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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
ATGTTCCGATTA ﬂrtAru‘m,mm.mm:;-:}mm-ﬁmg statistics after alignment to a
reference genomic consensus




How NGS works

COVERAGE DEPTH

e
0
Al

CCACCGLOGETGLACCGOL COOACCTOGT GETGT COGEL GGHETT TATCGAAOATTC T TCRACE GLAGTTC CTTTIC GCAGT TC =TT GHGCC GG

= !E___ HEGETGEACCEOCE OGN TCOTEGTETCCGE LG T T, GATTC TTGEACE BEAGTTCCTITCGCAGT I ~TTEHEC LG
. o r

—
JCACCOCECGEADCGOECOnATT ¥
. CRCCOCGETECACCEELCOGRCCTCS TP
; CACCECGETGCACCG OO ORRCCTCG TG
A E T CAC O CC O RO C TOC TR L
CACCGCGTGCACCGCCCCGACCTC T | - L=t g
3 CACCOCGGTGLACCGCLCCGAC CECGT S TTCCGF
. Ll o oy g e ol o Y e gy ey e
- | COCGO TG CACCGCCCCRACCTCGT G e ToCarr GG
- TG LACCGCECCRATC TCO TG U TCCGCCOGATT R
. M GLACCECCC OGRECTOS TG TCLGECGEATTTAK
- I copr A CTCo TS T T LG CCOGATTTATGA
- I GO COGACC TG TG CTC LG CEGGATT TATGA W
p— e TAG TG CTCCGCCEGATT TATGAAGRTTCTT #
- L Te ST e TOC GO GATT TATGAAGATTCT TS
i IL'EI'I:-u! GRT TGO CGGATT TATGAAGRTTIC T TGN
e— leGooT o T LG CCGGATT TATGRAAGRTTC T TGGA F
IcToeT s o TCCGCCEGATT TATGAAGRTTC T TGER #
M ST TCCGCCEGATT TATGRAAGATTC T TGRAC P
" T e TC LG CORATT TATGRAGRTTC T TGGACE #
g 'I:i.rl o LJEEGEEGGATW‘WMWEE'
— e e TGO LG GATT TATCALGATTCTTGCACG R
. Voo TG CCOOATT TATGAAGATTC TTTGACC G
o= Mo T EGC L GEATT TATGAAGATTCT TORACC Gk
— o e TACGCCGGATT TATGAAGATTC TTGEACCRCA P
= I ﬂc:cc:ccammmccncm‘
- — L'GEEEEEGEATrrmEﬁmEhEEECm.’
= ImEGEEGEﬁJTrlm.IELmEEEﬁ.m.’
I IFITEEEEGEATWITMmEﬂEEECm.’
e Ili_EEEEGEkmlmEmEﬂEEEEmE".‘
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How NGS works

1 - Solve ambiguities in phase

- A

5 B R
Allele 1 . . .
Next Generation @ ——————————————— _._ ______________
Allele 2 G G .

BB =

B

B - B

B




Sequencing by Sanger method (SBT)

First PCR
HLA Class | Ex2 and Ex3 (Ex4) | Ex2 | Ex3
Ex3
G/A  G/A G/A

Sanger Allele 18&2 EX 3 [] [] []

...some ambiguites...

A 4
1. Dideoxy chain termination ~ cttggacttACTGGTTCTA A -; §
BIECXY NUCLECSIDE TRIVHOSPHATE [l c >
ddNTP BASEx + % 5 TG+ L) —_—
T
*
— TGA ¢
TGAC* g
P TGACC* P
H H
Cannot form a phosphodiester bond TGACCA* : B
with next incoming dNTP G
" . A A A A : ":—
2. Electrophoretic separation c ¢ ¢ c T B
of the extension fragments G G G G c F—
T T T T = A i
A — A é
—— — =
c —_— — A
o — — A —
A J— — A
1= | =
& AT

7]
2}

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




How NGS works

BLCOD, 1 DECEMEER 2011 - VOLUME 118, NUMBER 23 DEFINITIONS OF HISTOCOMPATIBILITY TYPING TEEMS . 2181

T cell receptor
interaction

Antigen
binding
site

A*02 (= A2)

>| A*02:01P |

Allelic

A*02:01:01:01 “

HLA protein on cell surface

2 - Allelic resolution




How third generation sequencing works

ATGGACG/ATAGT G/A GATTTACGCAGIA

First PCR
A A G
= (| [ |
A A G
= 2 [ ]
Allele 1 A A G
= = [ |

Third Generation  ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ o _______

G G A
Alele 2 [ [ ] O
G G A
i i ]
G G A
i i ]
In phase

Long reads sequencing (Nanopore, Biopacific)
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EFIl standards: version 7.0

E4.10 Next Generation Sequencing

....and many others "common standards”....



HLA typing with NGS

Template generation I

Library preparation I

Clonal amplification I

Sequencing I

Data analysis I




HLA typing with NGS

Template generation

First Amplification of HLA loci




Template generation | | First Amplification of HLA loci

Analyze first PCR products, running on 1% agarose gel

PURIFICATION WITH MAGNETICS
BEADS

- e R e e e R e e e

ampicons from

2 Binding ol PCR  MPACONS o = ‘

e na e A o i agnalic teadé Vonegor ReAtmon L
HG3-08-17 ALLTYFE amgiicons 1o PCR amplicans grelic partcle amplican away
with Ethanal o

magnebc beads

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

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, Tag polymerase and amplification primers

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



HLA typing with NGS

Template generation

Library preparation

First Amplification of HLA loci

Fragmentation and end-preparation
Barcoding

Size selection

Second Amplification

Pooling

Clonal amplification

Fragment cluster generation:
- Bridge Amplification (lllumina)
- Isothermal Amplification (lon Torrent)

Sequencing

Different options:

- Sequencing by Synthesis

- Semiconductor Sequencing

- Single Molecule Real Time PCR

Data analysis

Locus assignment,
Generating consensus sequence




Library preparation Fragmentation and end-preparation
Barcoding

<eo B BE - Size selection
| II | i i! ! Second Amplification
i il | Pooling
1 i
] Shotgun TizazioNE HLA wepianTe [

E4.10.6 If shotgun sequencing sequencing
IS used 4.6 FRAGMENTATION (Tampo ~ 30 myun)

E4.10.6.1 Method of Physical Fragmentation e A P KEACENTS K1 (e 5 1 KPHESS BLUS FRACHERT
fragmentation must - Acoustic shearing s e e oo et
be specified - Sonication 10 SHEAR PLUS 10 EACTION BUTFE G e, vt

- Hydrodynamic shear .

Procedura

The first main step in preparing
nucleic acid for NGS is
fragmentation DNA in millions
of short reads included between i e foms |

300 and 1400 bp. Ql:;?rl]esizes e ) e
= 3. Settare il volume 2 49 yl,.

4. Mlettare la piastra con gh amplificat: 2 100 ng m ghiaccio

1. Accendere il temmesislatore.

Enzymatic Methods
- DNase | or other restriction
endonuclease, non-specific ETRFEFRETTTY

Sepl [37°C |Smin

2. Avviare 1l programma “Frazmentation PCE Program™

£. Prendere il numero sufficients di kit [ON SHEAR PLUS REAGENTS KIT, considerando

Chemical Fragmentation che g it & sufficin por 0 campons

6. Spmpare VENZTYME MIX II & metterlo subite in ghiaccio

- Heat and divalent metal Cation ». s s s i 10c gcsenzose



Library preparation Fragmentation and end-preparation
Barcoding

Size selection
Second Amplification
Pooling

ATGGACGATAGT GAGATTTACGCAG A

| TATATACG ATGGACGATAGT GAGATTTACGCAG A |JCAGGTACG |

Adapter 1 Barcode Unknown sequence Adapter 2

| TATATACG IT GCA|ATGGACGATGGACATAGTTACGC |CAGGTACG |
]
| TATATACG IT GCA|GGACGATGGACATAGTTA |CAGGTACG |

| TATATACG ITGCAITACGCCGATGGACATAGT lcaccTACa |

| TATATACG -GATGGACATGT GA GATTTACGCACG GCA |CAGGTACG |

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

Barcode (index): is unique to each sample




Fragmentation and end-preparation

Barcoding

Size selection
Second Amplification
Pooling

Library preparation

lon Torrent Hlumina

Barcode l
A Adapter — P1 Afapter
' DNA fragment

Unigue Identifier
Attaches to |
Sottsleineiary Sphere Partces
Frimer Sam— (=ps)
. L4
¥
= ________________________
S — T DNA fragment
- -
L - “
- 49 -
ONA fragment
E4.10.2 The following must be documented:

E4.10.2.1 Sample tagging



Library preparation | Fragmentation and end-preparation
Barcoding

Size selection
Second Amplification
Pooling

TiPIZZAZIONE HLA MEDIANTE

NGS
Barcode PGS DNAID
Position

4.7 BARCODE LIGATION & NICK-REPAIR | Tempo ~ 1h) —

- 49 1 542-19
et 50 2 543-19
v 10N PLUS FRAGMENT LIBRARY KIT (parte del ION XPRESS PLUS FRAGMENT

LIBREARY KIT), di cui 3 reagenti savanno utilizzati nella 2° amplificazions (Platinum PCR 51 3 547-19
Supsrmiy, High Fidelity e la Libvavy dpmlification. Brimer, mix, mentre il LOW TE viens 52 4 561'19
mesco da parts a T4 53 5 562-19

o 10x LIGASE BUFFER (tapa.gialls) 54 6 563-19

o DNALIGASE (tzppg celeste) 55 7 567-19

o WICK REPAIR POLYMERASE (tappo trasparente) 56 8 569-19

o dHIB MDY (tapng viela) 57 g 580'19

+ 10N XPRESS BARCODE ADAPTERS KIT 58 10 581'19
o ION XPRESS Pl ADAPTER (tappe.viela) 59 11 585' 19

o ION XPEESS BARCODES (tappo bianco, =i consighia di zlignetarle. in strip da 8 60 12 586'19

well, per omni sinzole bameds possiamo fare 10 test) 61 13 587-19

+ Buttare tutto quello che pamsenia del kit (provetts tappo Reosso, Arancione, Verde) 62 14 588' 19

Procedura 63 15 599'19
1. A dere il temmerish & imp i “Ligate.and Nick-Bepair Program”™ 64 16 600-19
2. Assicurarsi che il velume impostato sia 100 g,

3. Brenders il ION PLUS FRAGMENT LIBRARY KIT = il ION EXPRESS BARCODES and
ADAPTEES Pl
4. Spinpare il DNA LIGASE e il NICKE REPAIR. POLYMEFASE, mettere tutto in ghiaccio DOUble ContrOI from a Second Operator

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



Library preparation | Fragmentation and end-preparation
Barcoding

Size selection
Barcode Plate Position DNAID o7 .
Second Amplification

65 1 605-19 0
66 2 606-19 Pooling
67 3 607-19
68 4 635-19
69 2) 640-19 Barcode Plate DNAID
70 6 642-19 Position
71 7 646-19 49 1 542-19
72 8 647-19 50 2 543-19
73 9 651-19 51 3 547-19
74 10 652-19 52 4 561-19
75 11 653-19 53 5 562-19
76 12 654-19 54 6 563-19
77 13 655-19 55 7 567-19
78 14 656-19 56 8 569-19
79 15 657-19 57 9 580-19
80 16 658-19 58 10 581-19
81 17 659-19 59 11 585-19
82 18 660-19 60 12 586-19
83 19 661-19 61 13 587-19
84 20 662-19 62 14 588-19
85 21 663-19 63 15 599-19
86 22 664-19
87 23 668-19 & 16 600-19

24 669-19

Double control from a second operator

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



Library preparation Fragmentation and end-preparation
Barcoding

Size selection
Second Amplification

Pooling

TiPIZZAZIONE HLA MEDIANTE
NGS

Small fragments stay in

Fragments that stay
the supernatent

4.8 SIZE-SELECTION (Tempo ~ 1)

. inihe Suplemar.en?_ Desired

Reagenti ! Largefragments fragments

- AGENTCOURT AMPURE XP BEADS - bind to the beads (=300bp — 1kb)

- LOW TE BUFFER -4 bind to the

- beads

- ETHANOL o

- WUCLEASE-FREE WATER 100bp 1500bp 1500bp
Procedura

I P i i i 1 s o e e E4.10.6.2 For each run the size of fragments must
e ) be documented and the selection must
4. Vertsxace le biglie 2 velocits madia per 307 be Specrﬁed

. Caleolare il giusto veolume delle biglie wsando 83,1 gl, di biglis per campione com un
ecceszo del 15% (per ssempio: 16 campioni: 1262 gl,; 24 campioni: 1742 gl 48 campioni:
3483 5l

D Short and too long fragments must be eliminated
7. Wella piastra 1 (Rownd-Bottom), trasfarire 48,5 pl, di biglie in ogni pozzetto con una

sl slosiore e il o) to select correct size fragments
8. Trasferire 97 pl, dei campioni Lizaty nei comispettivi pozzetti dalla plastra 1
9. Spipettars per 3-7 volte con gli stessi puntali vsati nel trasfarimento

10. Incubare 2 temperatura ambiente per § minuts

11. Durants Uincubazione, risospandare e trasferirs 146 ul, di biglie dal Raserypix alla piastra 2 TAPE Sta“()n or SUbsequent SOftware analyS|S

(zelezione di frammenti di grande taglia)



Library preparation | Fragmentation and end-preparation

Barcoding

Size selection

Second Amplification
Pooling

Second amplification of selected fragments

Barcoded Library [

A BC Amplicon 1

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)



Library preparation Fragmentation and end-preparation

Barcoding

Size selection

Second Amplification
Pooling

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

— ,--—'-.—,_C:: . - 5
1
U




Library preparation | Fragmentation and end-preparation
Barcoding

Size selection
Second Amplification

Double control from a second operator POOImg
Barcode Plate Position
65 1
66 2
67 3
68 4
69 5
70 6
71 7
72 8
73 9
74 10
75 11
76 12
77 13
78 14
79 15
80 16
81 17
82 18
83 19
84 20
85 21
86 22
87 23
88 24
E4.10.2 The following must be documented:

E4.10.2.3 Normalization



oOo~NOOOGT A WN=-

Library preparation Fragmentation and end-preparation

Barcoding

Size selection
Second Amplification
Pooling

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

E4.10.2 The following must
be documented:

E4.10.2.4 Pooling methods

LIBRARY



HLA typing with NGS
| |
I |

| Clonal amplification | Fragment cluster generation:
- Bridge Amplification (lllumina)
- Isothermal Amplification (lon Torrent)




I Clonal amplification Fragment cluster generation:
- Bridge Amplification (lllumina)

lHlumina

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

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



| Clonal amplification | Fragment cluster generation:

- Isothermal Amplification (lon Torrent)

lon Torrent
Clonal Amplification : !
P : Ideal Non-Ideal
1 lc.n Sphere.ru F'amc[e (ISP} + 1 Barcoded leraw Fragmem Attachment of one fragment to one lon Sphere Particle Fragm_snts
1 lon Sphere™ Particle (ISP) + Clonally Amplified Barcoded @

Library Fragments

ISPs
e ONLY

S B
< ¥ Clonal
AV
Pﬁ;}ﬂ;ﬂ: Isothermal Ampiification
Palymerase l Polyclonal
\ MgCi 3
\“k..:_:_a-fi“/ S __,f-/

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



| Clonal amplification | Fragment cluster generation:
- Bridge Amplification (lllumina)

Hlumina

Pro-Run
Chock

Roviaw

Saguence

Total {mition)
E8583




| Clonal amplification | Fragment cluster generation:

- Isothermal Amplification (lon Torrent)

Chip of the new
run by NGS lon Torrent

100 %
$5-00394-20-NGS_09_17_BIS
Loading Density (_Avg_- 90%) g0% 12,886,200
’ ; 80 %
600
70 %
| 38%
500 S
; oo .l Usable Reads
3 400
5 150 % ISE Summary
E 300
0 40 %
200 90% ERREEREL 10%
30 % Loading Empty Wells
100
20 %
0 - - st 100% [EREErELE 0%
0 403580 we“6500 800 1000 10 % P No Tamplata
0%
57% PEBEEEIE 43%
K i Clonal Polyclonal
First observation of the data ‘
Optimal colors: RED, ORANGE 0% Test Fragments
1 . ﬁ“?l)’/u 1,886,200 0% Adapter Dimer
NOT Optimal colors: YELLOW, GREEN and BLUE inal Library 33% Low Quality a
E4.10.6.3 Methods for enrichment strategies of multi

gene panels must be defined.



Automation of the production process

| Validation of automation |




HLA typing with NGS

Template generation I

Library preparation I

Clonal amplification I
Sequencing I Different options:

- Sequencing by Synthesis
- Semiconductor Sequencing
- Single Molecule Real Time PCR

Data analysis I




I Sequencing I Different options:
- Sequencing by Synthesis
Sequencing-by-synthesis (SBS) ‘ - Semiconductor Sequencing

Semiconductor sequencing - Single Molecule Real Time PCR

Sequencing reaction
Semiconductor sequencing

e —_— ‘

~ B
N i -
3 u A
e W
g g ! A
\ \
Mix of 4 fluorescent dNTPs, which are e
incorporated one-by-one during each S _
cycle of the sequencing When a nucleotide is incorporated into a

strand DNA, a hydrogen ion will be released

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

lon Torrent




HLA typing with NGS

Template generation

Library preparation

Clonal amplification

Data analysis

Locus assignment,

Generating consensus sequence
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Data analysis Locus assignment,
Generating consensus sequence

Omixon HLA Twin

. e - .
x N '
Allele HLAC HLA-DPB1 HLA-DQAY HLA-DQB1 “m B .
10102 @ @HACD7OI0I01 & @ SHADPBIT40I0101 © @ @ HLADGAIDI 020101 & @ ® HLADGBIT301 0103 RO gm—n g G— - o '
0102 ® ® HLA-CO7 0101 01 ® ® HLA.DPB1"04.01.01.01 ® ® HLA-DQA1'05.05.01.01 ® ® HLA-DOB106.0201 ?
© % HLADPBID401 0102
. . . .
Alile 1 & @ ® HLA-A3201.01 ® 2 HLABM401.01 ® SHLACT4010101 & @ & HLADPBIT301.01 © 3 HLADGAIDI0201.04 © ® & HLADGB1 20201
b ' ' ' - T . '
lele2 & ® ® HLA-ABB0201.01 ® 2 HLABS301.01 © SHLACTB201.02 = @ ® HLADPBI*I0401 ® 9 HLADQAIT201 ® & HLADOB!106:04.01
® 2 HLABB0101 © OHLACT7010101 & @ ® HLADPBI*I0S01 ® @ HLADOAIDI030102 & @ @ HLADGBIT3 030201
® 9 HLA-DPB1'04.02:01.02
® ® HLAA26 0101 ® S HLAB 0101 ® ® HLA-C*120301:01 . ® ® HLA-DQAT'D201 ® ® HLA-DOB1'06:03 01 4
B
® & HAA101.01.01 ® S HLAB M 020101 ® ® HLA-C0S01:01.02 ® % HLA-DPB11.01:01 ® ® HLA-DQAI02 01 ® ® HLA-DGB1' 020201 | 9
4 ® 0 HLAATBE01 0202 © OHLABU4020103 = @ @ HLACT7.0401 ® HADPBIT4010101  © ® ® HLADQAIT3 0301 © @ HLADGB10301.01.01 — : X A
© % HLADPBI0401 0102 = ! L f
® @ HLAAT101010 ® GHAB'44020101 | © ® @ HLACTS0 ® % HLADPBI010101 ®  HLADQAIT20 ® @ HLADGB! T ¥ A \N WYy
® ® HLAATSS01.0: ® o HLAB 3 ® @ HLAC'07.0401 ® 9 HLADPBIT401.01:02 = ® ® HLADQAI'03.03.01 ® @ HLADOBI0: PP
® 9 HADPBIT401.0 v v
Al ® SHLAAT2010102L = ® ® HLAB'3801.01 ® SHLACT7010101 = ® ® HLADPBI*124.01 ® 9 HLADQAIDI-0301:02 © @ ® HLADOBIT20201 -
® 3 HLA-AT201.01.01 ® 9 HLA-DPB1"02.01.02 54
Alele2 & ® ® HLA-AE01.01 ® 2 HLABY301.01 ® SHLAC'12030101 = @ ® HLADPBI*41401 ® 9 HLADQAIT201 ® 9 HLADOB106:03.01 o - -
® 9 HLA-DPBI*104:01 - - -
® 9 HLAATIOND0I0! ® @ HLABTT ® @ HLACTG0201.01 & @ @ HLADPBID ® @ HLADOAIT3 0301 jo —~ i 3 ] i ¥ FE G

-»0-0#-0—-0»—00-

EN Inglese §

O .
Data Sample Patientinfo Profile Utilities About Exit

Y o

| Overview | statistics Reports

Resolution: [Allfields =] Quality metrics: [None. =] Status Actions Analysis Date: 6/1/2017 Status : Completed
[P 13319 6%) ENS Show Al Health Number Missed Show Al
AA  BT249/88847 (98%) 755939959323 2 <IE) A010101:01, A'24020101 00 ®1 v - A [Os [Jc [Jore1 [J] DRBM5 :‘Q @] 18 2 :]Q 3 E° 4
64940/66079 (98%) 5223 (2078-6612] 3 <] 8°3501:01:02, B'35:080101 m2 w2 v [C1 p@B1 [ DPB1 ] DQAT [7] DPAT L -
92131/93744 (98%) 7623 [3606-8609] 4 CT5) C0401:01:01, 04010106 ® v 1
14796/18178 (81%) 910 [92-1567) s @ [€1C] DRE1'0301:01:01, DRB1*14:54:01.01 O [0 00 ®3 v Sample ID Pationt 1D Total Rend Count | _Avg Road Length | _Anah
63244/64614 aTs2q7ELsess] 2 <T€) DQB1°0201:01, DQB1"05:03:01:01 m1 v D“___u
11556/12 -758) 5 €IE] DPB1°0101:01:01, DPBI*1301:01:01 B0 00 ®S v
s Locus Allele 1 KN 1 Notes 1 Allele 2 KNI 2
876978986 1 €IE) A'020501:01, A'30:010101 v
16746/19062 (98%) 2 8530101, B*5801:01:01 ®2 v o A A1 [0/0/0]  Low Coverage A“26:01:01:01 [0/0/0)
A 30665/3109; 36 (897 4 C0401:01:01, C*07:18 R v
28311/32788 (¢ 2376(925-2878] 10 @  [CI<] DRB1°07:01:01:01, DRB1°07:01:01:01 O%®* ®I1 X O B B°35:08:01 [0/0/07] B°38:01:01 [0/072]
0/0 (0%) 0[0-0) 0[0-0) Detected but not analyzed mI1 X
o c C06:127:01 0] NEW C*12:03:01:01 [0/0/0]
DRB1 DRB1°04:02:01 [0/0/07] DRB1°11:01:01 [0/0/4]
@ orexs  DREvO2020102 | (000 DRB4'01:0301[+]  [0/0/0]

O DQB1 DQB1°03:01:01:03 [0/0°/0] DQB1703:02:01:01 [0/0°/0)
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E4.10.7 Nucleotide Assignment

Quality Parameters

o PROCEDURA OPERATIVA

Tipizzazione HLA mediante NGS

Pagina B.di 11

Analysis Parameter

4.4.6 Analisi dei risultan ottenud

La prima ossarvazione def dati va eseguita sui colori che ["immagine dal chip riporta sono:
COLORI OTTIMALI: ROSS0 E ARANCIONE
COLORINON OTTIMALI: GIALLC, VERDE EBLU

Min Read Length:

Successivamente vanno csservati parametri come il Loading, che deve esssre superiore al

50%, enrichment che deve avvicinarsi al 100%, la clonalita, che deve sssere supericrs al 35%

Max Insertion: 3

e Iz percentuale di Libreria, intomo al T0%. Deve eczera controllata moltre Iz lunghezza det
frammenti (gead leneht), che deve essers compresa in una curva gaussiana tra 100 bp = 450

Max Deletion: 3

bp, con una madiz che deve aggirarsi mtomo a 230bp. L'acquizizions dai dati viens sseguita

attraverso ["utilizzo del softwars Typestream Visual, secondo le istruzioni ISTR 01 PO 20 che
aszegna la tipizzazione e il numero dei pusmatches all'imterno degli esont (MM) per cpmi
dstermmata combinarione allelica. L'operatore esegue una prima anzhzi del primo rizultato

Max Mismatch Bases: 5

valutande la presenza di eventnali musmatches sesmalati dal software. E molto importante
tener presente che il software esclude dall’analizi le zone di DINA complementari a1 grimers

Min Base Read Depth: 20

utilizzati par I"amplificzziona.

Min Valid Reads: 500

4.5 Validazi A Jeotidica e alleli

Prima di accettare 1 nsultati di wna tipizrazions in WG, é necessario analizzars i parametri -
Cut off Value: 20

impostat per ogni simgele campione e wisibili nel software di misrpratazions come da
saguente taballa:

Analysis Config:

Min Hetero Allele Bal: 10

| Aualysis Pacameter

| Amalys Pacametes

Vialue Value

| MmKead Lengtc 100 | M Valid Read w0

| et Ensertion 3| caolfvabe a Liax R.ead for Typmg e 300 000
| has Delerion 3| M oo Alide Bl 10 = .

| M Mt Bases 5 | pxRead e Typmg 300,000

| M Bae Feead Dipels » |
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[245] UTR5-55, UTR3-53

E4.10.7 Nucleotide Assignment
BEead Depth: 1162

A%D2:01:01:01 E4.10.7.1  The signal to noise ratio
LEE TR must be sufficient to

G: 93.98% (515) ) )

T: 5.84% (32) ensure reliable nucleotide
A: 0.18% (1 assignments

A*24:02:01:01

Ref Base: T Analysis Parameter Value

T: 94.40% (590) ‘

G 5.98% (33) Min Read Length: 100

Ar O0.1a% (1) Max Insertion: 3

D: 0.16% (1) Max Deletion: 3

Variant marker Max Mismatch Bases: 5
Min Base Read Depth: 20
Min Valid Reads: 500
Cut off Value: _> 20
Min Hetero Allele Bal: 10
Max Read for Typing: 300,000
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lon 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

Read Coverage Sample: 1283-18 Barcode: 019
%

L ————— - B
View Dfference v [TF B ag e
(2]

] €9

Com 1. @
Ref 2: GTG (Val V)
Con 2: WNN (%)
Read Depth: 17
DRE1#07:26N
Rel Base: G

G: 100,008 %)
DRB1¥13:02:01:02

Ref Base: G

G: 100,008 @)

Low coverage base marker
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E4.10.7.3

Generating consensus sequence

do

BT

Analyze Data Reports Data !

CREGQKS

B1 ’ DRB1* DRB1*
DRB3"03 DRB401

DQA1*01 DQAT*01

- DQB1°02 DAB1°0:

DPA1*01 DPA1*01
DPB1%02:01:02 DPB1*

4.5 Validazi i leotidi

Cod - PO 20LIT
<~z PROCEDURA OPERATIVA Data: 15092018
\ Tipizzazione HLA mediante NGS Ed. 3 Rev.0
Pagma8dill
4.4.6 Analisi dei risultati ottenun

La prima osservazione dei dati va eseguita sui colori che I'immagine del chip nporta sono:
COLORI OTTIMALI: ROSSO E ARANCIONE
COLORI NON OTTIMALI: GIALLO, VERDE E BLU
Successivamente vanno osservati parametri come il Loadme, che deve essere superiore al
90%, enrichment che deve avvicinarsi al 100%, la glopalita. che deve essere superiore al 35%
e la percentuale di libreria, mtomo al 70%. Deve essere llata moltre la hungh det
frammenti (read lenght), che deve essere compresa in una curva gaussiana tra 100 byp e 450
bp, con una media che deve aggirarsi mtomo a 230bp. L'acquisizione dei dati viene eseguita
T'utilizzo del software Typestream Visual, secondo le istruzioni ISTR 01 PO 20 che
assegna la tipizzazione e il numero dei pusmatches all'intermo degh esom: (MM) per ogm
d i bi allelica. L'op
lutando la di li mizmatches segnalati dal softy E. molto imp
tener presente che il software esclude dall’analisi le zone di DNA complementari ai primers

esegue una prima analizi del primo nsultato

utilizzati per I'amplificazione.

e alleli
in NGS, & 1 1 i

Prima di accettare 1 risultati di una tipi

Established seauence-soecific characteristics should be

:ation of data

mmpostati per ogni smgolo campione e vizibili nel software di mterpretazions come da

Allele 1

Allele 2

seguente tabella:
Analysis Config:
Amalyss Parameter Value Amalyws Parameter Value
Mn Read Length: 100 Min Vabd Reads 0
Max Insertion: 3 Cut off Value: b
Max Deleticn 3 M Hetero Allele Bal 10
Max Missatch Bases 5 Max Read for Typaag 300,000
Min Base Read Depehy 20
[0/0v2] [ov2) 1

DRBE1%01:01:02 DRB1*11:09
DRB1%01:01:02 DRB1*13:05:01
DRBE1%01:01:02 DRB1*13:06
DRB1%*01:01:02 DRB1*13:10
DRB1%01:01:02 DRB1*13:20

DRB1%01:01:02

DRB1*13:38

DRB1*01:01:02

DRB1*13:56

RB1%01:01:02

DRB1*14:.09
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PO 20
- . . P N MD 02
Bambine Gest Monitoraggio Qualita NGS 010573015 Pag. 2
Jl:lll_eE: 1.‘.3_r.vopbgfsdl.Dip-FSAl‘.Dip0'1D-DOEM'I'HD-?EE—HLARArchivioM - CARTELLA CONDIVISNGualitalProcedure'd - In uso\2 - PO di riferimento: PO 20
gati in uso
Amp KIT Lotto scadenza Ditta data #DNA Cod Anomalia | Natura dell’anomalia Note
15-18 AILTYPE 008 012018 |onelambda| 09/11/2018 2030-18 4 low coverage ex2 B
confermare B in SBT/'confermato
15-18 AILTYPE 008 012019 |onelambda| 09/11/2018 205618 4 low coverage ex? B
confermare B in SBT 'confermato
15-18 ALLTYFE 008 01,2019 onelambda | 09/11/2018 2038-18 4 low coverage ex2 B
confermare B in SBT/'confermato
_ { p p 2201- 2 . .
18-18 AILTYPE 008 012019 | onelambda| 09/11/2018 2201-18 2 Ripeterelripetuto ok
- 3 i 2 2 2 2 . .
01-19/59 AILTYPE 009 012019 |onelambda| 04/01/2019 2419 2 Ripetere/ripetuto ok
- 3 { 2 2 252 2 . .
01-19/59 AILTYPE 009 012019 |onelambda| 04012019 25-19 2 Ripetere/ripetuto ok
01-19/50 ATLTYPE 000 092019 |onelambda| 04/01/2010 17-18 4 numero di reads lette
sotto il imite di Confermare/confermato
r
i 2
05-19 ALLIYPE 009 0972015 fonelambda| . ) 2019 133-19 3 MMEX1 CONFERMATO DA SBT
AILTYPE 09,2019 lambd
06-19/71 009 eREEmBeR | 5up12019 168-19 2 Ripetuto 2 volte NV e fatto xr
t ') . -
06-19/71 ALLTYFE 009 092019 | onelambda oy 5919 170-19 2 Ripetere/ripetuto ok
AILTYPE 00/2019 lambd
00-19/77 009 onEAmBeR | 6022019 302-19 3 MM DQA1 EX2 Confermars/confermato
AIITYPE 00,2019 lambd
15-19 009 eneambad | g1/032019 45419 4 allele raro DPB1 Confermare/confermato
AITTYPE 09,2019 lambd
15-19 009 eneambaa | o1/03/2019 488-19 3 MM CEXS5 Confermars/confermato
Tipiz. Confermata da studio
AILTYPE 09/2019 lambd
16-19 o1t oneEmbaa | og032010 538-10 | Sbilancimanto DQB1 familiare
MM ex3 DPBI escluso allele
AILTYPE 00/2019 lambd
17-19 o oneEmda | 1s/m3nm9 561-19 4 reads basse new ripetuto 18/19
MM ex7 B forse allele
AILTYPE 09,2019 lambd
1919 011 OREEmBRER | 520032019 §06-19 3 new ripetere CONFERMATO MMEX7
. 5 drop out DEBL/DQAL = . .
20-19/99 ALLTYPE 011 09:2019 | onelambda | g4z 7019 704-19 % DBEE1 NV Ripetere/ripetuto ok

monitor and share written information within the gr

oup
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Nucleotide Assignment

Analysis Pacameter Value 242 bp 241 bp 236 bp
Min Read Length: —|—> 100 Mea
Max Insertion: 3 Read Length
Max Deletion: 3
Max Mismatch Bases: 5
Min Base Read Depth: 20
Min Valid Reads: 500
Cut off Value: 20
Min Hetero Allele Bal: 10
Max Read for Typing: 300,000
5 100 200 300 400 500 600 700 8O
Read Length -
E4.10.7.4 Percentage of low quality reads and passed filter reads

must be specified and in defined range
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Allele assignment

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

The reads containing the primers are trimmed
to remove the primer sequence from analysis.
The catalog file must guide the software
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Generating consensus sequence

Allele assignment

E4.10.8.2

Criteria for allele assignment must be established

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

&
Tools E]E] —
variants I TN T M TIT T T [ T T 1 [ 1 [ 11 1 1 1 | [ T 1T 17T TT71
highBackground A*02:01:01:0 |
highBackground A*31:01:02:0 |
contig A*02:01:01:01
contig A*31:01:02:01
E3-487 E3-477 E3-487 E3-497 E3-507 E3-516.2 E3-516.12 E3-516.22 E3-516_32
A*02:01:01:01 ETECECTCTTEEACCECEECECACATECCRCECTCACARGICACCBACGCBICARCT OO GR & - - - - - - o o o o o o ff i i it ddft e fd e e f e e e e
Conse@sus 1. .~~~ [ fF----"-"-"-"=-"-"=-=-=-=-—-—-=-—-=-—-—-—-—-=-—-=-—-—-—-Q-—--—-—- Q- —-—-——F-—- - - - - - - - - - - - - -—-=--—--—--—-=- == - === === - — - - —
-
[+]a*31-01-02:01 CTECECTCTTGEEACCECEECEGEACATECECEECTCRGAMCACCBAGCBICARGCTEEGR - - - - - - - o o - o o o o i i i i i il fm il d e e e e e
AD1:01:01:01 ~-|\/----------------=--=--=-"=-"=-"=-""-""-""MS®"""""®"F "MW " ¥ """ 77" 77"=""
Info Position Lists CTCCCCTCTTCCACCECGECCGEACATGECACCTCAGACCHMICCARAGCACAAGTEEER - - - - - - - - - - - - - ... ... - ... .. ... [ =
CTECECTCTTGGEACCGECEGCEGACATGGECRAGCTCAG CRACCRRAGCRCRRBRGTGGGR - - - o o o o o o o fttt ottt ffefff o fd e d e e
[1237] E3-866, E3-4393 CTECECTICTTGEGEACCECEECEERACATEECACGCTCRAGRACCACCRE .CGCRACRREET EEERA & & & . & o © ot ittt it h it d et h e d et d et e e
Codon: 141.3 CTECECTCTTGEEACCECEECEGEACATEGECAGCTCRAGACCACCRRGCRCRRGTGEGR & - - & & o o o o o o o o o i i iii ittt d et e e e o
Ref 1: CAG (Gln Q) CTECGCTCTTGEGACCGECEGECGEGEACATGEGECAGCTCAGACCACCRAAGCRACRRGTGEE
Ref 2: CAG (Gln Q) C TECECTCTTGEGEACCGECEGECEGERACATEGECAGCTCRAGACCACCRAGCRACRARGT GO GR & - - o o o o o o o oot ot b ff i ffffdifffdf e e

Bead Depth: 122
A*02:01:01:01
Refl Base: G

G: 100.00% (74)
A*31:01:02:01

Refl Base: G

G: 100.00% (48)
Read Information:
I5100:01177:03591
Direction: forward

Read length: 393
Start pesition index: 971

CTGECGECTCTITGEACCGCGEGCGEGEACATGGECAGCTCAGACCATCARAGCACRAAGTGEGEGR
[ TGECECTICTITEEACCECGEECGEGEACATGECAGCTICAGACCACCARGCACRARGTCECGH
CTECGECTCTITGEACCGCEGECEGEACATGEGCAGCTCAGACCACCARGCRACRARGTGEGEGER
CTECGECTCTITGEAC . GCEGCEEACATGEGCAGCTCAGACCACCARGCRACRARGTGEGGER
CTGCGCTCTTGG&CCGCGGCGGECPLTGGC&GCTCRGECCPLCCPL}’LGCPLCELGTGGGPL

CTGCECTCTITGEGEACCECGEECEGERACATGEECGEECTCAGATCACCCAGCGECRARAGTEGEGR
CTGCGECTITCTITGGEACCGECGECEGERACATGGECGEGECTCAGATCACCCAGCGECRARGTGGEGR
CTGCGECTCTTGGEACCGEGCGECEGERACATGECGEGECTCAGATCACCCAGCGECRARGTGGGR
CTGECEGCTCTITCGE CEGACATGGECGEGECTCAGATCACCCAGCGECRAAGTGEGGR
CTIGCECTICTITGERACCGECGEGECGEEACATGECGEGECTCRAGATCACCCAGCGCRARAGTGGEGR
CTGCGCTICTITGGACCGEGCGECEGERACATGECGEGECTCAGATCACCCAGCGECRARGTGGGR
IC CEGACATGGECGEGECTCAGATCACCCAGCGECRARGTGEGGG A
E TECGECTCTTIGEGACCGECGEGCGGACATGECAGCTCAGACCAGCAABlcacaRAGT .8
CTGECGCTITCTITGEACCECGEECEGERACATGECGEECTCAGATCACCCAGCGEGCRARGTGEGEGE R
CTGECGCTITCTITGEACCECGEECEGERACATGECGEECTCAGATCACCCAGCGEGCRARGTGEGEGE R
CTGECECTITCTITGGERACCECGEECEERCATGECGEECTCRAGATCRACCCRAGCGCRARGTGEGEGER

CTGECGCTCTITTGEACCECGEECEERACATGEGECGEECTCAGATCACCCAGCGCRARGTEGEGER




I Data analysis

| Locus assignment,
Generating consensus sequence

Adequate depth of coverage
threshold necessary to make
E4 108.3 accurate allele calls must be
established and documented
empirically during the validation

phase

Overlap of sequences must be
E4 108.4 sufficient to determine the phase of
alleles for the methods where

phasing is possible

[1237] E3-866, E3-495
Codon: 141.3

Ref 1: CAG (Gln Q)
Ref 2: CAG (Gln Q)

Read Depth: 122 <——i—
A*02:01:01:01

Ref Base: G

G: 100.00% (74)

A*31:01:02:01

Ref Base: G
G: 100.00% (48)

Read Information:

SOP and
Validation

B

180 180 200 210 220 230 2a0 250 260
1 i ) L n 1 I 1 I

50

30

10

p—

CCACCGLGGTGCACCGCC COGACCTCGT GETGT COGEL GGGTT TATGAAGATTCTTGGACCGCAGTTC CTTTC GCAGT TC - TTGGGCCGCG

CGAC
Ca CGGTGCACCGOCCCGACTT
! CCGCGETELACCGOCCOGACCT
| COCGOTELACCGOCCOGACCTOGT
| GETGLACCEOCCOGACCTCGTTGTUTCCGCCGGATTY
I TGCACCGOCCOGACCTCGTTGTCTCCGCCGGATTTAY
1€ CCGOCCOGACCTCGTTGTCTCCGCCGGATTTATGA Y
1 C-CCGOCCOGACCTOGTTGTCTCCGCD

TTTATGAAGATTCTTY
TTTATGAAGATTCTTG P
TTTATGAAGATTCTTGGY
TTTATGAAGATTCTTGGAP
TTTATGAAGATTCTTGGA P
I CGTTGTCTCCGCCGGATTTATGAAGATTCTTGGAC P
I CGTTGTCTCCGCCGGATTTATGAAGATTCTTGGACC >
I CGTTGTCTCCGCCGGATTTATGAAGATTCTTGGACC ®
I GTTGTCTCCGCCGGATTTATGAAGATTCTTGGACCGY
VGTTGTCTCCGCCGGATTTATGAAGATTCTTTGACCGY

I CCGCCGGATTTATGAAGATTCTTGGAC!
Iege COGATTTATGAAGATICTTGGAC

Analysis Parameter Value

Min Read Length: 100

Max Insertion: 3

Max Deletion: 3

Max Mismatch Bases: 5

Min Base Read Depth: —> 20
Min Valid Reads: 500

Cut off Value: 20

I5100:01177:03591
Direction: forward

Read length: 393

Start position index: 971

Min Hetero Allele Bal: 10

Max Read for Typing: 300.000
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Sequencing Library QC Metrics

Assignments Coverage Stats

Health Stats  Varart

Health Metric Stamdard Value Mapped Read Metrics Value
Full Key Exon Coverage = 100% = 100.00% Reads for Typing 14145
Unifarmity =1 =128 Foreward Read Count i
Allele Balance =03 =050 Averaged Forward Read Length 289
Mismatch in Exon =0 =0.00 Reverse Read Count 6974
I Averaged Reverse Read Length 289
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
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Alignment  Statistics. Genotype ranking XML Report SNP Calling Approval Quality metrics

Data quaﬁty metrics

Mappability perct. [accepted [ total reads]

08% [B7249 f BBBAT]

&) Read length (median) 151
&} Insert size (median) 546
Core+ Exon+ Amplicon
&) Read depth
Median 7546 7510 7559
Minimum 4500 4097 3995
) Coverage *i-{ZI(} %% 100 % 100 %
@ QV (median) 37 37 37
© Noise
Median 0.2% 0.2% 0.2%
Maximum 5.0 % 5.0% 5.0 %
Analysis quality metrics
€ Analyzed 100 % 100 % 100 %
Ignored positions count ] 0 0
Heterozygous positions count 32 416 86
) Delta signal to noise
Median 364 % 36.4 % 35.8 %
Minirmum 36.4 % 364 % 35.8 %
© Second aliele
Median 453 % 445 % 439 %
Minimum 41.4 % 414 % 40.8 %
) Phaszed regions - i
Mismatches 4] H i}

Question mark positions

Sequencing Library QC
Metrics
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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

I Specific SOP and/or Instructions for validation
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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

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

-
... v

Hiseq2000/2500 lon PGM lon Proton Pacbio RSl MextSeq500

Transferring the row data The real back-up
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E4.10.9.6

E4.10.9.7

E4.10.9.8

Generating consensus sequence

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

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

Each sample processed must be traceable through the whole
process including data analysis and reporting
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Suggestions for NGS validation

Comparison with known LR and HR results

Comparison with known allelic results

Comparison with rare alleles results

Reproducibility of the method



‘ Suggestions for NGS validation ‘

Comparison with previous LR and HR results

Work flow

Platform [llumina, Thermo Fisher etc.

Kit used Commercial or Local

Number of samples to test 30 — 60 up to 100

Number of alleles to test

Analyze HLA-A, -B, -C, -DRB1, -DOB1 150 — 300 up to 500 test
If used in routine, also analyze HLA-DRB3/DRB4/DRB5 |, -DQA1, -DPB1 300 — 600 up to 1000 test




‘ Suggestions for NGS validation

Comparison with previous LR and HR results

CONFRONTO RISULTATI ATTESI

N° TEST DATA SAMPLE Al A2 B1 B2 c1 cz DR1 DR2 DR345-1 DR345-2 DQA1-1 DQA1-2
19 P5 12/12/2016 |85 LIBT 110513 *24:02:01:01 "33 NEW "14:02:01:01 *44:05:01 "02:02:02:01 |"08:02:01:01 “01:02:01 *15:01:01:03/04 5701:01:01 NEW

19 rianalisi P§_[04/05/2017 | S5 LIBT 110513 *24:02:01:01 *33 *14:02:01:01 *44:05:01 *02:02:02:01 |*08:02:01:01 *01:02:01 *15:01:01:03/04 5°01:01:01

20 LIBT LIBT 149127 “02:140 *23:01P *44:03 *51:01 *04:01P *14:02 *07:01 4*01:01 4*01:03 *02:01

20 P5 12/12/2016 |85 LIBT 149127 “02:140 *23:01:01 *44:03:01:01 *51:01:01 NEW  |*04:01:01:01 |*14:02:01 *07:01:01:01/02 4*01:01:01:01 4*01:03:01 NEW

20 rianalisi P5_[04/05/2017 |S5 LIBT 149121 “02:140 *23:01:01:01 *44:03:01:01 *61:01:01:0312  "04:01:01 *14:02:01:01 *07:01:01:01/02 4701:01:01:01 4701:03:01:01/03

20 P11 16/06/2017 | S5 LIBT 149127 “02:140 *23:01:01:01 *44:03:01:01 *51:01:01:0312  |*04:01:01:01 | *14:02:01:01 *07:01:01:01/02  |*07:01:01 4*01:01:01:01 4*01:03:01

21 LIBT LIBT 98715 *66:01 *68:24 *07:05P *35:03 *12:03 *15:05 *01:01 *04:05 4*01:03 *01:01P *03:01P
21 P5 12/12/2016 |85 LIBT 987-15 *66:01:01 *68:24 *07:06 *356:03:01 *12:03:01:01  |*15:05:02 *01:01:01 *04:05:01 4*01:03:01:01/03

21 rianalisi P5_[04/05/2017 |85 LIBT 987-15 "66:01:01:01 *68:24 *07:06:01 *36:03:01:01 *12:03:01:01 |*15:05:02 *01:01:01 *04:05:01 4701:03:01:01/03

22 LIBT LIBT 1602117 [*01:01 *02:01 *08:01 “27:12 *02:02 0701 *03:01 “11:01 30101 3702:02 *05:01 *05:05
22 P5 12/12/2016 | S5 LIBT 1602117 *01:01:01:01 *02:01:01:01 *08:01:01 “27:12 *02:02:02:01 [*07:01:01:01 *03:01:01:01 *11:01:01 3*01:01:02:01 3*02:02:01 NEW

22 rianalisi P5_[04/05/2017 | S5 LIBT 1602- 11T |*01:01:01:01 *02:01:01:01/16 _|*06:01:01:01 2712 *02:02:02:01 |*07:01:01 *03:01:01:01 *11:01:01:01 3*01:01:02:01 3*02:02:01:02

23 LIBT LIBT 1111-09T  [*23:01 *29:02 *15:71 *44:03 *03:03 *16:01 *07:01 *11:01 3*02:02 4*01:01 *02:01 *05:05
23 P5 12/12/2016 |85 LIBT 1111097 ["23:01:01 *29:02:01:01 *15:71 *44:03:01:01 *03:03:01 *16:01:01:01 *07:01:01:01/02  |*11:01:01 302:02:0MNEW 4701:01:01:01

23 rianalisi P5_[04/05/2017 | S5 LIBT 1111097 *23:01:01:04 *29:02:01:01 *15:71 *44:03:01:01/02/03|*03:03:01:01 | *16:01:01:01 *07:01:01:01/02  [*11:01:01:01 3*02:02:01:02 4*01:01:01:01

24 LIBT LIBT 570-08T *02:01 *18: *57:01 *06:02 *12:03 *11:01 *11:04 3*02:02 *05:05

24 P5 12/12/2016 [ S5 LIBT 570-09T *02:01:01:01 *02:327 *18: *57:01:01 *06:02:01:02  |*12:03:01:01 *11:01:01 *11:04:01 3*02:02:01 NEW

24 rianalisi P5_[04/05/2017 |85 LIBT 570-09T *02:01:01:0116 *18:07:01 *57:01:01 *06:02:01:02  |*12:03:01:01 *11:01:01:01 *11:04:01 3702:02:01

24 P11 16/06/2017 | S5 LIBT 570-09T “02:01:01:01/16 *18:07:01 “57:01:01 *06:02:01:01 [™12:03:01:01 *11:01:01:01 *11:04:01 3%02:02:01:02 3702:0221

25 LIBT LIBT 229316 *02:01P *11:01 *07:02 *44:02 *05:01P *07:02P *14:01P *16:01P 3*02:02 5%02:02 *01:01P *01:02P
25 Pg 09/01/2017 [ S5 LIBT 229316 *02:01:01:01 *11:01:01:01 *07:02:01 *44:02:01:01 *06:01:01:02 |*07:02:01:03 *14:54:01 NEW  [*16:01:01 3*02:02:01 NEW 5*02:02

25 rianalisi P& [04/05/2017 |85 LIBT 229316 *02:01:01:01/16  |*11:01:01:01 *07:02:01:01/03 *44:02:01:01 *05:01:01:02  |*07:02:01:03 *14:54:01 *16:01:01 3*02:02:01 5+02-:02

26 LIBT LIBT 786-14 “03:01 *24.02 *14:02 “18:01 *08:33 *12:03 “11:04 *16:01 3%02:02 5702:02 *01:02P *05:01P
26 PG 09/01/2017 |85 LIBT 786-14 "03:01:01:01 "24:02:01:01 "14:02:01:01 *18:01:01:02 "08:33:01 *12:03:01:01 "11:04:01 *16:01:01 3702:02:01 NEW 5702:02

26 rianalisi P§_[04/05/2017 | S5 LIBT 786-14 *03:01:01:01 *24:02:01:01 *14:02:01:01 *16:01:01:02/05  |*08:33:01 *12:03:01:01 *11:04:01 *16:01:01 3*02:02:01:02 5*02:02

26 Pl 16/06/2017 [ S5 LIBT 786-14 *03:01:01:01 *24:02:01:01 *14:02:01:01 *16:01:01:02/05  |*08:33:01 *12:03:01:01 *11:04:01 *16:01:01 3*02:02:01:02 5+02-:02

27 LIBT LIBT 828-14 “11:01 *26:01 *35:08 *38:01 *06:02 *12:02:08 *04:02 “11:01P 3*02:02 4701:03 *03:01P *05:01P
27 PG 09/01/2017 |85 LIBT 828-14 *11:01:01:01 *26:01:01:01 *35:08:01 *38:01:01 *06:127:01 12:03:01:01 *04:02:01 *11:01:01 NEW 3702:02:01 NEW 4701:03:01 NEW

27 rianalisi P6_[04/05/2017 | S5 LIBT 828-14 *11:01:01:01 *26:01:01 *35:08:01 *38:01:01 *06:127:01 *12:03:01:01 *04:02:01 *11:01:01 3*02:02:01:02 4*01:03:01:01/03

27 P11 16/06/2017 | S5 LIBT 828-14 *11:01:01:01 *26:01:01:01 *35:08:01 *36:01:01 *06:127:01:01 [*12:03:01:01 *04:02:01 *11:01:01:01 3*02:02:01:02 4*01:03:01

28 LIBT LIBT 2032117 |*02:01 *24:02 *51:01 *52:01 *12:10:02 *14:02 *03:01 *15:02 3*01:01 5+01:02 *01:03 *05:01
28 P& 09/01/2017 |85 LIBT 2032117 "02:01:01:01 *61:01:01 NEW *62:01:08 *12:10:02 *14:02:01 1:01 *15:02:01 NEW 3*01:01:02:01 5%01:02

28 rianalisi P6_[04/05/2017 |85 LIBT 2032117 "02:01:01:01/16 "51:01:01:03/12 *52:01:01:02 *12:10:02 *14:02:01:01 "03:01:01:01 *15:02:01:01/715:140 3701:01:02:01 5701:02

28 16/06/2017 | S5 LIBT 2032117 |*02:01:01:01/16 *51:01:01:03/12 *52:01:01:02 *12:10:02 *14:02:01:01 *03:01:01:01 *15:02:01/%15:140 3*01:01:02:01 5*01:02

P11

T




‘ Suggestions for NGS validation ‘

Comparison with previous allelic results

Work flow

Platform lllumina, Thermo Fisher etc.
Kit used Commercial or Local
Number of samples 10 up to 20

Number of alleles

Analyze HLA-A, -B, -C, -DRB1, -DQB1 50 up to 100 test
If used in routine, also analyze HLA-DRB3/DRB4/DRB5 |, -DQA1, -DPB1 100 up to 200 test




Suggestions for NGS validation

Comparison with previous rare alleles results

Alleles Standard HLA NGS
carachteristic typing 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

NGS PRODUCTS FOR ION TORRENT

1st PCR ALLTYPE NGS 11 ALL-11LX

AMPURE XP BEADS

ION XPRESS PLUS FRAGMENT (20 test)

ION XPRESS BARCODE ADAPTERS 1-16
LIBRARY PREPARETION

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

Test a known sample in each new NGS run
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