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Rare inherited anaemias

Diamond 
Blackfan
Anaemia

Congenital 
Dyserythropoietic
Anaemia

Sideroblastic
Anaemia

Red Cell Membrane 
& Enzyme disorders

Age at presentation Usually baby/young 
child

Usually child/young adult Usually child/young adult Usually child/young adult

Associated features Bony
Cardiac
Cleft lip/palate

Distal limb Ring sideroblasts on bone 
marrow

Hepatosplenomegaly
Jaundice
Gallstones

Severity Usually severe Usually mild to moderate Mild to severe Usually mild

Treatment Steroids
Transfusions & 
chelation
BMT

Interferon
Transfusions & chelation
Nil

Transfusions & chelation
Nil

Nil
Splenectomy

Genetics AD/de novo
Ribosomal proteins

AR
Multiple pathways (vesicle 
trafficking, chromatin 
assembly)

X linked
AR
Haem synthesis

AD
AR
Cytoskeleton and red cell 
enzymes
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Oxford Red Cell Panel (ORCP)

Sideroblastic anaemia

Congenital Dyserythropoietic Anaemia

Red Cell Membrane

Diamond Blackfan Anaemia

Red Cell Enzymes

n=14 n=7 n=5

n=15n=9

Conditions tested on ORCP



The importance of coverage analysis in making an accurate diagnosis



The importance of coverage analysis in making an accurate diagnosis



*
*

*

Targeted NGS experience with first Oxford (limited) panel

n=57



• transfusion dependent from 6 months
• all tests negative, incl. enzyme levels
• mild splenomegaly

• transfused and 
iron chelated 
for 5 years
• sample for ORCP

• compound 
heterozygosity for 2x
PKLR mutations 
= PK deficiency 
• splenectomy

TRANSFUSION 
INDEPENDENT CHILD
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King’s : Red Cell Gene Panel







Agilent SureSelect bait capture Targeted Gene panel

• 12 subpanels covering 197 genes – (all genes on Oxford panel included)

• Each subpanel contains all the know genes associated with the specific condition

• Searches made across Omim, Genecards and Pubmed to identify targets.

• Gene list is reviewed every time the panel is re-purchased 

• Aim to get full exon coverage of each gene, ± 50bp into each intron plus UTR’s

• Receiving 24 cases per month – Reported 160 cases since March 2016

• TAT 6 to 10 weeks – All reported variants confirmed by Sanger Sequencing

King’s Red Cell Gene Panel



Diagnosis prior to Molecular Analysis

Diagnosis After Molecular Analysis

CDA
n = 14

Enzyme 
Deficiency

n = 13

Sideroblastic
Anaemia

n = 2

Diamond 
Blackfan
Anaemia
n = 11 

Membrano
pathy

n = 23

Unexplained 
Anaemia

n = 26

Yes
n = 7 (50%) 

Yes
n= 12 (92%) 

Yes
n= 1 (50%) 

Yes
n= 6 (55%) 

Yes
n= 17 (65%) 

Yes
n= 20 (87%) 

Haemoglobi
nopathy

n = 3

Yes
n= 2 (67%) 

Congenital Anaemia 
n = 95

RPL35A whole gene deletion 
DBA5

CDA
n = 5

Pyruvate 
Kinase 

deficiency

n = 1
Diamond
Blackfan
Anaemia

n = 1

҉

҉

Enzyme 
Deficiency

n = 12

1 case HK
1 Case PGK1

remainder
G6PD
PKLR

҉

Sideroblastic
Anaemia
n = 2

҉
YARS2
Functional 
studies 
confirmed

Diamond 
Blackfan
Anaemia

n = 6 

Unexplained 
Anaemia

n = 17

14x Spectin
3x Ankyrin
2x Band3
1x PIEZO 1

҉

Membrano
pathy

n = 20
6x Enzymes
12 Membranes

1x Enz/ Mem 

҉

Haemoglobi
nopathy

n = 2
2x LCR Deletions

҉



Diagnosis prior to Molecular Analysis

Diagnosis After Molecular Analysis

Congenital 
Erythrocytosis

n = 25

Iron
regulation
n = 29

Lymphoedema

n = 8

Porphyria

n = 2

Bone 
Marrow
Failure

n = 3

Yes
n= 3 (12%) 

Yes
n= 3 (27%) 

Yes
n= 1 (50%) 

Yes
n= 0 (0%) 

Yes
n= 10 (34%) 

67 cases – Non Haemolytic Anaemia

No surprising findings 



A

Rare variants are relatively common

The need for functional studies

Class 3 variants are a significant issue

69

19

8

1

3

Class 1
Class 2
Class 3
Class 4
Class 5

2215 scored 
variants
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No breakpoint spanning 
sequences  captured so 
precise breakpoints unknown. 

Oxford ORCP

Or

Kings panel

Case 1. G154614S

Haematology

RBC (*1012/l) 6.29

Hb (g/l) 102

MCV (fl) 52

MCH (pg) 16.2

HbF (%) 4.4

HbA2 (%) 2.9



Mutual learning experience
Oxford learning from Kings

Kings learning from Oxford
• Kings was limiting the data analysis 

to specific subpanels directed by 
the referral information.

• Defeated the object of having a 
single large panel

• Cases of severe PK deficiency 
which presented like CDA were 
initially missed but the sequence 
data was available for analysis. 

• King’s now reviews all the 
sequence variant data before 
issuing a negative report. 

• Oxford was not routinely doing 
haemoglobinopathy investigations 
on all red cell panel requests

• Beta globin MLPA was not 
routinely done

• Both of these have now been 
addressed to prevent risk of 
recurrence



Harmonisation
• Choice of genes
• Sample exchange
• Currently 16 samples undiagnosed from Oxford being tested at Kings
• Kings to organise undiagnosed cases to send to Oxford 

• Share pathogenicity scores 
• Share of databases to allow electronic harmonization
• Negative cases – WGS or WES?

Oxford ORCP

Or

Kings panel



Deep phenotyping



Research studies
• DBA  Imperial
• Red cell enzymes  Kings & Imperial
• Membranes  Kings & Bristol
• Haemoglobin Oxford & Kings
• CDA  Oxford

• Open invitation to other groups
• Need to develop and share skills

New patient for 
ongoing research 

studies
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Red Cell Diagnostics- a collaborative 
network

• Laboratory diagnostics /molecular diagnostics
• Functional studies/additional research
• Sending samples/referring cases
• We have had 3 collaborators’ meetings in 2 years

more planned
 let us know if you would like to be included
– ?based on case discussions
– ?based on research interests/functional work

Any interest?  Please contact 
doug.higgs@imm.ox.ac.uk
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