are terminally repaired and have deoxyadenosine (A) ligated to their 3' ends, 

and then are ligated to different PCR-free adapters. 

A PCR sequencing method, based on DNA barcoding technique and DNA 

incomplete shearing strategy, can greatly increase the number of samples labeled 

specifically without increasing the number of primer indexes (Figure 5). In the present 

invention, the actually sequenced length of PCR products exceeds the maximum 

sequencing length of the sequencer by adding primer indexes to the forward and 

reverse PCR primers, in combination with using DNA incomplete shearing strategy, 

and applying the second generation sequencing technique. 

The addition of an index sequence to the front end of an amplification primer is 

aimed to realize simultaneous sequencing of a plurality of samples. Concretely 

speaking, a unique primer index is added to each sample during PCR by using 

PCR-index/barcode technique in combination with synthesizing an index primer by 

adding a primer index to the 5' end of a PCR primer. As such, during the sequencing 

by the second generation sequencing technique, samples have to be processed one by 

one only in PCR step, and may be mixed together and processed simultaneously in the 

rest experimental steps, and the final result for each sample can be traced by virtue of 

its unique primer index. 

"Adapter" or "library adapter" index technique refers to a library indexing 

technique comprising adding different library adapters to multiple sequencing 

libraries (different library adapters consist of different sequences, and the different 

portion among the sequences is called adapter index), constructing indexed 

sequencing libraries, then accomplishing sequencing of multiple different indexed 

sequencing libraries in a pool, wherein the final sequencing result for each indexed 

sequencing library is distinguishable. The term "PCR-Free library adapter" refers to a 

designed segment of bases, whose main role lies in auxiliary fixation of DNA 

molecule onto the sequencing chip and lies in providing the binding sites for universal 

sequencing primers, wherein PCR-Free library adapter may be directly ligated to the 

two termini of the DNA fragments in the sequencing library. Since no PCR is 
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involved in the introduction of the adapter, the adapter is called PCR-Free library 

adapter. For example, PCR-FREE library adapters used in the Examples of the present 

invention are from ILLUMIA. 

A method of constructing PCR-FREE library, wherein a library adapter index 

technique is used, refers to direct ligation of library adapter to the two termini of the 

DNA fragment of the sequencing library. Since no PCR is involved in the 

introduction of the library adapter, it is called PCR-Free library construction. A 

DNA ligase may be used for ligation in the introduction process. Since no PCR is 

involved in the process of library construction, inaccuracy of the final results 

resulted from PCR bias is avoided during the construction of a library comprising 

PCR products of high sequence similarity. 

DNA amplification methods, DNA extraction methods, DNA purification methods 

and DNA sequence alignment methods as involved in the present invention may be any 

methods available in the art. Said methods can be selected by a person skilled in the art 

according to practical situations. As to DNA sequencing methods, a person skilled in the 

art can carry out them according to conventional methods or following the instruction of 

the sequencer. 

The design of primer indexes varies depending on the applied experimental 

platform. In view of the characteristics of Illumina GA sequencing platform, the 

following factors are primarily considered when designing the primer indexes in the 

present invention: I: a mononucleotide repeat sequence comprising 3 or more base is 

avoided in primer index sequences, 2: the total amount of base A and base C at the 

same site of all the primer indexes accounts for 30%-70% of the amount of all the 

bases, 3: the GC content of the primer index sequence itself is between 40 and 60%, 4: 

primer indexes differ from one another by at least 4 bases, 5: sequences having a high 

sequence similarity to the Illumina GA sequencing primers are avoided in primer 

index sequences, and 6: the circumstance where the addition of primer index 

sequences to PCR primers results in serious hairpin and dimer, are reduced. 

In the present invention, two primer indexes (which are either identical or 

different) are added to two termini of a PCR product, respectively, so that the primer 

index at either terminal of the PCR product can specifically label the sample 
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information of the PCR product. The resultant PCR product is subjected to incomplete 

shearing. The so-called "incomplete shearing" refers to the circumstance where the 

products comprise intact un-sheared PCR products and partially sheared PCR 

products. The shearing methods include, but are not limited to, chemical shearing 

methods (such as enzymatic digestion) and physical shearing methods. The physical 

shearing methods include ultrasonic shearing methods or mechanical shearing 

methods. The sheared DNA is subjected to 2% agarose electrophoresis, and all DNA 

bands between the maximum sequencing length and the maximum applicable DNA 

length of the sequencer are purified and recovered by slicing the gel (the longest DNA 

applicable to Illumina GA sequencer is 700 bp, and the length refers to the original DNA 

length, which does not comprise the length of the library adapter sequence). Methods for 

purification and recovery include, but are not limited to, recovery by electrophoresis and 

gel slicing, and recovery by magnetic beads. The recovered DNA fragments are 

subjected to the construction of sequencing libraries according to the procedures for 

constructing the sequencing libraries for the second generation sequencer, and then are 

subjected to sequencing. Preferably, the sequencing libraries are constructed 

according to the PCR-FREE procedures for constructing sequencing libraries, and 

Paired-End method is used as the sequencing method. PCR-Free construction of 

sequencing libraries is carried out according to methods known by a person skilled in 

the art. In the sequencing data obtained, the sequence information for all the test 

samples can be obtained by virtue of the primer index sequences. The sequence reads 

are aligned to the corresponding DNA reference sequences of the PCR products by 

BMA, and the complete sequence is assembled by the overlapping and linkage 

relationship between the sequence reads (Figure 1). The linkage here refers to the 

paired-end linkage relationship due to paired-End sequencing characteristics. 

In Illumina GA sequencing (Genome Analyzer Sequencer from Illumina Inc., cited 

as Illumina GA for brief), DNA sequence analysis is carried out based on the principle 

of sequencing by synthesis. It may be applied to phase haplotype, and the finally 

obtained data refers to a series of base sequences and may be directly applied to the 

alignment with the reference sequences in HLA database. Since it does not have the 
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defect of misjudgment of peaks present in the traditional typing software, it is 

advantageous for automation of software typing. Illumina GA has a high sequencing 

throughput. Currently, one single sequencing run generates 50G (50 billion) base data, 

5 billion base data per day in average. Due to the high data throughput, a high 

sequencing depth can be obtained for each sequence, thereby ensuring the reliability of 

the sequencing results. 

There are no studies on applying Illumina GA to HLA typing field yet. The present 

invention applies Illumina GA sequencing to HLA typing field for the first time, and 

accomplishes HLA typing with low cost, high throughput, high accuracy and high 

resolution by using a PCR sequencing technique, based on DNA barcoding technique, 

DNA incomplete shearing and PCR-FREE library preparation. 

In the present invention, by using a PCR sequencing technique which is based on 

DNA barcoding technique, DNA incomplete shearing and PCR-FREE library preparation, 

samples to be analyzed are grouped; the samples of each group are subjected to the 

amplification of a fragment of interest of HLA genes with primers labeled by 

bidirectional primer indexes (the maximum length of PCR products depends on the 

maximum length of the DNA that can be applied in a sequencer; the maximum applicable 

DNA length is 700bp in the current Illumina GA, and the length is the original DNA 

length, which does not comprise the length of the library adapter sequence); the PCR 

products are pooled together with the same amount, then subjected to incomplete 

shearing and indexed PCR-Free DNA sequencing library preparation. Different indexed 

sequencing libraries, as obtained from various groups of samples, are mixed in an equal 

mole, all the DNA fragments of a length longer than the maximum sequencing length of 

the sequencer are selectively recovered and are sequenced by Illumina GA sequencer. 

The DNA sequence reads for each sample can be obtained by screening the sequence 

information of adapter indexes, primer indexes and PCR primers in the total sequencing 

data. The resultant DNA sequences after assembly are aligned with the corresponding 

data in IMGT HLA professional database, thereby determining the HLA genotype of the 

sample finally. 

In the methods described above, after shearing said DNA, DNA from samples of 

different groups is ligated to a different library adapter during indexed PCR-Free 
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library preparation, and therefore in the following typing steps, the resultant 

sequencing data can be traced to the samples one by one based on the primer indexes 

and adapter indexes used in each sample. Sequences of each sample are aligned to 

the known DNA reference sequence corresponding to the PCR product by software. 

Based on the sequence overlapping and linkage relationship, an intact sequence for the 

PCR product is assembled from the sequences of the sheared DNA. 

The present invention provides Illumina GA sequencing technique-based 

high-resolution HLA genotyping methods, thereby accomplishing haplotype 

sequencing and software typing automation, enhancing HLA genotyping throughput, 

and reducing cost. 

Due to the requirement on the length of DNA template in the current sequencing 

techniques and the short read length in the current sequencing techniques, the original 

PCR primers for HLA-SBT methods are not applicable to new sequencing 

technique-based high-resolution HLA typing methods any more. The present 

invention designs new PCR primers with good specificity and conservation, which 

amplify Exons 2, 3, 4 of HLA-A, B gene independently, and whose PCR products 

have a length no more than 700 bp and are particularly applicable to Illumina GA (the 

maximum DNA length applicable to the current Illumina GA is 700bp). A set of PCR 

primers as provided in the present invention is applicable to HLA genotyping for 

subjects (in particular human) with a large scale, a high throughput and a low cost. 

In the technical solutions employed in the present invention, all the latest 

HLA-A/B gene sequences are downloaded from IMGT/HLA internet website 

(http://www.ebi.ac.uk/imgt/hla/), and then are saved in the local disk as HLA-A data 

set; meanwhile, all the latest HLA-I gene sequences other than HLA-A sequences are 

downloaded as the comparison data set. Said two data sets are compared to look for 

conservative and specific sequences for each gene site at the two termini and internal 

portion of Exons 2, 3, 4, and the designed PCR primer sequence is compared with the 

whole human genome sequence for homology. Since HLA-A/B gene is highly similar 

to other genes belonging to HLA-I molecules in terms of sequence, when designing 

PCR primers, the 3' terminal of the primer should be specific as far as possible so as 
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to ensure the specificity of amplifying HLA-A/B gene with the primers. Meanwhile, 

the length of the PCR products is less than 700bp, and the annealing temperature of 

forward and reverse primers are substantially the same. 

Multiple pairs of candidate HLA-A/B primers meeting the design requirements 

are used to amplify template DNAs of common HLA-A/B serotypes. Among them, 

two sets of PCR primers of HLA-A/B (6 pairs for each set) with the best conservatism 

and specificity, for amplification of Exons 2, 3 and 4, respectively, are screened out. 

The two sets of PCR primers (6 pairs for each set) are used as the basic primers, 

on the basis of which, 95 sets of index primers which are used for amplification of 95 

and 950 DNA templates of common serotypes of HLA-A/B (the serotypes of these 

templates include all the common serotypes of HLA-A/B), respectively, are designed. 

All the PCR products are sequenced with Illumina GA Pair-End 100 after mixing in 

an equal amount, and the sequencing results after assembly are compared with the 

original typing results to confirm the conservatism and specificity of the PCR primers. 

HLA-A, B primers as designed in the present invention, i.e. two sets of PCR 

primers of HLA-A/B (6 pairs for each set) for amplification of Exons 2, 3 and 4, 

respectively, are shown in Table 1 and 2. 

Table 1: PCR primers of HLA-A, B 

SEQ 

ID NO: 

primer 

No. 

primer sequence the use of 

primer 

length of 

products 

1 A-F2 CCTCTGYGGGGAGAAGCAA Amplifying 

Exon 2 of 

HLA-A gene 

480bp 

2 
A-R2 ATCTCGGACCCGGAGACTG 

Amplifying 

Exon 2 of 

HLA-A gene 

480bp 

3 A-F3 CGGGGCCAGGTTCTCACAC Amplifying 

Exon 3 of 

HLA-A gene 
410bp 

4 
A-R3 GGYGATATTCTAGTGTTGGTCCC 

AA 

Amplifying 

Exon 3 of 

HLA-A gene 
410bp 

5 A-F4 GTGTCCCATGACAGATGCAAAA Amplifying 

Exon 4 of 

HLA-A gene 
430bp 

6 
A-R4 GGCCCTGACCCTGCTAAAGG 

Amplifying 

Exon 4 of 

HLA-A gene 
430bp 

7 B-F2 AGGAGCGAGGGGACCGCA Amplifying 

Exon 2 of 400bp 
8 B-R2 CGGGCCGGGGTCACTCAC 

Amplifying 

Exon 2 of 400bp 
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HLA-B gene 

9 B-F3 CGGGGCCAGGGTCTCACA Amplifying 

Exon 3 of 

HLA-B gene 
370bp 10 B-R3 GAGGCCATCCCCGGCGAC 

Amplifying 

Exon 3 of 

HLA-B gene 
370bp 

11 B-F4 GCTGGTCACATGGGTGGTCCTA Amplifying 

Exon 4 of 

HLA-B gene 
380bp 12 B-R4 CTCCTTACCCCATCTCAGGGTG 

Amplifying 

Exon 4 of 

HLA-B gene 
380bp 

Table 2: PCR primers of HLA-A, B 

SEQ ID 

NO: 

primer 

No. 

primer sequence the use of 

primer 

length of 

products 

13 A-F2s CCTCTGYGGGGAGAAGCAA Amplifying 

Exon 2 of 

HLA-A gene 

481bp 

14 
A-R2s GGATCTCGGACCCGGAGACTGT 

Amplifying 

Exon 2 of 

HLA-A gene 

481bp 

15 A-F3s TGGGCTGACCGYGGGGTC Amplifying 

Exon 3 of 

HLA-A gene 

403bp 
16 

A-R3s GGYGATATTCTAGTGTTGGTCCC 

AA 

Amplifying 

Exon 3 of 

HLA-A gene 

403bp 

17 A-F4s GTGTCCCATKACAGATGCAAAA Amplifying 

Exon 4 of 

HLA-A gene 

405bp 
18 

A-R4s GGCCCTGACCCTGCTAAAGG 

Amplifying 

Exon 4 of 

HLA-A gene 

405bp 

19 B-F2s AGGAGCGAGGGGACCGCA Amplifying 

Exon 2 of 

HLA-B gene 

400bp 20 B-R2s CGGGCCGGGGTCACTCAC 

Amplifying 

Exon 2 of 

HLA-B gene 

400bp 

21 B-F3s CCAAAATCCCCGCGGGTT Amplifying 

Exon 3 of 

HLA-B gene 

405bp 22 B-R3s GAGGCCATCCCCGGCGAC 

Amplifying 

Exon 3 of 

HLA-B gene 

405bp 

23 B-F4s GCTGGTCACATGGGTGGTCCTA Amplifying 

Exon 4 of 

HLA-B gene 

374bp 24 B-R4s TGACCCCTCATCCCCCTCCT 

Amplifying 

Exon 4 of 

HLA-B gene 

374bp 

Degenerate primers refer to a mixture of all possible different sequences 

representing all different bases encoding a single amino acid. In order to increase 
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specificity, degeneracy may be reduced according to bias of base usage in different 

organisms by referring to codon table, wherein R=A/G, Y=C/T, M=A/C, K=G/T, S 

= C/G, W=A/T, H=A/C/T, B = C/G/T, V=A/C/G, D = A/G /T, N=A/C/G/T. 

The present invention designs 2 set of PCR primers (three pairs for each set) for 

amplification of Exons 2, 3 and 4 of HLA-C by using the method of designing PCR 

primers for amplification of Exons 2, 3 and 4 of HLA-A/B gene. 

In the following Examples, 95 and 950 blood samples with known HLA genotypes 

are subjected to PCR amplification for HLA-C by using the selected 2 set of PCR 

primers (3 pairs for each set), respectively. The amplified products are sequenced by 

Sanger method and the second generation sequencing method. The sequencing results are 

applied to HLA-C typing, and are compared with the original typing results to confirm 

the conservatism and specificity of the PCR primers. 

The present invention provides 2 set of PCR primers (three pairs for each set) for 

amplification of Exons 2, 3 and 4 of HLA-C gene, which are SEQ ID NOs: 25 and 26, 

27 and 28, and 29 and 30 as shown in Table 3, and SEQ ID NOs: 31 and 32, 33 and 34, 

and 35 and 36 as shown in Table 4. Said 6 pairs of PCR primers have good conservatism 

and specificity, and can cover the full-length sequences of Exons 2, 3 and 4 of HLA-C, 

wherein the length of all the PCR products is less than 700bp, which meets the 

requirement of normal Illumina Solexa sequencing. In addition, the primers of the 

present invention are also applicable for Sanger sequencing. 

Table 3: PCR primers of Exons 2, 3 and 4 of HLA-C gene 

SEQ ID 

NO: 
No. primer sequence 

HLA-C 

Exons 

length of 

products 

25 C-F2 GACCCGGGGAGCCGCGCA 
2 455bp 

26 C-R2 TCGAGGGTCTGGGCGGGTT 
455bp 

27 C-F3 CCTTTACCCGGTTTCATTTTCRGTTT 
3 417bp 

28 C-R3 CTACGGGAGATGGGGAAGGCT 
417bp 

29 C-F4 GTGTCGCAAGAGAGATRCAAAGTGT 
4 451bp 

30 C-R4 GCTCTGGGAAAGGAGGRGAAGG 
451bp 
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Table 4: PCR primers of Exons 2, 3 and 4 of HLA-C gene 

SEQ ID NO: No. primer sequence 
HLA-C 

Exons 

length of 

products 

31 C-F2s GACCCGGGGAGCCGCGCA 
2 455bp 

32 C-R2s TCGAGGGTCTGGGCGGGTT 
2 455bp 

33 C-F3s GCCCAGACCCTCGRCCGGA 
3 443bp 

34 C-R3s AGATRGGGAAGGCTCCCCACT 
3 443bp 

35 C-F4s TCTCAGGATRGTCACATGGGC 

4 481bp 
36 

GCTCTGGGAAARGAGGRGAAG 
C-R4s 

G 

4 481bp 

According to the methods as described, above, in order to apply the second 

generation sequencing technique to HLA-DQBl genotyping, the present invention 

provides the PCR primers for amplification of Exons 2 and/or 3 of HLA-DQBl, which 

are SEQ ID NOs: 37-40 as shown in Table 5. The PCR primers have good conservatism 

and specificity, and can cover the full-length sequences of Exons 2, 3 of HLA-DQBl, 

wherein the length of all the PCR products is less than 700bp, which meets the 

requirement of normal Illumina Solexa sequencing. In addition, the primers of the 

present invention are also applicable to Sanger sequencing. 

Table 5 PCR primers for amplification of the corresponding Exons of HLA-DQBl 

SEQ ID 

NO: 

Primer 

No. 

primer sequence amplification 

target 

length of 

amplificated 

products 

37 Q-F2 GATTCCYCGCAGAGGATTTCG Exon 2 of 

HLA-DQBl 

31 lbp 

38 
Q-R2 AGGGGCRACSACGCTCACCTC 

Exon 2 of 

HLA-DQBl 

31 lbp 

39 Q-F3 CCTGTCTGTTACTGCCCTCAGT Exon 3 of 

HLA-DQBl 
339bp 

40 Q-R3 GGCCCATAGTAACAGAAACTCAATA 

Exon 3 of 

HLA-DQBl 
339bp 

Genotyping may be carried out on the basis of amplification of Exons 2 and/or 3 of 

HLA-DQBl by using the primer pairs for amplification and the genotyping methods as 

provided in the present invention. In relative to the prior art, the genotyping methods use 
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Illumina Solexa sequencing technique, which is characterized by the capability of 

obtaining a high resolution HLA typing results with high throughput and low cost. 

SPECIFIC MODE FOR CARRYING OUT THE INVNETION 

A method for nucleic acid sequencing 

In one aspect, the present invention provides a method for determining the 

nucleotide sequence of a nucleic acid of interest in a sample, comprising: 

1) providing n samples, wherein n is an integer of >1, the samples are preferably 

from mammalian, more preferably human, particularly are human blood sample; 

optionally, the n samples to be analyzed are divided into m groups, m is an integer 

and n Sii ̂  ; 

2) amplifying: a pair or multiple pairs of index primers are used for each sample, 

when there are templates from the sample, PCR amplification is performed under 

conditions suitable for amplifying the nucleic acid of interest, wherein each pair of 

index primers consist of a forward index primer and a reverse index primer (both of 

which may be degenerate primers) comprising primer indexes, wherein the primer 

indexes comprised in the forward index primer and reverse index primer may be 

identical or different: the primer indexes in the pairs of index primers used for 

different samples are different; 

3) pooling: when n>l, pooling PCR products from each of the samples together: 

4) shearing: subjecting the amplified products to incomplete shearing, and 

purifying and recovering; 

5) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation sequencing technique, preferably, Paired-End technique (for 

example, Illumina GA, Illumina Hiseq 2000), to obtain sequences of the sheared DNA; 

and 

6) assembling: corresponding the obtained sequencing data to samples one by 

one based on the unique primer index for each sample, aligning each sequence read to 

the DNA reference sequence corresponding to the PCR products by using alignment 

program (such as Blast, BWA program), assembling a complete sequence of the 

nucleic acid of interest from the sequences of the sheared DNA by virtue of sequence 
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overlapping and linkage relationship. 

In one aspect of the present invention, each pair of primer indexes and a pair of 

PCR primers form a pair of index primers, forward and reverse PCR primers have a 

forward primer index and a reverse primer index at 5' end (or optionally linked by a 

linker sequence), respectively. 

In one embodiment of the present invention, said PCR primers are PCR primers 

for amplification of HLA gene, particularly PCR primers for amplification of 

HLA-A/B gene, preferably PCR primers for amplification of Exons 2, 3 and 4 of 

HLA-A/B and Exon 2 of HLA-DRB1, preferably PCR primers for amplification of 

Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Table 2, or preferably PCR 

primers for amplification of Exon 2 of HLA-DRB1 as shown in Table 7. 

In one embodiment of the present invention, said PCR primers are PCR primers 

for amplification of HLA gene, particularly PCR primers for amplification of HLA-C 

gene, preferably PCR primers for amplification of Exons 2, 3 and/or 4 of HLA-C; 

preferably, said PCR primers are shown in Table 3 or Table 4. 

In one embodiment of the present invention, said PCR primers are PCR primers 

for amplification of HLA gene, preferably PCR primers for amplification of Exon 2 

and/3 of HLA-DQBl gene; preferably, said PCR primers are shown in Table 5. 

In one aspect of the present invention, said primer indexes are designed for PCR 

primers, preferably for PCR primers for amplification of specific gene of HLA, more 

preferably for PCR primers for amplification of Exons 2, 3 and 4 of HLA-A/B and 

Exon 2 for HLA-DRB 1, particularly for PCR primers as shown in Table 1, Table 2 or 

Table 7; said primer indexes particularly comprise at least 10, or at least 20, or at least 

30, or at least 40, or at least 50, or at least 60, or at least 70, or at least 80, or at least 

90, or 95 pairs of 95 pairs of primer indexes as shown in Table 6 (or the set of primer 

indexes consisting of 10-95 pairs (for example, 10-95 pairs, 20-95 pairs, 30-95 pairs, 

40-95 pairs, 50-95 pairs, 60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs) 

of the 95 pairs of primer indexes as shown in Table 6); and 

the set of index primers preferably comprises at least PI-1 to PI-10, or PI-11 to 

PI-20, or PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or 

PI-61 to PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of 95 pairs of 
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primer indexes as shown in Table 6, or combinations of any two or more of them. 

In one embodiment of the present invention, said DNA shearing includes 

chemical shearing methods and physical shearing methods, wherein the chemical 

shearing methods include enzymatic digestion, and the physical shearing methods 

include ultrasonic shearing methods or mechanical shearing methods. 

In one embodiment of the present invention, after said DNA shearing, all the 

DNA bands between the maximum read length of the sequencer and the applicable 

maximum DNA length of the sequencer are purified and recovered, wherein said 

purification and recovery methods include, but are not limited to, recovery by 

electrophoresis and gel slicing, and recovery by magnetic beads. 

In another embodiment of the present invention, a method for sequencing the 

nucleotide sequence of a nucleic acid of interest in a test sample, comprising steps 1) 

to 4) of claim 1, and the following steps: 

5) constructing a library: constructing a PCR-free sequencing library by using 

the library of the sheared PCR products, wherein different library adapters may be 

added to distinguish different PCR-Free sequencing libraries, all the DNA bands 

between the maximum read length of the sequencer and the applicable maximum 

DNA length of the sequencer, preferably DNA fragments of 450 to 750 bp, are 

purified and recovered; 

6) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation sequencing technique, preferably Paired-End technique (for example, 

Illumina GA, Illumina Hiseq 2000), obtaining the sequences of the sheared DNAs; 

7) assembling: corresponding the obtained sequencing data to the samples one by 

one based on different library adapter sequences of the libraries and the unique primer 

index for each sample, aligning each sequence read to the DNA reference sequence 

corresponding to the PCR products by using alignment program (such as Blast, BWA 

program), assembling a complete sequence of the nucleic acid of interest from the 

sequences of the sheared DNA based on sequence overlapping and linkage 

relationship. 

In one aspect, the present invention further provides the use of the 
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above-mentioned method in HLA typing, characterized by comprising: sequencing a 

sample (particularly blood sample) from a patient by said method, and aligning the 

sequencing results with sequence data of Exons of HLA, preferably, Exons 2, 3, 4 of 

HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 3 of HLA-DQBl gene 

and/or Exon 2 of HLA-DRB 1 in HLA database (such as IMGT HLA professional 

database); wherein if the result of sequence alignment shows 100% match, the HLA 

genotype of the corresponding sample is determined. 

A set of primer indexes 

In another aspect, the present invention provides a set of primer indexes, 

comprising at least 10, or at least 20, or at least 30, or at least 40, or at least 50, or at 

least 60, or at least 70, or at least 80, or at least 90, or 95 pairs of the 95 pairs of 

primer indexes as shown in Table 6 (or said set of primer indexes consisting of 10-95 

pairs (for example, 10-95 pairs, 20-95 pairs, 30-95 pairs, 40-95 pairs, 50-95 pairs, 

60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs) of the 95 pairs of 

primer indexes as shown in Table 6), and 
said set of index primers preferably comprises at least PI-1 to PI-10, or PI-11 to 

PI-20, or PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or 

PI-61 to PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of 95 pairs of 

primer indexes as shown in Table 6, or combinations of any two or more of them. 

The present invention further provides the use of said set of primer indexes in 

PCR sequencing methods, wherein in particular, each pair of primer indexes and a 

pair of PCR primers for amplification of a sequence of interest to be tested form a pair 

of index primers, wherein forward and reverse PCR primers have a forward primer 

index and a reverse primer index at 5' end (or optionally linked by a linker sequence), 

respectively. 

In one aspect of the present invention, said PCR primers are PCR primers for 

amplification of a specific gene of HLA, preferably PCR primers for amplification of 

Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB 1, preferably PCR primers 
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for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Table 2, or 

preferably PCR primers for amplification of Exon 2 of HLA-DRB 1 as shown in Table 

7; or preferably PCR primers for amplification of Exons 2, 3 and/or 4 of HLA-C, 

preferably said PCR primers are shown in Table 3 or Table 4; or preferably PCR 

primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferably said PCR 

primers are shown in Table 5. 

In another aspect, the present invention provides a set of index primers 

comprising said set of primer indexes and a pair of PCR primers for amplification of a 

sequence of interest to be tested, wherein a pair of index primers comprises a pair of 

primer indexes and a pair of PCR primers, the forward and reverse PCR primer have a 

forward and a reverse primer index at 5' end (or optionally linked by a linker 

sequence), respectively. 

In one embodiment of the present invention, said PCR primers are PCR primers 

for amplification of a specific gene of HLA, preferably PCR primers for amplification 

of Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB1, preferably PCR 

primers for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or 

Table 2, or preferably PCR primers for amplification of Exon 2 of HLA-DRB 1 as 

shown in Table 7; preferably PCR primers for amplification of Exons 2, 3 and/or 4 of 

HLA-C, preferably said PCR primers are shown in Table 3 or Table 4; or preferably 

PCR primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferably said 

PCR primers are shown in Table 5. 

In another aspect, the present invention further provides the use of said index 

primers in PCR sequencing methods. 

A HLA typing method 

In one aspect, the present invention provides a HLA typing method, comprising: 

1) providing n samples, wherein n is an integer of the sample is preferably 

from mammalian, more preferably human, particularly human blood sample; 

2) dividing n samples to be analyzed into m groups, m is an integer and n ^n ̂  ; 

3) amplifying: a pair of index primers is used for each sample, when there are 
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templates from the sample, PCR amplification is performed under conditions suitable 

for amplifying the nucleic acid of interest, wherein each pair of index primers consists 

of a forward index primer and a reverse index primer (both of which may be 

degenerate primers) comprising primer indexes, wherein the primer indexes 

comprised in the forward index primer and reverse index primer may be identical or 

different: the primer indexes in the pairs of index primers used for different samples 

are different; 

4) pooling: pooling PCR amplified products from each of the samples together to 

obtain PCR product libraries; 

5) shearing: subjecting the resultant PCR product libraries to incomplete 

shearing; 

6) constructing libraries: constructing PCR-free sequencing libraries from the 

library of the sheared PCR products with library adapter index technique, wherein 

different library adapters may be added to distinguish different PCR-Free sequencing 

libraries, all the DNA bands between the maximum read length of the sequencer and 

the applicable maximum DNA length of the sequencer, particularly DNA fragments of 

450 to 750 bp, are recovered; 

7) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation sequencing technique, preferably Paired-End technique (for example, 

Illumina GA, Illumina Hiseq 2000), obtaining the sequences of the sheared DNAs; 

8) assembling: corresponding the obtained sequencing results to the samples one 

by one based on different library adapter sequences of the libraries and the unique 

primer index for each sample, aligning each sequence read to the DNA reference 

sequence corresponding to the PCR products by using alignment program (such as 

Blast, BWA program), assembling a complete sequence of the nucleic acid of interest 

from the sequences of the sheared DNA based on sequence overlapping and linkage 

relationship; and 

9) typing: aligning the sequencing results with sequence data of Exons of HLA, 

preferably, Exons 2, 3, 4 of HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 

3 of HLA-DQBl gene and/or Exon 2 of HLA-DRB 1 in HLA database (such as IMGT 



HLA professional database), wherein if the result of sequence alignment shows 100% 

match, the HLA genotype of the corresponding sample is determined. 
In the HLA typing method of the present invention, a pair of index primers 

comprises a pair of primer indexes and a pair of PCR primers, the forward and reverse 

PCR primer have a forward and a reverse primer index at 5' end (or optionally linked 

by a linker sequence), respectively. 

In one embodiment of the present invention, said PCR primers are PCR primers 

for amplification of a specific gene of HLA, preferably PCR primers for amplification 

of Exons 2, 3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB 1, preferably PCR 

primers for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or 

Table 2, or preferably PCR primers for amplification of Exon 2 of HLA-DRB 1 as 

shown in Table 7; preferably PCR primers for amplification of Exons 2, 3 and/or 4 of 

HLA-C, preferably said PCR primers are shown in Table 3 or Table 4; or preferably 

PCR primers for amplification of Exon 2 and/or 3 of HLA-DQBl, preferably said 

PCR primers are shown in Table 5. 

In one embodiment of the present invention, said primer indexes are a set of 

primer indexes as described above. 

In one embodiment of the HLA typing method of the present invention, said 

DNA shearing includes chemical shearing methods and physical shearing methods, 

wherein the chemical shearing methods include enzymatic digestion, and the physical 

shearing methods include ultrasonic shearing methods or mechanical shearing 

methods. 

In one embodiment of the HLA typing method of the present invention, said 

purification and recovery methods include, but are not limited to, recovery by 

electrophoresis and gel slicing, and recovery by magnetic beads. 

In one embodiment of the HLA typing method of the present invention, the 

construction of PCR-free sequencing libraries from the libraries of the sheared PCR 

products with library adapter indexing technique comprises, adding m library adapters 

to the m PCR product libraries obtained in 2), wherein each PCR product library uses 

a different library adapter, thereby constructing m adapter indexed sequencing 
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libraries; m adapter indexed sequencing libraries are pooled together at equal mole to 

construct a mixture of adapter indexed sequencing libraries, wherein the method for 

linking library adapters refers to direct linkage using DNA ligase without a PCR 

procedure. 

PCR primers for HLA genotyping 

In one aspect, the present invention provides PCR primers for HLA genotyping, 

characterized by that said PCR primers are PCR primers for amplification of Exons 2, 

3, 4 of HLA-A/B gene and Exon 2 of HLA-DRB 1, preferably PCR primers for 

amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Table 2, or 

preferably PCR primers for amplification of Exon 2 of HLA-DRB 1 as shown in Table 

7; preferably PCR primers for amplification of Exons 2, 3 and/or 4 of HLA-C, 

preferably said PCR primers are shown in Table 3 or Table 4; or preferably PCR 

primers for amplification of Exons 2 and/or 3 of HLA-DQBl, preferably said PCR 

primers are shown in Table 5. 

The present invention further provides a sequencing method using said PCR 

primers, comprising 

providing a sample, particularly a blood sample, said blood sample is preferably 

from mammalian, particularly human; 

amplifying: amplifying DNA from the blood sample with the PCR primers to 

obtain PCR products, and purifying the PCR products; 

sequencing: subjecting the PCR products to sequencing, the sequencing method 

may be Sanger sequencing method, or the second generation sequencing method (such 

as Hiseq 2000, Illumina GA and Roche454). 

In another aspect, the present invention further provides the use of said PCR 

primers in HLA genotyping, characterized by using said PCR primers, carrying out 

assembly and alignment analysis on the results obtained by the above sequencing 

method, and comparing the sequencing results with the standard sequences in the 

database to obtain the HLA genotyping results. 

In another aspect, the present invention further provides a kit for HLA 

genotyping, comprising said PCR primers. 
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PCR primers for HLA-A, B genotyping 

In one aspect, the present invention provides a set of PCR primers for HLA-A,B 

genotyping, characterized by that said PCR primers are as shown in Table 1 or Table 2. 

In another aspect, the present invention provides a sequencing method using PCR 

primers for HLA-A,B genotyping, comprising: 

providing a sample, particularly a blood sample, said blood sample is preferably 

from mammalian, particularly human; 

amplifying: amplifying DNA from the blood sample with the PCR primers to 

obtain PCR products, and purifying the PCR products; 

sequencing: subjecting the PCR products to sequencing, the sequencing method 

may be Sanger sequencing method, or the second generation sequencing method (such 

as Hiseq 2000, Illumina GA and Roche454). 

In another aspect, the present invention further provides the use of said PCR 

primers in HLA genotyping, characterized by using said PCR primers, carrying out 

assembly and alignment analysis on the results obtained by the above sequencing 

method, and comparing the sequencing results with the standard sequences in the 

database to obtain the HLA genotyping results. 

In another aspect, the present invention further provides a kit for HLA 

genotyping, comprising the PCR primers for HLA-A,B genotyping of the present 

invention. 

PCR primers for HLA-C genotyping 

The present invention further provides a new method for amplifying Exons 2, 3 and 

4 of HLA-C gene, characterized by carrying out PCR amplification using the 

amplification primer pairs of the present invention, the sequences of the amplification 

primer pairs are as shown in Table 3 or Table 4. 

Since Exons 2, 3 and 4 of HLA-C can be amplified by a PCR reaction, the method 

of the present invention is particularly suitable for HLA-C genotyping. As compared with 

the prior HLA-C genotyping methods, since the products obtained by using the method 

and the amplification primers of the present invention are controlled within 700 bp, 
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Illumina Solexa sequencing technique-based HLA-SBT may be used during further 

genotyping. 

The present invention further provides a method for sequencing Exons 2, 3 and 4 of 

HLA-C gene in samples, comprising the followings steps of: 

1) providing a sample and extracting DNA of the sample; 

2) amplifying the DNA with the PCR primer pair for HLA-C genotyping of the 

present invention to obtain PCR products, preferably purifying the PCR products, said 

PCR primer pair is preferably selected from the group consisting of the primer pair of 

SEQ ID NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NO: 

29 and SEQ ID NO: 30, or SEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and 

SEQ ID NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36; 

3) subjecting the PCR products to sequencing, preferably by the second generation 

sequencing method, such as Illumina Solexa or Roche454. 

The present invention further provides a HLA-C genotyping method, comprising: 

1) PCR amplifying Exons 2, 3 and/or 4 of HLA-C gene of the sample to be tested 

with the PCR primer pair for HLA-C genotyping of the present invention, said PCR 

primer pair is preferably selected from the group consisting of the primer pair of SEQ ID 

NO: 25 and SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and 

SEQ ID NO: 30, or SEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID 

NO: 34, SEQ ID NO: 35 and SEQ ID NO: 36; 

2) subjecting the amplified exons to sequencing, comparing the sequencing results 

with the standard sequences in the database so as to determine the genotyping results, 

wherein the sequencing is carried out by Sanger sequencing method, or the second 

generation sequencing method, such as Illumina Solexa or Roche454. 

In another aspect, the present invention further provides a kit for HLA-C genotyping, 

comprising the PCR primer pair for HLA-C genotyping of the present invention, 

preferably selected from the group consisting of the primer pair of SEQ ID NO: 25 and 

SEQ ID NO: 26, SEQ ID NO: 27 and SEQ ID NO: 28, SEQ ID NO: 29 and SEQ ID NO: 

30, or SEQ ID NO: 31 and SEQ ID NO: 32, SEQ ID NO: 33 and SEQ ID NO: 34, SEQ 

ID NO: 35 and SEQ ID NO: 36. In one embodiment, said kit further comprises additional 

agents, for example, agents for DNA amplification, DNA purification, and/or DNA 
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sequencing. 

Genotyping may be performed on the basis of amplification of Exons 2, 3 and 4 of 

HLA-C, by using the amplification primer pair and the genotyping method as provided in 

the present invention. Hence, as compared with the prior art, the genotyping utilizes 

Illumina Solexa sequencing technique, enhances the throughput, simplifies the procedure, 

and meanwhile save time and cost. 

PCR primers for HLA-DQBl genotyping 

The present invention further provides a new method for amplifying Exon 2 and/or 

3 of HLA-DQBl, characterized by carrying out PCR amplification with the amplification 

primer pairs of the present invention, said amplification primer pairs are as shown in 

Table 5. 

Since Exons 2 and/or 3 of HLA-DQBl can be amplified by a PCR reaction, the 

method of the present invention is particularly suitable for HLA-DQBl genotyping. As 

compared with the prior HLA-DQBl genotyping methods, since the products obtained by 

using the method and the amplification primers of the present invention are controlled 

within 300-400 bp, Illumina Solexa sequencing technique-based HLA-SBT may be used 

during further typing. 

The present invention further provides a method for sequencing Exon 2 and/or 3 of 

HLA-DQBl in samples, comprising the following steps of: 

1) providing a sample and extracting DNA of the sample; 

2) amplifying the DNA with the PCR primer pair for HLA-DQBl genotyping of the 

present invention, preferably PCR primer pairs shown in Table 5, to obtain PCR products, 

preferably purifying the PCR products; 

3) subjecting the PCR products to sequencing, preferably by the second generation 

sequencing method, such as Illumina Solexa or Roche454. 

In another aspect of the present invention, the present invention provides an 

improved method for HLA-DQBl genotyping, comprising: 

1) amplifying Exon 2 and/or 3 of HLA-DQBl to be tested with the PCR primer pair 

for HLA-DQBl genotyping of the present invention, preferably the PCR primer pairs as 

shown in Table 5; 
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2) subjecting the amplified exons to sequencing, comparing the sequencing results 

with the standard sequences in the database so as to determine the genotyping results, 

wherein the sequencing method may be Sanger sequencing method or the second 

generation sequencing method, such as Illumina Solexa or Roche454. 

In another aspect, the present invention further provides a kit for HLA-DQBl 

genotyping, comprising the PCR primer pair for HLA- DQBl genotyping of the present 

invention, preferably, the PCR amplification primer pairs as shown in Table 5. In one 

embodiment, said kit further comprises additional agents, for example, agents for DNA 

amplification, DNA purification, and/or DNA sequencing. 

DESCRIPTION OF DRAWINGS 

Figure 1: A drawing illustrating the sequence assembling after labeling with 

primer indexes, DNA shearing and DNA sequencing. The forward and reverse 

primer index sequences Index-N-F/R (1) are introduced to the two termini of the 

PCR products of the sample No. N. The PCR products after shearing by a physical 

shearing method, comprises products carrying primer index sequences at one end, 

products carrying no primer index sequence at two termini, and completely 

unsheared products. All the DNA bands between the maximum read length of the 

sequencer and the applicable maximum DNA length of the sequencer are purified 

and recovered by gel slicing, and used for sequencing (2). The sequencing data of the 

PCR products belonging to the sample No. N are traced using Index-N-F/R. The 

known reference sequences of the PCR products are used to localize the relative 

positions of the sequence reads, and the sequencing results of the complete PCR 

products are assembled based on the overlapping and linkage relationship between 

the sequence reads (3,4). 

Figure 2: A drawing illustrating the results of electrophoresis of PCR products of the 

corresponding Exons of HLA-A/B/DRB 1 in Sample No.l of Example 2. It can be seen 

from electrophoretogram that PCR products are a series of single bands of 300bp-500bp, 

wherein Lane M is a marker of molecular weight (DL 2000, Takara Co.), Lanes 1-7 are 

the PCR products of the exons (A2, A3, A4, B2, B3, B4, DRBl-2) of HLA-A/B/DRB 1 

of Sample No. 1, and there is no amplification band in negative control (N). The results of 
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other samples are similar. 

Figure 3: A drawing illustrating results of DNA electrophoresis after shearing 

HLA-Mix in Example 4 (before and after gel slicing), wherein the gel-slicing area is 

the area of 450-750bp. Lane M is a marker of molecular weight (NEB-50bp DNA 

Ladder), and Lane 1 shows the electrophoretic result of HLA-Mix before gel slicing, and 

Lane 2 is a drawing showing the gel of HLA-Mix after slicing. 

Figure 4: A screen-capture of the program for construction of consensus 

sequence of Sample No.l in Example 6, illustrating assembling the complete 

sequence of the PCR products based on primer indexes and the overlapping 

relationship between DNA fragments. Please refer to 

http://www.ebi.ac.uk/imgt/hla/align.html for nomenclature of HLA genotypes. One 

could find the results of all the coding sequence of A*02:03:01 A* 11:01:01 in the 

result output column on the left, wherein the sequence of Exon 2 is identical to the 

original known result of Template 1. 

Figure 5: A drawing illustrating the PCR product after labeling with primer 

indexes and an adapter index. During experimentation, primer indexes are introduced 

to the two termini of the PCR product of each sample by PCR simultaneously; 

multiple PCR products carrying different primer indexes are pooled together to 

construct a sequencing library. During construction of sequencing libraries, when 

multiple sequencing libraries have to be constructed, the sequencing libraries may be 

labeled with the library adapters carrying different adapter indexes. After finishing 

the construction of libraries, multiple sequencing libraries labeled with different 

adapter indexes are pooled together and are sequenced by Illumina GA 

simultaneously (the primer indexes may be identical among sequencing libraries 

labeled with different adapter indexes). After getting the sequencing results, DNA 

sequence information for each sample may be obtained by screening the sequence 

information of the adapter indexes and the primer indexes in the sequencing results. 

Figure 6: A drawing illustrating the electrophoretic result of the PCR products of 

Exons 2, 3, 4 of HLA-C of some samples in Example 8. It can be seen from 

electrophoretogram that PCR products are a series of single bands of 400bp-500bp, 

wherein Lane M is reference for standard DNA molecular weights (DL 2000, Takara 
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Co.). 

Figure 7: A drawing illustrating results of DNA electrophoretic gel slicing after 

shearing HLA-Mix in Example 8, wherein the gel-slicing area is the area of 450-750bp. 

Lane M is a marker of molecular weight (NEB-50bp DNA Ladder), and Lane 1 is a 

drawing showing the gel of HLA-Mix before slicing, and Lane 2 is a drawing showing 

the gel of HLA-Mix after slicing. 

Figure 8: A screen-capture of the program for construction of consensus 

sequence of Exon 2 of HLA-C site of Sample No. 2 in Example 8. Firstly, the 

sequence reads of C site of the sample are aligned with the reference sequence by 

BWA software, thereby constructing the consensus sequences of Exons 2, 3, 4 of C 

site of the sample; further, the haplotype sequence of each exon of C site is 

determined on the basis of the linkage relationship between SNPs; and finally the type 

of the sample is determined by the intersection of the haplotype sequences of the 

exons. As shown in the figure, two heterozygous SNP are comprised in 695-764 area 

of C gene sequence of sample No.2, and it can be determined from readl and read2 

that the linkage relationship of SNP is A-C, G-A ("..." in the figure represents the 

bases identical to those of the reference sequence). The sequences correspond to the 

shaded parts of the sequences of the C*010201 and C*07020101 types, respectively. 

The judgment of the linkage relationship of other areas is similar. 

Figure 9: A drawing illustrating electrophoresis results of PCR products of Exons 

2, 3 and 4 of HLA-C site of 26 samples in Example 9. As shown in the figure, all the 

PCR products are of a length less than 500 bp; the electrophoretic band is single; there 

is no obvious non-specific band; and the amplification efficiency of the same pair of 

primers is the same in various samples. 

Figure 10: A drawing illustrating the analytic results of the sequencing data of 

PCR amplification products of Template 1 by using uType software in Example 9. 

The result output column on the left shows the result, C*08:01:01 C* 15:05:01, which 

are identical to the original known type of Template 1. 

Figure 11: A drawing illustrating the electrophoretic result of PCR products of 

Exon 2+3 of HLA-DQBl in 94 samples of Example 10. It can be seen from 

electrophoretogram that PCR products are a series of single bands of 250bp-500bp, 
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wherein Lane M is reference for standard DNA molecular weights (DL 2000, Takara 

Co.), Lanes PI-1 to PI-94 are the PCR amplification products of Exon 2+3 of 

HLA-DQBl in 94 samples, and there is no amplification band in negative control (N). 

Figure 12 shows the results of DNA electrophoretic gel slicing after shearing 

HLA-Q-Mix in Example 10, wherein the gel-slicing area is an area of 350-550bp. 

Lane M is a marker of standard DNA molecular weights (NEB-50bp DNA Ladder), 

and Lane 1 is a drawing showing the gel of HLA-Q-Mix before slicing, and Lane 2 is a 

drawing showing the gel of HLA-Q-Mix after slicing. 

Figure 13 shows a screen-capture of the program for construction of consensus 

sequence of Sample No. 7 in Example 10, illustrating the main procedure of data 

analysis. Firstly, the sequence reads of the DQBl site of the sample are aligned with 

the reference sequence by BWA software, thereby constructing the consensus 

sequences of Exons 2, 3 of DQBl of the sample; and haplotype sequences of Exons 2, 

3 of DQBl are determined based on the linkage relationship between SNPs. As shown 

in the figure, six heterozygous SNPs are comprised in 2322-2412 area of DQBl gene 

sequence of Sample No.7, and it can be determined from readl that the linkage 

relationship of SNP1-SNP5 is T-G-T-C-C; it can be determined from read2 that the 

linkage relationship of another SNP1-SNP5 is C-C-A-G-T; it can be determined from 

read3 that the linkage relationship of SNP3-SNP6 is A-G-T-G; it can be determined 

from read4 that the linkage relationship of another SNP3-SNP6 is T-C-C-A; and it can 

be determined from the above linkage relationships of said SNPs that readl is linked 

to read4, read2 is linked to read3, the complete SNP combination in this area is 

T-G-T-C-C-A and C-C-A-G-T-G, and the sequences correspond to the shaded parts of 

the sequences of DQB1*0303 and DQB1*0602 type. The judgment of the linkage 

relationship of other areas is similar. 

Figure 14 shows the electrophoretogram of the products in Example 11, resulted 

from amplification of each of Exons 2 and 3 of HLA-DQBl site and amplification of 

Exons 2 and 3 with two pairs of PCR primers, respectively. The electrophoretogram 

shows three sets of PCR products from seven DNA templates, wherein all the PCR 

products have a length less than 500 bp; electrophoretic bands are single; and there is no 

obvious non-specific band. There is no amplification band in negative control (N), and 
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Lane M is reference for standard DNA molecular weights (DL 2000, Takara Co.). 

Figure 15 illustrates the analytic results of the sequencing data of PCR products 

resulted from amplification of Exons 2 and 3 of HLA-DQBl of Template 7, by using 

uType software in Example 11. The result output column on the left shows the result, 

DQB1*03:03 DQB1*06:02, which is identical to the original known result of 

Template 7. 

Figure 16 shows the electrophoretic results of PCR products from the 

corresponding Exons of HLA-A/B/C/DQB 1 in Sample No. 1 in Example 12. It can be 

seen from electrophoretogram that PCR products are a series of single bands of 

300bp-500bp, wherein Lane M is a marker of molecular weights (DL 2000, Takara Co.); 

Lanes 1-10 are the PCR amplified products of the Exons (A2, A3, A4, B2, B3, B4, C2, 

C3, C4, DQBl) of HLA-A/B/C/DQB 1 of Sample No. 1; no amplification band is present 

in negative control (N). The results of other samples are similar. 

Figure 17 illustrates the result of recovery from agarose gel after pooling 

HLA-l-Mix, HLA-2-Mix, HLA-3-Mix, HLA-4-Mix, HLA-5-Mix, HLA-6-Mix, 

HLA-7-Mix, HLA-8-Mix, HLA-9-Mix and HLA-10-Mix in equal mole in Example 12. 

Lane M is a marker of molecular weights, and Lane 1 is the electrophoretic result of the 

pool, and Lane 2 is the electrophoretogram after gel slicing containing the DNA 

fragments of a length ranging from 450 to 750 bp. 

Figure 18 shows a screen-capture of the program for construction of consensus 

sequence of Exon 2 of HLA-C site of Sample No. 1 in Example 12. Firstly, the 

sequence reads of C site of the sample are aligned with the reference sequence by 

BWA software, thereby constructing the consensus sequences of Exons 2, 3, 4 of C 

site of the sample; further, the haplotype sequences of the exons of C site are 

determined on the basis of the linkage relationship between SNPs; and finally the type 

of the sample is determined by the intersection of the haplotype sequences of the 

exons. As shown in the figure, two heterozygous SNPs are comprised in 695-764 area 

of C gene sequence of Sample No. 1, and it can be determined from readl and read2 

that the linkage relationship of SNPs is A-C, G-A ("..." in the figure represents the 

bases identical to those of the reference sequence). The sequences correspond to the 

shaded parts of the sequences of the C*010201 and C*07020101 type, respectively. 
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The judgment of linkage relationship of other areas is similar. 

EXAMPLES 

The embodiments of the present invention are described in detail in the following 

examples. However, a person skilled in the art would understand that the following 

examples are used to illustrate the present invention rather than restricting the scope 

of the present invention. 

In Examples 1-6 of the present invention, Exons 2, 3, 4 of HLA-A/B and Exon 2 of 

HLA-DRB 1 in 95 samples were genotyped by using the combination of primer indexes + 

DNA incomplete shearing strategy + Illumia GA sequencer Paired-End 100 

sequencing technique (PCR products have a length ranging from 290bp to 500bp), 

demonstrating that the method of the invention could accomplish the typing of gene 

fragments of a length exceeding the maximum read length of sequencer whilst 

sufficiently utilizing the characteristics of the second generation sequencer, such as high 

throughput and low cost. 

Principle: for the sample to be analyzed, primer indexes were introduced to the two 

termini of the PCR products of Exons 2, 3, 4 of HLA-A/B and Exon 2 of HLA-DRB 1 by 

PCR reaction so as to specifically label the sample information of the PCR products. The 

products of PCR amplification of three sites (HLA-A/B/DRB 1) in each group of 

samples were pooled together to obtain a library of PCR products; after incomplete 

ultrasonic shearing of the library of PCR products, a PCR-free sequencing library was 

constructed. The sequencing library was subjected to 2% low melting point agarose 

gel electrophoresis, and all the DNA bands of a length ranging from 450bp to 750bp 

were purified and recovered by gel slicing (during the construction of the PCR-Free 

sequencing library, since library adapters were added to the two termini of the DNA 

fragments, the length of the DNA band as shown in the electrophoretogram was about 

250 bp longer than the actual length of the DNA fragments; therefore, the fragments of a 

length ranging from 450bp to 700bp as recovered here actually correspond to DNA 

fragments of an original length ranging from 200 bp to 500 bp). The recovered DNA 

was sequenced by Illumina GA PE-100. The sequence information of all the tested 

samples can be traced by primer index sequences, and the sequence of the whole PCR 
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product can be assembled on the basis of the known reference sequences and the 

overlapping and linkage relationship between the sequences of DNA fragments, The 

complete sequence of the original PCR product can be assembled with the standard 

database of the corresponding exons of HLA-A/B/DRB 1, thereby accomplishing 

HLA-A/B/DRB 1 genotyping. 

Example 1 

Sample extraction 

DNAs were extracted from 95 blood samples with known HLA-SBT typing 

results (China Marrow Donor Program cited hereafter as (CMDP)) by using 

KingFisher Automatic Extraction Instrument (US Thermo Co.). The main steps were 

as followed: as directed in the handbook, a certain amount of self-contained agents 

was added to six deep-well plates and one shallow-well plate equipped by the 

KingFisher Automatic Extraction Instrument, and all the plates, to which the agents 

were added, were placed in the corresponding positions as required. The program 

"Bioeasy_200ul Blood DNA_KF.msz" was selected, and was implemented to extract 

nucleic acids by pressing "star". Approximately 100 fi\ eluted products (i.e. the 

extracted DNA) were collected from plate Elution after the program was finished. 

Example 2 

PCR amplification 

Different PCR index primers were made by synthesizing PCR primers having 

different primer indexes at 5' end, and such different PCR index primers may be 

applied to different samples, wherein the PCR primers were PCR primers for Exons 2, 

3, 4 of HLA-A/B and Exon 2 of HLA-DRB 1. Thereafter, primer indexes were 

introduced to the two termini of the PCR products by PCR reaction, thereby 

specifically labeling the PCR products from different samples. 

95 sets of PCR index primers were used to amplify 95 DNA samples, 

respectively, wherein each set of PCR index primers consisted of a pair of 

bidirectional primer indexes (Table 6) and PCR primers for amplification of Exons 2, 

3, 4 of HLA-A/B (Table 1) and of Exon 2 of HLA-DRB1 (Table 7), each forward PCR 
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primer has the forward primer index in the pair of primer indexes linked at the 5' end, 

and the reverse PCR primer has the reverse primer index in the pair of primer indexes 

linked at the 5' end. During the synthesis of primers, the primer indexes were directly 

added to the 5' end of the PCR primers. 

The 95 DNAs obtained from the sample extraction step of Example 1 were 

designated as No. 1-95. PCR reaction took place in 96-well plates, 7 plates in total, 

designated as HLA-P-A2, HLA-P-A3, HLA-P-A4, HLA-P-B2, HLA-P-B3, 

HLA-P-B4 and HLA-P-DRB1-2 (A2/A3/A4, B2/B3/B4, DRBl-2 represent the 

amplified sites), wherein a negative control without adding any template was set in 

each plate, and the primers used in the negative control were the same as those for 

Template 1. During experimentation, the numbering information of the samples 

corresponding to each pair of primer indexes was recorded. 

Table 6: Relevant information of primer indexes 

Primer SEQ SEQ Corresponding Corresponding 
index ID Forward primer index ID Reverse primer index position in template (Group 
No. NO: NO: 96-well plate 1) 
PI-1 41 TCGCAGACATCA 42 TGACACGATGCT Al 1 
PI-2 43 TACATCGCACTA 44 TACAGATGCTGA A2 2 
PI-3 45 CTCGATGAGTAC 46 ACGTCTAGACAC A3 3 
PI-4 47 TCTGTATACTCA 48 TGCTGTAGTGAC A4 4 
PI-5 49 TATCTGCTCATA 50 AGATATCGAGCT A5 5 
PI-6 51 TACATGCTGAGC 52 ACGTGTCTATCA A6 6 
PI-7 53 TCATATCGCGAT 54 AGATCGTATAGC A7 7 
PI-8 55 ACAGATGCACGC 56 ATCTCGTGACAG A8 8 
PI-9 57 TAGATCGTACAT 58 ACTAGTACACGC A9 9 
PI-10 59 ACTACACGTCTC 60 ATAGTCACGCGT A10 10 
PI-11 61 AGACTCGCGTAT 62 TACTAGCTGACG All 11 
PI-12 63 ATACTAGTGCTC 64 TGTATCGTGCTC A12 12 
PI-13 65 CACGATGACATC 66 TAGTGAGCGCAC B1 13 
PI-14 67 TGCTGTCTCGAG 68 CATAGCAGTGTC B2 14 
PI-15 69 TGTGCTCGAGTC 70 TCTGATCGAGCA B3 15 
PI-16 71 CACTCGTACATC 72 AGCGATGCTCAT B4 16 
PI-17 73 CGACGTGCTCGC 74 CGCGTACTGCAG B5 17 
PI-18 75 ACGCATCTATAC 76 CTAGTATCGCAG B6 18 
PI-19 77 CGAGATGACTCT 78 TGTATACACGAT B7 19 
PI-20 79 ACTGTCTCGAGC 80 ACGTAGCGCACA B8 20 
PI-21 81 CATCTGCTATAG 82 TCTAGCTCATGA B9 21 
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PI-22 83 ACGCACTCTAGA 84 CTATGCACTGAT BIO 22 
PI-23 85 TGAGATACAGTA 86 ATCTGCTATGAC Bll 23 
PI-24 87 ACTCATCGTGCT 88 TAGAGCTGTCAC B12 24 
PI-25 89 TACACTGTCTAT 90 CAGCACATAGAT CI 25 
PI-26 91 CACAGTACTCGC 92 CTGCTAGTGTAT C2 26 
PI-27 93 TGTACTATCATA 94 TGTGATAGACAC C3 27 
PI-28 95 CTAGTACTGACG 96 AGCGAGTCTACT C4 28 
PI-29 97 TAGACTGAGCTA 98 ACATACTGAGAC C5 29 
PI-30 99 CAGACGCGTGAG 100 TACATCTCGTAT C6 30 
PI-31 101 CGCGACATCACG 102 TAGCGATGAGAC C7 31 
PI-32 103 ACACTCATAGAT 104 CTATCATGACAC C8 32 
PI-33 105 AGCGTATACTAG 106 CATACTCACGTA C9 33 
PI-34 107 TGTCGTGCTATC 108 ACATGACTCACG CIO 34 
PI-35 109 CGCTAGACTGTA 110 TACTATAGTCGA Cll 35 
PI-36 111 ACAGTGTAGCGC 112 TGATATGCTACA C12 36 
PI-37 113 CACTCTATCGAC 114 TCACGCGATGAG D1 37 
PI-38 115 ACACTCTAGTCA 116 ACGTAGATCTAT D2 38 
PI-39 117 CATATGAGATCG 118 AGCAGAGTGCTC D3 39 
PI-40 119 CAGCTATCATAC 120 CACTGCAGACGA D4 40 
PI-41 121 TATACTCTAGAT 122 TGCATAGAGCGC D5 41 
PI-42 123 TGTATGCTCGTC 124 TCGTGACAGATC D6 42 
PI-43 125 TAGTGATGCTCT 126 ACGAGCTGATAT D7 43 
PI-44 127 AGACTCTGAGTC 128 CTGATAGTATCA D8 44 
PI-45 129 CTCATAGACTAC 130 ATCGCGAGTGAC D9 45 
PI-46 131 TCGCTCACTACA 132 TGTCTCGACATC D10 46 
PI-47 133 ATAGAGTCTCAT 134 CGCATAGCGTAT Dll 47 
PI-48 135 CGAGACACTCGC 136 TCGTAGTCTACA D12 48 
PI-49 137 CAGCATACTATC 138 TCGTGATACAGA El 49 
PI-50 139 CAGCTATAGTCT 140 ATGCAGATATCT E2 50 
PI-51 141 TCTATCGATGCA 142 ACACGCAGATCG E3 51 
PI-52 143 CATGAGTATAGC 144 CTAGCTGACGTA E4 52 
PI-53 145 TAGCATATCGAG 146 TACACGTATGAG E5 53 
PI-54 147 ACGACTCGCTAC 148 TCATGACTAGTA E6 54 
PI-55 149 TAGCATACACGC 150 TGACGCGTATAC E7 55 
PI-56 151 CGTCATATGCAG 152 TATAGCGATGAC E8 56 
PI-57 153 TGCAGCGAGTAC 154 TCGACGCTAGCG E9 57 
PI-58 155 CGTGTCGACAGA 156 CAGTCGTGAGCA E10 58 
PI-59 157 ACTCGACGTGAG 158 ACGCGAGTGATA Ell 59 
PI-60 159 ACTCGTCTGACG 160 TGCTATCACTGA E12 60 
PI-61 161 CATACTGTATCT 162 TACATAGATGTC F1 61 
PI-62 163 TCTACTCGTGAC 164 CACGTATAGTGA F2 62 
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PI-63 165 CTGCACTAGACA 166 ACTCATATCGCA F3 63 
PI-64 167 ACACGAGCTCAT 168 CACTCATATCGA F4 64 
Pl-65 169 TACAGATAGTCT 170 TCGTCTGTGATA F5 65 
PI-66 171 TACACTCGTGCT 172 TGACGCTCATCT F6 66 
PI-67 173 TACATGTGACGA 174 TCGTACATGCTC F7 67 
PI-68 175 TGTATGATCTCG 176 CACTGTGCTCAT F8 68 
PI-69 177 CAGTACACTCTA 178 ACTGCATGATCG F9 69 
PI-70 179 CATACTATCACG 180 TCGTGTCACTAC F10 70 
PI-71 181 CACTATACAGAT 182 CGACACGTACTA Fll 71 
PI-72 183 ATATCGTAGCAT 184 TCGTGATCACTA F12 72 
PI-73 185 TAGTCTATACAT 186 AGACGCTGTCGA G1 73 
PI-74 187 TGTCACAGTGAC 188 TCATATGATCGA G2 74 
PI-75 189 ATCGACTATGCT 190 CGATCATATGAG G3 75 
PI-76 191 ATACTAGCATCA 192 TCATGCTGACGA G4 76 
PI-77 193 CACTGACGCTCA 194 CACTACATCGCT G5 77 
PI-78 195 TCGCTCATCTAT 196 TAGTACAGAGCT G6 78 
PI-79 197 TGTATCACGAGC 198 ATGATCGTATAC G7 79 
PI-80 199 TACTGCTATCTC 200 CGCTGCATAGCG G8 80 
PI-81 201 CGCGAGCTCGTC 202 ACTCGATGAGCT G9 81 
PI-82 203 TAGAGTCTGTAT 204 TGTCTATCACAT G10 82 
PI-83 205 TACTATCGCTCT 206 TATGTGACATAC Gil 83 
PI-84 207 TAGATGACGCTC 208 TACTCGTAGCGC G12 84 
PI-85 209 TCGCGTGACATC 210 ATCTACTGACGT HI 85 
PI-86 211 ACACGCTCTACT 212 ACAGTAGCGCAC H2 86 
PI-87 213 TACATAGTCTCG 214 CTAGTATCATGA H3 87 
PI-88 215 TGAGTAGCACGC 216 TCGATCATGCAG H4 88 
PI-89 217 TAGATGCTATAC 218 TACATGCACTCA H5 89 
PI-90 219 ATCGATGTCACG 220 CAGCTCGACTAC H6 90 
PI-91 221 ATCATATGTAGC 222 CTCTACAGTCAC H7 91 
PI-92 223 TAGCATCGATAT 224 AGATAGCACATC H8 92 
PI-93 225 TGATCGACGCTC 226 CTAGATATCGTC H9 93 
PI-94 227 TGCAGCTCATAG 228 TACAGACTGCAC H10 94 
PI-95 229 CGACGTAGAGTC 230 CAGTAGCACTAC HI 1 95 
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Table 7: PCR primers for amplification of the corresponding exons of DRBl and 

without primer indexes 

SEQ ID 

NO: 
primer No. primer sequence use of primer length of 

products 

231 D2-F1 CACGTTTCTTGGAGTACTCTA 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

232 D2-F2 GTTTCTTGTGGCAgCTTAAgTT 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

233 D2-F3 CCTGTGGCAGGGTAAGTATA 
For amplification 

of Exon 2 of 
HLA-DRB 1 gene 

300bp 
234 D2-F4 GTTTCTTGAAGCAGGATAAGTT For amplification 

of Exon 2 of 
HLA-DRB 1 gene 

300bp 
235 D2-F5 GCACGTTTCTTGGAGGAGG 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

236 D2-F6 TTTCCTGTGGCAGCCTAAGA 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

237 D2-F7 GTTTCTTGGAGCAGGTTAAAC 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

238 D2-R CCTCACCTCGCCGCTGCAC 

For amplification 
of Exon 2 of 

HLA-DRB 1 gene 
300bp 

D2-F1, D2-F2, D2-F3, D2-F4, D2-F5, D2-F6, D2- 77 were forward primers for 

amplification of Exon 2 of HLA-DRB 1, D2-R was a reverse primer for amplification of 

Exon 2 of HLA-DRB 1. 

PCR procedure for HLA-A/B/DRB 1 was as followed: 

96G 2min 

95D 30s ->60D 30s ->72D 20s (32cycles) 

15U oo 

PCR reaction system for HLA-A/B was as followed, wherein all the agents were 

purchased from Promega (Beijing) Bio-Tech Co. 

Promega 5xbuffer I (Mg2+ plus) 5.0ul 

dNTP Mixture (2.5mM/ (i\ each) 2.0ul 

PInM/B-F2/3/4 (2pmol/ ul) l.Oul 

PInr-A/B-R2/3/4 (2pmol/ ul) l.Oul 

Promega Taq (5U/ul) 0.2ul 

DNA (about 20 ng/ul) 5.0ul 

ddH20 10.8ul 

Total 25.0ul 
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The PCR reaction system for HLA-DRB 1 was as followed : 

Promega 5><buffer I (Mg2+ plus) 5.0ul 

dNTP Mixture (2.5mM/ fii each) 2.0ul 

PInf-D2-Fl (2pmol/ul) l.Oul 

PInrD2-F2 (2pmol/ ul) l.Oul 

PInrD2-F3 (2pmol/ ul) l.Oul 

PInrD2-F4 (2pmol/ ul) l.Oul 

PInrD2-F5 (2pmol/ ul) l.Oul 

PVD2-F6 (2pmol/ ul) l.Oul 

PInrD2-F7 (2pmol/ ul) l.Oul 

PInr-D2-R (2pmol/ ul) l.Oul 

Promega Taq (5U/ul) 0.2ul 

DNA (about 20 ng/ul) 5.0ul 

ddH20 4.8ul 

Total 25.0ul 

Wherein PInr-A/B/D2-Fi/2/3/4/5/6/7 represents the F primer of HLA-A/B/DRB 1 having 

the forward primer index sequence No. n (Table 6) at 5' end, PInr-A/B/D2-R2/3/4 

represents the R primer of HLA-A/B/DRB 1 having the reverse primer index sequence No. 

n at 5' end (here n^>5), and the rest may be deduced similarly. Moreover, each sample 

corresponds to a specific set of PCR primers (PInrA/B/D2-Fi/2/3/4/5/6/7, 

PInr-A/B/D2-R2/3/4). 

PCR reaction was carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 

PCR reaction, 2ul PCR products were subjected to 1% agarose gel electrophoresis. 

Figure 2 showed the electrophoretic result of the PCR products of the corresponding 

exons of HLA-A/B/DRB 1 of Sample No. 1, and the marker for DNA molecular weights 

was DL 2000 (Takara Co.). There were a series of single bands of a length ranging from 

300 bp to 500 bp in the electrophorogram, indicating successful PCR amplification of the 

exons (A2, A3, A4, B2, B3, B4, DRBl-2) of HLA-A/B/DRB 1 of Sample No.l. There 

was no amplification band in the negative control (N). The results of other samples were 

similar. 
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Example 3 

Pooling and purification of PCR products 

20 (i 1 of the rest PCR products was taken from each well of the 96-well plate 

HLA-P-A2 (except for the negative control), and was mixed homogeneously under 

shaking in a 3 ml EP tube (designated as HLA-A2-Mix). The same operation was 

applied to the other 6 96-well plates, designated as HLA-A3-Mix, HLA-A4-Mix, 

HLA-B2-Mix, HLA-B3-Mix, HLA-B4-Mix and HLA-D2-Mix. 200ul was taken from 

each of HLA-A2-Mix, HLA-A3-Mix, HLA-A4-Mix, HLA-B2-Mix, HLA-B3-Mix, 

HLA-B4-Mix and HLA-D2-Mix, and was mixed in a 3 ml EP tube, designated as 

HLA-Mix. 500ul DNA mixture from HLA-Mix was subjected to column purification 

with Qiagen DNA Purification kit (QIAGEN Co.) (For the specific purification steps, 

please refer to the manufacturer's instruction). It was determined by Nanodrop 8000 

(Thermo Fisher Scientific Co.) that the 200ul DNA obtained by purification has a 

HLA-Mix DNA concentration of 48 ng/ul. 

Example 4 

Shearing of PCR products, and construction of Illumina GA PCR-Free 

sequencing libraries 

1. DNA shearing 

A total amount of 5ug DNA, taken from the purified HLA-Mix, was contained in 

a Covaris microtube with an AFA fiber and Snap-Cap and was subjected to the 

shearing in Covaris S2DNA Shearer (Covaris Co.). The shearing conditions were as 

followed: 

Frequency sweeping 

Duty Cycle 10% 

Intensity 5 

Cycles/Burst 200 

Time (second) 300 

2. Purification after shearing 

All the sheared products of HLA-Mix were recovered and purified by QIAquick 
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PCR Purification Kit, and were dissolved in 37.5ul EB (QIAGEN Elution Buffer), 

respectively. 

3. Terminal repairing reaction 

The purified HLA-Mix after the shearing was subject to DNA terminal repairing 

reaction, and the reaction system was as followed (all the agents were purchased from 

Enzymatics Co.): 

DNA 37.5|iL 

H2O 37.5^L 

lOx Polynucleotide Kinase Buffer (B904) 10 nL 

dNTP mixture (Solution Set (lOmM each)) 4 \iL 

T4 DNA Polymerase 5{iL 

Klenow Fragment 1 jo-L 

T4 Polynucleotide Kinase 5fjL 

Total volume 100 \ih 

Reaction conditions: incubating at 20D for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 

The reaction products were recovered and purified by the QIAquick PCR 

Purification Kit, and were dissolved in 34 jil EB (QIAGEN Elution Buffer). 

4. Addition of A at 3'end 

A was added to 3' end of the DNA recovered in the last step, and the reaction 

system was as followed (all the agents were purchased from Enzymatics Co.): 

DNA obtained in the last step 32 nL 

lOx blue buffer 5 JIL 

dATP (ImM, GE Co.) 10 

Klenow (3'-5' exo-) 3 \xL 

Total volume 50 \xh 

Reaction conditions: incubating at 37• for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 

-38-



The reaction products were recovered and purified by MiniElute PCR 

Purification Kit (QIAGEN Co.), and were dissolved in 13 ^1 EB (QIAGEN Elution 

Buffer). 

5. Ligation of Illumina GA PCR-Free library adapter 

The term "PCR-Free library adapter" refers to a segment of designed bases, 

whose main role lies in auxiliary fixation of DNA molecule onto the sequencing chip 

and lies in providing the binding sites for universal sequencing primers, wherein 

PCR-Free library adapter may be directly ligated to the two termini of the DNA 

fragments in the sequencing library; since no PCR was involved in the introduction of 

the library adapter, the library adapter was called PCR-Free library adapter. 

The products having A added were ligated to the Illumina GA PCR-Free library 

adapters, and the reaction system was as followed (all the agents were purchased from 

Illumina Co.): 

DNA obtained in the last step 1 IJIL 

2x Rapid ligation buffer 15|iL 

PCR-free adapter oligo mix (30mM) ljiL 

T4 DNA Ligase (Rapid, L603-HC-L) 3(JL 

Total volume 30 nL 

Reaction conditions: incubating at 20D for 15 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 

The reaction products were purified by Ampure Beads (Beckman Coulter 

Genomics), and were dissolved in 50ul deionized water, and the DNA concentration 

determined by Fluorescence quantitative PCR (QPCR) was as followed: 

result determined by qPCR (nM) 

HLA-Mix 78.90 

6. Recovery by gel slicing 

30JJL HLA-Mix was subjected to 2% low melting point agarose gel 

electrophoresis. The electrophoretic condition was 100V, lOOmin. DNA marker was 
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the 50bp DNA marker from NEB Co.. The gel containing the DNA fragments ranging 

from 450 to 750bp was sliced (Figure 3). The products in the sliced gel were 

recovered and purified by QIAquick PCR Purification Kit (QIAGEN Co.), the volume 

after purification was 32ul, and the DNA concentration measured by Fluorescence 

quantitative PCR (QPCR) was 10.16nM. 

Example 5 

Illumina GA sequencing 

According to the results of QPCR, lOpmol DNA was taken and subjected to the 

sequencing by Illumina GA PE-100 program. For the specific operation procedure, 

please refer to the Illumina GA operation instruction (Illumina GA IIx). 

Example 6 

Analysis of the results 

The sequencing results from Illumina GA were a series of DNA sequences, and by 

searching the forward and reverse primer index sequences and primer sequences in the 

sequencing results, databases comprising the sequencing results of the PCR products of 

various exons of HLA-A/B/DRB1 for each sample corresponding to respective primer 

index were constructed. The sequencing results of each exon were aligned to the 

reference sequence (reference sequences were from http://www.ebi.ac.uk/imgt/hla/) of 

the corresponding exon by BWA (Burrows-Wheeler Aligner), and meanwhile, the 

consensus sequences of each database were constructed, and the DNA sequences in the 

database were selected and corrected. The corrected DNA sequences were assembled into 

the corresponding sequences of exons of HLA-A/B/DRB 1 on the basis of sequence 

overlapping and linkage (Paired-End linkage) relationship. The resultant DNA sequence 

was aligned with the sequence database of the corresponding exon of HLA-A/B/DRB 1 in 

IMGT HLA professional database. If the result of sequence alignment shows 100% 

match, the HLA-A/B/DRB 1 genotype of the corresponding sample was determined. 

Please refer to the screen-capture of the program for construction of consensus sequence 
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of Exon 2 of HLA-A site in Sample No.l as illustrated in Figure 4. 
For all 95 samples, the typing results obtained by the above method were 

completely consistent with the known typing results, wherein the results of Samples 

No. 1-32 were as followed: 
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Sample No. Original known HLA-A/B/DRB 1 type 

1 A*02:03 A* 11:01 B*38:02 B*48:01 DRB1*14:54 DRB1*15:01 

2 A*01:01 A*30:01 B*08:01 B*13:02 DRB1*03:01 DRB1*07:01 

3 A*01:01 A*02:01 B*15:ll B*47:01 DRBl *13:02 DRB1*15:01 

4 A*24:08 A*26:01 B*40:01 B*51:01 DRB1*04:04 DRB1*09:01 

5 A*01:01 A*24:02 B*54:01 B*55:02 DRBl *04:05 DRB1*09:01 

6 A*01:01 A*03:02 B*15:l 1 B*37:01 DRB1*10:01 DRB1*14:54 

7 A* 11:01 A*30:01 B* 13:02 B*15:18 DRBl *04:04 DRB1*07:01 

8 A*01:01 A*02:01 B*35:03 B*81:01 DRB1*11:01 DRB1*15:01 

9 A*02:06 A*31:01 B*27:07 B*40:02 DRB1*03:01 DRB1*13:02 

10 A*01:01 A*66:01 B*37:01 B*49:01 DRB1*10:01 DRBl *13:02 

11 A*01:01 A*03:01 B*35:01 B*52:01 DRB1*01:01 DRBl *15:02 

12 A*ll:01 A*ll:01 B*15:01 B*15:05 DRBl *04:06 DRB1*15:01 

13 A*01:01 A*11:02 B*07:02 B*15:02 DRB1*09:01 DRB1*15:01 

14 A*01:01 A*02:01 B*52:01 B*67:01 DRB1*15:02 DRB1*16:02 

15 A*01:01 A*02:05 B*15:17 B*50:01 DRB1*07:01 DRB1*15:01 

16 A*01:01 A* 11:01 B*37:01 B*40:02 DRB1*10:01 DRB1*12:02 

17 A*24:07 A*32:01 B*35:05 B*40:01 DRB1*03:01 DRB1*04:05 

18 A*ll:01 A*24:02 B^ 13:01 B*35:01 DRBl *16:02 DRB1*16:02 

19 A*ll:01 A*11:01 B*40:02 B*55:12 DRBl *04:05 DRB1*15:01 

20 A*02:ll A*24:02 B*40:01 B*40:06 DRB1*11:01 DRB1*15:01 

21 A*01:01 A*02:06 B*51:01 B*57:01 DRB1*07:01 DRB1*12:01 

22 A*01:01 A*29:01 B*07:05 B*15:01 DRBl *04:05 DRB1*07:01 

23 A*01:01 A*02:07 B*37:01 B*46:01 DRBl *04:03 DRB1*10:01 

24 A*24:85 A*30:01 B*13:02 B*55:02 DRB1*07:01 DRB1*15:01 

25 A* 11:01 A*31:01 B*07:06 B*51:01 DRB1*12:02 DRB1*14:05 

-42-



26 A*01:01 A*ll:01 B*46:01 B*57:01 DRB1*07:01 DRB1*08:03 

27 A*01:01 A*02:01 B*15:18 B*37:01 DRB1*04:01 DRB1*15:01 

28 A*01:01 A*24:02 B*37:01 B*46:01 DRB1*09:01 DRB1*10:01 

29 A*26:01 A*66:01 B*40:40 B*41:02 DRB1*12:01 DRB1*15:01 

30 A*02:01 A*29:02 B*13:02 B*45:01 DRB1*03:01 DRB1*12:02 

31 A*01:01 A* 11:03 B*15:01 B*57:01 DRB1*07:01 DRB1*15:01 

32 A*ll:01 A*26:01 B*35:03 B*38:01 DRBl *11:03 DRB1*14:04 

Sample No. The determined HLA-A/B/DRB 1 type 

1 A*02:03 A*ll:01 B*38:02 B*48:01 DRB1*14:54 DRB1*15:01 

2 A*01:01 A*30:01 B*08:01 B*13:02 DRB1*03:01 DRB1*07:01 

3 A*01:01 A*02:01 B*15:ll B*47:01 DRB1*13:02 DRB1*15:01 

4 A*24:08 A*26:01 B*40:01 B*51:01 DRBl*04:04 DRB1*09:01 

5 A*01:01 A*24:02 B*54:01 B*55:02 DRB1*04:05 DRB1*09:01 

6 A*01:01 A*03:02 B*15:ll B*37:01 DRB1*10:01 DRB1*14:54 

7 A*ll:01 A*30:01 B*13:02 B*15:18 DRB1*04:04 DRB1*07:01 

8 A*01:01 A*02:01 B*35:03 B*81:01 DRB1*11:01 DRB1*15:01 

9 A*02:06 A*31:01 B*27:07 B*40:02 DRB1*03:01 DRB1*13:02 

10 A*01:01 A*66:01 B*37:01 B*49:01 DRB1*10:01 DRB1*13:02 

11 A*01:01 A*03:01 B*35:01 B*52:01 DRB1*01:01 DRB1*15:02 

12 A*11:01 A*ll:01 B*15:01 B*15:05 DRB1*04:06 DRB1*15:01 

13 A*01:01 A* 11:02 B*07:02 B*15:02 DRB1*09:01 DRB1*15:01 

14 A*01:01 A*02:01 B*52:01 B*67:01 DRB1*15:02 DRB1*16:02 

15 A*01:01 A*02:05 B*15:17 B*50:01 DRB1*07:01 DRB1*15:01 

16 A*01:01 A*ll:01 B*37:01 B*40:02 DRB1*10:01 DRB1*12:02 

17 A*24:07 A*32:01 B*35:05 B*40:01 DRB1*03:01 DRB1*04:05 

18 A*ll:01 A*24:02 B*13:01 B*35:01 DRB1*16:02 DRB1*16:02 
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19 A*ll:01 A* 11:01 B*40:02 B*55:12 DRB1*04:05 DRB1*15:01 

20 A*02:ll A*24:02 B*40:01 B*40:06 DRB1*11:01 DRB1*15:01 

21 A*01:01 A*02:06 B*51:01 B*57:01 DRB1*07:01 DRB1*12:01 

22 A*01:01 A*29:01 B*07:05 H* 15:01 DRB1*04:05 DRB1*07:01 

23 A*01:01 A*02:07 B*37:01 B*46:01 DRBl *04:03 DRB1*10:01 

24 A*24:85 A*30:01 B*13:02 B*55:02 DRB1*07:01 DRB1*15:01 

25 A* 11:01 A*31:01 B*07:06 B*51:01 DRB1*12:02 DRB1*14:05 

26 A*01:01 A*11:01 B*46:01 B*57:01 DRB1*07:01 DRBl *08:03 

27 A*01:01 A*02:01 B*15:18 B*37:01 DRB1*04:01 DRB1*15:01 

28 A*01:01 A*24:02 B*37:01 B*46:01 DRB1*09:01 DRB1*10:01 

29 A*26:01 A*66:01 B*40:40 B*41:02 DRB1*12:01 DRB1*15:01 

30 A*02:01 A*29:02 B*13:02 B*45:01 DRB1*03:01 DRB1*12:02 

31 A*01:01 A* 11:03 B*15:01 B*57:01 DRB1*07:01 DRB1*15:01 

32 A*ll:01 A*26:01 B*35:03 B*38:01 DRB1*11:03 DRB1*14:04 
Note: among HLA-DRB1 types, DRB1*1201 does not exclude the possibility of 

DRBl*1206/1210/1217, and DRBl*1454 does not exclude the possibility of 

DRBl *1401, because said alleles were completely identical in the sequence of Exon 

2 of HLA-DRB 1. 

Example 7 

HLA-A,B and DRBl genotyping by using the second generation sequencing 

technique (Illumina GA) 

Sample extraction 

DNAs were extracted from 950 blood samples with known HLA-SBT typing 

results (China Marrow Donor Program cited hereafter as (CMDP)) by using 

KingFisher Automatic Extraction Instrument (US Thermo Co.). The method was as 

described in Example 1. 

PCR amplification 
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The 950 DNAs obtained from the sample extraction step were designated as No. 

1-950, and were divided into 10 groups (95 DNAs for each), which were designated 

as HLA-1, HLA-2, HLA-3, HLA-4, HLA-5, HLA-6, HLA-7, HLA-8, HLA-9, 

HLA-10. For each group of samples, 95 DNA samples were amplified by 95 sets of 

PCR primers (Table 1) carrying bidirectional primer indexes (Table 6) for 

amplification of Exons 2, 3, 4 of HLA-A/B and PCR primers (Table 7) carrying 

bidirectional primer indexes (Table 6) for amplification of Exon 2 of HLA-DRB 1. 

PCR reaction took place in 96-well plates, using 70 plates in total, designated as 

HLA-X-P-A2, HLA-X-P-A3, HLA-X-P-A4, HLA-X-P-B2, HLA-X-P-B3, 

HLA-X-P-B4 and HLA-X-P-DRB1-2 ("X" represents the information of the group 

number 1/2/3/4/5/6/7/8/9/10, "A2/3/4", "B2/3/4", "DRBl-2" represent the 

amplification sites), wherein a negative control without adding any template was set 

in each plate, and the primers used for the negative control were primers labeled by 

PI-1 (Table 6). During experimentation, the information of each sample on the group 

number and primer indexes was recorded. The method was as described in Example 2. 

Pooling and purification of PCR products 

For samples of Group X ("X" is 1/2/3/4/5/6/7/8/9/10), 20 fi\ of rest PCR products 

was taken from each well of the 96-well plate HLA-X-P-A2 (except for the negative 

control), and was mixed homogeneously under shaking in a 3 ml EP tube (designated 

as HLA-X-A2-Mix). The same operation was applied to the other 6 96-well plates of 

the samples of Group X, designated as HLA-X-A3-Mix, HLA-X-A4-Mix, 

HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix and HLA-X-D2-Mix. 200ul was 

taken from each of HLA-X-A2-Mix, HLA-X-A3-Mix, HLA-X-A4-Mix, 

HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix and HLA-X-D2-Mix, and was 

mixed in a 3ml EP tube, designated as HLA-X-Mix. 500ul DNA mixture from 

HLA-X-Mix was subjected to column purification with Qiagen DNA Purification kit 

(QIAGEN Co.) (For the specific purification steps, please refer to the manufacturer's 

instruction) to obtain 200ul DNA, and its DNA concentration was determined by 

Nanodrop 8000 (Thermo Fisher Scientific Co.). The same operation was also applied 

to other groups. The finally determined DNA concentrations were as followed. 
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HLA-

l-Mix 

HLA-

2-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

concentration 

(ng/ul) 

48.0 52.1 49.3 50.2 47.6 48.5 49.1 48.6 51.3 50.8 

The method was as described in Examp e 3. 

The construction of Illumina GA Sequencing libraries was performed by the 

method of Example 4. The corresponding relationships between the sample groups 

and the library adapters were as followed. 

Sample 

group No. 

HLA-1 HLA-2 HLA-3 HLA4 HLA-5 HLA-6 HLA-7 HLA-8 HLA-9 HLA-10 

Library 

adapter No. 

1 2 3 4 5 6 7 8 9 10 

The reaction products were purified by Ampure Beads (Beckman Coulter 

Genomics), and were dissolved in 50ul deionized water, and the DNA molar 

concentrations determined by Fluorescence quantitative PCR (QPCR) were as 

followed: 

HLA-

l-Mix 

HLA-

2-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

Cone 

(nM) 

78.90 72.13 7933 8021 77.68 78.50 89.12 78.60 81.32 80.82 

Recovery by gel slicing 

HLA-l-Mix, HLA-2-Mix, HLA-3-Mix, HLA-4-Mix, HLA-5-Mix, HLA-6-Mix, 

HLA-7-Mix, HLA-8-Mix, HLA-9-Mix and HLA-10-Mix were mixed at an equal mole 

(final concentration was 72.13 nM/ul), designated as HLA-Mix-10. 30fiL 

HLA-Mix-10 was subjected to 2% low melting point agarose gel electrophoresis. The 

electrophoretic condition was 100V, lOOmin. DNA marker was the 50bp DNA marker 

from NEB Co.. The gel containing the DNA fragments ranging from 450 to 750bp 

was sliced. The products in the sliced gel were recovered and purified by QIAquick 
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PCR Purification Kit (QIAGEN Co.), the volume after purification was 32ul, and the 

DNA concentration measured by Fluorescence quantitative PCR (QPCR) was 

9.96nM. 

The sequencing and result analysis were performed as described in Examples 5 

and 6. For all 950 samples, the typing results obtained by the above method were 

completely consistent with the known typing results. 

Example 8 

HLA-C genotyping by using the second generation sequencing technique 

(Illumina GA) 

1. DNA sample extraction 

The steps were as described in Example 1. 

2. PCR amplification 

The steps were as described in Example 2, except that the PCR primers used 

were PCR primers for Exons 2, 3 and 4 of HLA-C, as shown in Table 3. 

95 sets of PCR index primers were used to amplify 95 DNA samples, 

respectively, wherein each set of PCR index primers consisted of PCR primers for 

amplification of Exons 2, 3, 4 of HLA-C (Table 3) and a pair of bidirectional primer 

indexes (as described below), each forward PCR primer has the forward primer index 

of a pair of primer indexes linked at the 5' end, and the reverse PCR primer has the 

reverse primer index of a pair of primer indexes linked at the 5' end. During the 

synthesis of primers, the primer indexes were directly added to the 5' end of the PCR 

primers. 

The 95 DNAs obtained from the sample extraction step were designated as No. 

1-95. PCR reaction took place in 96-well plates, 3 plates in total, designated as 

HLA-P-C2, HLA-P-C3, HLA-P-A4 (C2/3/4 represent the amplification sites), 

wherein a negative control without adding any template was set in each plate, and the 

primers used in the negative control were the same as the primer PI-96. During 

experimentation, the numbering information of the sample corresponding to each pair 

of primer indexes was recorded. 

The primer indexes used were the primer indexes PI-1 to PI-95 as listed in Table 
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6, and the following negative control pirmer index PI-96 (Table 8) 

Table 8: Relevant information of the primer index used for the negative control 

PI- SEQ ID SEQ ID Negative SEQ ID 
CACTGTATAGCT 

SEQ ID 
CGACTAGTACTA H12 

Negative 
96 NO:239 N0:240 control 

The DNAs, extracted by using KingFisher Automatic Extraction Instrument in 

step 1, were used as the templates, and PCR amplification was carried out in single 

tubes by using primers for exons of HLA-C, wherein the primers have indexes at 5' 

end. PCR procedure was as followed: 

C2: 96U 2 min 

95C 30s ^62D 30s -»72D 20s (35 cycles) 

150 oo 

C3: 96D 2 min 

95D 30s ->56G 30s ->72C 20s (35 cycles) 

15C oo 

C4: 96D 2 min 

950 30s ->60C 30s ->72D 20s (35 cycles) 

15D oo 

PCR reaction system of HLA-C was as followed: 

Promega 5xbuffer I (Mg2+ plus) 5.0 \iL 

dNTP mixture (2.5 mM each) 2.0 nL 

PInr-C-F2/3/4 (50 ng/ul) 1.5 JIL 

PInf-C-R2/3/4 (50 ng/ul) 1.5 [iL 

Promega Taq (5 U/ul) 0.2 \iL 

DNA (about 20 ng/ul) 2.0 [iL 

ddH20 12.8 (iL 

Total 25.0 ^L 

Wherein, PInrC-F2/3/4 represents the F primer of HLA-C having the forward primer 

index sequence No. n (Table 2) at 5' end, PInr-C-R2/3/4 represents the R primer of HLA-C 

having the reverse primer index sequence No. n at 5' end (here n^6), and the rest may 

be deduced similarly. Moreover, each sample corresponds to a specific set of PCR 
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primers. 

PCR reaction was carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 

PCR reaction, 2ul PCR products were subjected to 1.5% agarose gel electrophoresis. 

Figure 6 showed the electrophoretic result of the PCR products of the corresponding 

exons of HLA-C of the first 20 samples, and the DNA molecular marker was DL 2000 

(Takara Co.). There were a series of single bands of a length ranging from 400 bp to 500 

bp in the electrophorogram, indicating successful PCR amplification of exons (C2, C3, 

C4) of HLA-C of the samples. The results of other samples were similar. 

Pooling and purification of PCR products 

20 (il of the rest PCR products was taken from each well of the 96-well plate 

HLA-P-C2 (except for the negative control), and was pooled homogeneously under 

shaking in a 3 ml EP tube (designated as HLA-C2-Mix). The same operation was 

applied to the other 2 96-well plates, designated as HLA-C3-Mix and HLA-C4-Mix. 

200ul was taken from each of HLA-C2-Mix, HLA-C3-Mix and HLA-C4-Mix, and 

was mixed in a 1.5 ml EP tube, designated as HLA-Mix. 500ul DNA mixture from 

HLA-Mix was subjected to column purification with Qiagen DNA Purification kit 

(QIAGEN Co.) (For the specific purification steps, please refer to the manufacturer's 

instruction). It was determined by Nanodrop 8000 (Thermo Fisher Scientific Co.) that 

the 200ul DNA obtained by purification has a HLA-Mix DNA concentration of 

50ng/ul. 

4. Construction of Illumina GA PCR-Free sequencing libraries 

4.1 Shearing of PCR products 

A total amount of 5ug DNA, taken from the purified HLA-Mix, was contained in 

a Covaris microtube with AFA fiber and Snap-Cap and was subjected to the shearing 

in Covaris S2 (Covaris Co.). The shearing conditions were as followed: 

Frequency sweeping 

Duty Cycle 10% 

Intensity 3 

Cycles/Burst 200 
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Time (s) 180 

4.2 Purification of the sheared PCR products 

All the sheared products of HLA-Mix were recovered and purified by QIAquick 

PCR Purification Kit, and were dissolved in 37.5ul EB (QIAGEN Elution Buffer), 

respectively. 

4.3 Terminal repairing reaction 

The purified products were subject to DNA terminal repairing reaction, the 

reaction system was as followed (all the agents were purchased from Enzymatics 

Co.): 

Products purified in the last step 37.5 nL 

lOx Polynucleotide Kinase Buffer (B904) 5 \LL 

dNTP mixture (Solution Set (lOmM each)) 2 JIL 

T4 DNA Polymerase 2.5 \iL 

Klenow Fragment 0.5 |iL 

T4 Polynucleotide Kinase 2.5 \xL 

Total volume 50 ^L 

Reaction conditions: incubating at 20D for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 

The reaction products were recovered and purified by the QIAquick PCR 

Purification Kit, and were dissolved in 32 \i\ EB (QIAGEN Elution Buffer). 

4.4 Addition of A at 3' end 

A was added to 3' end of the DNA recovered in the last step, and the reaction 

system was as followed (all the agents were purchased from Enzymatics Co.): 

DNA obtained in the last step 32 \iL 

lOx blue buffer 5 nL 

dATP (ImM, GE Co.) 10 fiL 

Klenow (3'-5' exo-) 3 \iL 

Total volume 50 (xL 

Reaction conditions: incubating at 37C for 30 min in a Thermomixer 

(Thermomixer, Eppendorf Co.). 
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The reaction products were recovered and purified by MiniElute PCR 

Purification Kit (QIAGEN Co.), and were dissolved in 38 jil EB (QIAGEN Elution 

Buffer). 

4.5 Ligation of Illumina GA PCR-Free library adapter 

The products having A added were ligated to the Illumina GA PCR-Free library 

adapters, and the reaction system was as followed (all the agents were purchased from 

Illumina Co.): 

DNA obtained in the last step 38 \iL 

1 Ox Ligation buffer 5 (JL 

PCR-free adapter oligo mix (30mM) 2 (J.L 

T4 DNA Ligase (Rapid, L603-HC-L) 5 |iL 

Total volume 50 \xL 

Reaction conditions: incubating at 16D overnight in a Thermomixer 

(Thermomixer, Eppendorf Co.). 

The reaction products were purified by Ampure Beads (Beckman Coulter 

Genomics), and were dissolved in 50ul deionized water, and the DNA concentration 

determined by Fluorescence quantitative PCR (QPCR) was as followed: 

result determined by qPCR (nM) 

HLA-Mix 122.71 

4.6 Recovery by gel slicing 

30|aL HLA-Mix was subjected to 2% low melting point agarose gel 

electrophoresis. The electrophoretic condition was 100V, lOOmin. DNA marker was 

the 50bp DNA Ladder from NEB Co.. The gel containing the DNA fragments ranging 

from 400 to 750bp was sliced (Figure 7). The products in the sliced gel were 

recovered and purified by QIAquick PCR Purification Kit (QIAGEN Co.), the volume 

after purification was 32ul, and the DNA concentration measured by Fluorescence 

quantitative PCR (QPCR) was 17.16nM. 

5. Illumina GA sequencing 

According to the detection results of QPCR, lOpmol DNA was taken and 

subjected to the sequencing by Illumina GA PE-100 program. For the specific 

operation procedure, please refer to the Illumina GA operation instruction (Illumina 
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GA IIx). 

6. Analysis of the results 

The sequencing results from Illumina GA were a series of DNA sequences, and by 

searching the forward and reverse primer index sequences and primer sequences in the 

sequencing results, databases comprising the sequencing results of the PCR products of 

various exons of HLA-C for each sample corresponding to respective primer index were 

constructed were constructed. The sequencing results of each exon was aligned to the 

reference sequence (reference sequences were from http://www.ebi.ac.uk/imgt/hla/) of 

the corresponding exon by BWA (Burrows-Wheeler Aligner), and consensus sequences 

of each database were constructed; and the sequence reads were selected and corrected 

based on the quality value of base sequencing, and difference between the sequence reads 

and consensus sequences. The corrected DNA sequences were assembled into the 

corresponding sequences of exons of HLA-C on the basis of sequence overlapping and 

linkage (Paired-End linkage) relationship. The screen-capture of Figure 8 illustrates the 

procedure for construction of consensus sequence of Exon 2 of HLA-C site in Sample 

No.2. 

The resultant DNA sequence was aligned with the sequence database of the 

corresponding exon of HLA-C in IMGT HLA professional database. If the result of 

sequence alignment showed 100% match, the HLA-C genotype of the corresponding 

sample was determined. For all 95 samples, the typing results obtained by the above 

method were completely consistent with the known typing results, wherein the typing 

results of Samples No. 1-32 were as followed: (as shown in Table 9, all the obtained 

results were identical to the original known results). 

http://www.ebi.ac.uk/imgt/hla/


Table 9: Comparison of the typing results obtained by the above method with the 

original known typing results of the samples 

Sample Original known HLA-C Results for HLA-C Identical 

No. genotype obtained at this time or not 

1 C*08:01 C*15:05 C*08:01 C*15:05 yes 

2 C*01:02 C*07:02 C*01:02 C*07:02 yes 

3 C*08:01 C*16:02 C*08:01 C*16:02 yes 

4 C*01:02 C*03:02 C*01:02 0*03:02 yes 

5 C*01:02 C*02:02 C*01:02 C*02:02 yes 

6 C*01:02 C*15:02 C*01:02 C*15:02 yes 

7 C*01:02 C*03:04 C*01:02 C*03:04 yes 

8 C*03:02 C*07:02 C*03:02 C*07:02 yes 

9 C*06:02 C*16:02 C*06:02 C*16:02 yes 

10 C*01:02 C*03:04 C*01:02 C*03:04 yes 

11 C*03:04 C*07:02 C*03:04 0*07:02 yes 

12 C*07:02 C*08:01 0*07:02 C*08:01 yes 

13 C*01:02 C*15:02 C*01:02 C*15:02 yes 

14 C*01:02 C*03:04 C*01:02 0*03:04 yes 

15 C*01:02 C*03:04 C*01:02 C*03:04 yes 

16 C*07:02 C*12:02 C*07:02 C*12:02 yes 

17 C*04:01 C*08:01 C*04:01 C*08:01 yes 

18 C*08:01 C*16:02 C*08:01 0*16:02 yes 

19 C*14:02 C*15:02 C*14:02 0*15:02 yes 

20 C*01:02 C*03:03 C*01:02 C*03:03 yes 

21 C*03:03 C*08:01 C*03:03 C*08:01 yes 

22 C*03:04 C*07:02 C*03:04 C*07:02 yes 

23 C*07:02 C*08:01 C*07:02 0*08:01 yes 

24 C*07:02 C*12:02 C*07:02 0*12:02 yes 

25 C*07:02 C*12:03 0*07:02 C*12:03 yes 

26 C*03:04 C*08:01 0*03:04 C*08:01 yes 

27 C*01:02 C*03:04 C*01:02 C*03:04 yes 
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28 C*07:02 C*12:02 C*07:02 C*12:02 yes 

29 C*03:02 C*07:02 C*03:02 C*07:02 yes 

30 C*01:02 C*03:03 C*01:02 C*03:03 yes 

31 C*01:02 C*07:02 C*01:02 C*07:02 yes 

32 C*01:02 C*07:02 C*01:02 C*07:02 yes 

Note: among HLA-C types, C*0303 does not exclude the possibility of C*0320N, 

C*0401 does not exclude the possibility of C*0409N/0430, C*0702 does not 

exclude the possibility of C*0750, C*0801 does not exclude the possibility of 

C*0822, C*1505 does not exclude the possibility of C*1529, because said alleles 

were completely identical in the sequences of Exons 2, 3, 4 of HLA-C. 

Example 9: HLA-C genotyping by using Sanger sequencing method 

1. Sample DNA extraction 

As described in Example 1, DNAs were extracted by using KingFisher 

Automatic Extraction Instrument from 26 out of 95 samples with known HLA 

genotypes. 

2. PCR amplification 

The above DNAs, extracted by using KingFisher Automatic Extraction 

Instrument, were used as templates, and PCR amplification was carried out in single 

tubes by using three pairs of PCR primers C-F2/C-R2, C-F3/C-R3, C-F4/C-R4 (Table 

3), respectively. The PCR procedure for each pair of primers was as followed: 

C2: 96D 2 min 

95• 30s ->62D 30s ->72D 20s (35 cycles) 

15D oo 

C3: 96 • 2min 

95D 30s ->56G 30s -»72D 20s (35 cycles) 

15D oo 

C4: 960 2min 

95C 30s ^600 30s ->72• 20s (35 cycles) 

15L oo 

PCR reaction system of HLA-C was as followed: 
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Promega 5><buffer I (Mg2+ plus) 5.0 nL 

dNTP Mixture (2.5 mM each) 2.0 \xL 

Primer mix (50 ng/|iL) 3.0 piL 

Promega Taq (5 U/(iL) 0.2 \iL 

DNA (about 20 ng/fiL) 2.0 \xh 

ddH20 12.8 JIL 

total 25.0 \iL 

PCR products were subjected to agarose gel electrophoresis (Figure 9) before 

purification. 

3. Purification of PCR products 

PCR products were purified by using Millipore purification plates. The main 

steps were as followed. The wells to be used were marked with a marker pen in the 

96-well purification plate for PCR products, and 50 /il ultrapure water was added to 

each of the wells to be used. The rest wells were sealed by sealing film. The plate 

was stood for 15 min or was connected to a drawing and filtering system (-10 pa) for 

5 min. When the purification plate was taken from the drawing and filtering system, 

liquid in the discharge port at the bottom of the purification plate was sipped up with 

absorbent paper. 

PCR products to be purified were centrifugated at 4000 rpm for 1 min; the cover 

or silica gel pad for the PCR products to be purified was removed, and 100 (ii 

ultrapure water was added to each PCR reaction system. Then, the purification plate, 

to which the PCR products to be purified were added, was connected to the drawing 

and filtering system, and the vacuum degree was adjusted to -10 pa as shown in 

barometer. The drawing and filtering were continued until no liquid was left on the 

microporous regeneratable cellulose film at the bottom of the purification plate, and 

no reflection gloss of intact liquid surface was found when observing under light. 

In the wells containing PCR products to be purified, 50 fd ultrapure water or TE 

was added to the microporous regeneratable cellulose film; the purification plate was 

vibrated at room temperature in a trace vibrator for 5 min; and the whole liquids 

contained in the corresponding wells were transferred to the corresponding wells of a 

new 96-well PCR plate. 
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4. Performance of sequencing reaction and purification of products of the 

sequencing reaction 

The above purified PCR products were used as templates for sequencing 

reaction. 

Conditions for sequencing reaction 

96 • 2 min 

96D 10s -> 55C 5s 60D 2min (25 cycles) 

15D oo 

The system for sequencing reaction was 

Purified PCR products 1 pL 

primers (3.2 pmol/1) 1 |iL 

2.5 *Bigdye 0.3 \xL 

5*Buffer 0.85 jiL 

water 1.85 nL 

Total volume 5 \xL 

The products of the sequencing reaction were purified by the following steps: the 

sequencing reaction plate was balanced, and centrifugated at 3000 g for 1 min. In the 

96-well plate, to each 5 JJL reaction system, 2(iL 0.125 mol/L EDTA-Na2 solution, 

33 \iL 85% ethanol were added, and the plate was covered by a silica gel pad and 

was sufficiently vibrated for 3 min. The plate was then centrifugated at 4C, 3000 g 

for 30 min. The sequencing plate was taken out after centrifugation, the silica gel 

pad was removed, and the sequencing plate was placed downwardly onto absorbent 

paper, and was then subjected to inverted centrifugation until the centrifugal force 

reached 185g. To each well of the 96-well plate, 50 fil 70% ethanol was added. The 

plate was covered with a silica gel pad, and vibrated for 1.5 min, and centrifugated 

at 4D, 3000 g for 15 min. The sequencing reaction plate was then placed in a dark 

and ventilative place for 30 min so as to be air-dried until no ethanol odor was felt. 

To each well of the 96-well plate, 10 JIL HI-DI formamide was added (alternatively, 

to each well of a 384-well plate, 8 |iL was added), and then the plate was covered by 

sealing film, and was centrifugated to 1000 rpm after vibrating for 5s. 

5. Sequencing and result analysis 
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Purified products of the sequencing reaction were subjected to capillary 

electrophoresis sequencing in ABI 3730XL. The sequencing peaks were analyzed by 

uType software (Invitrogen) to obtain HLA typing results (Figure 10). All the results 

obtained by the above method were identical to the original known results, as shown 

in Table 10. 

Table 10: Comparison of the typing results obtained by the above method with 

the original known typing results 

Sample Original known HLA-C Results for HLA-C Identical 

No. genotype obtained at this time or not 

1 C*08:01 C*15:05 C*08:01 C*15:05 yes 

2 C*01:02 C*07:02 C*01:02 C*07:02 yes 

3 C*08:01 C*16:02 C*08:01 0*16:02 yes 

4 C*01:02 0*03:02 C*01:02 C*03:02 yes 

5 C*01:02 C*02:02 C*01:02 C*02:02 yes 

6 C*01:02 C*15:02 C*01:02 C*15:02 yes 

7 0*01:02 0*03:04 C*01:02 C*03:04 yes 

8 C*03:02 0*07:02 C*03:02 C*07:02 yes 

9 C*06:02 C*16:02 0*06:02 C*16:02 yes 

10 0*01:02 C*03:04 C*01:02 C*03:04 yes 

11 C*03:04 0*07:02 C*03:04 C*07:02 yes 

12 C*07:02 0*08:01 C*07:02 C*08:01 yes 

13 C*01:02 0*15:02 C*01:02 C*15:02 yes 

14 C*01:02 C*03:04 C*01:02 C*03:04 yes 

15 C*01:02 C*03:04 0*01:02 C*03:04 yes 

16 C*07:02 C*12:02 C*07:02 0*12:02 yes 

17 0*04:01 C*08:01 C*04:01 C*08:01 yes 

18 C*08:01 0*16:02 C*08:01 C*16:02 yes 

19 C*14:02 0*15:02 0*14:02 C*15:02 yes 

20 C*01:02 C*03:03 C*01:02 C*03:03 yes 

21 C*03:03 C*08:01 C*03:03 C*08:01 yes 

22 C*03:04 C*07:02 C*03:04 C*07:02 yes 
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23 C*07:02 C*08:01 C*07:02 C*08:01 yes 

24 C*07:02 C*12:02 C*07:02 C*12:02 yes 

25 C*07:02 C*12:03 C*07:02 C*12:03 yes 

26 C*01:02 C*07:02 C*01:02 C*07:02 yes 

Example 10: HLA-DQBl genotyping by using the second generation sequencing 

technique (Illumina Solexa) 

94 blood samples with known HLA-SBT typing results were subjected to 

HLA-DQBl genotyping, according to the methods as described in Example 8, except 

for the following items. 

94 sets of PCR index primers were used to amplify 94 DNA samples, 

respectively, wherein each set of PCR index primers consisted of PCR primers for 

amplification of Exon 2 or 3 of HLA-DQBl (Table 5) and a pair of bidirectional 

primer indexes (as described above), each forward PCR primer has the forward primer 

index of a pair of primer indexes linked at the 5' end, and the reverse PCR primer has 

the reverse primer index of a pair of primer indexes linked at the 5' end. During the 

synthesis of primers, the primer indexes were directly added to the 5' end of the PCR 

primers, wherein the primers were synthesized by Shanghai Invitrogen Co. 

The 94 DNAs obtained in the sample extraction step, were designated as No. 

1-94. PCR reaction was carried out in 96-well plates, Exons 2, 3 of DQBl in each 

sample was amplified in the same well. Two negative controls without adding any 

template were set in each plate, and the primer indexes used in negative controls are 

PI-95 and PI-96. During experimentation, the numbering information of the sample 

corresponding to each pair of primer indexes was recorded. 

The primer indexes used were the primer indexes PI-1 to PI-94 as listed in Table 

6, and the following primer indexes PI-95 and PI-96 (Table 11) for negative controls. 

Table 11: Relevant information on the primer indexes used for negative controls 

PI-

95 

SEQ ID 

NO:229 
CGACGTAGAGTC 

SEQ ID 

N0:230 
CAGTAGCACTAC HI 1 

Negative 

control 

PI- SEQ ID SEQ ID Negative SEQ ID 
CACTGTATAGCT 

SEQ ID 
CGACTAGTACTA H12 

Negative 

96 NO:239 N0:240 control 
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PCR procedure for HLA-DQBl was as followed: 

96 • 2min 

95D 30s-^60D 30s->72D 20s (32 cycles) 

15D oo 

PCR reaction system for HLA-DQBl was as followed: 

Promega 5><buffer I (Mg2+ plus) 5.0 ul 

dNTP mixture (2.5 mM each) 2.0 ul 

PInf-Q-F2 (2 pmol/ul) l.Oul 

PInf-Q-R2 (2 pmol/ul) l.Oul 

PInf-Q-F3 (2 pmol/ul) l.Oul 

PInf-Q-R3 (2 pmol/ul) l.Oul 

Promega Taq (5U/ul) 0.2 ul 

DNA (about 20 ng/ul) 5.0 ul 

ddH20 8.8 ul 

Total 25.0 ul 

lerein, PInf-Q-F2/3 represents the F primer of HLA-DQBl having the f 

primer index sequence No. n (Table 1) at 5' end; PInf-Q-R 2/3 represents the R primer of 

HLA-DQBl having the reverse primer index sequence No. n at 5' end (here n^6); and 

the rest may be deduced similarly. Moreover, each sample corresponds to a specific set 

of PCR primers. 

PCR reaction was carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 

PCR reaction, 2ul PCR products were subjected to 1.5% agarose gel electrophoresis. 

Figure 11 showed the electrophoretic result of the PCR products of Exons 2+3 of 

HLA-DQBl of 94 samples, and the DNA molecular marker was DL 2000 (Takara Co.). 

Pooling and purification of PCR products 

20 fi\ of the rest PCR products was taken from each well of the 96-well plate 

HLA-P-DQB1 (except for the negative control), and was mixed homogeneously in a 3 

ml EP tube (designated as HLA-Q-Mix). 500ul DNA mixture from HLA-Q-Mix was 

subjected to column purification with Qiagen DNA Purification kit (QIAGEN Co.) 
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(For the specific purification steps, please refer to the manufacturer's instruction). It 

was determined by Nanodrop 8000 (Thermo Fisher Scientific Co.) that the 200ul 

DNA obtained by purification has a HLA-Q-Mix DNA concentration of 48ng/ul. 

Conditions for shearing were as followed: 

Frequency sweeping 

Duty Cycle 10% 

Intensity 5 

Cycles/Burst 200 

Time (s) 300 

The reaction products were subjected to terminal repairing reaction, and then 

were recovered and purified by QIAquick PCR Purification Kit, and were dissolved in 

34ul EB (QIAGEN Elution Buffer). 

The reaction products were further subjected to the addition of A at 3' end, and 

then were recovered and purified by MiniElute PCR Purification Kit (QIAGEN Co.), 

and were dissolved in 13 jal EB solution (QIAGEN Elution Buffer). 

After ligation of library adapters, the reaction products were purified by Ampure 

Beads (Beckman Coulter Genomics), and were dissolved in 50 jx\ deionized water, 

and the DNA concentration determined by Fluorescence quantitative PCR (QPCR) 

was as followed: 

result determined by qPCR (nM) 

HLA-Q-Mix 115.3 

The gel containing the DNA fragments ranging from 350 to 550bp was sliced 

(Figure 12). After purification and recovery of the products from the gel, the DNA 

concentration, as determined by Fluorescence quantitative PCR (QPCR), was 18.83 

nM. 

Analysis of the results 

The sequencing results from Illumina GA were a series of DNA sequences, and by 

searching the forward and reverse primer index sequences and primer sequences in the 

sequencing results, databases, comprising the sequencing results of the PCR products of 

various exons of HLA-DQBl for each sample corresponding to respective primer 
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index were constructed. The sequencing results of each exon was aligned to the 

reference sequence (reference sequences were from http://www.ebi.ac.uk/imgt/hla/) of 

the corresponding exon by BWA (Burrows-Wheeler Aligner), and consensus sequences 

of each database were constructed, and the sequence reads were selected and corrected 

based on the quality value of base sequencing, and difference between the sequence reads 

and consensus sequences. The corrected DNA sequences were assembled into the 

corresponding sequences of Exons 2, 3 of HLA-DQBl on the basis of sequence 

overlapping and linkage (Paired-End linkage) relationship. The screen-capture of Figure 

13 illustrates the procedure for construction of consensus sequence of Exon 2 of 

HLA-DQBl site in Sample No.7. 

The resultant DNA sequence for Exons 2, 3 of HLA-DQBl was aligned with the 

sequence database of the corresponding exon of HLA-DQBl in IMGT HLA professional 

database. If the result of sequence alignment showed 100% match, the HLA-DQBl 

genotype of the corresponding sample was determined. 

For all 94 samples, the typing results obtained by the above method were 

completely consistent with the original known typing results, wherein the results of 

Samples No. 1-32 were shown in Table 12. 

http://www.ebi.ac.uk/imgt/hla/


Table 12: The typing results of Samples No. 1-32 

Sample 

No. 

Original known DQBl 

genotype 

Results for DQBl obtained at 

this time 

Identical 

or not 

1 DQB1*02:02 DQB1*03:01 DQB1*02:02 DQB1*03:01 yes 

2 DQB1*02:02 DQB1*04:01 DQB1*02:02 DQB1*04:01 yes 

3 DQB1*05:02 DQB1*02:02 DQB1*05:02 DQB1*02:02 yes 

4 DQB1*02:02 DQB1*06:03 DQB1*02:02 DQB1*06:03 yes 

5 DQB1*03:03 DQB 1*04:02 DQB1*03:03 DQB1*04:02 yes 

6 DQB1*05:02 DQB1*03:17 DQB1*05:02 DQB1*03:17 yes 

7 DQB 1*03:03 DQB1*06:02 DQB1*03:03 DQB1*06:02 yes 

8 DQB1*05:03 DQB 1*04:02 DQB1*05:03 DQB1*04:02 yes 

9 DQB1*04:02 DQB1*06:01 DQB1*04:02 DQB1*06:01 yes 

10 DQB1*05:01 DQB1*06:10 DQB1*05:01 DQB1*06:10 yes 

11 DQB1*03:01 DQB1*03:03 DQB1*03:01 DQB1*03:03 yes 

12 DQB1*05:01 DQB1*05:01 DQB1*05:01 DQB1*05:01 yes 

13 DQB1*02:02 DQB1*04:02 DQB1*02:02 DQB1*04:02 yes 

14 DQB1*05:02 DQB1*02:01 DQB1*05:02 DQB1*02:01 yes 

15 DQB1*02:01 DQB1*06:02 DQB1*02:01 DQB1*06:02 yes 

16 DQB1*03:03 DQB1*04:01 DQB1*03:03 DQB1*04:01 yes 

17 DQB1*05:01 DQB1*03:02 DQB1*05:01 DQB1*03:02 yes 

18 DQB1*03:03 DQB1*06:01 DQB1*03:03 DQB1*06:01 yes 

19 DQB1*03:03 DQB1*06:10 DQB1*03:03 DQB1*06:10 yes 

20 DQB1*05:03 DQB1*04:01 DQB1*05:03 DQB1*04:01 yes 

21 DQB1*05:02 DQB1*04:01 DQB1*05:02 DQB1*04:01 yes 

22 DQB1*03:01 DQB1*03:03 DQB1*03:01 DQB1*03:03 yes 

23 DQB1*05:02 DQB1*05:03 DQB1*05:02 DQB1*05:03 yes 

24 DQB1*05:02 DQB1*03:02 DQB1*05:02 DQB1*03:02 yes 

25 DQB1*03:03 DQB1*06:01 DQB 1*03:03 DQB1*06:01 yes 

26 DQB1*05:02 DQB1*06:09 DQB1*05:02 DQB1*06:09 yes 
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27 DQB1*02:02 DQB1*06:02 DQB1*02:02 DQB1*06:02 yes 

28 DQB1*05:02 DQB1*03:01 DQB1*05:02 DQB1*03:01 yes 

29 DQB1*02:01 DQB1*03:01 DQB1*02:01 DQB1*03:01 yes 

30 DQB1*06:03 DQB1*06:09 DQB1*06:03 DQB1*06:09 yes 

31 DQB1*05:02 DQB1*02:02 DQB1*05:02 DQB1*02:02 yes 

32 DQB1*05:01 DQB1*06:01 DQB1*05:01 DQB1*06:01 yes 

Example 11: HLA-DQB1 genotyping by using Sanger sequencing method 

1. Sample DNA extraction 

As described in Example 1, DNAs were extracted by using KingFisher 

Automatic Extraction Instrument from 20 out of 94 samples with known HLA 

genotypes. 

2. PCR amplification 

The above DNAs, extracted by using KingFisher Automatic Extraction 

Instrument, were used as templates, and PCR amplification was carried out in single 

tubes by using two pairs of PCR primers (Q-F2 and Q-R2, Q-F3 and Q-R3) as listed 

in Table 5, respectively. The PCR procedure for each pair of primers was as followed: 

96D 2min 

95G 30s->56D 30s^72D 20s (35 cycles) 

15D oo 

PCR reaction system for HLA-Q was as followed: 

Promega 5xbuffer I (Mg2+ plus) 5.0 \iL 

dNTP Mixture (2.5 mM each) 2.0 nL 

Primer mixture (25 ng/^L) 3.0 jaL 

Promega Taq (5 U/jiL) 0.2 ]xL 

DNA (about 20 ng/(jL) 2.0 \iL 

ddH20 12.8 JIL 

total 25.0 [iL 

PCR products were subjected to agarose gel electrophoresis before purification. 

3. Purification of PCR products 
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The method and steps were the same as those described in Example 9. 

4. Performance of sequencing reaction and purification of products of the 

sequencing reaction 

The method and steps were the same as those described in Example 9. 

5. Sequencing and result analysis 

Purified products of the sequencing reaction were subjected to capillary 

electrophoresis sequencing in ABI 3730XL. The sequencing peaks were analyzed by 

uType software (Invitrogen) to obtain HLA typing results (Figure 15). All the results 

obtained by the above method were identical to the original known results, as shown 

in Table 13. 

Table 13: Comparison of the typing results obtained by the above method with 

the original known typing results 

Sample 

No. Original known DQBl genotype 

Results for DQBl obtained at 

this time 

Identical 

or not 

1 DQB1*02:02 DQB1*03:01 DQB1*02:02 DQB1*03:01 yes 

2 DQB1*02:02 DQB1*04:01 DQB1*02:02 DQB1*04:01 yes 

3 DQB1*05:02 DQB1*02:02 DQB1*05:02 DQB1*02:02 yes 

4 DQB 1*02:02 DQB1*06:03 DQB1*02:02 DQB1*06:03 yes 

5 DQB1*03:03 DQB1*04:02 DQB1*03:03 DQB1*04:02 yes 

6 DQB1*05:02 DQB1*03:17 DQB1*05:02 DQB1*03:17 yes 

7 DQB1*03:03 DQB1*06:02 DQB1*03:03 DQB1*06:02 yes 

8 DQB1*05:03 DQB1*04:02 DQB1*05:03 DQB1*04:02 yes 

9 DQB1*04:02 DQB1*06:01 DQB1*04:02 DQB1*06:01 yes 

10 DQB1*05:01 DQB1*06:10 DQB1*05:01 DQB1*06:10 yes 

11 DQB1*03:01 DQB1*03:03 DQB1*03:01 DQB1*03:03 yes 

12 DQB1*05:01 DQB1*05:01 DQB1*05:01 DQB1*05:01 yes 

13 DQB 1*02:02 DQBl *04:02 DQB 1*02:02 DQB 1*04:02 yes 

14 DQB1*05:02 DQB1*02:01 DQB1*05:02 DQB1*02:01 yes 

15 DQB1*02:01 DQB1*06:02 DQB1*02:01 DQB1*06:02 yes 

16 DQB1*03:03 DQB1*04:01 DQB1*03;03 DQB1*04:01 yes 
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17 DQB1*05:01 DQB1*03:02 DQB1*05:01 DQB1*03:02 yes 

18 DQB1*03:03 DQB1*06:01 DQB1*03:03 DQB1*06:01 yes 

19 DQB1*03:03 DQB1*06:10 DQB1*03:03 DQB1*06:10 yes 

20 DQB1*05:03 DQB1*04:01 DQB1*05:03 DQB1*04:01 yes 

Example 12: Genotyping of Exons 2, 3, 4 of HLA-A/B/C and Exons 2, 3 of 

HLA-DQBl in 950 samples 

In the present example, Exons 2, 3, 4 of HLA-A/B/C and Exons 2, 3 of HLA-DQBl 

in 950 samples were genotyped by using the combination of primer indexes, DNA 

incomplete shearing strategy, library indexes, PCR-Free libraries preparation, and 

Illumia GA Paired-End 100 sequencing technique (PCR products having a length 

ranging from 300bp to 500bp), demonstrating that the method of the present invention 

could accomplish the genotyping of gene fragments of a length exceeding the maximum 

read length of sequencer, and also demonstrating that the present invention could 

accomplish HLA genotyping with low cost, high throughput, high accuracy and high 

resolution. 

Principle: the samples to be analyzed were divided into 10 groups; for samples of 

each group, primer indexes were introduced to the two termini of the PCR products of 

Exons 2, 3, 4 of HLA-A/B/C and Exons 2, 3 of HLA-DQBl by PCR reaction so as to 

specifically label the sample information of the PCR products. The products of PCR 

amplification of four sites (HLA-A/B/C/DQB 1) in each group of samples were mixed 

together to obtain a library of PCR products; after incomplete ultrasonic shearing of 

the libraries of PCR products, indexed PCR-free sequencing libraries were 

constructed (wherein for the PCR product library of each sample group, a different 

adapter was used, thereby constructing 10 indexed sequencing libraries). The 10 

indexed sequencing libraries were pooled together at an equal mole to construct a 

mixed index sequencing library. The mixed index sequencing library was subjected to 

2% low melting point agarose gel electrophoresis, and all the DNA bands of a length 

ranging from 450bp to 750bp were recovered and purified by gel slicing. The 

recovered DNA was sequenced by the Illumina GA PE-100 method. The sequence 

information of all the tested samples can be traced by primer index sequences and 
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library index sequences, and the sequence of the whole PCR product can be 

assembled on the basis of the known reference sequences and the overlapping and 

linkage relationship between the sequences of DNA fragments, The complete 

sequence of the original PCR product can be aligned with the standard database of the 

corresponding exons of HLA-A/B/C/DQB 1, thereby accomplishing 

HLA-A/B/C/DQB 1 genotyping. 

1. Sample extraction 

DNAs were extracted from 950 blood samples with known HLA-SBT typing 

results (China Marrow Donor Program cited hereafter as (CMDP)) by using 

KingFisher Automatic Extraction Instrument (US Thermo Co.). The process was the 

same as that described in Example 1. 

2. PCR amplification 

The 950 DNAs obtained from the sample extraction step were designated as No. 

1-950, and were divided into 10 groups (95 DNAs for each group), which were 

designated as HLA-1, HLA-2, HLA-3, HLA-4, HLA-5, HLA-6, HLA-7, HLA-8, 

HLA-9, HLA-10. For each group of samples, 95 DNA samples were amplified by 95 

sets of PCR primers carrying bidirectional primer indexes (Table 6) for amplification 

of Exons 2, 3, 4 of HLA-A/B (Table 2), for amplification of Exons 2, 3, 4 of HLA-C 

(Table 4), and for amplification of Exons 2, 3 of HLA-DQBl (Table 5), respectively. 

PCR reaction took place in 96-well plates, using 100 plates in total, designated as 

HLA-X-P-A2, HLA-X-P-A3, HLA-X-P-A4, HLA-X-P-B2, HLA-X-P-B3, 

HLA-X-P-B4, HLA-X-P-C2, HLA-X-P-C3, HLA-X-P-C4 and HLA-X-P-DQB1 ("X" 

represents the information of the group number 1/2/3/4/5/6/7/8/9/10, "A2/3/4", 

"B2/3/4", "C2/3/4", "DQBl" represent the amplification sites), wherein a negative 

control without adding any template was set in each plate, and the primers used for 

the negative control were primers labeled by PI-1 (Table 6). During experimentation, 

the information of each sample on the group number and primer indexes was recorded. 

For example, the relevant information on primer indexes PI-1 and PI-2 was as 

followed, and the rest may be deduced similarly. 



primer 
index 
No. 

SEQ 
ID 

NO: 

forward primer 
index 

SEQ 
ID 

NO: 
reverse primer index 

Corresponding 
position in 

96-well plate 

Corresponding 
template (Group 

1) 

Corresponding 
template (Group 
n+1, wherein 1 < 
n< 10, n was an 
integer) 

Pl-1 41 TCGCAGACATCA 42 TGACACGATGCT Al 1 I+95*n 
PI-2 43 TACATCGCACTA 44 TACAGATGCTGA A2 2 2+95*n 

The PCR procedure and PCR reaction system for HLA-A/B/C were the same as 

those described in Example 2. The PCR primers for amplification of the 

corresponding exons of HLA-A/B were shown in Table 2, and the PCR primers for 

amplification of the corresponding exons of HLA-C were shown in Table 4. 

PCR procedure for HLA-DQBl was as followed. 

96 • 2min 

95G 30s->55D 30s-»72D 20s (32cycles) 

15D oo 

Multiple PCR reaction system for HLA-DQBl (amplification of Exons 2, 3 

simultaneously) is the same as the one described in Example 10, and the PCR primers 

for amplification of the corresponding exons of HLA-DQBl were as shown in Table 

5. 

Wherein, PInrA/B/C-F2/3/4 and PInrQ-F2/F3 represent the F primers of 

HLA-A/B/C/DQB 1 having the forward primer index sequence No. n (Table 6) at 5' end, 

PInr-A/B/C-R2/3/4 &nd PInr-Q-R2/R3 represent the R primers of HLA-A/B/C/DQB 1 

having the reverse primer index sequence No. n at 5' end (here n^5), and the rest may 

be deduced similarly. Moreover, each sample corresponds to a specific set of PCR 

primers (PInfA/B/C-F2/3/4, PInr-A/B/C-R2/3/4, PInrQ-F2/F3, PInr-Q-R2/R3). 

PCR reaction was carried out in PTC-200 PCR apparatus from Bio-Rad Co.. After 

PCR reaction, 3ul PCR products were subjected to 2% agarose gel electrophoresis. 

Figure 16 showed the electrophoretic result of the PCR products of the corresponding 

exons of HLA-A/B/C/DQB 1 of Sample No. 1, and the DNA molecular marker was DL 

2000 (Takara Co.), There were a series of single bands of a length ranging from 300 bp 

to 500 bp in the electrophorogram, indicating successful PCR amplification of exons (A2, 

A3, A4, B2, B3, B4, C2, C3, C4, DRBl) of HLA-A/B/C/DQB 1 of Sample No.l. There 

was no amplification band in negative control (N). The results of other samples were 



similar. 

3. Pooling and purification of PCR products 

For samples of Group X ("X" is 1/2/3/4/5/6/7/8/9/10), 20 ji\ of the rest PCR 

products was taken from each well of the 96-well plate HLA-X-P-A2 (except for the 

negative control), and was mixed homogeneously under shaking in a 3 ml EP tube 

(designated as HLA-X-A2-Mix). The same operation was applied to the other 9 

96-well plates of the samples of Group X, designated as HLA-X-A3-Mix, 

HLA-X-A4-Mix, HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix, 

HLA-X-C2-Mix, HLA-X-C3-Mix, HLA-X-C4-Mix, and HLA-X-DQB1 -Mix. 200ul 

was taken from each of HLA-X-A2-Mix, HLA-X-A3-Mix, HLA-X-A4-Mix, 

HLA-X-B2-Mix, HLA-X-B3-Mix, HLA-X-B4-Mix, HLA-X-C2-Mix, 

HLA-X-C3-Mix, HLA-X-C4-Mix, and HLA-X-DQB 1-Mix, and was mixed in a 3ml 

EP tube, designated as HLA-X-Mix. 500ul DNA mixture from HLA-X-Mix was 

subjected to column purification with Qiagen DNA Purification kit (QIAGEN Co.) 

(For the specific purification steps, please refer to the manufacturer's instruction) to 

obtain 200ul purified DNA, of which the DNA concentration were determined by 

Nanodrop 8000 (Thermo Fisher Scientific Co.). The same operation was also applied 

to the other 9 groups of samples. The finally determined DNA concentrations of the 

10 groups of samples were as followed. 

HLA-

l-Mix 

HLA-

2-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-

9-Mix 

HLA-10 

-Mix 

Cone. 

(ngU) 

53.1 52.3 56.1 57 2 50.5 55.7 542 58.6 53.9 54.8 

4. Construction of Illumina GA sequencing libraries 

As described in Example 4, a total amount of 5ug DNA, taken from the purified 

HLA-X-Mix, was subjected to DNA shearing, purification after shearing, terminal 

repairing reaction, addition of A at 3' end, and ligation of Illumina GA PCR-Free 

library adapter. 

The corresponding relationship between the sample groups and library adapters 

was as followed. 

-68-



Sample 

group 

No. 

HLA-1 HLA-2 HLA-3 HLA-4 HLA-5 HLA-6 HLA-7 HIAS HLA-9 HLA-10 

Library 

adapter 

No. 

1 2 3 4 5 6 7 8 9 10 

The obtained reaction products were purified by Ampure Beads (Beckman 

Coulter Genomics), and were dissolved in 50ul deionized water, and the DNA 

concentrations determined by Fluorescence quantitative PCR (QPCR) were as 

followed: 

HLA-

l-Mix 

HLA-

2-Mix 

HLA-

3-Mix 

HLA-

4-Mix 

HLA-

5-Mix 

HLA-

6-Mix 

HLA-

7-Mix 

HLA-

8-Mix 

HLA-9 

-Mix 

HLA-10 

-Mix 

Conc/nM 86.60 78.21 54.56 87.35 84.37 85.09 9621 85.81 88.14 8826 

6. Recovery by gel slicing 

HLA-l-Mix, HLA-2-Mix, HLA-3-Mix, HLA-4-Mix, HLA-5-Mix, HLA-6-Mix, 

HLA-7-Mix, HLA-8-Mix, HLA-9-Mix and HLA-10-Mix were mixed at an equal mole 

(final concentration was 70.86nM/ul), designated as HLA-Mix-10. 30f.iL 

HLA-Mix-10 was subjected to 2% low melting point agarose gel electrophoresis. The 

electrophoretic condition was 100V, lOOmin. DNA marker was the 50bp DNA marker 

from NEB Co.. The gel containing the DNA fragments ranging from 450 to 750bp 

was sliced (Figure 17). The products in the sliced gel were recovered and purified by 

QIAquick PCR Purification Kit (QIAGEN Co.), the volume after purification was 

32ul, the DNA concentration measured by Fluorescence quantitative PCR (QPCR) 

was 10.25nM. 

5. Illumina GA sequencing and result analysis 

Sequencing and result analysis were carried out according to the methods as 

described in Examples 5 and 6. 

Databases, comprising the sequencing results of the PCR products of various 

exons of HLA-A/B/C/DQB 1 for each sample corresponding to respective primer 
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index were constructed. The resultant DNA sequence was aligned with the sequence 

database of the corresponding exon of HLA-A/B/C/DQB 1 in IMGT HLA professional 

database. If the result of sequence alignment showed 100% match, the 

HLA-A/B/C/DQB 1 genotype of the corresponding sample was determined. Please refer 

to the screen-capture of the program for construction of consensus sequence of Exon 2 of 

HLA-C site in Sample No.l, as illustrated in Figure 18. For all 950 samples, the typing 

results obtained by the above method were completely consistent with the original 

known typing results, wherein the results of Samples No. 1-32 were as followed: 

No. Original known HLA-A/B/C/DQB 1 type 

1 A*02: A*03: B*07: B*46: C*01: C*07: DQBl *03 DQB 1*06 

07 01 02 01 02 02 :03 :02 

2 A*ll: A*31: B*15: B*38: C*03: C*07: DQB 1*03 DQB 1*04 

01 01 11 02 03 02 :03 :01 

3 A*02: A*24: B*13: B*46: C*01: C*03: DQB 1*03 DQB 1*06 

07 02 01 01 02 04 :02 :01 

4 A*24: A*33: B*40: B*51: C*01: C*\4: DQB 1*03 DQB 1*03 

02 03 01 01 02 02 :03 :03 

5 A*31: A*31: B*15: B*35: C*04; C*04: DQB 1*03 DQB 1*06 

01 01 01 01 01 01 :02 :02 

6 A*02: A*03: B*44: B*46: C*01: C*05: DQB 1*03 DQB 1*06 

07 01 02 01 02 01 :01 :02 

7 A*02: A*30: B*07: B*13: C*06: C*07: DQB 1*02 DQB 1*06 

01 01 02 02 02 02 :02 :01 

8 A*02: A*02: B*46: B*46: C*01: C*01: DQB 1*05 DQB 1*03 

07 07 01 01 02 02 :02 :03 

9 A*01: A*33: B*49: B*58: C*03: C*07: DQB 1*06 DQB 1*06 

01 03 01 01 02 01 :04 :09 

10 A*02: A*11: B*46: B*48: C*01: C*08: DQB 1*05 DQB 1*03 
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07 01 01 01 03 01 :03 :02 

11 A*02: A*30: B*13: B*15: C*06: C*08: DQB 1*03 DQB 1*03 

06 01 02 02 02 01 :01 :01 

12 A*24: A*31: B*35: B*51: C*03: C*14: DQBl *03 DQB 1*06 

02 01 01 01 03 02 :03 :01 

13 A*ll: A*33: B*46: B*46: C*01: C*01: DQB 1*03 DQBl *03 

01 03 01 01 02 02 :02 :03 

14 A*01: A*02: B*38: B*57: C*06: C*07: DQB 1*05 DQB 1*03 

01 03 02 01 02 02 :02 :03 

15 A*02: A*24: B*13: B*15: C*03: C*07: DQB 1*03 DQB 1*06 

06 02 01 25 04 02 :01 :01 

16 A*11: A*24: B*15: B*15: C*04: C*08: DQBl *03 DQB 1*03 

01 02 02 27 01 01 :01 :03 

17 A*24: A*24: B*40: B*46: C*01: C*03: DQB 1*03 DQB 1*06 

02 02 01 01 02 04 :03 :02 

18 A*24: A*24: B*40: B*46: C*01: C*03: DQB1*03 DQB 1*06 

02 02 01 01 02 04 :03 :02 

19 A*ll: A*33: B*40: B*58: C*03: C*03: DQB 1*02 DQB 1*03 

01 03 02 01 02 04 :01 :02 

20 A*24: A*30: B*13: B*40: C*03: C*06: DQB 1*06 DQB1*06 

02 01 02 01 04 02 :02 :03 

21 A*02: A*24: B*40: B*40: C*07: C* 14: DQB1*04 DQB 1*06 

01 02 01 01 02 02 :02 :02 

22 A*02: A*33: B*15: B*44: C*01: C* 14: DQB 1*03 DQB 1*06 

01 03 01 03 02 03 :01 :04 

23 A*26: A*33: B*15: B*58: C*03: C*08: DQB 1*02 DQB 1*03 

01 03 01 01 02 01 :01 :01 
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24 A*02: A*11: B*13: B*55: C*01: C*03: DQB1*03 DQBl *03 

01 01 01 02 06 04 :01 :03 

25 A*02: A*32: B*40: B*52: C*03: C*12: DQB 1*05 DQB 1*06 

01 01 01 01 04 02 :02 :01 

26 A*02: A*02: B*40: B*46: C*01: C*07: DQB1*03 DQB 1*06 

03 07 01 01 02 02 :02 :01 

27 A*02: A*02: B*46: B*46: C*01: C*01: DQB 1*03 DQB 1*06 

07 07 01 01 02 02 :03 :01 

28 A*24: A*30: B*13: B*39: C*06: C*07: DQB 1*02 DQBl *06 

02 01 02 05 02 02 :02 :01 

29 A*31: A*33: B*15: B*58: C*03: C*07: DQB 1*04 DQB 1*06 

01 03 18 01 02 04 :01 :09 

30 A*02: A*03: B*27: B*40: C*02: C*03: DQB 1*03 DQBl *03 

06 01 05 02 02 04 :01 :01 

31 A*02; A*33: B*15: B*58: C*03: C*08: DQB 1*05 DQB 1*06 

06 03 02 01 02 01 :01 :01 

32 A*03: A*30: B*13: B*51: C*06: C*15: DQBl *02 DQBl *03 

01 01 02 01 02 02 :02 :01 

No. HLA-A/B/C/DQB 1 type determined by the method of the invention 

1 A*02: A*03: B*07: B*46: C*01: C*07: DQB 1*03 DQB 1*06 

07 01 02 01 02 02 :03 :02 

2 A*ll: A*31: B*15: B*38: C*03: C*07: DQB 1*03 DQB 1*04 

01 01 11 02 03 02 :03 :01 

3 A*02: A*24: B*13: B*46: C*01: C*03: DQB 1*03 DQB 1*06 

07 02 01 01 02 04 :02 :01 

4 A*24: A*33: B*40: B*51: C*01: C*14: DQB 1*03 DQBl *03 
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02 03 01 01 02 02 :03 :03 

5 A*31: A*31: B*15: B*35: C*04: C*04: DQB 1*03 DQB1*06 

01 01 01 01 01 01 :02 :02 

6 A*02: A* 03: B*44: B*46: C*01: C*05: DQB1*03 DQB 1*06 

07 01 02 01 02 01 :01 :02 

7 A*02: A*30: B*07: B*13: 0*06: C*07: DQB 1*02 DQB 1*06 

01 01 02 02 02 02 :02 :01 

8 A*02: A*02: B*46: B*46: C*01: C*01: DQB1*05 DQB1*03 

07 07 01 01 02 02 :02 :03 

9 A*01: A*33: B*49: B*58: C*03: C*07: DQB 1*06 DQB 1*06 

01 03 01 01 02 01 :04 :09 

10 A*02: A*ll: B*46: B*48: C*01: C*08: DQB 1*05 DQBl *03 

07 01 01 01 03 01 :03 :02 

11 A*02: A*30: B*13: B*15: C*06: C*08: DQB 1*03 DQB 1*03 

06 01 02 02 02 01 :01 :01 

12 A*24: A*31: B*35: B*51: C*03: C*14: DQB 1*03 DQBl *06 

02 01 01 01 03 02 :03 :01 

13 A*11: A*33: B*46: B*46: C*01: C*01: DQB 1*03 DQB 1*03 

01 03 01 01 02 02 :02 :03 

14 A*01: A*02: B*38: B*57: C*06: C*07: DQB 1*05 DQB 1*03 

01 03 02 01 02 02 :02 :03 

15 A*02: A*24: B*13: B*15: C*03: C*07: DQB 1*03 DQB 1*06 

06 02 01 25 04 02 :01 :01 

16 A*11: A*24: B*15: B*15: C*04: C*08: DQB 1*03 DQB 1*03 

01 02 02 27 01 01 :01 :03 

17 A*24: A*24: B*40: B*46: C*01: C*03: DQB 1*03 DQB 1*06 

02 02 01 01 02 04 :03 :02 
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18 A*24: A*24: B*40: B*46: C*01: C*03: DQB 1*03 DQB 1*06 

02 02 01 01 02 04 :03 :02 

19 A*ll: A*33: B*40: B*58: C*03: C*03: DQB 1*02 DQB1*03 

01 03 02 01 02 04 :01 :02 

20 A*24: A*30: B*13: B*40: C*03: C*06: DQB 1*06 DQB 1*06 

02 01 02 01 04 02 :02 :03 

21 A*02: A*24: B*40: B*40: C*07: C*14: DQB 1*04 DQB 1*06 

01 02 01 01 02 02 :02 :02 

22 A*02: A*33: B*15: B*44: C*01: C*14: DQB 1*03 DQB 1*06 

01 03 01 03 02 03 :01 :04 

23 A*26: A*33: B*15: B*58: 0*03: C*08: DQB 1*02 DQB 1*03 

01 03 01 01 02 01 :01 :01 

24 A*02: A* 11: B*13: B*55: C*01: C*03: DQB 1*03 DQB 1*03 

01 01 01 02 06 04 :01 :03 

25 A*02: A*32:- B*40: B*52: C*03: C*12: DQB 1*05 DQB 1*06 

01 01 01 01 04 02 :02 :01 

26 A*02: A*02: B*40: B*46: C*01: C*07: DQB 1*03 DQB 1*06 

03 07 01 01 02 02 :02 :01 

27 A*02: A*02: B*46: B*46: C*01: C*01: DQB 1*03 DQB 1*06 

07 07 01 01 02 02 :03 :01 

28 A*24: A*30: B*13: B*39: C*06: C*07: DQB 1*02 DQB1*06 

02 01 02 05 02 02 :02 :01 

29 A*31: A*33: B*15: B*58: C*03: C*07: DQB 1*04 DQB 1*06 

01 03 18 01 02 04 :01 :09 

30 A*02: A*03: B*27: B*40: C*02: C*03: DQB 1*03 DQB 1*03 

06 01 05 02 02 04 :01 :01 

31 A*02: A*33: B*15; B*58: C*03: C*08: DQB 1*05 DQB 1*06 
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06 03 02 01 02 01 :01 :01 

32 A*03: A*30: B*13: B*51: C*06: C*15: DQB1*02 DQB1*03 

01 01 02 01 02 02 :02 :01 
Notice: In case that the sequences of Exons 2, 3, 4 of HLA-A/B/C were 

completely identical, a common type was selected. 

950 samples with known HLA-SBT typing results were subjected to genotyping 

of HLA-A/B/C/DQB 1 sites by the technical strategy of the present invention, and the 

results showed that the typing results obtained by the technical strategy of the present 

invention were completely consistent with the original known results. 

Although the embodiments of the present invention have been already described 

in detail, a person skilled in the art would understand that based on all the teaching 

as disclosed, various modification and substitution may be made to the embodiments 

without departing from the spirit and scope of the present invention. The scope of 

the present invention is defined by the claims appended and any equivalent thereof. 
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Claims 

1. A method for determining the nucleotide sequence of a nucleic acid of interest in a 

sample, comprising: 

1) providing n samples, wherein n is an integer of >1; optionally, the n samples 

to be analyzed are divided into m groups, m is an integer and nSn^ ; 

2) amplifying: a pair or multiple pairs of index primers are used for each sample, 

when there are templates from the sample, PCR amplification is performed under 

conditions suitable for amplifying the nucleic acid of interest, wherein each pair of 

index primers consist of a forward index primer and a reverse index primer 

comprising primer indexes, wherein the primer indexes comprised in the forward 

index primer and reverse index primer may be identical or different: the primer 

indexes in the pairs of index primers used for different samples are different; 

wherein each pair of index primers are formed by a pair of primer indexes and a 

pair of PCR primers, wherein forward and reverse PCR primers have a forward primer 

index and a reverse primer index optionally linked by a linker sequence at 5' end, 

respectively; and 

wherein said pair of primer indexes are selected from the 95 pairs of primer 

indexes as shown in Table 6; and said PCR primers are selected from SEQ ID NOs: 

1-40 and 231-238; 

3) pooling: when n>l, pooling PCR products from each of the samples together: 

4) shearing: subjecting the amplified products to incomplete shearing, and 

purifying and recovering; 

5) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation sequencing technique, to obtain sequences of the sheared DNA; 

and 

6) assembling: corresponding the obtained sequencing data to samples one by one 

based on the unique primer index for each sample, aligning each sequence read to the 
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DNA reference sequence corresponding to the PCR products by using alignment 

program, assembling a complete sequence of the nucleic acid of interest from the 

sequences of the sheared DNA by virtue of sequence overlapping and linkage 

relationship. 

2. A method of claim 1, wherein said PCR primers are selected from PCR primers 

for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in Table 1 or Table 2, or 

PCR primers for amplification of Exon 2 of HLA-DRB 1 as shown in Table 7; PCR 

primers for amplification of Exons 2, 3 and/or 4 of HLA-C as shown in Table 3 or 

Table 4; or PCR primers for amplification of Exon 2 and/3 of HLA-DQBl gene as 

shown in Table 5. 

3. A method of claim 1 or 2, wherein said primer indexes comprise at least 10, or 

at least 20, or at least 30, or at least 40, or at least 50, or at least 60, or at least 70, or 

at least 80, or at least 90, or 95 pairs of the 95 pairs of primer indexes as shown in 

Table 6; and/or 

wherein said primer indexes consisting of 10-95 pairs 20-95 pairs, 30-95 pairs, 

40-95 pairs, 50-95 pairs, 60-95 pairs, 70-95 pairs, 80-95 pairs, 90-95 pairs, or 95 pairs 

of the 95 pairs of primer indexes as shown in Table 6; and/or 

wherein said primer indexes comprises at least PI-1 to PI-10, or PI-11 to PI-20, or 

PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or PI-61 to 

PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of the 95 pairs of primer 

indexes as shown in Table 6, or combinations of any two or more of them. 

4. A method of anyone of claims 1-3, wherein said DNA shearing includes 

chemical shearing methods and physical shearing methods, wherein the chemical 

shearing methods include enzymatic digestion, and the physical shearing methods 

include ultrasonic shearing methods or mechanical shearing methods. 

5. A method of anyone of claims 1-4, wherein after said DNA shearing, all DNA 



fragments between the maximum read length of the sequencer and the applicable 

maximum DNA length of the sequencer are purified and recovered, wherein said 

purification and recovery methods include recovery by electrophoresis and gel slicing, 

and recovery by magnetic beads. 

6. A method of claim 1, comprising, in addition to steps 1) to 4) of claim 1, the 

following steps: 

5) constructing a library: constructing a PCR-free sequencing library by using 

the library of the sheared PCR products, wherein different library adapters may be 

added to distinguish different PCR-Free sequencing libraries, all DNA fragments 

between the maximum read length of the sequencer and the applicable maximum 

DNA length of the sequencer are purified and recovered; 

6) sequencing: subjecting the recovered DNA mixture to sequencing by using the 

second generation sequencing technique, obtaining the sequences of the sheared 

DNAs; 

7) assembling: corresponding the obtained sequencing data to the samples one by 

one based on different library adapter sequences of the libraries and the unique primer 

index for each sample, aligning each sequence read to the DNA reference sequence 

corresponding to the PCR products by using alignment program, assembling a 

complete sequence of the nucleic acid of interest from the sequences of the sheared 

DNA based on sequence overlapping and linkage relationship. 

7. A method of claim 6, wherein in step 5, the DNA fragments of 450 to 750 bp 

are purified and recovered. 

8. A method of claim 1 or 6, wherein the forward index primer and/or the reverse 

index primer are degenerate primers; and/or wherein the second generation 

sequencing technique is Paired-End technique. 

9. A method of claim 1 or 6, wherein the second generation sequencing technique 
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is Illumina GA or Illumina Hiseq 2000 sequencing technique. 

10. A method of claim 1 or 6, wherein the alignment program is Blast or BWA 

program. 

11. A method of anyone of claims 1-10, wherein the samples are from 

mammalian. 

12. A method of claim 11, wherein the samples are from human. 

13. A method of claim 11, wherein the samples are human blood sample. 

14. Use of a method of any one of claims 1 to 13 in HLA typing, characterized 

by comprising: sequencing a sample from a patient by the method of any one of 

claims 1 to 13, and aligning the sequencing results with sequence data of Exons 2, 3, 4 

of HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 3 of HLA-DQBl gene 

and/or Exon 2 of HLA-DRB 1 in HLA database; wherein if the result of sequence 

alignment shows 100% match, the HLA genotype of the corresponding sample is 

determined. 

15. Use of claim 14, wherein the sample is blood sample; and/or wherein the 

HLA database is IMGT HLA professional database. 

16. A set of index primers comprising a pair or multiple pairs of index primers, 

wherein each pair of index primers comprises a pair of primer indexes and a pair of 

PCR primers, wherein the forward and reverse PCR primers have a forward and a 

reverse primer index optionally linked by a linker sequence at 5' end, respectively; 

wherein said pair of primer indexes are selected from the 95 pairs of primer 

indexes as shown in Table 6; and said PCR primers are selected from SEQ ID NOs: 

1-40 and 231-238. 



17. The set of index primers of claim 16, wherein said PCR primers are selected 

from PCR primers for amplification of Exons 2, 3 and 4 of HLA-A/B as shown in 

Table 1 or Table 2, or PCR primers for amplification of Exon 2 of HLA-DRB1 as 

shown in Table 7; or PCR primers for amplification of Exons 2, 3 and/or 4 of HLA-C 

as shown in Table 3 or Table 4; or PCR primers for amplification of Exon 2 and/or 3 

of HLA-DQBl as shown in Table 5; and/or 

wherein said primer indexes comprise at least 10, or at least 20, or at least 30, or 

at least 40, or at least 50, or at least 60, or at least 70, or at least 80., or at least 90, or 

95 pairs of the 95 pairs of primer indexes as shown in Table 6; and/or 

wherein said primer indexes comprise at least PI-1 to PI-10, or PI-11 to PI-20, or 

PI-21 to PI-30, or PI-31 to PI-40, or PI-41 to PI-50, or PI-51 to PI-60, or PI-61 to 

PI-70, or PI-71 to PI-80, or PI-81 to PI-90, or PI-91 to PI-95 of the 95 pairs of primer 

indexes as shown in Table 6, or combinations of any two or more of them. 

18. Use of the set of index primers of anyone of claims 16-17 in PCR sequencing 

methods. 

19. A method of anyone of claims 1-13, wherein the method is used for HLA 

typing and further comprises the following steps: 

typing: aligning the sequencing results with sequence data of Exons 2, 3, 4 of 

HLA-A/B, Exons 2, 3 and/or 4 of HLA-C, Exon 2 and/or 3 of HLA-DQBl gene 

and/or Exon 2 of HLA-DRB 1 in HLA database, wherein if the result of sequence 

alignment shows 100% match, the HLA genotype of the corresponding sample is 

determined. 

20. A method of claim 19, wherein the HLA database is IMGT HLA professional 

database. 

21. A kit for HLA genotyping, comprising the set of index primers of anyone of 
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claims 16-17. 

22. A kit of claim 21, wherein the kit is used for HLA-A, B genotyping, wherein 

said pair of PCR primers is selected from the PCR primer pairs as shown in Table 1 or 

Table 2; or 

wherein the kit is used for HLA-C genotyping, wherein said pair of PCR primers 

is selected from the following primer pairs: SEQ ID NO: 25 and SEQ ID NO: 26; SEQ 

ID NO: 27 and SEQ ID NO: 28; SEQ ID NO: 29 and SEQ ID NO: 30; SEQ ID NO: 31 

and SEQ ID NO: 32; SEQ ID NO: 33 and SEQ ID NO: 34; and/or SEQ ID NO: 35 and 

SEQ ID NO: 36; or 

wherein the kit is used for HLA-DQBl genotyping, wherein said pair of PCR 

primers is selected from the primer pair of SEQ ID NO: 37 and SEQ ID NO: 38; and/or 

SEQ ID NO: 39 and SEQ ID NO: 40. 

23. A kit of anyone of claims 21-22, further comprising agents for DNA 

amplification, DNA purification, and/or DNA sequencing. 

24. Use of the kit of claim 21 in HLA genotyping. 

25. Use of the kit of claim 22 in HLA-A, B genotyping or HLA-C genotyping or 

HLA-DQBl genotyping. 
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IEC110063_NEW SEQUENCE LISTING 
SEQUENCE LISTING 

<110> BGI SHENZHEN CO., LIMITED 

<120> NEW PCR SEQUENCING METHOD AND USE THEREOF IN HLA GENOTYPING 

<130> IEC110063 

<150> 201010213721.2 
<151> 2010-06-30 

<150> 201010213719.5 
<151> 2010-06-30 

<150> 201010213717.6 
<151> 2010-06-30 

<150> PCT/CN2010/002150 
<151> 2010-12-24 

<150> PCT/CN2010/002149 
<151> 2010-12-24 

<160> 240 

<170> Patentin version 3.5 

<210> 1 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 1 
cctctgyggg gagaagcaa 

<210> 2 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 2 
atctcggacc cggagactg 

<210> 3 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 3 
cggggccagg ttctcacac 

<210> 4 
<211> 25 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer sequence 

<400> 4 
ggygatattc tagtgttggt cccaa 

<210> 5 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 5 
gtgtcccatg acagatgcaa aa 

<210> 6 
<211> 20 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 6 
ggccctgacc ctgctaaagg 

<210> 7 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 7 
aggagcgagg ggaccgca 

<210> 8 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 8 
cgggccgggg tcactcac 

<210> 9 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 9 
cggggccagg gtctcaca 

<210> 10 
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IEC110063_NEW SEQUENCE LISTING 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 10 
gaggccatcc ccggcgac 

<210> 11 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 11 
gctggtcaca tgggtggtcc ta 

<210> 12 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 12 
ctccttaccc catctcaggg tg 

<210> 13 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 13 
cctctgyggg gagaagcaa 

<210> 14 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 14 
ggatctcgga cccggagact gt 

<210> 15 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 15 
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IEC110063_NEW SEQUENCE LISTING 
tgggctgacc gyggggtc 

<210> 16 
<211> 25 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 16 
ggygatattc tagtgttggt cccaa 

<210> 17 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 17 
gtgtcccatk acagatgcaa aa 

<210> 18 
<211> 20 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 18 
ggccctgacc ctgctaaagg 

<210> 19 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 19 
aggagcgagg ggaccgca 

<210> 20 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 20 
cgggccgggg tcactcac 

<210> 21 
<211> 18 
<212> DNA 
<213> artificial 
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IEC110063„NEW SEQUENCE LISTING 
<220> 
<223> primer sequence 

<400> 21 
ccaaaatccc cgcgggtt 

<210> 22 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 22 
gaggccatcc ccggcgac 

<210> 23 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 23 
gctggtcaca tgggtggtcc ta 

<210> 24 
<211> 20 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 24 
tgacccctca tccccctcct 

<210> 25 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 25 
gacccgggga gccgcgca 

<210> 26 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 26 
tcgagggtct gggcgggtt 

<210> 27 
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IEC110063_NEW SEQUENCE LISTING 
<211> 26 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 27 
cctttacccg gtttcatttt crgttt 

<210> 28 
<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 28 
ctacgggaga tggggaaggc t 

<210> 29 
<211> 25 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 29 
gtgtcgcaag agagatrcaa agtgt 

<210> 30 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 30 
gctctgggaa aggaggrgaa gg 

<210> 31 
<211> 18 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 31 
gacccgggga gccgcgca 

<210> 32 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 32 
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IEC110063_NEW SEQUENCE LISTING 
tcgagggtct gggcgggtt 

<210> 33 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 33 
gcccagaccc tcgrccgga 

<210> 34 
<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 34 
agatrgggaa ggctccccac t 

<210> 35 
<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 35 
tctcaggatr gtcacatggg c 

<210> 36 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 36 
gctctgggaa argaggrgaa gg 

<210> 37 
<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 37 
gattccycgc agaggatttc g 

<210> 38 
<211> 21 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer sequence 

<400> 38 
aggggcracs acgctcacct c 21 

<210> 39 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 39 
cctgtctgtt actgccctca gt 22 

<210> 40 
<211> 25 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<210> 41 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 41 
tcgcagacat ca 12 

<210> 42 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<210> 43 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 43 
tacatcgcac ta 12 

<400> 40 
ggcccatagt aacagaaact caata 25 

<400> 42 
tgacacgatg ct 12 

<210> 44 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 44 
tacagatgct ga 

<210> 45 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 45 
ctcgatgagt ac 

<210> 46 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 46 
acgtctagac ac 

<210> 47 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 47 
tctgtatact ca 

<210> 48 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 48 
tgctgtagtg ac 

<210> 49 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 49 
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IEC110063_NEW SEQUENCE LISTING 
tatctgctca ta 

<210> 50 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 50 
agatatcgag ct 

<210> 51 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 51 
tacatgctga gc 

<210> 52 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 52 
acgtgtctat ca 

<210> 53 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 53 
tcatatcgcg at 

<210> 54 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 54 
agatcgtata gc 

<210> 55 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 55 
acagatgcac gc 

<210> 56 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 56 
atctcgtgac ag 

<210> 57 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 57 
tagatcgtac at 

<210> 58 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 58 
actagtacac gc 

<210> 59 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 59 
actacacgtc tc 

<210> 60 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 60 
atagtcacgc gt 

<210> 61 
Page 11 



IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 61 
agactcgcgt at 

<210> 62 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 62 
tactagctga eg 

<210> 63 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 63 
atactagtgc tc 

<210> 64 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 64 
tgtatcgtgc tc 

<210> 65 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 65 
cacgatgaca tc 

<210> 66 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 66 
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IEC110063_NEW SEQUENCE LISTING 
tagtgagcgc ac 

<210> 67 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 67 
tgctgtctcg ag 

<210> 68 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 68 
catagcagtg tc 

<210> 69 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 69 
tgtgctcgag tc 

<210> 70 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 70 
tctgatcgag ca 

<210> 71 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 71 
cactcgtaca tc 

<210> 72 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 72 
agcgatgctc at 

<210> 73 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 73 
cgacgtgctc gc 

<210> 74 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 74 
cgcgtactgc ag 

<210> 75 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 75 
acgcatctat ac 

<210> 76 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 76 
ctagtatcgc ag 

<210> 77 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 77 
cgagatgact ct 

<210> 78 
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IECll0063_NEW 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 78 
tgtatacacg at 

<210> 79 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 79 
actgtctcga gc 

<210> 80 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 80 
acgtagcgca ca 

<210> 81 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 81 
catctgctat ag 

<210> 82 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 82 
tctagctcat ga 

<210> 83 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

SEQUENCE LISTING 

12 

12 

12 

12 

<400> 83 
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IEC110063_NEW SEQUENCE LISTING 
acgcactcta ga 

<210> 84 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 84 
ctatgcactg at 

<210> 85 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 85 
tgagatacag ta 

<210> 86 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 86 
atctgctatg ac 

<210> 87 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 87 
actcatcgtg ct 

<210> 88 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 88 
tagagctgtc ac 

<210> 89 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 89 
tacactgtct at 

<210> 90 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 90 
cagcacatag at 

<210> 91 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 91 
cacagtactc gc 

<210> 92 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 92 
ctgctagtgt at 

<210> 93 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 93 
tgtactatca ta 

<210> 94 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 94 
tgtgatagac ac 

<210> 95 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 95 
ctagtactga eg 

<210> 96 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 96 
agcgagtcta ct 

<210> 97 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 97 
tagactgagc ta 

<210> 98 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 98 
acatactgag ac 

<210> 99 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 99 
cagacgcgtg ag 

<210> 100 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 100 
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IEC110063_NEW SEQUENCE LISTING 
tacatctcgt at 

<210> 101 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 101 
cgcgacatca eg 

<210> 102 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 102 
tagegatgag ac 

<210> 103 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 103 
acactcatag at 

<210> 104 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 104 
ctatcatgac ac 

<210> 105 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 105 
agcgtatact ag 

<210> 106 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 106 
catactcacg ta 

<210> 107 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 107 
tgtcgtgcta tc 

<210> 108 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 108 
acatgactca eg 

<210> 109 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 109 
cgctagactg ta 

<210> 110 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 110 
tactatagtc ga 

<210> 111 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 111 
acagtgtagc gc 

<210> 112 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 112 
tgatatgcta ca 

<210> 113 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 113 
cactctatcg ac 

<210> 114 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 114 
tcacgcgatg ag 

<210> 115 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 115 
acactctagt ca 

<210> 116 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 116 
acgtagatct at 

<210> 117 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 117 
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catatgagat eg 
IEC110063_NEW SEQUENCE LISTING 

<210> 118 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 118 
agcagagtgc tc 

<210> 119 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 119 
cagctatcat ac 

<210> 120 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 120 
cactgcagac ga 

<210> 121 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 121 
tatactctag at 

<210> 122 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 122 
tgeatagage gc 

<210> 123 
<211> 12 
<212> DNA 
<213> artificial 
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IECllOO63_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 123 
tgtatgctcg tc 

<210> 124 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 124 
tcgtgacaga tc 

<210> 125 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 125 
tagtgatgct ct 

<210> 126 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 126 
acgagctgat at 

<210> 127 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 127 
agactctgag tc 

<210> 128 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 128 
ctgatagtat ca 

<210> 129 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 129 
ctcatagact ac 

<210> 130 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 130 
atcgcgagtg ac 

<210> 131 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 131 
tcgctcacta ca 

<210> 132 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 132 
tgtctcgaca tc 

<210> 133 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 133 
atagagtctc at 

<210> 134 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 134 
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cgcatagcgt at 
IEC110063_NEW SEQUENCE LISTING 

<210> 135 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 135 
cgagacactc gc 

<210> 136 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 136 
tcgtagtcta ca 

<210> 137 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 137 
cagcatacta tc 

<210> 138 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 138 
tcgtgataca ga 

<210> 139 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 139 
cagctatagt ct 

<210> 140 
<211> 12 
<212> DNA 
<213> artificial 
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IECll0063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 140 
atgcagatat ct 

<210> 141 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 141 
tctatcgatg ca 

<210> 142 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 142 
acacgcagat eg 

<210> 143 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 143 
catgagtata gc 

<210> 144 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 144 
ctagctgacg ta 

<210> 145 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 145 
tagcatatcg ag 

<210> 146 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 146 
tacacgtatg ag 

<210> 147 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 147 
acgactcgct ac 

<210> 148 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 148 
tcatgactag ta 

<210> 149 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 149 
tagcatacac gc 

<210> 150 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 150 
tgacgcgtat ac 

<210> 151 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 151 
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IEC110063_NEW SEQUENCE LISTING 
cgtcatatgc ag 

<210> 152 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 152 
tatagcgatg ac 

<210> 153 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 153 
tgcagcgagt ac 

<210> 154 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 154 
tcgacgctag eg 

<210> 155 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 155 
cgtgtcgaca ga 

<210> 156 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 156 
cagtcgtgag ca 

<210> 157 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 157 
actcgacgtg ag 

<210> 158 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 158 
acgcgagtga ta 

<210> 159 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 159 
actcgtctga eg 

<210> 160 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 160 
tgctatcact ga 

<210> 161 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 161 
catactgtat ct 

<210> 162 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 162 
tacatagatg tc 

<210> 163 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 163 
tctactcgtg ac 

<210> 164 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 164 
cacgtatagt ga 

<210> 165 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 165 
ctgcactaga ca 

<210> 166 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 166 
actcatatcg ca 

<210> 167 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 167 
acacgagctc at 

<210> 168 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 168 
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IEC110063_NEW SEQUENCE LISTING 
cactcatatc ga 

<210> 169 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 169 
tacagatagt ct 

<210> 170 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 170 
tcgtctgtga ta 

<210> 171 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 171 
tacactcgtg ct 

<210> 172 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 172 
tgacgctcat ct 

<210> 173 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 173 
tacatgtgac ga 

<210> 174 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 174 
tcgtacatgc tc 

<210> 175 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 175 
tgtatgatct eg 

<210> 176 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 176 
cactgtgctc at 

<210> 177 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 177 
cagtacactc ta 

<210> 178 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 178 
actgcatgat eg 

<210> 179 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 179 
catactatca eg 

<210> 180 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 180 
tcgtgtcact ac 

<210> 181 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 181 
cactatacag at 

<210> 182 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 182 
cgacacgtac ta 

<210> 183 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 183 
atatcgtagc at 

<210> 184 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 184 
tcgtgatcac ta 

<210> 185 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 185 
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tagtctatac at 
IEC110063_NEW SEQUENCE LISTING 

12 

<210> 186 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 186 
agacgctgtc ga 12 

<210> 187 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 187 
tgtcacagtg ac 12 

<210> 188 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 188 
tcatatgatc ga 12 

<210> 189 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 189 
atcgactatg ct 12 

<210> 190 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 190 
cgatcatatg ag 12 

<210> 191 
<211> 12 
<212> DNA 
<213> artificial 
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IEC110063_NEW SEQUENCE LISTING 
<220> 
<223> primer index 

<400> 191 
atactagcat ca 12 

<210> 192 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 192 
tcatgctgac ga 12 

<210> 193 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 193 
cactgacgct ca 12 

<210> 194 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 194 
cactacatcg ct 12 

<210> 195 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 195 
tcgctcatct at 12 

<210> 196 
<211> 12 
<212> DNA 
<213> artifi cial 

<220> 
<223> primer index 

<400> 196 
tagtacagag ct 12 

<210> 197 
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IEC110063_NEW SEQUENCE LISTING 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 197 
tgtatcacga gc 12 

<210> 198 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 198 
atgatcgtat ac 12 

<210> 199 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 199 
tactgctatc tc 12 

<210> 200 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 200 
cgctgcatag eg 12 

<210> 201 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 201 
cgcgagctcg tc 12 

<210> 202 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<22 3> primer index 

<400> 202 
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IEC110063_NEW SEQUENCE LISTING 
actcgatgag ct 

<210> 203 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 203 
tagagtctgt at 

<210> 204 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 204 
tgtctatcac at 

<210> 205 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 205 
tactatcgct ct 

<210> 206 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 206 
tatgtgacat ac 

<210> 207 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 207 
tagatgacgc tc 

<210> 208 
<211> 12 
<212> DNA 
<213> artificial 
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<220> 
<223> primer index 

IEC110063_NEW SEQUENCE LISTING 

<400> 208 
tactcgtagc gc 12 

<210> 209 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 209 
tcgcgtgaca tc 12 

<210> 210 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 210 
atctactgac gt 12 

<210> 211 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 211 
acacgctcta ct 12 

<210> 212 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 212 
acagtagcgc ac 12 

<210> 213 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 213 
tacatagtct eg 12 

<210> 214 
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<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 214 
ctagtatcat ga 12 

<210> 215 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 215 
tgagtagcac gc 12 

<210> 216 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 216 
tcgatcatgc ag 12 

<210> 217 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 217 
tagatgctat ac 12 

<210> 218 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 218 
tacatgcact ca 12 

<210> 219 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 219 
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atcgatgtca eg 
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<210> 220 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 220 
cagctcgact ac 

<210> 221 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 221 
atcatatgta gc 

<210> 222 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 222 
ctctacagtc ac 

<210> 223 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 223 
tagcatcgat at 

<210> 224 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 224 
agatagcaca tc 

<210> 225 
<211> 12 
<212> DNA 
<213> artificial 
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<220> 
<223> primer index 

<400> 225 
tgatcgacgc tc 

<210> 226 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 226 
ctagatatcg tc 

<210> 227 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 227 
tgcagctcat ag 

<210> 228 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 228 
tacagactgc ac 

<210> 229 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 229 
cgacgtagag tc 

<210> 230 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 230 
cagtagcact ac 

IEC110063_NEW SEQUENCE LISTING 

<210> 231 
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<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 231 
cacgtttctt ggagtactct a 

<210> 232 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 232 
gtttcttgtg gcagcttaag tt 

<210> 233 
<211> 20 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 233 
cctgtggcag ggtaagtata 

<210> 234 
<211> 22 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 234 
gtttcttgaa gcaggataag tt 

<210> 235 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 235 
gcacgtttct tggaggagg 

<210> 236 
<211> 20 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 236 
Page 42 



tttcctgtgg cagcctaaga 

<210> 237 
<211> 21 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 237 
gtttcttgga gcaggttaaa c 

<210> 238 
<211> 19 
<212> DNA 
<213> artificial 

<220> 
<223> primer sequence 

<400> 238 
cctcacctcg ccgctgcac 

<210> 239 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 239 
cactgtatag ct 

<210> 240 
<211> 12 
<212> DNA 
<213> artificial 

<220> 
<223> primer index 

<400> 240 
cgactagtac ta 

IEC110063_NEW SEQUENCE LISTING 
20 

21 

19 

12 
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