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Talk Outline

• Blood Group Typing Challenges

• Whole Genome Sequence Based Typing

• High Density Array Based Typing



• 112 million units of blood 

worldwide /year

• Cancer, trauma, pregnancy, 

sickle cell disease, and stem 

cell transplant patients
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Current Typing Methods

A1; M+N+, U+, Vr−, Mt(a−), Ri(a−), Ny(a−), Or−, ERIK−, Os(a−), 

ENEP+, ENEH+, ENAV+, ENEV+, MNTD−; S+s+, He−, M(v−), 

s(D−), Mit−; P1+/P1−, pk+, NOR−; D+, Tar−; C−c+E+e−, CW−, 

CX−, EW−, V−, VS−, Rh26+LOCR− Be −, Crawford−CELO+, 

JAL−CEST+, STEM−, JAHK−; Lu(a−b+), LURC+, Lu4+, Lu5+, 

Lu6+, Lu7+, Lu8+, Lu13+, Lu16+, Lu17+, Au(a+b−), Lu20+, 

Lu21+; K−k+, Kp(a−b+c−); Js(a−b+), Ul(a−), K11+, K12+, K13+, 

K14+, K18+, K19+, K22+, K23−, VLAN−VONG−, TOU+, RAZ+, 

KALT+, KTIM+, KYO−, KUCI+, KANT+, KASH+, KELP+, KETI+, 

KHUL+; Le(a+b−); Fy(a+b+); Jk(a+b+); Di(a−b+), Wr(a−b+), 

Wd(a−), Rb(a−), WARR−, ELO−, Bp(a−), Mo(a−), Hg(a−), 

Vg(a−), Sw(a−), BOW−, NFLD−, Jn(a−), KREP−, Tr(a−), Fr(a−), 

SW1−, Wu−DISK+; Yt(a+b−); Sc1+Sc2−, Rd−, STAR+, SCER+, 

SCAN+; Do(a+b+), Jo(a+), DOYA+, Hy+, DOMR+, DOLG+; 

Co(a+b−), Co4+; LW(a+b−); Ch1+, Ch2+, Ch3+, Ch4+, Ch5+, 

Ch6+, Rg1−, Rg2−; Ch1−, Ch2−, Ch3−, Ch4−, Ch5−, Ch6−, 

Rg1+, Rg2+; H+; Kx+; Es(a+), Wb−, An(a−), Dh(a−), GEIS−, 

GELP+, GEAT+, GETI+; Cr(a+), Tc(a+b−c−), Dr(a+), Es(a+), 

WES(a−b+), UMC+, GUTI+, SERF+, ZENA+, CROV+, CRAM+, 

CROZ+; Kn(a+b−), McC(a+b−), Sla+Vil−, Yk(a+), Sl3+, 

KCAM+/KCAM−; In(a−b+), INFI+, INJA+; Ok(a+), OKGV+, 

OKVM+; MER2+; JMHK+, JMHL+, JMHG+, JMHM+, JMHQ+; I+; 

P+; GIL+; Duclos+, Ol(a−), DSLK+, RHAG4−; FORS+; Jra+; 

Lan+; Vel+; At(a+)

Antibody Reagent

Patient Cells

Routine Serologic Typing ($)
A1; M+N+, U+, Vr−, Mt(a−), Ri(a−), Ny(a−), Or−, ERIK−, Os(a−), 

ENEP+, ENEH+, ENAV+, ENEV+, MNTD−; S+s+, He−, M(v−), 

s(D−), Mit−; P1+/P1−, pk+, NOR−; D+, Tar−; C−c+E+e−, CW−, 

CX−, EW−, V−, VS−, Rh26+LOCR− Be −, Crawford−CELO+, 

JAL−CEST+, STEM−, JAHK−; Lu(a−b+), LURC+, Lu4+, Lu5+, 

Lu6+, Lu7+, Lu8+, Lu13+, Lu16+, Lu17+, Au(a+b−), Lu20+, 

Lu21+; K−k+, Kp(a−b+c−); Js(a−b+), Ul(a−), K11+, K12+, K13+, 

K14+, K18+, K19+, K22+, K23−, VLAN−VONG−, TOU+, RAZ+, 

KALT+, KTIM+, KYO−, KUCI+, KANT+, KASH+, KELP+, KETI+, 

KHUL+; Le(a+b−); Fy(a+b+); Jk(a+b+); Di(a−b+), Wr(a−b+), 

Wd(a−), Rb(a−), WARR−, ELO−, Bp(a−), Mo(a−), Hg(a−), 

Vg(a−), Sw(a−), BOW−, NFLD−, Jn(a−), KREP−, Tr(a−), Fr(a−), 

SW1−, Wu−DISK+; Yt(a+b−); Sc1+Sc2−, Rd−, STAR+, SCER+, 

SCAN+; Do(a+b+), Jo(a+), DOYA+, Hy+, DOMR+, DOLG+; 

Co(a+b−), Co4+; LW(a+b−); Ch1+, Ch2+, Ch3+, Ch4+, Ch5+, 

Ch6+, Rg1−, Rg2−; Ch1−, Ch2−, Ch3−, Ch4−, Ch5−, Ch6−, 

Rg1+, Rg2+; H+; Kx+; Es(a+), Wb−, An(a−), Dh(a−), GEIS−, 

GELP+, GEAT+, GETI+; Cr(a+), Tc(a+b−c−), Dr(a+), Es(a+), 

WES(a−b+), UMC+, GUTI+, SERF+, ZENA+, CROV+, CRAM+, 

CROZ+; Kn(a+b−), McC(a+b−), Sla+Vil−, Yk(a+), Sl3+, 

KCAM+/KCAM−; In(a−b+), INFI+, INJA+; Ok(a+), OKGV+, 

OKVM+; MER2+; JMHK+, JMHL+, JMHG+, JMHM+, JMHQ+; I+; 

P+; GIL+; Duclos+, Ol(a−), DSLK+, RHAG4−; FORS+; Jra+; 

Lan+; Vel+; At(a+)

Antibody Reagent

Patient Cells

Extended Serologic Typing ($$$)
A1; M+N+, U+, Vr−, Mt(a−), Ri(a−), Ny(a−), Or−, ERIK−, Os(a−), 

ENEP+, ENEH+, ENAV+, ENEV+, MNTD−; S+s+, He−, M(v−), 

s(D−), Mit−; P1+/P1−, pk+, NOR−; D+, Tar−; C−c+E+e−, CW−, 

CX−, EW−, V−, VS−, Rh26+LOCR− Be −, Crawford−CELO+, 

JAL−CEST+, STEM−, JAHK−; Lu(a−b+), LURC+, Lu4+, Lu5+, 

Lu6+, Lu7+, Lu8+, Lu13+, Lu16+, Lu17+, Au(a+b−), Lu20+, 

Lu21+; K−k+, Kp(a−b+c−); Js(a−b+), Ul(a−), K11+, K12+, K13+, 

K14+, K18+, K19+, K22+, K23−, VLAN−VONG−, TOU+, RAZ+, 

KALT+, KTIM+, KYO−, KUCI+, KANT+, KASH+, KELP+, KETI+, 

KHUL+; Le(a+b−); Fy(a+b+); Jk(a+b+); Di(a−b+), Wr(a−b+), 

Wd(a−), Rb(a−), WARR−, ELO−, Bp(a−), Mo(a−), Hg(a−), 

Vg(a−), Sw(a−), BOW−, NFLD−, Jn(a−), KREP−, Tr(a−), Fr(a−), 

SW1−, Wu−DISK+; Yt(a+b−); Sc1+Sc2−, Rd−, STAR+, SCER+, 

SCAN+; Do(a+b+), Jo(a+), DOYA+, Hy+, DOMR+, DOLG+; 

Co(a+b−), Co4+; LW(a+b−); Ch1+, Ch2+, Ch3+, Ch4+, Ch5+, 

Ch6+, Rg1−, Rg2−; Ch1−, Ch2−, Ch3−, Ch4−, Ch5−, Ch6−, 

Rg1+, Rg2+; H+; Kx+; Es(a+), Wb−, An(a−), Dh(a−), GEIS−, 

GELP+, GEAT+, GETI+; Cr(a+), Tc(a+b−c−), Dr(a+), Es(a+), 

WES(a−b+), UMC+, GUTI+, SERF+, ZENA+, CROV+, CRAM+, 

CROZ+; Kn(a+b−), McC(a+b−), Sla+Vil−, Yk(a+), Sl3+, 

KCAM+/KCAM−; In(a−b+), INFI+, INJA+; Ok(a+), OKGV+, 

OKVM+; MER2+; JMHK+, JMHL+, JMHG+, JMHM+, JMHQ+; I+; 

P+; GIL+; Duclos+, Ol(a−), DSLK+, RHAG4−; FORS+; Jra+; 

Lan+; Vel+; At(a+)

Single Nucleotide Polymorphism

SNP Typing ($$)

CTCCTCT = E+

AATGCT = K+

GAAATGG = S+



Whole Genome Sequence (WGS) Based Typing

image Courtesy of Illumina

A1; M+N+, U+, Vr−, Mt(a−), Ri(a−), Ny(a−), Or−, ERIK−, Os(a−), 

ENEP+, ENEH+, ENAV+, ENEV+, MNTD−; S+s+, He−, M(v−), 

s(D−), Mit−; P1+/P1−, pk+, NOR−; D+, Tar−; C−c+E+e−, CW−, 

CX−, EW−, V−, VS−, Rh26+LOCR− Be −, Crawford−CELO+, 

JAL−CEST+, STEM−, JAHK−; Lu(a−b+), LURC+, Lu4+, Lu5+, 

Lu6+, Lu7+, Lu8+, Lu13+, Lu16+, Lu17+, Au(a+b−), Lu20+, 

Lu21+; K−k+, Kp(a−b+c−); Js(a−b+), Ul(a−), K11+, K12+, K13+, 

K14+, K18+, K19+, K22+, K23−, VLAN−VONG−, TOU+, RAZ+, 

KALT+, KTIM+, KYO−, KUCI+, KANT+, KASH+, KELP+, KETI+, 

KHUL+; Le(a+b−); Fy(a+b+); Jk(a+b+); Di(a−b+), Wr(a−b+), 

Wd(a−), Rb(a−), WARR−, ELO−, Bp(a−), Mo(a−), Hg(a−), 

Vg(a−), Sw(a−), BOW−, NFLD−, Jn(a−), KREP−, Tr(a−), Fr(a−), 

SW1−, Wu−DISK+; Yt(a+b−); Sc1+Sc2−, Rd−, STAR+, SCER+, 

SCAN+; Do(a+b+), Jo(a+), DOYA+, Hy+, DOMR+, DOLG+; 

Co(a+b−), Co4+; LW(a+b−); Ch1+, Ch2+, Ch3+, Ch4+, Ch5+, 

Ch6+, Rg1−, Rg2−; Ch1−, Ch2−, Ch3−, Ch4−, Ch5−, Ch6−, 

Rg1+, Rg2+; H+; Kx+; Es(a+), Wb−, An(a−), Dh(a−), GEIS−, 

GELP+, GEAT+, GETI+; Cr(a+), Tc(a+b−c−), Dr(a+), Es(a+), 

WES(a−b+), UMC+, GUTI+, SERF+, ZENA+, CROV+, CRAM+, 

CROZ+; Kn(a+b−), McC(a+b−), Sla+Vil−, Yk(a+), Sl3+, 

KCAM+/KCAM−; In(a−b+), INFI+, INJA+; Ok(a+), OKGV+, 

OKVM+; MER2+; JMHK+, JMHL+, JMHG+, JMHM+, JMHQ+; I+; 

P+; GIL+; Duclos+, Ol(a−), DSLK+, RHAG4−; FORS+; Jra+; 

Lan+; Vel+; At(a+)



\ • First individual to ever 

have all blood group 

antigens determined

• Manual interpretation of 

WGS variant calling files

• Took 4 months

Transfusion. 2016 Mar;56(3):743-54



\ • Same individual

• First automated full blood 

group typing from WGS 

data using bloodTyper. 

• Took 4 years to develop 

bloodTyper v3 with 110 

genomes

• 10 min to run bloodTyper

• Last 200 genomes 4 days

Lancet Haematology. 2018. Jun;5(6):e241-e251



\Typing Methods

Initial v1

(unblinded)

n=20 (30x)

99.5%

Improved v2

(blinded)

n=90 (30x)

99.8%

Final v3

(blinded)

n=200 (15x)

99.9% 

Lane WJ, Westhoff CM, Gleadall NS, et al. Automated Typing of Red Blood Cell and Platelet Antigens from Whole Genome Sequencing. Lancet Haematology. 2018. Jun;5(6):e241-e251



C Antigen Gene Conversion

Lane WJ, Westhoff CM, Gleadall NS, et al. Automated Typing of Red Blood Cell and Platelet Antigens from Whole Genome Sequencing. Lancet Haematology. 2018. Jun;5(6):e241-e251



Hybrid RHD (Partial D)

Lane WJ, Westhoff CM, Gleadall NS, et al. Automated Typing of Red Blood Cell and Platelet Antigens from Whole Genome Sequencing. Lancet Haematology. 2018. Jun;5(6):e241-e251



Hybrid RHCE (D•• Evans+ AT C–)

Lane WJ, Westhoff CM, Gleadall NS, et al. Automated Typing of Red Blood Cell and Platelet Antigens from Whole Genome Sequencing. Lancet Haematology. 2018. Jun;5(6):e241-e251



Other RHD and RHCE Hybrids

Geoff Daniels. (2013) Human Blood Groups.



NGS Balancing Act

Cost

Speed

Accuracy

Whole Genome 

$$$

month

Whole Exome

$$

weeks

Antigen Genes

<$

week

Specific Antigen

<$

days



High Density SNP Typing

A1; M+N+, U+, Vr−, Mt(a−), Ri(a−), Ny(a−), Or−, ERIK−, Os(a−), ENEP+,

ENEH+, ENAV+, ENEV+, MNTD−; S+s+, He−, M(v−), s(D−), Mit−;

P1+/P1−, pk+, NOR−; D+, Tar−; C−c+E+e−, CW−, CX−, EW−, V−, VS−,

Rh26+LOCR− Be −, Crawford−CELO+, JAL−CEST+, STEM−, JAHK−;

Lu(a−b+), LURC+, Lu4+, Lu5+, Lu6+, Lu7+, Lu8+, Lu13+, Lu16+, Lu17+,

Au(a+b−), Lu20+, Lu21+; K−k+, Kp(a−b+c−); Js(a−b+), Ul(a−), K11+, K12+,

K13+, K14+, K18+, K19+, K22+, K23−, VLAN−VONG−, TOU+, RAZ+,

KALT+, KTIM+, KYO−, KUCI+, KANT+, KASH+, KELP+, KETI+, KHUL+;

Le(a+b−); Fy(a+b+); Jk(a+b+); Di(a−b+), Wr(a−b+), Wd(a−), Rb(a−),

WARR−, ELO−, Bp(a−), Mo(a−), Hg(a−), Vg(a−), Sw(a−), BOW−, NFLD−,

Jn(a−), KREP−, Tr(a−), Fr(a−), SW1−, Wu−DISK+; Yt(a+b−); Sc1+Sc2−,

Rd−, STAR+, SCER+, SCAN+; Do(a+b+), Jo(a+), DOYA+, Hy+, DOMR+,

DOLG+; Co(a+b−), Co4+; LW(a+b−); Ch1+, Ch2+, Ch3+, Ch4+, Ch5+,

Ch6+, Rg1−, Rg2−; Ch1−, Ch2−, Ch3−, Ch4−, Ch5−, Ch6−, Rg1+, Rg2+;

H+; Kx+; Es(a+), Wb−, An(a−), Dh(a−), GEIS−, GELP+, GEAT+, GETI+;

Cr(a+), Tc(a+b−c−), Dr(a+), Es(a+), WES(a−b+), UMC+, GUTI+, SERF+,

ZENA+, CROV+, CRAM+, CROZ+; Kn(a+b−), McC(a+b−), Sla+Vil−,

Yk(a+), Sl3+, KCAM+/KCAM−; In(a−b+), INFI+, INJA+; Ok(a+), OKGV+,

OKVM+; MER2+; JMHK+, JMHL+, JMHG+, JMHM+, JMHQ+; I+; P+; GIL+;

Duclos+, Ol(a−), DSLK+, RHAG4−; FORS+; Jra+; Lan+; Vel+; At(a+)

Cost: $

Time: week

Min Batch Size: 96

Scalability: Very High

Unpublished Data: Blood Transfusion Genomics Consortium



Typing Methods
Blood Transfusion Genomics Consortium  



High Density Array Design

Easily Customized

1,300 Blood Group SNPs

Unpublished Data: Blood Transfusion Genomics Consortium



Blood Typing – The Future
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