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Why do we need it

e Patient safety:
o Resolve discordances
o Resolve complex cases

e Potentially, discovery

Clinical typing

Array typing

\/

Comparison

A 4

Very few

discordant results

A 4

Even less unresolved
discordances
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NGS technology



NGS

Step 1 Step 2 Step 3 Step 4

Sample and library Target enrichment Sequencing Analysis
preparation



NGS: Library preparation v

e Enzymatic or mechanical fragmentation (~200 bp)
e Adapters are needed for the sequencing step

Steps:

e Blunting (in case of enzymatic fragmentation)
e A-tailing
e Adapter ligation (with barcodes for multiplexing) adapter bareode ¢

https://www.twistbioscience.com/blog/science/exome-sequencing-101-part-1-library-preparation, modified



https://www.twistbioscience.com/blog/science/exome-sequencing-101-part-1-library-preparation

NGS: Target enrichment
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https://www.twistbioscience.com/blog/science/Target-Capture-Hybridization-NGS, modified



https://www.twistbioscience.com/blog/science/Target-Capture-Hybridization-NGS

NGS: Sequencing

Genomic Sample DNA
(Double Stranded)

PCR amplification ¢

Fragmentation &
Ligate adapters ¢
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NGS: Sequencing

First sequencing cycle

hATCGTTGACAATCATC -—

A-O c-@
Fluorescently-labeled Lin®) @
reversible terminator ATCGTTGACAATCATC-——

bound dNTP’s added ¢

Read on flow cell

A-O c-@
dNTP incorporated by o c-@
DNA synthesis l'quTTGACAATCATc-:

¢ Blocked
. Ba

ATCGTTGACAATCATC-——1

Unincorporated bases
washed away & image

taken
v

i
Terminator removed T
1
chemically ATCGTTGACAATCATC-——

|

Second sequencing cycle T
:H
A-O c-@
FIuorescently—IabeIed - &b T —— T
reversible terminator T
hATCGTTGACAATCATC-:
bound dNTP’s added
c-@
dNTP incorporated by e 1O c-@ @©
DNA synthesis ATCBTTGACAATCATC—= c
Bloclked E
Unincorporated bases - <.
: TA® ()
washed away & image ATCGTTGACAATCATC-——] o
taken )
v £
2
Terminator removed -
chemically ATCGTTGACAATCATC-C——1

Sequence reconstructed from images:

(000 c]elefc]elo oo
ATCGTTGACAA..

Process repeated many times...

See also lllumina animation: https://youtu.be/fCd6B5HRaZ8

https://emea.illumina.com/science/technology/next-generation-sequencing/beginners.html

Images: Nick Gleadall



https://youtu.be/fCd6B5HRaZ8
https://emea.illumina.com/science/technology/next-generation-sequencing/beginners.html

Our panel



Gene panel

e GRCh38

e [SBT or MANE transcripts for each gene (+ all NM_/NR __ RefSeq transcripts)

e Also, regulatory regions identified from RNA-seq studies are included

e 1,794,208 base pairs
18 - exon only [ complete
16 HEA 32 18
14

o 121 Blood group related 0 3

C

3 10+

S g4 HPA 5 2
6- & HLA 3 2
44 © o & N
;5. (90’ L& QS”O Other blood phenotypes 2 3
0- —— R Sex calling 1 3

0 10 20 30 40

Number of transcripts



Target vs Capture

chr9:133,236,737-133,288,866

| I — N SN e ZII
p24.2 p23 p22.2 p21l.2 pl33 pl2 qll ql2 ql3 q21.12 q21.2 q2133 q2231 q31.1 q313 q33.1 q333 q34.1
- 52 kb
133,240 kb 133,250 kb 133,260 kb 133,270 kb 133,280 kb
| | | | | | | | | |

|

BGC_design.BED o ]

dnase1 peaks | | 1

humpy_in_regulatory_regions.bed u n u

Probes_merged_ok_Cambridge_33 [ | | H N || NN N . I IN N e 1

1_1X_TE-95877054_hg38.bed

Target_bases...054_hg38.bed

Probes_merged_ok_Cambridge_3C
1_3X_TE-95877054_hg38.bed

Target_bases...054_hg38.bed

. B "t

Refseq Genes

Not a problem in most cases, the excluded regions are mostly non-coding, but still we want to “rescue” some

important genes



Anchors: RHD vs RHCE

Bait size: 120bp; BLASTn line: 60bp

Query
Sbjct
Query
Sbjct
Query

Sbjct

13463

47346

13523

47286

13583

47226

AGGGTCTGAGACCGGGAAAGGTGAGGGCTACCCAGGTGGCCCTGATGTTTTCTGCCAGCC

Lerrrrrrrerrrrrrrrrerrrerrrerrr ettt et et e e e
AGGGTCTGAGACTGGGAAAGGTGAGGGCTACCCAGGTGGCCCTGATGTTTTCTGCCAGCC

AGCTCACCAGGTCCCTCGCAGCAGGCGGCAAAGGGAGGGAGGTTTGCTGTGAAGATTATG

tererrrrrrrrerrererrerrrrrerrerr e err et e e e
AGCTCACCAGGTCCCTCGCAGCAGGCGGCAAAGGGAGGGAGGTTTGCTGTGAAGATTATG

TGGTTCCCAACAACAAGAGCGCTGGGCCTATCTCTGCCCTCTCTTTTCTGTGTGTCCTGG

Lerreerrrerrrerreerr rrrerrrerrr ettt et et e e
TGGTTCCCAACAACAAGAGCACTGGGCCTATCTCTGCCCTCTCTTTTCTGTGTGTCCTGG

13522

47287

13582

47227

13642

47167



RH-locus coverage
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Difficult because of:
1. Complex rearrangements
2. Mapping artifacts



Baits for our panel

chr1:25,408,346-25,409,209

S I N O B RN (BB
p3631  p3613 p353 p343 p3al p32.2 p31.2 p223  p2l3 pI33  pl2 Q12 9211 q22 q233 q243  q253 q312 q321 q323 4211  qd423  qda
- 865 bp -
25,408,400 bp 25,408,500 bp 25,408,600 bp 25,408,700 bp 25,408,800 bp 25,408,900 bp 25,409,000 bp 25,409,100 bp 25,409,200
| | | | | | | I | | I | I | | | | |
Sequence e I e T A T ATy e rR TR Erre O T CATRr AR TR T RrCEETEnT yCerfy

Refseq Genes < << g
RHCE
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target.bed
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capture.bed



Baits for our panel

chr1:25,408,346-25,409,209

S I N O B RN (BB
p3631  p3613 p353 p343 p3al p32.2 p31.2 p223  p2l3 pI33  pl2 Q12 9211 q22 q233 q243  q253 q312 q321 q323 4211  qd423  qda
- 865 bp -
25,408,400 bp 25,408,500 bp 25,408,600 bp 25,408,700 bp 25,408,800 bp 25,408,900 bp 25,409,000 bp 25,409,100 bp 25,409,200
| | | | | | | I | | I | I | | | | |
Sequence e I e T A T ATy e rR TR Erre O T CATRr AR TR T RrCEETEnT yCerfy

Refseq Genes
target.bed
BGC_design_anchors.BED I I I o [ 11
] | | | I
| I
I | |
baits_uniq.bed

capture.bed



Processing sequencing data
e GATK Exome Germline Single Sample Pipeline

e GATK GenotypeGVCFs
e Custom scripts

—} READS g at k
best practices™

Image: GATK



Copy number estimations



Copy number estimations: Coverage

BL00195.bam Coverage

BL00195.bam

BL00265.bam Coverage

BL00265.bam

BL00282.bam Coverage

BL00282.bam

target.bed

BGC_design_anchors.BED

baits_uniq.bed

capture.bed

Refseq Genes

chr1:25,270,486-25,332,445
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Copy number estimations: Coverage

Mean value in window=1000 with step=1

RHlocus

source
— raw
—— filtered

1600 ~

1400 A

1200 A

1000 A

600 -

400 A

200 F====== = iz = = =
TUKZ VU 'V VV"'\IVW\V\' V1 ’ v
2.528 2530 2,532 2,534 2,536 2538 2.540 2.542
POS le7

raw => exclude UNMAP,QCFAIL,DUP
filtered => exclude UNMAP,SECONDARY,QCFAIL,DUP,SUPPLEMENTARY



Copy number estimations: Coverage

Mean value in window=1000 with step=1

SMIM1
source
— raw
— filtered
M
----------------------------------------- g i - i = —== ST e
T T T T T T T
3.771 3.772 3.773 3.774 3.775 3.776 3.777
POS le6

raw => exclude UNMAP,QCFAIL,DUP
filtered => exclude UNMAP,SECONDARY,QCFAIL,DUP,SUPPLEMENTARY



Copy number estimations: Coverage

SLX Number = SLX-23797

Filter
Normalise (samples in NGS have

variable coverages)
e Use median coverage per region
e Analyse by batch

0.0 0.2 0.4 0.6 0.8
RHD_start+end_norm



Copy number estimations: Coverage

RHD CN: 1

RHCE CN: 2

RHD c.307T>C GT: 0
RHCE c.307C>T GT: 0/1
RHD c.1136T>C GT: 1




Some examples



Twist BG ID

MNS system: detect U- cases

For normalisation, using GYPE (GYPA doesn’t work)

Note variable coverage of regions:
o For each sample
o Between samples
o Between batches

BL00190 BL00286 BL00382
BL00194 BL00290 - BL00386
BL00198 BL00294 p BLO0390
BL00202 BL00298 BL00394
BL00206 BLO0302 -— BL00398
BL00210 BL0O0306 25 BL00402
BL00214 BL00310 . BL00406
BL00218 BL0O0314 - BL0O0410
BL00222 BL0O0318 BLO0414
BL00226 BL00322 2.0 BL00418
BL00230 Q BL00326 O BL00422
BL00234 © BLO0330 © BL00426
BL00238 © BLO0334 — © BL00430
BL00242 2 BL00338 1.5 B BLO0434
BL00246 2 BL00342 2 BL00438
BL00250 BL00346 BL00442
BL00254 BL00350 BL00446
BLO0258 BLO0354 - 10 BLO0450
BL00262 BL00358 BL00454
BL00266 BL00362 — BL00458
BL00270 BL00366 0.5 BL00462
BL00274 BL00370 BL00466
BL00278 BL00374 BL00470
BL00282 BL00378 BL00474
0.0

GYPB_exonl_norm

GYPB_exon5_norm
GYPB_exon4_norm
GYPB_exon3_norm
GYPB_exon2_norm

GYPB_intron1_norm

GYPB_exon3_norm
GYPB_exon2_norm
GYPB_exonl_norm
GYPB_exon4_norm
GYPB_intron3_norm
GYPB_exon3_norm
GYPB_intron2_norm
GYPB_exon2_norm
GYPB_intron1_norm
GYPB_exonl_norm
GYPB_intron4_norm
GYPB_intron3_norm
GYPB_intron2_norm

£
=
S
c
<«
c
<
=
£
o
5

GYPB_intron4_norm

GYPB_exon4_norm
GYPB_intron3_norm
GYPB_intron2_norm
GYPB_intron1_norm

E
S
<
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[
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X
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Count

MNS system: detect U- cases

17.5 4 1 1

15.0 A 1 1

12.5 4 1 1

10.0 1 | | batch
@ SLX-23795
[ SLX-23796

7.5 4 B B 3 SLX-23797

5.0 b B

2.5 A B B

00 L1 ILLL 1 1] 1 | — || . ll.ﬂdhl i -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14 0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

GYPB_whole_norm GYPB_whole_norm GYPB_whole_norm



MNS system: MUR

The hybrid allele resulting from insertion of
part of GYPA exon3d in GYPB pseudo exon3

1. Irregularities of coverage on a heatmap
=> "suspicious" samples

2. Visual assessment in IGV
=> a common pattern of 6 variants

3. Systematic check for
TACCGGTTTCCTCTTCTGGAGGGTAAACAGTTCT

in chr4:144000378-144000419
=> 3 "MUR” samples

Exon 3 Exon 4
{GYPE Pyaudomon 3 + GYPA Exon 1)

Exon 3 Exon 4
(GYPE Pseudoeson 3 « GYPA Exon J)

Exon 3 Exon 4
|GYPS Pseudoeson 3 + GYPA Exan 1)

Exon 3 Exon 4
(GYP8 Pyaudonson 3 + GYPA Fxon 3]

Image: Genghis Lopez



MNS system: MUR

«chr4:144,000,378-144,000,419

chr4:144000378-144000419

chr4:144,119,680-144,119,719

chr4:144119680-144119719

BL00318.bam Coverage

BLO0318.bam

BLO0353.bam

BLO0357.bam Coverage

BLO0357.bam

BL00396 bam

BL00421.bam

Sequence -

BGC_design_anchors_chr.BED

Refseq Genes

GYPB_in_GYPAvsGYPB_merge
bed

BLAT




RH system

e SMIM1 (including introns) for normalisation
e RHD: exon1, beginning of intron1,
exon9 with flanks, end of exon10 AT
e RHCE: exon1, beginning of intron1,
exon9 with flanks, exon10
RHDIRHCE exon4-exon7

o

e RHDI/IRHCE exon2 (5 “anchors”)

e RHD/RHCE intron2 (not working)

e RHD/RHCE exon3 Pt i AR

e RHD/RHCE intron3 . A
° .

RHD/RHCE exon8 (1 “anchor’) = i




RH system

Counts of variant contexts observed in the reads
Filtering: exclude SECONDARY,QCFAIL,DUP,SUPPLEMENTARY
Region: chr1:25272486-25420935

c.307 counts: CCAGTTCCCTTCTGGGAAGGT | ACCTTCCCAGAAGGGAACTGG or
ACCTTCCCAGGAGGGAACTGG | CCAGTTCCCTCCTGGGAAGGT

ins109 full counts
TGCAATGAGCTATGATTGTACCACTGGGAAGTGACAAAGGGCACCCTGGGGGATTTCAAATGGTGGTGGCCCTGG
TTTGGTGTTGCTGCCAGGTGAGTCCTTAAGCTATA | TATAGCTTAAGGACTCACCTGGCAGCAACACCAAACCAG
GGCCACCACCATTTGAAATCCCCCAGGGTGCCCTTTGTCACTTCCCAGTGGTACAATCATAGCTCATTGCA (not
working)

ins109 counts of halves
TGCAATGAGCTATGATTGTACCACTGGGAAGTGACAAAGGGCACCCTGGGGGATT | TCAAATGGTGGTGGCCCTG
GTTTGGTGTTGCTGCCAGGTGAGTCCTTAAGCTATA | TATAGCTTAAGGACTCACCTGGCAGCAACACCAAACCA
GGGCCACCACCATTTGA | AATCCCCCAGGGTGCCCTTTGTCACTTCCCAGTGGTACAATCATAGCTCATTGCA
c.1136 counts: ATAGCTCTCATGTCTGGTCTC | GAGACCAGACATGAGAGCTAT or
GAGACCAGACGTGAGAGCTAT | ATAGCTCTCACGTCTGGTCTC



RH-system: Steps

1. RHD/RHCE start plus end and exon4-exon7 copy number (first
approximation)

2. Do we need to extend the size of the insertion of one gene into another?

3. Taking into account 1., 2., ¢.307 and 109bp insertion counts, infer genotypes
for two ¢.307

4. Taking into account RHD/RHCE start plus end and exon8 copy number,
c.1136 counts, infer genotype of c.1136T>C in RHD



RH-system: Steps

1. RHDI/RHCE start plus end and exon4-exon7 copy number (first

approximation)

Number of samples | RHD_cn | RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
119 2 2 None None
104 1 2 None None

39 0 2 None None
9 2 2 4-7 None
5 2 2 None 4-7
5 3 2 None None
4 1 2 4-7 None
1 0 20r3 None None
1 2 2 4-7,4-7 None
1 2 3 None None




RH-system: Steps

1. RHDI/RHCE start plus end and exon4-exon7 copy number (first
approximation)

two copies of
RHD and two
copies of RHCE

Number of samples | RHD_cn | RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
P 119 2 2 None None
104 1 2 None None

39 0 2 None None

9 2 2 4-7 None

5 2 2 None 4-7

5 3 2 None None

4 1 2 4-7 None

1 0 20r3 None None

1 2 2 4-7,4-7 None

1 2 3 None None




RH-system: Steps

1. RHDI/RHCE start plus end and exon4-exon7 copy number (first
approximation)

two copies of
RHD and two
copies of RHCE

CE exons 4-7
RHD*01N.07

Number of samples | RHD_cn | RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
P 119 2 2 None None
104 1 2 None None

39 0 2 None None

9 2 2 4-7 None

5 2 2 None 4-7

5 3 2 None None

/ 4 1 2 4-7 None

1 0 20r3 None None

1 2 2 4-7,4-7 None

1 2 3 None None




RH-system: Steps

2. Do we need to extend the size of the insertion of one gene into another?
Consider intron3, exon3, exon2 and if their copy number matches the

insertion, extend but

a. Take into account if 109bp insertion was detected (so whether to extend to exon 2 or if it is a
case of mis-mapping)
b. Check ifit's a border case on the boundary of copy number bins



RH-system: Steps

Number of samples | RHD_cn [ RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
119 2 2 None None
104 1 2 None None

39 0 2 None None
5 2 2 3i-7 None
5 2 2 None 2-7
5 3 2 None None
4 2 2 4-7 None
2 1 2 2-7 None
1 0 2o0r3 None None
1 1 2 3-7 None
1 1 2 4-7 None
1 2 2 3i-7,4-7 None
1 2 3 None None




RH-system: Steps

two copies of
RHD and two
copies of RHCE

Number of samples | RHD_cn [ RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
119 2 2 None None
104 1 2 None None

39 0 2 None None

5 2 2 3i-7 None

5 2 2 None 2-7

5 3 2 None None

4 2 2 4-7 None

2 1 2 2-7 None

1 0 2o0r3 None None

1 1 2 3-7 None

1 1 2 4-7 None

1 2 2 3i-7,4-7 None

1 2 3 None None




RH-system: Steps

two copies of
RHD and two
copies of RHCE

CE exons 4-7
RHD*01N.07

Number of samples | RHD_cn [ RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
119 2 2 None None
104 1 2 None None

39 0 2 None None

5 2 2 3i-7 None

5 2 2 None 2-7

5 3 2 None None

4 2 2 4-7 None

2 1 2 2-7 None

1 0 2o0r3 None None

1 1 2 3-7 None

B 1 1 2 4-7 None

1 2 2 3i-7,4-7 None

1 2 3 None None




RH-system: Steps

Number of samples | RHD_cn | RHCE_cn | RHCE_exons_in_RHD | RHD_exons_in_RHCE
/,1 19 2 2 None None
two copies of 104 1 2 None None
RHD and two 39 0 2 None None
copies of RHCE
5 2 2 3i-7 None
5 2 2 None 2-7
5 3 2 None None
4 2 2 4-7 None
2 1 2 2-7 None
CE 2-7
RHng?;_% 1 0 2o0r3 None None
1 1 2 3-7 None
1 1 2 4-7 None
1 2 2 3i-7,4-7 None
cEoxons a7 1 2 3 None None

RHD*01N.07




Summary of results

e Panel performance: 450bp mean bait coverage, 2% uncovered bases, 99.2%
genotype concordance in duplicate samples

e Review of the NGS results for array vs. serology discordances: RH (24),
MNS, JK (5 each), FY, LU (4 each), DO and KEL (1 each) systems and 3
HPA antigen discordances => confirmed the results of one of the previous
tests (serology, array, MLPA) including RHD-RHCE(3-7)-RHD and RHCE-
RHD(2-7)-RHCE hybrids and MUR hybrid allele of the MNS system



