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From Serology to Molecular Biology
- a revolution gtarted already in the 1980s

Chromosome




Two Principal Ways of Improving
Blood Group Compatibility

[
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Enhance typing and matching Hide or eliminate blood groups

Patient: A, B, RhD, X, Y, Z...

Patient: No typing required
Donor: A, B, RhD, X, Y, Z... plplile o]

Donor: No selection required

Evolution of Blood Group Typing
to Facilitate Typing Efforts

Extaypos Fy(atb) , Fy(atb#)  Fy(a-b+) , Fy(a-b-)
Anti-Fy? pos - i === Bk
Fy(a) neg ABCD?ABCD ABCD?ABCD
-
Antl-Fya neg Olsson ML et al. Transfusion 1998;38,168-73
Hemagglutination — PCR & Gel-based SNP typing — Automated
SNP typing
TIME >




The wonderful but complicated
world of molecular biology
- now in fulkswing!
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Brief look-back at blood groups and genotyping

é The first blood group gene was cloned in the mid-1980s.
Genes underlying ABO and Rh followed in early 1990s.

é Since 2018, all blood group systems can be genetically predicted
(the P1PK and XG systems were the last existing systems to be resolved).

6 Now 48 blood group systems acknowledged by ISBT.
But still, the genetic bases for a number of antigens remain unresolved.

é The majority of blood group antigens depend on single nucleotide variants
(SNVs) in our genome

é Deletions, insertions, gene conversions and other rearrangements can also
cause changes in blood group phenotype

é Simple and straight-forward for most but complex for a few systems

- e.g. ABO hybrids and subgroups, weak and category RhD, MNS hybrids
- Also, null alleles causing loss of all antigens in a system constitute a challenge because
there are many ways to “kill a gene”




Some well-known examples
(reminder)

Group O depends on homozygosity for ¢.261delG in >97% of cases

RhD neg depends on homozygosity for deletion of RHD gene in most
cases but ethnic variation is challenging

The Kell antigen depends on a SNP causing an amino acid change
in the KEL gene (¢c.578C>T) resulting in p.Thr193Met.

Whilst Fy2 vs. Fy® is due to a simple SNP in ACKR1 (FY) gene,
c.125G/A, the common Fy(a-b-) phenotype is caused by loss of
GATA1-binding site in the proximal promoter (c.-67T>C) regulating
transcription in RBCs.

Genotyping is about detecting these and other genetic bases of
blood groups in a safe way to predict the resulting RBC phenotyp
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Some of the reasons for performing
a blood group genotyping test today

é Cell-free plasma DNA to predict fetal RBC phenotype

é Prediction of common RBC phenotype in multi-transfused
or DAT positive patients but also in blood donors

6 Resolution of serological discrepancies in both patients and donors
- e.g. weak/category D, ABO subgroups

é Screening for, or resolution of, rare variants,
e.g. in patients with “difficult” antibody specificities or mixtures
includes donor typing for the corresponding antigens
- screening for rare donors

6 Quality assurance of test RBC phenotype
- donor zygosity, weak antigen expression, confirm rare phenotypes

11




Some of the reasons for performing
a blood group genotyping test today

Cell-free plasma DNA to predict fetal RBC phenotype

Prediction of common RBC phenotype in multi-transfused
or DAT positive patients but also in blood donors

Resolution of serological discrepancies in both patients and donors
- e.g. weak/category D, ABO subgroups

Screening for, or resolution of, rare variants,

e.g. in patients with “difficult” antibody specificities or mixtures
- includes donor typing for the corresponding antigens
- screening for rare donors

Quality assurance of test RBC phenotype
- donor zygosity, weak antigen expression, confirm rare phenotypes
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* Interesting trend in some countries that serological expansion is skipped/s
in favour of DNA-based progress!

DNA-based blood group typing
- a major global trend

* Based on the discovery of molecular genetic basis of blood groups

» Ongoing since late 1980s
» Still continuing: orphan and emerging blood groups remain

* Driven by technological progress in high-throughput molecular biology

*Needed to address the growing concern that blood group
incompatibility is an important and not improving reason for;

» Serious adverse events following transfusion

» High degree of immunization and too short transfusion intervals in chronically transfused
patients (e.g. sickle cell disease, thalassemia)

* Trend in many countries

> EU

North America: USA, Canada

South America: Brazil

Middle East: Kuwait, Saudi Arabia, UAE etc

>
>
» Asia and beyond: Japan, China, Malaysia, Singapore, Australia, New Zealand etc.

» Mainly Middle East, some Indian centres, Malaysia, China etc
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We started offering the first clinical
routine tests to customers in 1996...

In 2001, Lund was formally appbinted _
as the Nordic Reference Laboratory /-
for Blood Group Genomics :
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Manual techniques
- a limitation for routine large-scale use

m&mmgﬁg

Luckily, company-driven development

has happened in parallel...
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Some of all the companies that have been or are

involved in developing systems (equipment and/or kits)

for DNA-based blood group typing

* [nno-Train Diagnostik GmbH, Germany
* BAG Diagnostics, Germany

* Axo Science, France

* Immucor/BioArray Systems, USA

* Grifols/Progenika, Spain

* Agena/Sequenom, USA/Germany

* Life Technologies Open Array, USA

* Beckman Coulter/GenomelLab SNP stream, USA
* Thermo Fisher Scientific, USA
* HaploGNX, USA

* Devyser, Sweden

* And so on
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Goodbye to agglutination and all that?*

TRANSPUSION

*Anstee DJ. gg

Transfusion
2005; 45: 652-3
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Microarrays and Blood Grouping — 20 years ago!

Transfusion Rapid genotyping of blood group antigens by multiplex
May 2005 polymerase chain reaction and DNA microarray hybridization
Vol 45

Sigrid H.W. Beiboer, Tinka Wieringa-Jelsma, Petra A. Maaskant-Van Wijk, C. Ellen van der Schoot,
Rob van Zwieten, Dirk Roos, Johan T. den Dunnen, and Masja de Haas

Microarray-based genotyping for blood groups: comparison of
gene array and 5’-nuclease assay techniques with human platelet
antigen as a model

Peter Bugert,* Simon McBride,* Graham Smith, Alex Dugrillon, Harald Kliiter, Willem H. Ouwehand,
and Paul Metcalfe

High-throughput multiplex single-nucleotide polymorphism
analysis for red cell and platelet antigen genotypes

G.A. Denomme and M. Van Qene

A flexible array format for large-scale, rapid blood group
DNA typing

Ghagzala Hashmi, Tasmia Shariff, Michael Seul, Prabhakar Vissavajjhala, Kim Hue-Roye,
Dalisay Charles-Pierre, Christine Lomas-Francis, Asok Chaudhuri, and Marion E. Reid

18

Microarrays Come in Different Flavours

é Expression (cDNA) arrays most widely used
v" High or low density chips depending on spotting device etc

é SNP arrays (those used for blood group genotyping)
v Oligonucleotides include polymorphic position of interest

é Protein arrays
v" Target protein on chip
v" Catch antibodies on chip

é Glycan arrays
v Target oligosaccharides
v Glycoproteins (targeting combined epitopes)
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HEA BeadChip Assay Principles

PROCESSING TIME (HOURS): AMPLIFICATION WITH PHOSPHORYLATED PRIMERS 4
UPTO 96 SAMPLES — '0’0.
GORR e 4440+ BIOARRAY SOLUTIONS
P < 0H .0’0‘

L)

CLEANUP AND DIGESTION

CO,DI,DO,FY,JK,LU,MNS,SC,LW

P OH

i o e e s HbS

SroseaoRvLATED | (RHD system being developed)
Eaiaey

ANNEALING AND ELONGATION
P\

DMA POLYMERASE=
ONTPS + absed TP

%0 b >~°ﬁ http://www.bioarrays.com/pro
/ )

ducts/15733_HEA.pdf

ASSAY IMACE ACQUISITION AND ANALYSIS A flexible array format for large-scale, rapid blood group

DNA typing

Ghazala Hashmi, Tasmia Shariff, Michael Seul, Prabhakar Vissavajjhala, Kim Hue-Roye,
Dalisay Charles-Pierre, Christine Lomas-Francis, Asok Chaudhuri, and Marion E. Reid

TOTAL: 5 HOURS
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NEWSFOCUS

with rare blood types thatare hard 10 find in
uations

“The argument that we will have 100% per

fect bload for cvery patient will never be the

7 says Neil Avent ofthe University ofthe

fest of England (IWE) in Bristol, who has

led a European rescarch sonsortium explor-

ing blood genotyping. “But when you have all

the information available, you can find the
bestblood”

Matchmaking

Finding the best blood scems simple. Two
antigens on red bload eells determine the
major blood greup—, B, AB,ar. A person

4 seiencemag.org on May 9, 2008

another genotyping produst  pletely abandon serlogy
p hat tosts for |1 blood groups — throw out our old oolbex” she says.
d D, Althous

inpart practi- Maving forward

with type A naturally harbors antibodies 1o

to a patient with type A, and antibody re:
MEDICINE sometimes with fatal resuhs. AB people don't
Blood-Matching Goes Genetic e oo e B0 e
researchers are lobbying to replace serology-based blood typing with matching But there’s more to blood than A and
based on DNA tests B antigens. Physiciansalso outinely test for
Two decades ago, a 20-year-old man  blood matching, also known as typing, has  that can evoke a strong immune response.
transfusion before the operation. As with the genes the these g d

B antgene andviceversa, Givetype-B blood
tioms will cruse blod el toclumptagther,
casierto find blood for them. But O peopl

Hoping to prevent adverse transfusion reactions and save lves, EUropean  only reccive Oblood
D, am antigen in the Rhesus (RE) blood group

replacement. e had sickle cell discaseand  face proteins and carbohydrates, callod anri-  RHD- person

mast sickle cell paticnts, be had received  some senctic

transfusions before. But an this eccasion,
his body rejectad the blood.

more elosely match blood betwe:
and recipients, preventing alloimmunization
andotber lood reactions.

ferent blood, but the man's imnumne system
coelled against cvery new trans fsion, gea-
mibodics that killed the new blood

Quill E. Blood-Matching Goes Genetic.

Science 2008;

Mow, these claims are being put to the
o,

a portion of bload donors by the end of

20 known blood grups, which
mined by about 200 antigens. A per
blood type might read: AB, D+, M, N+, K=,
Lea, and so on
A simple antibody fest can identify a
or patient’s ABO blood type, and in

farchers bave A few countries are
larger debate already forging abead with
fe commmunity blood genotyping on a
fitial of geno- N ¢ scale. Canada is
¢, asopposed hmong the leaders. In

Dovwnloaded from w

319: 1478-9

Jserotogy.

Abloody debate

Avent is adamant that
genotyping will replace
serology for most blood
groups within the decade
and in some eases sooner.
He predicts European hos-
pitals will demand blood
genotyping of patients
expecting to receive a frans-
fusion, “For mu hitransfused
patients, I expect a change
in palicy this year,” Avent
says. “Then I woukl expect
other vulnerable groups
[such as pregnant women to
el tested. Then I would like

Chipping away. Two new genz chigs
{8100 Dchip above] can test for many
blaod groups beyand ABO

ember, for example,
Quebee announced plans
to genotype 22000 blood
donors. Currently, when a
tient with a rare blood
roup peeds a transfission,
practitioners have to
blindly order blood from
banks bascd on ABO and
D grouping akieand then
st it with more detailed
rology on site. Thistrial-
and-<rror approach wastes
The

E g should make the
process faster by narrows
mitial blood selection,

still serve as a folloy-up.

w sciencemag org on May 8, 2008

Downloaded from
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Many other technologies
available, e.g. ...

é Luminex xMAP

é MALDI-TOF

6 TagMan open array
6 Nextgen sequencing

é Long-read, single-
molecule sequencing

25

Many other technologies

ID|CORE available, e.g. ...
INSIDE -rEcHNOLoev
BLOODchip

é Luminex xMAP

SEQUENOM' 6 MALDI-TOF
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Many other technologies have
been used over the years, e.g. ...

é TagMan open array

OpenArrdy” SNP Genotyping System

OpenArray” SNP Genotyping provides PCR- ed
SNP analysis of hundreds to thousands of samples
and candidate SNPs.

rchers can interrogate up to:
48 samples against 64 assays on one OpenArray:s a 7 =

G ntensty

e add e 3 Scatter plot of TagMan® SNP Genotyping data
researchersronly need to ad s B e s

sample, cycle, dpfimage. : e ot e e
e cluster represents heterozygotes and the black
 dluster represents negative controls.)

trademark of Rol

VIBIEE 1o x °

d tradamark of A} 1

does not make or sall TagM b BN

pansing sawvice usiiy custal - i
from Applied Biosy

Tel: 781 721 3657 | Op: y_ .com | www.bi .com
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DNA-based blood group typing
- fast pick-up in the Nordic countries

* National RHD screening on maternal plasma started in Denmark in 2010
Netherlands, England, Finland and other countries followed

Sweden in national phase soon thereafter (Stockholm, Lund, others)

Antenatal Rh prophylaxis

Clinical benefit and cost-efficiency

Centralization or not?

Y V VY

Y Vv

* Many Nordic centers have tried kits/platforms or equipment for DNA-
based blood group typing and most (if not all) have started routine use

* ABO (and advanced RHD markers) are poorly represented on many of
the commercially available platforms
» As a substitute, some centres have developed in-house methods
» Many of these published, and some even proven better, but not CE-marked

* Some centers consider prices still prohibitive
» Several new platforms will soon be launched and (hopefully) CE-marked/FDA-approved
» Prices are expected to come down as competition hardens

» Continuous upgrades constitute challenge for CE/IVDR/FDA approvals
(e.g. BloodChip=>ID-Core => ID-Core+ => |D-Core XT etc)

28
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At what level should genotyping be
implemented? National, regional, local?
Blood centres and/or hospitals?

(and if so How and for Whom?)

é No, not cost-effective or practically possible

é Yes, but for rare cases only (similar to genotyping today)
é Yes, on a partial basis (e.g. chronically transfused)
é Yes, for all group O repeat donors

é Yes, for all repeat donors

é Yes, for all donors and non-emergency patients
(to allow for computerized selection of the best unit)

30
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Large-scale blood group genotyping
of donors

Y

ORIGINAL PAPER Seumaleomgision oo i Bt e
O 18011 4530415 3008 1 7

Set-up and routine use of a database of 10 555 genotyped
blood donors to facilitate the screening of compatible blood
components for alloimmunized patients

A Perreault,' I, Lavoic.! P. Painchaud.? M. Cté.” J. Constanzo-Yancz.* R. Cote.®
R. Lemicux' & M. St-Louis'

THema-Ouébee. Aesearch and Develapment Quebe (T Gvebeg Canada

*Heme-(uébee, infarmotien Technolagies, Montol, Qustet, Canadt

ez uébec, Medical Affas Qusbe: O Qustes, Canadly

Hhame-Qusbee, Meical Aféas Moneal, Quebec, Canasa

“tiéma-uéber, Information Technologies, Qusbes Tty Quebes, Conada

Créma-usbec, Anance ond Admiristratan, Mondrec, Qustc, Canacts

Transfusion Clinique et Biologique

Volume 17, Issue 4, October 2010, Pages 242-248

Background and Objectives Large-scale 1] Génotypage de 21 000 donneurs de sang au Québec et analyse du

wcell and platelet antigens has been predicy RHD
sercening of compatible blood componcn
several genotyping platforms have been des
necded to perform genotyping cficicntly an
Materials and Methods Here we describe
intmduce large-scale genotyping in our o

Genotyping of 21,000 blood donors in Quebec and RHD analysis

M. St-Louis™ & &, J. Perreault’, J. Lavoie®

rent’, A.

Results Preliminary cosi-bencfit analysi
frequent blond donors > 3 danations/yeary
computer application was developed to mal
donors amang rcent donations, prints cod
the extemnal genotyping laboraiory, and stores genotyping resulis. It can search for
donors compatible for any combinaticn of the 22 genatyped antigens as well as
consult the current inventory for the presence of the corresponding blood components.
“The phenotype of recovered components is confirmed by sandard scrology technigues
prior to shipment to hospitals

Conclusion Since Dctober 2007, 10555 blood donars have heen genotyped. The
database is used on a regular basis to find compatible blood components with a
genotype—phenotype concordance of 99-6%.

Feceived: 22 Becember 2005,
revised 16 Febmary 208,
aceeptad 17 Febary 2003, Key words: automated platform, blood group antigens, compatible blood, database,
pubished anine 15 Maich 2009 donor genatyping

BLOOD GROUP GENOMICS

Implementing mass-scale red cell genotyping
at a blood center

Willy A. Flegel," Jerome L. Gottschall,>* and Gregory A. Denomme’®

¢ Genotyped >43,000 donors over 4 years

— 32 polymorphisms predicting 42 common and rare blood group
antigens

¢ 0.52% of tests showed geno/pheno discrepancy

¢ By the 4" year, 29% of the RBC inventory had been genotyped

Transfusion 2015;55:2610-2615




Genotyping to match
donor and patient

¢ Has the introduction of phenotype prediction by
genotyping reduced alloimmunisation?
— Likely, but still too early to tell for sure
- Many blood centers have adopted a policy for genotyping
— Cost/benéefit is a hot topic
— Sickle-cell disease patients prioritized (more on this later)

¢ What are the benefits of genotyping strategies?
- More accurate than phenotyping, e.g. RHD/RHCE typing

- Some patients who appear RhD positive make allo-anti-D
- Same goes for Rhc and Rhe categories

— More extensively typed blood readily available on the shelf

% SI

O ey
\\./.\/ RV uﬁ
S o o

- Reduced delays in getting blood to the patient

33

Potential to save by decreasing...

¢ ...manual serology workload in the phenotyping lab

é ...emergency phenotyping to find typed or even rare blood units
(incl. day, night, weekend shifts)

é ...import/transportation of typed/rare blood

¢ ...frequency of transfusion-induced blood group immunization by
transfusing more compatible units
v" Either by chronically transfused patients only
v" According to responder gene markers (not yet available)
v~ All nonacute transfusions

é ...the number of cases requiring antibody ID workups
or referral to other lab

34



Genotyping can also open new possibilities
to do something we couldn’t do before

Before 2013, Vel-negative donors were very
hard to find (1 in 4000-5000 in Europe).

No approved anti-Vel reagents were
commercially available for serological
screening.

What to do for Vel-immunized patients?
(anti-Vel is very hemolytic)

35

Homozygosity for a null allele of SMIM I defines the
Vel-negative blood group phenopype g"é‘}feﬂcs

Received 14 November 2012; accepted 6 March 2013; published online 7 April 2013;
Jill R Storry"#¢, Magnus Joud'-*4, Mikael Kronborg Christoph pritt Thuresson'?, Bo Akerstrom?,

Birgitta Nilsson Sojka?, Bjorn Nilsson!-257 & Martin L Olsson!27

SMIM1 underlies the Vel blood gr(yp\and influences
red blood cell traits

Ana Cvejic!'>?!, Lonneke Haer-Wigman*#21, Jonathan C Stephens'->°7T, Myrto Kostadima’,
Peter A Smethurst!-56, Mattia Frontini'>#, Emile van den Akker"#*, Paul Bertone’, Ewa Bielczyk-Maczyinska!-256,
Samantha Farrow!3, Rudolf § N Fehrmann?, Alan Gray'?, Masja de Haas*#, Vincent G Haver'!,

Gregory Jordan'2, Juha Karjalainen®, Hindrik H D Kerstens'?, Graham Kiddle!->¢, Heather Lloyd-Jones!->5,
Malcolm Needs'?, Joyce Poole'4, Aicha Ait Soussan®4, Augusto Rendon!-%615, Klaus Rieneck!®,

Jennifer G Sambrook!¢, Hein Schepers!”!%, Herman H W Silljé!!, Botond Sipos’, Dorine Swinkels'?,

Asif U Tamuri”, Niek Verweij Il Nicholas A Watkins®, Harm-Jan Westra’, Derek ML-||1pl;-3. Lude Franke?,

Nicole Soranzo?, Hendrik G Stunnenberg'?, Nick Goldman’, Pim van der Harst®!"22, C Ellen van der Schoot*#22,
Willem H Ouwehand">%%22 & Cornelis A Albers'?%620.22

Received 19 December 2012; accepted 8 March 2013;

ublished enline 7 April 2013

nature
genetlcs

Disruption of SMIM1 causes the
— Receive roary 07, 1
Vel bIOOd ty pe :::::t:a:n:mh 1'o.m> E/[l\(/)ll]z(c)ular Medicine

S—
Bryan A. Ballif'i, Virginie Helias?', Thierry Peyrard®®!, Cécile Menanteau®?, Carole Saison?,

Nicole Lucien?, Sébastien Bourgouin®>, Maude Le Gall*, Jean-Pierre Cartron®, Lionel Arnaud®*

36
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DNA-based screening now widely available

Control band
Illele-specific band:

wild type

C.GSP
£ § § § % 520 southern Swedish donors screened:

30 heterozygotes
— 0 homozygous mutants
Vel — = ~1/17 heterozygotes =
Vel Calculated frequency of Vel- ~1/1250

Vel-screening has been implemented at our blood center as part of a
project to identify more high-prevalence antigen-negative donors.
Three new Vel- blood donors were quickly identified and confirmed!

m/m
m/m

Please note: The speaker has a conflict of interest based on the following patents for
Vel genotyping: Final European Patent PCT/EP2013/070403 issued on 20 May, 2019.
Final US Patent 10,761,098 issued 1 Sept 2020.
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Next-generation sequencing or

The amount of data is phenomenal and requires
new strategies for storage and handling

Are you ready for Next Gen?

38



Affordability of NGS is improving fast

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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BLOOD GROUP GENOMICS

Comprehensive red blood cell and platelet antigen prediction
from whole genome sequencing: proof of principle

William J. Lane,”” Connie M. Westhoff;” Jon Michael Uy, Maria Aguad,’
Robin Smeland-Wagman," Richard M. Kaufman," Heidi L. Rehm,"*** Robert C. Green,”>® and
Leslie E. Silberstein” for the MedSeq Project*

NGS-based, comprehensive genotyping
for all blood group antigens
=& (for which genetic background is known):

é@ ”,/,/ff‘ v' Investigated 45 RBC and 6 HPA genes
ey 7 v oneindividual
' v' Proof of principle

Lane et al. Transfusion 2016; 56: 743-54

40

19



THE LANCET

All Content v | | search | Advanced Search

. Articles

Automated typing of red blood cell and platelet antigens: a

whole-genome sequencing study
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Automated whole-genome study

v 38 RBC antigens in 12 blood-group systems and 22 platelet antigens
v 110+200 individuals included: serology vs. NGS
v 99.5% =>99.8%=>99.2%(=>99.9%) concordance

Lane et al. Lancet Haematology, 2018;Jun;5(6):e241-e251
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BLOOD GROUP GENOMICS

ABO genotyping with next-generation sequencing to resolve
heterogeneity in donors with serology discrepancies

Ping Chun Wu ©," Yin-Hung Lin,” Lei Fang Tsai," Ming Hung Chen,’
Pei-Lung Chen,”* and Shun-Chung Pai’

BO is the most important blood group system
in clinical transfusion medicine. Blood group A
or B antigen is presented as a specific sugar resi-
due to the H antigen by glycosyltransferase.
The weakened antigen expression causing forward and
reverse typing discrepancy is categorized as ABO sub-
types.? ABO discrepancies can also be found in patients
receiving ABO-mismatched blood units or stem cell or
bone marrow transplantation (BMT). In red blood cell

BACKGROUND: ABO subtypes are characterized by
the alteration of antigens present and their expression
levels on red blood cells and many are linked to genetic
changes in the ABO gene. Weakened expression of
antigens should be identified to prevent transfusion
reactions or ABO-incompatible transplantations.
Genotyping can be applied to identify subtypes to
complement serologic testing. Next-generation
equencina (NGS) has shown 10 nrovide sensitive and

Wau et al. Transfusion 2018; 58(9):2232-42.

42

20



A targeted Next-Generation Sequencing

approach can include all blood group genes
(but no regulatory approval yet)

HapleGNX

Products
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Next Generation Blood Group Genotyping
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A targeted Next-Generation Sequencing
approach can include some blood group genes

(but again, no regulatory approval yet)

Press release

Devyser launches
Genomic Blood Typing assay:
All blood groups, one simple test

Dvysr.

Devyser - a new level of certainty

Pows| Juna 30, 2025

Devyser today announced the global launch of Devyser Genomic Blood Typing, a
next-generation sequencing INGS)-based selution that redefines molecular blood
group research. Developed exclusively, this all-in-one assay enables comprehensive
genetic bload typing—covering red blood cell (RBC), human platelet antigen (HPA),
and human neutrophil antigen (HNA) systems-in a single, streamlined test.

Designed to addrass the complaxities of blood group analysis in transfusion and
transplantation research, Devyser Genomic Blood Typing effers high-resolution
results with unprecedented workflow simplicity and software-guided interpretation,

Simplifying complexity in blood group research
Traditional serological methods often struggle with weak antigen expression, rare

b e membeimssisn eoniiin_mmbimide s e diinme atheinaaslasede
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Less costly but more able microarrays are being
introduced — regulatory approval is here or near

REGULAR ARTICLE € blood advances

Development and validation of a universal blood donor genotyping

platform: a multinational prospective study

Nicholas S. Gleadall,">* Barbera Veldhuisen,>** Jeremy Gollub,>* Adam S.
Tiffany C. Timmer,'®'" Carolin M. Sauer,'2 Nieke van der Bolt,® Colin Brown,'® Kim Brugger,'* Alexander T. Dilthey,">'® Daniel Duarte,"®
Shane Grimsley,'” Katja van den Hurk,"® John M. Jongerius,'® Jessie Luken,* Karyn Megy,"® Gail Miflin,'® Christopher S. Nelson,®
Femmeke J. Prinsze,'® Jenniter Sambrook,"® llenia Simeoni, " Michael Sweeting,®”2° Nicole Thorton,'” Sara Trompeter,
Salih Tuna,"® Ram Varma,® Matthew R. Walker,%” NIHR BioResource,? John Danesh,*®2? David J. Roberts,” 2324

Willem H. Ouwehand, 2722 Kathleen E. Stirrups,® Augusto Rendon, 2> Connie M. Westhoff,2® Emanuele Di Angelantonio,*®

C. Ellen van der Schoot,® William J. Astle,2”27 Nicholas A. Watkins,2 and William J. Lane,22° on behalf of the Blood Transfusion Genomics

Consortium

52 John Ord,? Cl 1. Penkett,"®

1921

1) wosy popeojumog

"This DNA-based test is capable of simultaneously typing
most clinically relevant red blood cell (RBC), human
platelet (HPA), and human leukocyte (HLA) antigens.

Validation was performed, using samples from 7927
European, 27 South Asian, 21 East Asian, and 9 African
blood donors enrolled in 2 national biobanks.”

Gleadall et al. Blood Adv 2020; 4(15):3495-3506
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Genome-wide array tool at 99.9%
concordance with clinical typing

British and Dutch
blood donors DNA extracted

w = 1000 donors

Genotyped on genome
wide array

Array and donor Typing data returned
record antigen to blood services
types compared

_ 00

i

Comparisons (%)

100 = Discordant
Concordant
75
50
2
0

Redcell HPA  HLA
antigens

99.9% concordance in
antigen typing results

Cause of discordance
® Algorithmic
W Array
W Clinical typing
W Unresolved
73 discordances for Red cell
and HPA antigens

Number of antibodies

2,6-fold increase in probability of finding
donor for complex patient
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18 Sept 2025 (ePub): The latest paper
on large-scale DNA-based genotyping

Towards Precision Blood Matching: DNA-Based Blood Cell

Typing of 6946 Study Participants from Different Ancestries

Aim of This Study
tuudy was (o develop

stewy for antended blood
subjects of dverse ances

fre}

Anigers Types sry Contesdence v
Tped  Ganersieg PUPOROEEN Cop i ine
] 35372 W Y
8 s1zm I o
T ) 1%

Conclusions: High-throughput array genotyping achieved >99%
accuracy for typing 51 erythrocyte, 8 platelet, and 6 leukocyte
antigens in 6946 ancestrally diverse study participants.
Comprehensive genotyping enables extended matching
to reduce antibody formation in regularly transfused
patients.

Gleadall et al. DOI: 10.1182/blood.2025028902

Long-read sequencing as a tool to
resolve blood group problems

:
REGULAR ARTICLE @ blood advances

ABO blood group
Long-read

Haplotype sequence nanopore
collection of ABO blood sequencing
group alleles
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Can Al and machine learning help?
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METHODS
A machine-learning method for biobank-scale
genetic prediction of blood group antigens
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Abstract

A key element for transfusion of and donor red
blood cell (RBC) antigens. Precise antigen matching reduces the risk for immunization and
other adverse transfusion outcomes. RBC antigens are encoded by specific genes, which
ping methods for i fram ge . We
describe here a classification method for determining RBC antigens from genotyping array
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So far, blood group genotyping has not been
able to account for weak, medium or strong
expression on RBCs of

a certain blood group antigen
(beyond zygosity/dosage effects)

To address this, we recently started
trying to understand
the regulatory landscape

of all blood group systems
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The Blood Group Regulome also needs to be
taken into account for prediction
with higher precision!

nature communications a

Article https://doi.org/10.1038/541467-023-40708-w

Elucidation of the low-expressing erythroid
CR1 phenotype by bioinformatic mining of

ChiP-seq Peak calling Intersect and annotate peaks Morgs files and fifler
intersect peaks annotate peaks,
— A ‘ L — ChiP- o
datasets from 4 individuals BEDTools RiChiPsseker EPRTCTSM) i
raw read QC 28
mm:;m nt-core/ChiP-seq ‘,0'“ —— | bedtotasta filter genes
:?m duplicates BEDTools . fiter averlaps | Aase
data ChIP- 193"
Chip- —
ChiP- merge 5eq/BED
@ seq/FASTA J.!’g;SH Ridplyr 156
locate 114
:
ll CTIAILT = motit
cal Dﬁﬂ'ﬂl MACS2 CTIATCr Lok l
ChiP- intersect ChiP-
—_—
UV .

Locate GATA1 motifs in peaks

Fig. 1| Analysis pipeline of four GATAI ChiP-seq datasets on primary erythro-  processing. After all analysis and data filtering steps, 193 GATA1 binding sites were
blasts. Raw sequencing data were extracted from publicly available databases found across 33 blood group-related genes, including 6 for CRL. “The pipeline
(r=4) and subjected to the abov sis pipeline adapted from nf-core for ChIP-  predicted 193 sites with peaks that overlapped in at least two datasets including the £
seq analysis. Functions for each analysis step are shown next to the corresponding  reference dataset (defined as the dataset containing the most peaks), 156 sites with
arrows along with the software/packages used (italicized, blue text). The formatof  overlapping peaks in at least three datasets including the reference, and finally
the files processed in each step is noted in the flowchart (white text on blue 114 sites that were found in all four datasets.

background). Background colors represent the four major steps in the data

51

Erythrogene
A database of human blood group alleles

& www.erythrogene.com (Méller et al. Blood Adv, 2016)
& Assessment of genetic blood group variation in blood group genes

REGULAR ARTICLE @© blood advances

Erythrogene: a database for in-depth analysis of the extensive variation in
36 blood group systems in the 1000 Genomes Project

Mattias Méller,' Magnus Jéud," Jill R. Storry,'? and Martin L. Olsson'?

and T Medicine, D of Laboratory Medicine, Lund University, Lund, Sweden; and “D of Clinical and T
Medicine, Laboratory Medicine, Office of Medical Service, Lund, Sweden
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The Erythrogene Database

Study metadata

é ~1.75 million bp per genome were analysed
v' 2,504 individuals from 26 population groups around the globe
v' 43 blood group genes
v' Total number of nucleotides = 8,501,108,720 bp

6 We identified 210,412 different blood group alleles

é 50,076 SNPs
v’ 68.6% were transitions
v’ 31.4% were transversions

é Atotal of 2,168 indels were observed

Moller et al. Blood Advances 2016;1(3):240-249
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The Erythrogene database —
a "forward genetics” approach?

Can the database predict new blood group antigens?

é Only 241 of the1,241 non-synonymous variants identified were known
blood group SNPs

& 200 of the remaining 1,000 variants occur in glycosyltransferases

v may alter carbohydrate antigen expression by modifying enzymatic
activity or specificity

& 357 of the remaining 1,000 unknown variants alter amino acids in
extracellular portions of RBC proteins

v’ These may constitute undiscovered or altered blood group antigens

Moller et al. Blood Advances 2016;1(3):240-249
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/X ERYTHROGENE

The search engine for blood group genes

ABO
« All Reference

-
1000 Genomes

The search "ABO" returned 238 results (0.002 seconds). Showing results 1 to 20. Next
Gene Allele Nucleotide Change Predicted Amino Acid Change 1000G
ABO ABO*0.01.01 261delG ThrgProfs*31 28.43% ¥
ABO ABO*0.01.02 106G>T; 188G>A; 189C>T; 220C>T; 261delG;  Val36Phe; Arg63His; Pro74Ser; Thr88Profs*31 18.55% ¥
297A>G; G46T>A; 681G>A; 771C>T, 829G>A
ABO ABO*BOT 297A>G; 526C>G; 657C>T; 703G>A; 796C>A;  Arg176Gly; Gly2355er; Leu266Met; Gly268Ala  14.16% ¥
803G>C; 930G>A
ABO ABO*A1.01 9.54% ¥
ABO ABO*A1.02 467C>T Pro1s6Leu 433% ¥
ABO ABO*A2.01 467C>T; 1061delC Pro156Leu; Pro354Argfs*23 425% ¥
ABO ABO*0.01.09 261delG; 318C>T; 467C>T Thr88Profs*31 401% ¥
ABO ABO*0.01.35 106G>T; 188G>A; 189C>T; 220C>T; 261delG;  Val36Phe; Arg63His; Pro7aSer; Thr88Profs*31  2.82% ¥
297A>G; 681G>A; 771C>T; B29G>A
ABO ABO*0.01.36 106G>T; 188G>A; 189C>T; 220C>T; 261delG;  Val36Phe; Arg63His; Pro74Ser; Thr88Profs*31  2.48%
207A>G: BAET>A: 681GoA 820GoA
www.erythrogene.com, Mdller et al. Blood Advances 2016;1(3):240-249
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q\%_;j Blood Group About Data Releases Tutorials Release: 8 Updated: 10ct 2025

Welcome to the ISBT Blood Group Database

The official digital repository for blood group systems, antigens, and alleles, maintained by the International Society for Blood Transfusion (ISBT).

Welcome to the ISBT Blood Group Database, the authoritative source for blood group nomenclature maintained by the
International Society of Blood Transfusion. This platform serves the global transfusion medicine community with
comprehensive, standardized blood group information.

About Data

Learn about the official digital repository for ISBT blood
group nomenclature, the development partnership and
who to contact in case of questions.

Find all allele tables and further information about each
blood group system and its antigens.

Releases Tutorials
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Concluding remarks

é Several medium- to high throughput platforms developed for
DNA-based blood group typing in donors and patients

é Accuracy rate is now acceptable (better than serology?!)
» So far, not all systems have been CE/IVDR/FDA-approved but many are likely to follow

é The Cost vs. Saving equation is difficult to calculate and
more cost-benefit as well as implementation studies should
be performed

é Some centres are using DNA-based methods to extend
typing for their donor pool or improve matching for patients
but many are still waiting for the "optimal tool”.

6 NGS/ONT platforms are not yet approved for clinical use

but are widely implemented to solve immunohematologicat::;

problems in the reference/research setting
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Dont »forget
Everybody is different — also regarding blood groups!

Thanks for I|sten|ng'
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