






How NGS works

DNA Amplification

Fragmentation of the amplified DNA
(Shotgun)

Clonal amplification, of the short 
sequences, called READS

Massive parallel sequencing of 
millions of clonal amplicons, all with a 
specific barcode.

Data analysis is largely based on 
statistics after alignment to a  
reference genomic  consensus



How NGS works

COVERAGE DEPTH



1 - Solve ambiguities in phase

A A A

G G     G

Allele 1 

Next Generation

Allele 2

How NGS works



Sequencing by  Sanger method (SBT)

First PCR 
HLA Class I Ex2 and Ex3 (Ex4) eEx 2 Ex 3

Sanger Allele 1&2   EX 3
…some ambiguites…

G/A G/A                   G/A

______________Ex 3_____________

Combination of different techniques to solve alleli c or cis/trans ambiguities 



2 - Allelic resolution

How NGS works



First PCR

A T G G A C G/A T A G T  G/A  G A T TT A C G C A G/A

Long reads sequencing (Nanopore, Biopacific)

  A                  A                                     G     
    

   G                 G                                      A   
      

Allele 1

Third Generation

Alele 2

   G                 G                                      A   
      

   G                 G                                      A   
      

  A                  A                                     G     
    

  A                  A                                     G     
    

How third generation sequencing works

in phase





E4.10 Next Generation Sequencing

EFI standards: version 7.0

….and many others ’’common standards’’….



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation
 Barcoding
 Size selection 
 Second Amplification
 Pooling 

 Fragment cluster generation:
  - Bridge Amplification (Illumina)
  - Isothermal Amplification (Ion Torrent)

 Different options: 
  - Sequencing by Synthesis
  - Semiconductor Sequencing
  - Single Molecule Real Time PCR

 Locus assignment, 
 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation
 Barcoding
 Purification
 Size selection 
 Second Amplification
 Pooling 

 Fragment cluster generation:
  - Bridge Amplification (Illumina)
  - Isothermal Amplification (Ion Torrent)

 Different options: 
  - Sequencing by Synthesis
  - Semiconductor Sequencing
  - Single Molecule Real Time PCR

 Locus assignment, 
 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis



PURIFICATION WITH MAGNETICS 
BEADS

Analyze first PCR products, running on 1% agarose gel

 First Amplification of HLA lociTemplate generation

E4.10.3 Steps must be taken to prevent creation of PCR artefacts

E4.10.1.2 Should be purified after amplification to eliminate the presence of 
dNTPs, Taq polymerase and amplification primers 

E4.10.1.1 Must have sufficient purity, specificity, quantity and quality to 
provide interpretable sequencing data 

E4.10.2 The following must be documented: 
E4.10.2.2 Purification 



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

 Fragment cluster generation:

  - Bridge Amplification (Illumina)

  - Isothermal Amplification (Ion Torrent)

 Different options: 

  - Sequencing by Synthesis

  - Semiconductor Sequencing

  - Single Molecule Real Time PCR

 Locus assignment, 

 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis



Library preparation Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

Shotgun 
sequencingE4.10.6 If shotgun sequencing 

is used 

E4.10.6.1 Method of 
fragmentation must 
be specified 

The first main step in preparing 
nucleic acid for NGS is 
fragmentation DNA in millions 
of short reads included between 
300 and 1400 bp.

Physical Fragmentation
- Acoustic shearing
- Sonication
- Hydrodynamic shear

Enzymatic Methods
- DNase I or other restriction 
  endonuclease, non-specific
  nuclease
- Transposase

Chemical Fragmentation    
- Heat and divalent metal cation



Adapter 1: is identical across all samples Adapter 2: is identical across all samples

Barcode (index): is unique to each sample

A T G G A C G A T A G T  G A  G A T TT A C G C A G A     
    

T A T A T A C G  C A T  G C A G G T A C G  

Adapter 1 Adapter 2Barcode Unknown sequence

A T G G A C G A T G G A C A T A G T T A C G C    
     

T A T A T A C G  T  G C A C A G G T A C G  

T A C G C CG A T G G A C A T A G TT A T A T A C G  T  G C A C A G G T A C G  

G A T G G A C A T G T  G A  G A T TT A C G C A C G G C A T A T A T A C G  C A T  G C A G G T A C G  

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

A T G G A C G A T A G T  G A  G A T TT A C G C A G A     
    

G G A C G A T G G A C A T A G T T A   
       

T A T A T A C G  T  G C A C A G G T A C G  



Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

Ion Torrent Illumina

E4.10.2 The following must be documented: 
E4.10.2.1 Sample tagging 



Double control from a second  operator

Barcode Plate 
Position DNA ID

49 1  542-19
50 2  543-19
51 3  547-19
52 4  561-19
53 5  562-19
54 6  563-19
55 7  567-19
56 8  569-19
57 9  580-19
58 10  581-19
59 11  585-19
60 12  586-19
61 13  587-19
62 14  588-19
63 15  599-19
64 16  600-19

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

E4.10.5 Controls and procedures must be established to 
ensure sample tracking during pooling and 
barcoding 



Double control from a second  operator

Barcode Plate Position DNA ID

65 1  605-19
66 2  606-19
67 3  607-19
68 4  635-19
69 5  640-19
70 6  642-19
71 7  646-19
72 8  647-19
73 9  651-19
74 10  652-19
75 11  653-19
76 12  654-19
77 13  655-19
78 14  656-19
79 15  657-19
80 16  658-19
81 17  659-19
82 18  660-19
83 19  661-19
84 20  662-19
85 21  663-19
86 22  664-19
87 23  668-19
88 24  669-19

Barcode Plate 
Position DNA ID

49 1  542-19
50 2  543-19
51 3  547-19
52 4  561-19
53 5  562-19
54 6  563-19
55 7  567-19
56 8  569-19
57 9  580-19
58 10  581-19
59 11  585-19
60 12  586-19
61 13  587-19
62 14  588-19
63 15  599-19
64 16  600-19

Library preparation  Fragmentation and end-preparation

Barcoding

 Size selection 

 Second Amplification

 Pooling 

E4.10.5.1 Periodic barcode rotation is recommended to detect contamination. 
If contamination is detected Standard E4.5.4 must be followed 



Short and too long fragments must be eliminated  
to select correct size fragments

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

E4.10.6.2 For each run the size of fragments must 
be documented and the selection must 
be specified 

TAPE station or subsequent software analysis 



Second amplification of selected fragments 

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

E4.10.4 PCR artefacts must be 
documented 

E4.10.4.1 The information must 
be used in the routine 
interpretation of data 
following established 
policies. (i.e. PCR 
cross-over and/or 
artefact) 



NORMALIZATION: to obtain the same 
concentration of the amplified DNA in each single 

 1  2   3   4   5   6   7   8

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 



Barcode Plate Position DNA ID Concentration, ng/uL Total Volume, uL
Lowest Concentration, 

ng/uL

Sample Volume, 

uL
Low TE Added, uL

65 1  605-19 1.150 14 0.280 3.41 10.59

66 2  606-19 0.980 14 0.280 4.00 10.00

67 3  607-19 0.982 14 0.280 3.99 10.01

68 4  635-19 1.030 14 0.280 3.81 10.19

69 5  640-19 0.852 14 0.280 4.60 9.40

70 6  642-19 0.736 14 0.280 5.33 8.67

71 7  646-19 0.860 14 0.280 4.56 9.44

72 8  647-19 0.632 14 0.280 6.20 7.80

73 9  651-19 1.250 14 0.280 3.14 10.86

74 10  652-19 1.210 14 0.280 3.24 10.76

75 11  653-19 1.360 14 0.280 2.88 11.12

76 12  654-19 1.000 14 0.280 3.92 10.08

77 13  655-19 1.160 14 0.280 3.38 10.62

78 14  656-19 1.010 14 0.280 3.88 10.12

79 15  657-19 0.640 14 0.280 6.13 7.88

80 16  658-19 0.280 14 0.280 14.00 10.00

81 17  659-19 0.624 14 0.280 6.28 7.72

82 18  660-19 0.912 14 0.280 4.30 9.70

83 19  661-19 1.340 14 0.280 2.93 11.07

84 20  662-19 1.040 14 0.280 3.77 10.23

85 21  663-19 1.030 14 0.280 3.81 10.19

86 22  664-19 1.100 14 0.280 3.56 10.44

87 23  668-19 0.792 14 0.280 4.95 9.05

88 24  669-19 0.816 14 0.280 4.80 9.20

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling Double control from a second  operator

E4.10.2 The following must be documented: 
E4.10.2.3 Normalization 



Reached the same concentration in each sample with 
the specific bare code, they are pooled in a single  tube

Library preparation  Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

E4.10.2 The following must 
be documented: 

E4.10.2.4 Pooling methods 

LIBRARY



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

 Fragment cluster generation:

- Bridge Amplification (Illumina)

- Isothermal Amplification (Ion Torrent)

 Different options: 

  - Sequencing by Synthesis

  - Semiconductor Sequencing

  - Single Molecule Real Time PCR

 Locus assignment, 

 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis



 Fragment cluster generation:

- Bridge Amplification (Illumina)

- Isothermal Amplification (Ion Torrent)

Clonal amplification

E4.10.6.3 Methods for enrichment strategies of multi 
gene panels must be defined. 

The library is flowed over the flow cell and DNA fragments will anneal to specific sites 

Illumina



 Fragment cluster generation:

- Bridge Amplification (Illumina)

- Isothermal Amplification (Ion Torrent)

Clonal amplification

E4.10.6.3 Methods for enrichment strategies of multi 
gene panels must be defined. 

Ion Torrent



 Fragment cluster generation:

- Bridge Amplification (Illumina)

- Isothermal Amplification (Ion Torrent)

Clonal amplification

Illumina



First observation of the data 
Optimal colors:          RED, ORANGE
NOT Optimal colors:  YELLOW,  GREEN and BLUE

Ion Torrent

E4.10.6.3 Methods for enrichment strategies of multi 
gene panels must be defined. 

 Fragment cluster generation:

- Bridge Amplification (Illumina)

- Isothermal Amplification (Ion Torrent)

Clonal amplification

Chip of the new 
run by NGS



Automation of the production process 

Validation of automation



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

 Fragment cluster generation:

  - Bridge Amplification (Illumina)

  - Isothermal Amplification (Ion Torrent)

Different options: 

  - Sequencing by Synthesis

  - Semiconductor Sequencing

  - Single Molecule Real Time PCR

 Locus assignment, 

 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis



Different options: 

  - Sequencing by Synthesis

  - Semiconductor Sequencing

  - Single Molecule Real Time PCR

Sequencing

Sequencing reaction
Semiconductor sequencing

When a nucleotide is incorporated into a 
strand DNA, a hydrogen ion will be released

Sequencing-by-synthesis (SBS)
Semiconductor sequencing

Mix of 4 fluorescent dNTPs, which are 
incorporated one-by-one  during each 
cycle of the sequencing

Massive parallel sequencing of 
millions of clonal amplicons, all 
with a specific barcode

Ion TorrentIllumina



HLA typing with NGS
 First Amplification of HLA loci

 Fragmentation and end-preparation

 Barcoding

 Size selection 

 Second Amplification

 Pooling 

 Fragment cluster generation:

  - Bridge Amplification (Illumina)

  - Isothermal Amplification (Ion Torrent)

 Different options: 

  - Sequencing by Synthesis

  - Semiconductor Sequencing

  - Single Molecule Real Time PCR

Locus assignment, 

 Generating consensus sequence

Clonal amplification

Template generation

Library preparation

Sequencing

Data analysis





Locus assignment, 

 Generating consensus sequence
Data analysis



Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.7 Nucleotide Assignment 

Quality Parameters





Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.7 Nucleotide Assignment
E4.10.7.1 The signal to noise ratio 

must be sufficient to 
ensure reliable nucleotide 
assignments 



Locus assignment, 

 Generating consensus sequence
Data analysis

Ion Torrent

E4.10.7.2 A scientific and technically sound method 
must be established for interpretation, 
acceptance and/or rejection of sequences 
from regions which are difficult to resolve



Locus assignment, 

 Generating consensus sequence
Data analysis



monitor and share written information within the gr oup

Locus assignment, 

 Generating consensus sequence
Data analysis



Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.7.4 Percentage of low quality reads and passed filter reads 
must be specified and in defined range 

Nucleotide Assignment 



Allele assignment  

E4.10.8.1 Methods must ensure that sequences contributed by amplification 
primers are not considered in the assignment of alleles 

Locus assignment, 

 Generating consensus sequence
Data analysis

The reads containing the primers are trimmed 
to remove the primer sequence from analysis. 

The catalog file must guide the software



Allele assignment  
E4.10.8.2 Criteria for allele assignment must be established 

Locus assignment, 

 Generating consensus sequence
Data analysis

The consensus must be  compared to the known updated alleles library (IMGT)



Locus assignment, 

 Generating consensus sequence
Data analysis



Locus assignment, 

 Generating consensus sequence
Data analysis

Sequencing Library QC Metrics

E4.10.9 Bioinformatics
E4.10.9.1 Sequencing metrics and QC parameters for optimal pe rformance 

must be documented, specified and in range 

E4.10.9.2 Each deviation from the standard operation procedur e must be 
documented 

Data relative to each single allele analyzed 



Locus assignment, 

 Generating consensus sequence
Data analysis

Sequencing Library QC 
Metrics



Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.9.3 Detailed documentation and validation of the bioinf ormatics 
process supporting the analysis, interpretation and  reporting 
results must be established 

E4.10.9.4 Revalidation of bioinformatics processes must be pe rformed after 
upgrading or changes of any affected components 

Specific SOP and/or Instructions for validation 



Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.9.5 Storage and back-up of data (input, raw data, inter mediate and 
final data) must be defined in accordance with the national laws

Transferring the row data

Analysis and storage of the row data
Insufficient to maintain all the data

The real back-up



Locus assignment, 

 Generating consensus sequence
Data analysis

E4.10.9.6 The version of the bioinformatics process must be t raceable for 
each sample analyzed

E4.10.9.7 Algorithms for modification of raw sequence reads m ust be 
described in detail and validated (i.e. sequence tr imming, quality 
filtering)

E4.10.9.8 Each sample processed must be traceable through the  whole 
process including data analysis and reporting





Suggestions for NGS validation

Reproducibility of the method

Comparison with known LR and HR results

Comparison with rare alleles results

Comparison with known allelic results



Work flow
Platform Illumina, Thermo Fisher etc.
Kit used Commercial or Local
Number of samples to test 30 – 60 up to 100
Number of alleles to test

Comparison with previous LR and HR results

Analyze HLA-A, -B, -C, -DRB1, -DQB1

If used in routine, also analyze HLA-DRB3/DRB4/DRB5 , -DQA1, -DPB1

 150 – 300 up to 500 test

 300 – 600 up to 1000 test

Suggestions for NGS validation



Comparison with previous LR and HR results

Suggestions for NGS validation



Work flow
Platform Illumina, Thermo Fisher etc.
Kit used Commercial or Local
Number of samples 10 up to 20
Number of alleles

Comparison with previous allelic results

Analyze HLA-A, -B, -C, -DRB1, -DQB1

If used in routine, also analyze HLA-DRB3/DRB4/DRB5 , -DQA1, -DPB1

 50 up to 100 test

 100 up to 200 test

Suggestions for NGS validation



Comparison with previous rare alleles results

DNA - ID
Alleles

carachteristic
Standard HLA 

typing
NGS

HLA typing 
725-08T allele new B*07:69 B*07:69

647-10T allele new A*31:48 A*31:48

1180-10T allele new C*06:58 C*06:58

1413-10T allele new C*16:07:02 C*16:07:02

1087-10T allele new C*06:47 C*06:47

146-11 allele new C*07:195 C*07:195

54-12T allele new A*03:143 A*03:143

956-10T allele new B*35:240 B*35:240

413-13 allele new A*24:02:65 A*24:02:65

1734-13 allele new C*07:02:60 C*07:02:60

1778-14 allele new C*02:106 C*02:106

2140-15 rare A*23:18 A*23:18

2072-15 rare A*02:17:02 A*02:17:02

149-12T rare A*02:140 A*02:140

570-09T rare B*18:07:01 B*18:07:01

457-12T rare B*15:01:06 B*15:01:06

786-14 rare C*08:33 C*08:33:01

Suggestions for NGS validation



Reproducibility of the method

Repeat Investigation from 2 up to 5 times
Analyze HLA-A, -B, -C, -DRB1, -DQB1
If used in routine, also analyze HLA-DRB3/DRB4/DRB5, -DQA1, -DPB1

Suggestions for NGS validation



KIT 

Test a known sample in each new NGS run

Suggestions for NGS validation

NGS PRODUCTS FOR ION TORRENT
1st PCR ALLTYPE NGS 11 ALL-11LX

LIBRARY PREPARETION

AMPURE XP BEADS
ION XPRESS PLUS FRAGMENT (20 test)
ION XPRESS BARCODE ADAPTERS 1-16
ION 520&530 EXT KIT-CHEF (reagenti+soluzioni S5) 4 run
QUBIT ASSAY TUBES
QUBIT DSDNA HS ASSAY KIT

NGS AMPLIFICATION ION 520&530 EXT KIT-CHEF (48x4 CHIP) 4 run
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