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NMDP/Be The Match 

•  NATIONAL MARROW DONOR PROGRAM® 
 

•  Began in 1987 

•  nonprofit organization that  
–  matches patients with donors,  
–  educates health care professionals and  
–  conducts research so more lives can be saved 

•  Entrusted to operate the C.W. Bill Young Cell Transplantation Program 
–  authorized by the Stem Cell Therapeutic and Research Act of 2005 (Public 

Law 109-129) and reauthorized by the Stem Cell Therapeutic and Research 
Reauthorization Act of 2010 (Public Law 111-264). 

•  Operates the Be The Match Registry® 
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Network Partners 
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Be The Match is the hub of  
a global transplant network  
including partner centers  
throughout the U.S.  
as well as centers  
and registries 
in 41 countries.  
 
 



Total Growth of the  
Be The Match Registry®  
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NMDP 

Transplant 
CIBMTR 
SCTOD 

Matching Patients  
with Donors 

Outcomes 

Research 
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Questions 

•  How can we make it easier (to move/access data)? 

•  How can we better describe data? 

•  How can we improve research? 

•  How can we save lives better? 
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ability of a system to  
access and use  

the parts or equipment of another system 

Interoperability 
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Syntactic 
Interoperability 

Semantic 
Interoperability 



HLA 

•  Human Leukocyte Antigen 
 

•  Chromosome 6 
 

•  Major Histocompatibility Complex (MHC) 
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http://en.wikipedia.org/wiki/Human_leukocyte_antigen 



Class I and Class II 
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Class II Class I 



IMGT/HLA DB Growth 
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IMGT/HLA Database 
March 2016 
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Gene  A  B  C  E  F  G  

Alleles 3,356 4,179 2,902 21 22 51 

Proteins 2,372 3,095 2,067 8 4 17 

Nulls 55 131 101 1 0 2 

Gene  DRA  DRB  DQA1  DQB1  DPA1  DPB1  DMA  DMB  DOA  DOB 

Alleles 7  1,978 55 900 43 630 7 13 12 13 

Proteins 2 1,442 33 615 21 518 4 7 3  5  

Nulls 0 50 1 23 0 16 0 0 1 0 

Class II 

Class I 

http://www.ebi.ac.uk/imgt/hla/stats.html 



Nomenclature Version 3 
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http://hla.alleles.org/nomenclature/naming.html 



“I learned very early the difference between 
knowing the name of something and knowing 
something.” 
 
-Richard Feynman 



HLA Ambiguities 

•  Allelic ambiguity 
•  Genotypic ambiguity 

 
•  Undefined exons 
•  Historical context (expanding allele list) 
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Allele Ambiguity 

•  Allele ambiguity results when the polymorphisms that 
distinguish alleles fall outside of the regions assessed by 
the genotyping system.  

•  A*02:07/A*02:15N/A*02:265 
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Genotype Ambiguity 

•  Genotype ambiguity results from an inability to establish 
chromosomal phase between identified polymorphisms. 
  

•  DRB1*04:01:01 + DRB1*13:01:01   
DRB1*04:13 + DRB1*13:02:01   
DRB1*04:14 + DRB1*14:21   
DRB1*04:35 + DRB1*13:40   
DRB1*04:38 + DRB1*13:20  
 
all have identical heterozygous DRB1 exon 2  
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Expanding Allele List 

GCTCYCACTCCATGAGGTATTTCTYCACATCCGTGTCCCGG
CCCGGCCGCGGGGAGCCCCGCTTCATCGCMGTGGGCTACGT
GGACGACACGCAGTTCGTGCGGTTCGACAGCGACGCCGCGA
GCCAGAGGATGGAGCCGCGGGCGCCGTGGATAGAGCAGGAG
GGKCCGGAGTATTGGGACGRGGAGACASGGAAAGTGAAGGC
CCACTCACAGACTSACCGAGWGRACCTGSGGAYCSYGCKCS
GCTACTACAACCAGAGCGAGGCCGGTTCTCACACCSTCCAG
AKGATGTWTGGCTGCGACGTGGGGTCGGACKGGCGCTTCCT
CCGCGGGTACCACCAGTACGCCTACGACGGCAAGGATTACA
TCGCCCTGAAAGAGGACCTGCGCTCTTGGACCGCGGCGGAC
ATGGCRGCTCAGAYCACCAAGCRCAAGTGGGAGGCGGCCCA
TGTGGCGGAGCAGYWGAGAGCCTACCTGGAGGGCACGTGCG
TGGASKGGCTCCGCAGATACCTGGAGAACGGGAAGGAGACG
CTGCAGCGCACGG 

546 Characters 

W = A/T
K = G/T
R = A/G
Y = C/T
K = G/T
M = A/C
S = G/C
W = A/T
N = A/C/T/G



2003
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A*020101 A*24020101 
A*020101 A*24020102L 
A*020101 A*240203 
A*020101 A*2409N 
A*020101 A*2411N 
A*020108 A*24020101 
A*020108 A*24020102L 
A*020108 A*240203 
A*020108 A*2409N 
A*020108 A*2411N 
A*0209 A*24020101 
A*0209 A*24020102L 
A*0209 A*240203 
A*0209 A*2409N 
A*0209 A*2411N 
A*0212 A*2413 
A*0236 A*240301 
A*0236 A*2433 
A*0243N A*24020101 
A*0243N A*24020102L 
A*0243N A*240203 
A*0243N A*2409N 
A*0243N A*2411N 

23 Allele pairs
355 Characters



2013
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A*02:01:01:01	   A*24:02:01:01	  
A*02:01:01:01	   A*24:02:01:02L	  
A*02:01:01:01	   A*24:02:01:03	  
A*02:01:01:01	   A*24:02:03Q	  
A*02:01:01:01	   A*24:02:10	  
A*02:01:01:01	   A*24:02:13	  
A*02:01:01:01	   A*24:02:31	  
A*02:01:01:01	   A*24:02:40	  
A*02:01:01:01	   A*24:02:43	  
A*02:01:01:01	   A*24:02:44	  
A*02:01:01:01	   A*24:02:56	  
A*02:01:01:01	   A*24:09N	  
A*02:01:01:01	   A*24:11N	  
A*02:01:01:01	   A*24:40N	  
A*02:01:01:01	   A*24:76	  
A*02:01:01:01	   A*24:79	  
A*02:01:01:01	   A*24:83N	  
A*02:01:01:01	   A*24:144	  
A*02:01:01:01	   A*24:150	  
A*02:01:01:01	   A*24:153	  
A*02:01:01:01	   A*24:154	  
A*02:01:01:01	   A*24:155N	  
A*02:01:01:01	   A*24:163N	  
A*02:01:01:01	   A*24:183N	  
A*02:01:01:02L	   A*24:02:01:01	  
A*02:01:01:02L	   A*24:02:01:02L	  
A*02:01:01:02L	   A*24:02:01:03	  
A*02:01:01:02L	   A*24:02:03Q	  
A*02:01:01:02L	   A*24:02:10	  
A*02:01:01:02L	   A*24:02:13	  
A*02:01:01:02L	   A*24:02:31	  
A*02:01:01:02L	   A*24:02:40	  
A*02:01:01:02L	   A*24:02:43	  
A*02:01:01:02L	   A*24:02:44	  
A*02:01:01:02L	   A*24:02:56	  
A*02:01:01:02L	   A*24:09N	  
A*02:01:01:02L	   A*24:11N	  
A*02:01:01:02L	   A*24:40N	  
A*02:01:01:02L	   A*24:76	  
A*02:01:01:02L	   A*24:79	  
A*02:01:01:02L	   A*24:83N	  
A*02:01:01:02L	   A*24:144	  
A*02:01:01:02L	   A*24:150	  
A*02:01:01:02L	   A*24:153	  

A*02:01:01:02L	   A*24:154	  
A*02:01:01:02L	   A*24:155N	  
A*02:01:01:02L	   A*24:163N	  
A*02:01:01:02L	   A*24:183N	  
A*02:01:01:03	   A*24:02:01:01	  
A*02:01:01:03	   A*24:02:01:02L	  
A*02:01:01:03	   A*24:02:01:03	  
A*02:01:01:03	   A*24:02:03Q	  
A*02:01:01:03	   A*24:02:10	  
A*02:01:01:03	   A*24:02:13	  
A*02:01:01:03	   A*24:02:31	  
A*02:01:01:03	   A*24:02:40	  
A*02:01:01:03	   A*24:02:43	  
A*02:01:01:03	   A*24:02:44	  
A*02:01:01:03	   A*24:02:56	  
A*02:01:01:03	   A*24:09N	  
A*02:01:01:03	   A*24:11N	  
A*02:01:01:03	   A*24:40N	  
A*02:01:01:03	   A*24:76	  
A*02:01:01:03	   A*24:79	  
A*02:01:01:03	   A*24:83N	  
A*02:01:01:03	   A*24:144	  
A*02:01:01:03	   A*24:150	  
A*02:01:01:03	   A*24:153	  
A*02:01:01:03	   A*24:154	  
A*02:01:01:03	   A*24:155N	  
A*02:01:01:03	   A*24:163N	  
A*02:01:01:03	   A*24:183N	  
A*02:01:02	   A*24:02:58	  
A*02:01:08	   A*24:02:01:01	  
A*02:01:08	   A*24:02:01:02L	  
A*02:01:08	   A*24:02:01:03	  
A*02:01:08	   A*24:02:03Q	  
A*02:01:08	   A*24:02:10	  
A*02:01:08	   A*24:02:13	  
A*02:01:08	   A*24:02:31	  
A*02:01:08	   A*24:02:40	  
A*02:01:08	   A*24:02:43	  
A*02:01:08	   A*24:02:44	  
A*02:01:08	   A*24:02:56	  
A*02:01:08	   A*24:09N	  
A*02:01:08	   A*24:11N	  
A*02:01:08	   A*24:40N	  
A*02:01:08	   A*24:76	  

A*02:01:08	   A*24:79	  
A*02:01:08	   A*24:83N	  
A*02:01:08	   A*24:144	  
A*02:01:08	   A*24:150	  
A*02:01:08	   A*24:153	  
A*02:01:08	   A*24:154	  
A*02:01:08	   A*24:155N	  
A*02:01:08	   A*24:163N	  
A*02:01:08	   A*24:183N	  
A*02:01:09	   A*24:02:06	  
A*02:01:11	   A*24:02:01:01	  
A*02:01:11	   A*24:02:01:02L	  
A*02:01:11	   A*24:02:01:03	  
A*02:01:11	   A*24:02:03Q	  
A*02:01:11	   A*24:02:10	  
A*02:01:11	   A*24:02:13	  
A*02:01:11	   A*24:02:31	  
A*02:01:11	   A*24:02:40	  
A*02:01:11	   A*24:02:43	  
A*02:01:11	   A*24:02:44	  
A*02:01:11	   A*24:02:56	  
A*02:01:11	   A*24:09N	  
A*02:01:11	   A*24:11N	  
A*02:01:11	   A*24:40N	  
A*02:01:11	   A*24:76	  
A*02:01:11	   A*24:79	  
A*02:01:11	   A*24:83N	  
A*02:01:11	   A*24:144	  
A*02:01:11	   A*24:150	  
A*02:01:11	   A*24:153	  
A*02:01:11	   A*24:154	  
A*02:01:11	   A*24:155N	  
A*02:01:11	   A*24:163N	  
A*02:01:11	   A*24:183N	  
A*02:01:14Q	   A*24:02:01:01	  
A*02:01:14Q	   A*24:02:01:02L	  
A*02:01:14Q	   A*24:02:01:03	  
A*02:01:14Q	   A*24:02:03Q	  
A*02:01:14Q	   A*24:02:10	  
A*02:01:14Q	   A*24:02:13	  
A*02:01:14Q	   A*24:02:31	  
A*02:01:14Q	   A*24:02:40	  
A*02:01:14Q	   A*24:02:43	  
A*02:01:14Q	   A*24:02:44	  

A*02:01:14Q	   A*24:02:56	  
A*02:01:14Q	   A*24:09N	  
A*02:01:14Q	   A*24:11N	  
A*02:01:14Q	   A*24:40N	  
A*02:01:14Q	   A*24:76	  
A*02:01:14Q	   A*24:79	  
A*02:01:14Q	   A*24:83N	  
A*02:01:14Q	   A*24:144	  
A*02:01:14Q	   A*24:150	  
A*02:01:14Q	   A*24:153	  
A*02:01:14Q	   A*24:154	  
A*02:01:14Q	   A*24:155N	  
A*02:01:14Q	   A*24:163N	  
A*02:01:14Q	   A*24:183N	  
A*02:01:15	   A*24:02:01:01	  
A*02:01:15	   A*24:02:01:02L	  
A*02:01:15	   A*24:02:01:03	  
A*02:01:15	   A*24:02:03Q	  
A*02:01:15	   A*24:02:10	  
A*02:01:15	   A*24:02:13	  
A*02:01:15	   A*24:02:31	  
A*02:01:15	   A*24:02:40	  
A*02:01:15	   A*24:02:43	  
A*02:01:15	   A*24:02:44	  
A*02:01:15	   A*24:02:56	  
A*02:01:15	   A*24:09N	  
A*02:01:15	   A*24:11N	  
A*02:01:15	   A*24:40N	  
A*02:01:15	   A*24:76	  
A*02:01:15	   A*24:79	  
A*02:01:15	   A*24:83N	  
A*02:01:15	   A*24:144	  
A*02:01:15	   A*24:150	  
A*02:01:15	   A*24:153	  
A*02:01:15	   A*24:154	  
A*02:01:15	   A*24:155N	  
A*02:01:15	   A*24:163N	  
A*02:01:15	   A*24:183N	  
A*02:01:21	   A*24:02:01:01	  
A*02:01:21	   A*24:02:01:02L	  
A*02:01:21	   A*24:02:01:03	  
A*02:01:21	   A*24:02:03Q	  
A*02:01:21	   A*24:02:10	  
A*02:01:21	   A*24:02:13	  

A*02:01:21	   A*24:02:31	  
A*02:01:21	   A*24:02:40	  
A*02:01:21	   A*24:02:43	  
A*02:01:21	   A*24:02:44	  
A*02:01:21	   A*24:02:56	  
A*02:01:21	   A*24:09N	  
A*02:01:21	   A*24:11N	  
A*02:01:21	   A*24:40N	  
A*02:01:21	   A*24:76	  
A*02:01:21	   A*24:79	  
A*02:01:21	   A*24:83N	  
A*02:01:21	   A*24:144	  
A*02:01:21	   A*24:150	  
A*02:01:21	   A*24:153	  
A*02:01:21	   A*24:154	  
A*02:01:21	   A*24:155N	  
A*02:01:21	   A*24:163N	  
A*02:01:21	   A*24:183N	  
A*02:01:36	   A*24:02:02	  
A*02:01:48	   A*24:02:01:01	  
A*02:01:48	   A*24:02:01:02L	  
A*02:01:48	   A*24:02:01:03	  
A*02:01:48	   A*24:02:03Q	  
A*02:01:48	   A*24:02:10	  
A*02:01:48	   A*24:02:13	  
A*02:01:48	   A*24:02:31	  
A*02:01:48	   A*24:02:40	  
A*02:01:48	   A*24:02:43	  
A*02:01:48	   A*24:02:44	  
A*02:01:48	   A*24:02:56	  
A*02:01:48	   A*24:09N	  
A*02:01:48	   A*24:11N	  
A*02:01:48	   A*24:40N	  
A*02:01:48	   A*24:76	  
A*02:01:48	   A*24:79	  
A*02:01:48	   A*24:83N	  
A*02:01:48	   A*24:144	  
A*02:01:48	   A*24:150	  
A*02:01:48	   A*24:153	  
A*02:01:48	   A*24:154	  
A*02:01:48	   A*24:155N	  
A*02:01:48	   A*24:163N	  
A*02:01:48	   A*24:183N	  
A*02:01:50	   A*24:02:01:01	  



2013 (and these…)

20

A*02:01:50	   A*24:02:01:02L	  
A*02:01:50	   A*24:02:01:03	  
A*02:01:50	   A*24:02:03Q	  
A*02:01:50	   A*24:02:10	  
A*02:01:50	   A*24:02:13	  
A*02:01:50	   A*24:02:31	  
A*02:01:50	   A*24:02:40	  
A*02:01:50	   A*24:02:43	  
A*02:01:50	   A*24:02:44	  
A*02:01:50	   A*24:02:56	  
A*02:01:50	   A*24:09N	  
A*02:01:50	   A*24:11N	  
A*02:01:50	   A*24:40N	  
A*02:01:50	   A*24:76	  
A*02:01:50	   A*24:79	  
A*02:01:50	   A*24:83N	  
A*02:01:50	   A*24:144	  
A*02:01:50	   A*24:150	  
A*02:01:50	   A*24:153	  
A*02:01:50	   A*24:154	  
A*02:01:50	   A*24:155N	  
A*02:01:50	   A*24:163N	  
A*02:01:50	   A*24:183N	  
A*02:01:79	   A*24:02:01:01	  
A*02:01:79	   A*24:02:01:02L	  
A*02:01:79	   A*24:02:01:03	  
A*02:01:79	   A*24:02:03Q	  
A*02:01:79	   A*24:02:10	  
A*02:01:79	   A*24:02:13	  
A*02:01:79	   A*24:02:31	  
A*02:01:79	   A*24:02:40	  
A*02:01:79	   A*24:02:43	  
A*02:01:79	   A*24:02:44	  
A*02:01:79	   A*24:02:56	  
A*02:01:79	   A*24:09N	  
A*02:01:79	   A*24:11N	  
A*02:01:79	   A*24:40N	  
A*02:01:79	   A*24:76	  
A*02:01:79	   A*24:79	  
A*02:01:79	   A*24:83N	  
A*02:01:79	   A*24:144	  
A*02:01:79	   A*24:150	  
A*02:01:79	   A*24:153	  
A*02:01:79	   A*24:154	  

A*02:01:79	   A*24:155N	  
A*02:01:79	   A*24:163N	  
A*02:01:79	   A*24:183N	  
A*02:01:80	   A*24:02:01:01	  
A*02:01:80	   A*24:02:01:02L	  
A*02:01:80	   A*24:02:01:03	  
A*02:01:80	   A*24:02:03Q	  
A*02:01:80	   A*24:02:10	  
A*02:01:80	   A*24:02:13	  
A*02:01:80	   A*24:02:31	  
A*02:01:80	   A*24:02:40	  
A*02:01:80	   A*24:02:43	  
A*02:01:80	   A*24:02:44	  
A*02:01:80	   A*24:02:56	  
A*02:01:80	   A*24:09N	  
A*02:01:80	   A*24:11N	  
A*02:01:80	   A*24:40N	  
A*02:01:80	   A*24:76	  
A*02:01:80	   A*24:79	  
A*02:01:80	   A*24:83N	  
A*02:01:80	   A*24:144	  
A*02:01:80	   A*24:150	  
A*02:01:80	   A*24:153	  
A*02:01:80	   A*24:154	  
A*02:01:80	   A*24:155N	  
A*02:01:80	   A*24:163N	  
A*02:01:80	   A*24:183N	  
A*02:04	   A*24:52	  
A*02:09	   A*24:02:01:01	  
A*02:09	   A*24:02:01:02L	  
A*02:09	   A*24:02:01:03	  
A*02:09	   A*24:02:03Q	  
A*02:09	   A*24:02:10	  
A*02:09	   A*24:02:13	  
A*02:09	   A*24:02:31	  
A*02:09	   A*24:02:40	  
A*02:09	   A*24:02:43	  
A*02:09	   A*24:02:44	  
A*02:09	   A*24:02:56	  
A*02:09	   A*24:09N	  
A*02:09	   A*24:11N	  
A*02:09	   A*24:40N	  
A*02:09	   A*24:76	  
A*02:09	   A*24:79	  

A*02:09	   A*24:83N	  
A*02:09	   A*24:144	  
A*02:09	   A*24:150	  
A*02:09	   A*24:153	  
A*02:09	   A*24:154	  
A*02:09	   A*24:155N	  
A*02:09	   A*24:163N	  
A*02:09	   A*24:183N	  
A*02:12	   A*24:13:01	  
A*02:36	   A*24:03:01	  
A*02:36	   A*24:33	  
A*02:37	   A*24:207	  
A*02:43N	   A*24:02:01:01	  
A*02:43N	   A*24:02:01:02L	  
A*02:43N	   A*24:02:01:03	  
A*02:43N	   A*24:02:03Q	  
A*02:43N	   A*24:02:10	  
A*02:43N	   A*24:02:13	  
A*02:43N	   A*24:02:31	  
A*02:43N	   A*24:02:40	  
A*02:43N	   A*24:02:43	  
A*02:43N	   A*24:02:44	  
A*02:43N	   A*24:02:56	  
A*02:43N	   A*24:09N	  
A*02:43N	   A*24:11N	  
A*02:43N	   A*24:40N	  
A*02:43N	   A*24:76	  
A*02:43N	   A*24:79	  
A*02:43N	   A*24:83N	  
A*02:43N	   A*24:144	  
A*02:43N	   A*24:150	  
A*02:43N	   A*24:153	  
A*02:43N	   A*24:154	  
A*02:43N	   A*24:155N	  
A*02:43N	   A*24:163N	  
A*02:43N	   A*24:183N	  
A*02:58	   A*24:93	  
A*02:66	   A*24:02:01:01	  
A*02:66	   A*24:02:01:02L	  
A*02:66	   A*24:02:01:03	  
A*02:66	   A*24:02:03Q	  
A*02:66	   A*24:02:10	  
A*02:66	   A*24:02:13	  
A*02:66	   A*24:02:31	  

A*02:66	   A*24:02:40	  
A*02:66	   A*24:02:43	  
A*02:66	   A*24:02:44	  
A*02:66	   A*24:02:56	  
A*02:66	   A*24:09N	  
A*02:66	   A*24:11N	  
A*02:66	   A*24:40N	  
A*02:66	   A*24:76	  
A*02:66	   A*24:79	  
A*02:66	   A*24:83N	  
A*02:66	   A*24:144	  
A*02:66	   A*24:150	  
A*02:66	   A*24:153	  
A*02:66	   A*24:154	  
A*02:66	   A*24:155N	  
A*02:66	   A*24:163N	  
A*02:66	   A*24:183N	  
A*02:70	   A*24:29	  
A*02:75	   A*24:02:01:01	  
A*02:75	   A*24:02:01:02L	  
A*02:75	   A*24:02:01:03	  
A*02:75	   A*24:02:03Q	  
A*02:75	   A*24:02:10	  
A*02:75	   A*24:02:13	  
A*02:75	   A*24:02:31	  
A*02:75	   A*24:02:40	  
A*02:75	   A*24:02:43	  
A*02:75	   A*24:02:44	  
A*02:75	   A*24:02:56	  
A*02:75	   A*24:09N	  
A*02:75	   A*24:11N	  
A*02:75	   A*24:40N	  
A*02:75	   A*24:76	  
A*02:75	   A*24:79	  
A*02:75	   A*24:83N	  
A*02:75	   A*24:144	  
A*02:75	   A*24:150	  
A*02:75	   A*24:153	  
A*02:75	   A*24:154	  
A*02:75	   A*24:155N	  
A*02:75	   A*24:163N	  
A*02:75	   A*24:183N	  
A*02:76:01	   A*24:104	  
A*02:83N	   A*24:02:01:01	  

A*02:83N	   A*24:02:01:02L	  
A*02:83N	   A*24:02:01:03	  
A*02:83N	   A*24:02:03Q	  
A*02:83N	   A*24:02:10	  
A*02:83N	   A*24:02:13	  
A*02:83N	   A*24:02:31	  
A*02:83N	   A*24:02:40	  
A*02:83N	   A*24:02:43	  
A*02:83N	   A*24:02:44	  
A*02:83N	   A*24:02:56	  
A*02:83N	   A*24:09N	  
A*02:83N	   A*24:11N	  
A*02:83N	   A*24:40N	  
A*02:83N	   A*24:76	  
A*02:83N	   A*24:79	  
A*02:83N	   A*24:83N	  
A*02:83N	   A*24:144	  
A*02:83N	   A*24:150	  
A*02:83N	   A*24:153	  
A*02:83N	   A*24:154	  
A*02:83N	   A*24:155N	  
A*02:83N	   A*24:163N	  
A*02:83N	   A*24:183N	  
A*02:86	   A*24:218	  
A*02:87	   A*24:28	  
A*02:89	   A*24:02:01:01	  
A*02:89	   A*24:02:01:02L	  
A*02:89	   A*24:02:01:03	  
A*02:89	   A*24:02:03Q	  
A*02:89	   A*24:02:10	  
A*02:89	   A*24:02:13	  
A*02:89	   A*24:02:31	  
A*02:89	   A*24:02:40	  
A*02:89	   A*24:02:43	  
A*02:89	   A*24:02:44	  
A*02:89	   A*24:02:56	  
A*02:89	   A*24:09N	  
A*02:89	   A*24:11N	  
A*02:89	   A*24:40N	  
A*02:89	   A*24:76	  
A*02:89	   A*24:79	  
A*02:89	   A*24:83N	  
A*02:89	   A*24:144	  
A*02:89	   A*24:150	  



2013 (still more…)

21

A*02:89	   A*24:153	  
A*02:89	   A*24:154	  
A*02:89	   A*24:155N	  
A*02:89	   A*24:163N	  
A*02:89	   A*24:183N	  
A*02:90	   A*24:30	  
A*02:97:01	   A*24:02:01:01	  
A*02:97:01	   A*24:02:01:02L	  
A*02:97:01	   A*24:02:01:03	  
A*02:97:01	   A*24:02:03Q	  
A*02:97:01	   A*24:02:10	  
A*02:97:01	   A*24:02:13	  
A*02:97:01	   A*24:02:31	  
A*02:97:01	   A*24:02:40	  
A*02:97:01	   A*24:02:43	  
A*02:97:01	   A*24:02:44	  
A*02:97:01	   A*24:02:56	  
A*02:97:01	   A*24:09N	  
A*02:97:01	   A*24:11N	  
A*02:97:01	   A*24:40N	  
A*02:97:01	   A*24:76	  
A*02:97:01	   A*24:79	  
A*02:97:01	   A*24:83N	  
A*02:97:01	   A*24:144	  
A*02:97:01	   A*24:150	  
A*02:97:01	   A*24:153	  
A*02:97:01	   A*24:154	  
A*02:97:01	   A*24:155N	  
A*02:97:01	   A*24:163N	  
A*02:97:01	   A*24:183N	  
A*02:97:02	   A*24:02:01:01	  
A*02:97:02	   A*24:02:01:02L	  
A*02:97:02	   A*24:02:01:03	  
A*02:97:02	   A*24:02:03Q	  
A*02:97:02	   A*24:02:10	  
A*02:97:02	   A*24:02:13	  
A*02:97:02	   A*24:02:31	  
A*02:97:02	   A*24:02:40	  
A*02:97:02	   A*24:02:43	  
A*02:97:02	   A*24:02:44	  
A*02:97:02	   A*24:02:56	  
A*02:97:02	   A*24:09N	  
A*02:97:02	   A*24:11N	  
A*02:97:02	   A*24:40N	  

A*02:97:02	   A*24:76	  
A*02:97:02	   A*24:79	  
A*02:97:02	   A*24:83N	  
A*02:97:02	   A*24:144	  
A*02:97:02	   A*24:150	  
A*02:97:02	   A*24:153	  
A*02:97:02	   A*24:154	  
A*02:97:02	   A*24:155N	  
A*02:97:02	   A*24:163N	  
A*02:97:02	   A*24:183N	  
A*02:110	   A*24:14	  
A*02:132	   A*24:02:01:01	  
A*02:132	   A*24:02:01:02L	  
A*02:132	   A*24:02:01:03	  
A*02:132	   A*24:02:03Q	  
A*02:132	   A*24:02:10	  
A*02:132	   A*24:02:13	  
A*02:132	   A*24:02:31	  
A*02:132	   A*24:02:40	  
A*02:132	   A*24:02:43	  
A*02:132	   A*24:02:44	  
A*02:132	   A*24:02:56	  
A*02:132	   A*24:09N	  
A*02:132	   A*24:11N	  
A*02:132	   A*24:40N	  
A*02:132	   A*24:76	  
A*02:132	   A*24:79	  
A*02:132	   A*24:83N	  
A*02:132	   A*24:144	  
A*02:132	   A*24:150	  
A*02:132	   A*24:153	  
A*02:132	   A*24:154	  
A*02:132	   A*24:155N	  
A*02:132	   A*24:163N	  
A*02:132	   A*24:183N	  
A*02:134	   A*24:02:01:01	  
A*02:134	   A*24:02:01:02L	  
A*02:134	   A*24:02:01:03	  
A*02:134	   A*24:02:03Q	  
A*02:134	   A*24:02:10	  
A*02:134	   A*24:02:13	  
A*02:134	   A*24:02:31	  
A*02:134	   A*24:02:40	  
A*02:134	   A*24:02:43	  

A*02:134	   A*24:02:44	  
A*02:134	   A*24:02:56	  
A*02:134	   A*24:09N	  
A*02:134	   A*24:11N	  
A*02:134	   A*24:40N	  
A*02:134	   A*24:76	  
A*02:134	   A*24:79	  
A*02:134	   A*24:83N	  
A*02:134	   A*24:144	  
A*02:134	   A*24:150	  
A*02:134	   A*24:153	  
A*02:134	   A*24:154	  
A*02:134	   A*24:155N	  
A*02:134	   A*24:163N	  
A*02:134	   A*24:183N	  
A*02:140	   A*24:02:01:01	  
A*02:140	   A*24:02:01:02L	  
A*02:140	   A*24:02:01:03	  
A*02:140	   A*24:02:03Q	  
A*02:140	   A*24:02:10	  
A*02:140	   A*24:02:13	  
A*02:140	   A*24:02:31	  
A*02:140	   A*24:02:40	  
A*02:140	   A*24:02:43	  
A*02:140	   A*24:02:44	  
A*02:140	   A*24:02:56	  
A*02:140	   A*24:09N	  
A*02:140	   A*24:11N	  
A*02:140	   A*24:40N	  
A*02:140	   A*24:76	  
A*02:140	   A*24:79	  
A*02:140	   A*24:83N	  
A*02:140	   A*24:144	  
A*02:140	   A*24:150	  
A*02:140	   A*24:153	  
A*02:140	   A*24:154	  
A*02:140	   A*24:155N	  
A*02:140	   A*24:163N	  
A*02:140	   A*24:183N	  
A*02:226N	   A*24:13:02	  
A*02:241	   A*24:02:01:01	  
A*02:241	   A*24:02:01:02L	  
A*02:241	   A*24:02:01:03	  
A*02:241	   A*24:02:03Q	  

A*02:241	   A*24:02:10	  
A*02:241	   A*24:02:13	  
A*02:241	   A*24:02:31	  
A*02:241	   A*24:02:40	  
A*02:241	   A*24:02:43	  
A*02:241	   A*24:02:44	  
A*02:241	   A*24:02:56	  
A*02:241	   A*24:09N	  
A*02:241	   A*24:11N	  
A*02:241	   A*24:40N	  
A*02:241	   A*24:76	  
A*02:241	   A*24:79	  
A*02:241	   A*24:83N	  
A*02:241	   A*24:144	  
A*02:241	   A*24:150	  
A*02:241	   A*24:153	  
A*02:241	   A*24:154	  
A*02:241	   A*24:155N	  
A*02:241	   A*24:163N	  
A*02:241	   A*24:183N	  
A*02:252	   A*24:02:01:01	  
A*02:252	   A*24:02:01:02L	  
A*02:252	   A*24:02:01:03	  
A*02:252	   A*24:02:03Q	  
A*02:252	   A*24:02:10	  
A*02:252	   A*24:02:13	  
A*02:252	   A*24:02:31	  
A*02:252	   A*24:02:40	  
A*02:252	   A*24:02:43	  
A*02:252	   A*24:02:44	  
A*02:252	   A*24:02:56	  
A*02:252	   A*24:09N	  
A*02:252	   A*24:11N	  
A*02:252	   A*24:40N	  
A*02:252	   A*24:76	  
A*02:252	   A*24:79	  
A*02:252	   A*24:83N	  
A*02:252	   A*24:144	  
A*02:252	   A*24:150	  
A*02:252	   A*24:153	  
A*02:252	   A*24:154	  
A*02:252	   A*24:155N	  
A*02:252	   A*24:163N	  
A*02:252	   A*24:183N	  

A*02:256	   A*24:02:01:01	  
A*02:256	   A*24:02:01:02L	  
A*02:256	   A*24:02:01:03	  
A*02:256	   A*24:02:03Q	  
A*02:256	   A*24:02:10	  
A*02:256	   A*24:02:13	  
A*02:256	   A*24:02:31	  
A*02:256	   A*24:02:40	  
A*02:256	   A*24:02:43	  
A*02:256	   A*24:02:44	  
A*02:256	   A*24:02:56	  
A*02:256	   A*24:09N	  
A*02:256	   A*24:11N	  
A*02:256	   A*24:40N	  
A*02:256	   A*24:76	  
A*02:256	   A*24:79	  
A*02:256	   A*24:83N	  
A*02:256	   A*24:144	  
A*02:256	   A*24:150	  
A*02:256	   A*24:153	  
A*02:256	   A*24:154	  
A*02:256	   A*24:155N	  
A*02:256	   A*24:163N	  
A*02:256	   A*24:183N	  
A*02:266	   A*24:02:01:01	  
A*02:266	   A*24:02:01:02L	  
A*02:266	   A*24:02:01:03	  
A*02:266	   A*24:02:03Q	  
A*02:266	   A*24:02:10	  
A*02:266	   A*24:02:13	  
A*02:266	   A*24:02:31	  
A*02:266	   A*24:02:40	  
A*02:266	   A*24:02:43	  
A*02:266	   A*24:02:44	  
A*02:266	   A*24:02:56	  
A*02:266	   A*24:09N	  
A*02:266	   A*24:11N	  
A*02:266	   A*24:40N	  
A*02:266	   A*24:76	  
A*02:266	   A*24:79	  
A*02:266	   A*24:83N	  
A*02:266	   A*24:144	  
A*02:266	   A*24:150	  
A*02:266	   A*24:153	  
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A*02:266	   A*24:154	  
A*02:266	   A*24:155N	  
A*02:266	   A*24:163N	  
A*02:266	   A*24:183N	  
A*02:291	   A*24:02:01:01	  
A*02:291	   A*24:02:01:02L	  
A*02:291	   A*24:02:01:03	  
A*02:291	   A*24:02:03Q	  
A*02:291	   A*24:02:10	  
A*02:291	   A*24:02:13	  
A*02:291	   A*24:02:31	  
A*02:291	   A*24:02:40	  
A*02:291	   A*24:02:43	  
A*02:291	   A*24:02:44	  
A*02:291	   A*24:02:56	  
A*02:291	   A*24:09N	  
A*02:291	   A*24:11N	  
A*02:291	   A*24:40N	  
A*02:291	   A*24:76	  
A*02:291	   A*24:79	  
A*02:291	   A*24:83N	  
A*02:291	   A*24:144	  
A*02:291	   A*24:150	  
A*02:291	   A*24:153	  
A*02:291	   A*24:154	  
A*02:291	   A*24:155N	  
A*02:291	   A*24:163N	  
A*02:291	   A*24:183N	  
A*02:294	   A*24:02:01:01	  
A*02:294	   A*24:02:01:02L	  
A*02:294	   A*24:02:01:03	  
A*02:294	   A*24:02:03Q	  
A*02:294	   A*24:02:10	  
A*02:294	   A*24:02:13	  
A*02:294	   A*24:02:31	  
A*02:294	   A*24:02:40	  
A*02:294	   A*24:02:43	  
A*02:294	   A*24:02:44	  
A*02:294	   A*24:02:56	  
A*02:294	   A*24:09N	  
A*02:294	   A*24:11N	  
A*02:294	   A*24:40N	  
A*02:294	   A*24:76	  
A*02:294	   A*24:79	  

A*02:294	   A*24:83N	  
A*02:294	   A*24:144	  
A*02:294	   A*24:150	  
A*02:294	   A*24:153	  
A*02:294	   A*24:154	  
A*02:294	   A*24:155N	  
A*02:294	   A*24:163N	  
A*02:294	   A*24:183N	  
A*02:305N	   A*24:02:01:01	  
A*02:305N	   A*24:02:01:02L	  
A*02:305N	   A*24:02:01:03	  
A*02:305N	   A*24:02:03Q	  
A*02:305N	   A*24:02:10	  
A*02:305N	   A*24:02:13	  
A*02:305N	   A*24:02:31	  
A*02:305N	   A*24:02:40	  
A*02:305N	   A*24:02:43	  
A*02:305N	   A*24:02:44	  
A*02:305N	   A*24:02:56	  
A*02:305N	   A*24:09N	  
A*02:305N	   A*24:11N	  
A*02:305N	   A*24:40N	  
A*02:305N	   A*24:76	  
A*02:305N	   A*24:79	  
A*02:305N	   A*24:83N	  
A*02:305N	   A*24:144	  
A*02:305N	   A*24:150	  
A*02:305N	   A*24:153	  
A*02:305N	   A*24:154	  
A*02:305N	   A*24:155N	  
A*02:305N	   A*24:163N	  
A*02:305N	   A*24:183N	  
A*02:327	   A*24:02:01:01	  
A*02:327	   A*24:02:01:02L	  
A*02:327	   A*24:02:01:03	  
A*02:327	   A*24:02:03Q	  
A*02:327	   A*24:02:10	  
A*02:327	   A*24:02:13	  
A*02:327	   A*24:02:31	  
A*02:327	   A*24:02:40	  
A*02:327	   A*24:02:43	  
A*02:327	   A*24:02:44	  
A*02:327	   A*24:02:56	  
A*02:327	   A*24:09N	  

A*02:327	   A*24:11N	  
A*02:327	   A*24:40N	  
A*02:327	   A*24:76	  
A*02:327	   A*24:79	  
A*02:327	   A*24:83N	  
A*02:327	   A*24:144	  
A*02:327	   A*24:150	  
A*02:327	   A*24:153	  
A*02:327	   A*24:154	  
A*02:327	   A*24:155N	  
A*02:327	   A*24:163N	  
A*02:327	   A*24:183N	  
A*02:329	   A*24:02:01:01	  
A*02:329	   A*24:02:01:02L	  
A*02:329	   A*24:02:01:03	  
A*02:329	   A*24:02:03Q	  
A*02:329	   A*24:02:10	  
A*02:329	   A*24:02:13	  
A*02:329	   A*24:02:31	  
A*02:329	   A*24:02:40	  
A*02:329	   A*24:02:43	  
A*02:329	   A*24:02:44	  
A*02:329	   A*24:02:56	  
A*02:329	   A*24:09N	  
A*02:329	   A*24:11N	  
A*02:329	   A*24:40N	  
A*02:329	   A*24:76	  
A*02:329	   A*24:79	  
A*02:329	   A*24:83N	  
A*02:329	   A*24:144	  
A*02:329	   A*24:150	  
A*02:329	   A*24:153	  
A*02:329	   A*24:154	  
A*02:329	   A*24:155N	  
A*02:329	   A*24:163N	  
A*02:329	   A*24:183N	  
A*02:356N	   A*24:02:01:01	  
A*02:356N	   A*24:02:01:02L	  
A*02:356N	   A*24:02:01:03	  
A*02:356N	   A*24:02:03Q	  
A*02:356N	   A*24:02:10	  
A*02:356N	   A*24:02:13	  
A*02:356N	   A*24:02:31	  
A*02:356N	   A*24:02:40	  

A*02:356N	   A*24:02:43	  
A*02:356N	   A*24:02:44	  
A*02:356N	   A*24:02:56	  
A*02:356N	   A*24:09N	  
A*02:356N	   A*24:11N	  
A*02:356N	   A*24:40N	  
A*02:356N	   A*24:76	  
A*02:356N	   A*24:79	  
A*02:356N	   A*24:83N	  
A*02:356N	   A*24:144	  
A*02:356N	   A*24:150	  
A*02:356N	   A*24:153	  
A*02:356N	   A*24:154	  
A*02:356N	   A*24:155N	  
A*02:356N	   A*24:163N	  
A*02:356N	   A*24:183N	  
A*02:357	   A*24:02:01:01	  
A*02:357	   A*24:02:01:02L	  
A*02:357	   A*24:02:01:03	  
A*02:357	   A*24:02:03Q	  
A*02:357	   A*24:02:10	  
A*02:357	   A*24:02:13	  
A*02:357	   A*24:02:31	  
A*02:357	   A*24:02:40	  
A*02:357	   A*24:02:43	  
A*02:357	   A*24:02:44	  
A*02:357	   A*24:02:56	  
A*02:357	   A*24:09N	  
A*02:357	   A*24:11N	  
A*02:357	   A*24:40N	  
A*02:357	   A*24:76	  
A*02:357	   A*24:79	  
A*02:357	   A*24:83N	  
A*02:357	   A*24:144	  
A*02:357	   A*24:150	  
A*02:357	   A*24:153	  
A*02:357	   A*24:154	  
A*02:357	   A*24:155N	  
A*02:357	   A*24:163N	  
A*02:357	   A*24:183N	  
A*02:397	   A*24:02:01:01	  
A*02:397	   A*24:02:01:02L	  
A*02:397	   A*24:02:01:03	  
A*02:397	   A*24:02:03Q	  

A*02:397	   A*24:02:10	  
A*02:397	   A*24:02:13	  
A*02:397	   A*24:02:31	  
A*02:397	   A*24:02:40	  
A*02:397	   A*24:02:43	  
A*02:397	   A*24:02:44	  
A*02:397	   A*24:02:56	  
A*02:397	   A*24:09N	  
A*02:397	   A*24:11N	  
A*02:397	   A*24:40N	  
A*02:397	   A*24:76	  
A*02:397	   A*24:79	  
A*02:397	   A*24:83N	  
A*02:397	   A*24:144	  
A*02:397	   A*24:150	  
A*02:397	   A*24:153	  
A*02:397	   A*24:154	  
A*02:397	   A*24:155N	  
A*02:397	   A*24:163N	  
A*02:397	   A*24:183N	  

856 Allele pairs
15,778 Characters

Damian Goodridge, Connexio



2003 & 2013 

GCTCYCACTCCATGAGGTATTTCTYCACATCCGTGTCCCGGCCCGGCCGCGG
GGAGCCCCGCTTCATCGCMGTGGGCTACGTGGACGACACGCAGTTCGTGCGG
TTCGACAGCGACGCCGCGAGCCAGAGGATGGAGCCGCGGGCGCCGTGGATAG
AGCAGGAGGGKCCGGAGTATTGGGACGRGGAGACASGGAAAGTGAAGGCCCA
CTCACAGACTSACCGAGWGRACCTGSGGAYCSYGCKCSGCTACTACAACCAG
AGCGAGGCCGGTTCTCACACCSTCCAGAKGATGTWTGGCTGCGACGTGGGGT
CGGACKGGCGCTTCCTCCGCGGGTACCACCAGTACGCCTACGACGGCAAGGA
TTACATCGCCCTGAAAGAGGACCTGCGCTCTTGGACCGCGGCGGACATGGCR
GCTCAGAYCACCAAGCRCAAGTGGGAGGCGGCCCATGTGGCGGAGCAGYWGA
GAGCCTACCTGGAGGGCACGTGCGTGGASKGGCTCCGCAGATACCTGGAGAA
CGGGAAGGAGACGCTGCAGCGCACGG 

546 Characters 



NMDP Multiple Allele Codes 

Shorthand for representing a list of alleles 
 

24 

Code List Typing 
example 

Expands to… 

AB 01/02 A*02:AB A*02:01/A*02:02 

AN 03/06/11/12 DRB1*01:AN DRB1*01:03/ 
DRB1*01:06/ 
DRB1*01:11/ 
DRB1*01:12 

299,145 codes (Apr 1, 2015) 

http://bioinformatics.nmdp.org/HLA/Allele_Codes/Allele_Code_Lists/Allele_Code_Lists.aspx 



Genotype Ambiguity  
Introduced with Multiple Allele Codes 

•  Actual typing results 
–  A*02:01 + A*11:08  or 
–  A*02:02 + A*11:20 

 
•  May be reported as 

–  A*02:AB + A*11:HNF 
 

•  Expands to possible genotypes 
–  A*02:01 + A*11:08 or 
–  A*02:02 + A*11:20 or 
–  A*02:01 + A*11:20 or 
–  A*02:02 + A*11:08 

25 

ruled out in original typing! 



“The idea is to try to give all the information to help others 
to judge the value of your contribution; not just the 
information that leads to judgment in one particular 
direction or another.” 
 

 Richard Feynman 
 Cargo Cult Science, 1974 
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Reporting Principles

1.  A listing of all allele and genotype ambiguities
–  If ambiguity reduction is performed, it must be based on documented rules, and 

linked back to the “complete” information  

2.  Documentation of the typing method. 
•  Manufacturer of the typing system
•  Version of the typing system used
•  Molecular nature of the data generated (oligo, sequence)
•  Exons interrogated 
•  Allele list used

27

https://immport.niaid.nih.gov/docs/standards/Proposal_For_HLA_Data_Validation_Version_2.doc



We have an alternative to  
Multiple Allele Codes 

28 

Tissue Antigens 82: 106–112 (2013)  



GL String Delimiters & Precedence 

Order Delimiter Description 

1 ^ Gene/Locus 

2 | Genotype list 

3 + Genotype 

4 ~ Haplotype 

5 / Alleles 
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Multilocus Unphased Genotype

possible genotype for A

allele listallele allele allele allele allele

genotype list for A genotype for B

possible genotype for A

A*02:69+A*23:30|A*02:302+A*23:26/A*23:39^B*44:02:13+B*49:08

30



The Report   

•  What should be the format for the HLA typing report? 

•  To be machine processed, we need defined 
vocabularies & data structures 

•  Let’s not reinvent the wheel if we don’t have to! 

31 



“The good thing about standards is 
that there are so many to choose 
from.” 

Andrew Tanenbaum 

32 
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NGS HLA Data Consortium 

•  50 representatives from labs, industry 
•  Focus on adopting/adapting/inventing a data standard 

–  FASTA, FASTQ, HGVS, VCF, GL String 
–  NCBI:  

•  Genome Reference Consortium 
•  Sequence Read Archive (SRA) 
•  Genetic Testing Registry (GTR) 

•  Facilitate full NGS data exchange 
•  Compatible with all genomic methods  

–  (SSO/SSP/Sanger) 
•  NIST 
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41 http://igdawg.org/ngs.html 



Data Standards Efforts 

•  Building a community around the concepts 
 

•  3 events held in the past 2 years 
–  Data Standards Hackathons (DaSH) 

 
•  Engage: implementers 

–  People who write software 
 

•  Test the standard, give feedback, achieve consensus 
 

•  Goal: a machine-able portable electronic format for the HLA typing 
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Hackathon 
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DaSH Goal 

•  To have implementers work to integrate a toolset with the various 
NGS systems and analysis software packages currently in use. 
 

•  Hackathon attendees came prepared to provide feedback on: 
–  how well the tools work together, 
–  how they work with extant NGS software and standards, 
–  elements that need fixing (and fix them), 
–  identify elements of a “minimal information standard” 

 
•  The hackathon’s success was measured by our ability to achieve 

interoperability for the community and a vetted standard 
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MIRING 

http://igdawg.org/miring.html 



1  MIRING Annotation

2  Reference Context

3  Full Genotype

4  Consensus Sequence

5  Novel Polymorphisms

6  Platform Documentation 

7  Read Processing Documentation

8  Primary Data

D
yn

am
ic

St
at

ic
St

at
ic

MIRING
Message

Accessory
Data

NGS/HTS 
Specific

Method
Independent

Minimum Information for Reporting Immunogenomic NGS Genotyping 

Define an NGS Genotyping Result with 8 Categories of Information

http://igdawg.org/miring.html 



MIRING Element 1 
Message Annotation 

1 Message Annotation 

1.1 Unique MIRING Message Identifier  

1.2 Message Generator Contact Information  

1.3 Platform Documentation  

1.4 Read Processing Documentation Reference  

1.5 Primary Data Availability  

1.6 Primary Data Reference  



MIRING Element 2 
Reference Context 

2 Reference Context
2.1 Reference Sequence Database Version for Allele Calling 

2.2 Individual Reference Sequences Applied

2.2.1 Reference Sequence Identifier

2.3 Reference Sequence Source Type



MIRING Element 3 
Full Genotype 

3 Full Genotype

3.1 Pertinent Locus/Loci 

3.2 Formatted Genotype 

3.3 Genotype Uniform Resource Identifier (URI) 



MIRING Element 4 
Consensus Sequence 

4 Consensus Sequence
4.1 Consensus Sequence Block (CSB) 
4.2 Consensus Sequence Descriptor
4.2.1 Consensus Sequence Block Identifier
4.2.2 Reference Sequence Identifier
4.2.3 Reference Sequence Coordinate
4.2.4 Phase Set
4.2.5 Copy Number
4.2.6 Reference Sequence Match
4.2.7 Sequence Continuity



MIRING Element 5 
Novel Polymorphisms 

5 Novel Polymorphisms

5.1 Reference
5.2 Position
5.3 Variant Identifier

5.4 Reference Sequence

5.5 Variant Sequence

5.6 Quality Score

5.7 Quality Filter Status

5.8 INSDC Accession Number



MIRING Elements 6, 7, 8 

# Element

6 Platform Documentation

7 Read Processing Documentation

8 Primary Data



Implementing MIRING 

•  MIRING is set of principles 

•  We need a technical specification that implements it. 
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HML 
Histoimmunogenetics Markup Language 

•  Supports  
–  reporting of paired genotype allele lists as determined from 

Primary DNA Results (SSO, SSP and SBT) 
  

–  reporting genetic typing results using WHO nomenclature 
 

–  describing the results of any/all tests performed to 
generate genetic typing results (raw data).  

 
Maiers, M., Tissue Antigens 69:69-71, 2007 
doi: 10.1111/j.1399-0039.2006.76061.x 
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https://bioinformatics.bethematchclinical.org/hla-resources/hml/ 



Typing 
Method

Allele 
Assignment

Consensus 
Sequence

Header

HML 1.0 



hml
version *
project-name

sample

collection-method

hmlid reporting-center typing-test-names

root *
extension test-id *reporting-center-id *

reporting-center-context
id *
center-code

typing
gene-family *
date *

typing-test-name

name *

Typing Method Allele Assignment Consensus Sequence

[ 1..* ]

[ 0..* ][ 0..1 ] [ 0..1 ] [ 1..* ]

[ 1..* ][ 0..* ]

[ 1 ] [ 0..* ] [ 0..* ]

element

required attribute *
optional attribute



typing-method

sbt-sangersso ssp

sub-amplification gssp

[ 0..1 ] [ 0..1 ] [ 0..* ]

[ 1 ]

locus 
test-id 
test-id-source 
scores *

element

required attribute *
optional attribute

amplification

registered-name * registered-name
primer-sequence
primer-target

sbt-ngs

locus 
test-id 
test-id-source 
scores *

locus 
test-id 
test-id-source 

sequence

[ 0..* ][ 0..* ]

sequence sequence

[ 0..1 ]

locus 
test-id 
test-id-source 

raw-reads

uri *
format *
paired *
pooled *
availability
adapter-trimmed
quality-trimmed

registered-name *

[ 0..* ]



allele-assignment

date *
allele-db
allele-version

glstringhaploid genotype-list

uri

diploid-combination

locus-block

[ 0..* ] [ 0..* ] [ 0..* ]

[ 1..* ]

locus *
method *
type *

element

required attribute *
optional attribute

diploid-combination

allele-list

allele

present

[ 1..* ]

[ 1..* ]

[ 1..* ]

[ 1..2 ]

string

string



[ 0..* ]

consensus-sequence

date *

reference-database

sequence

[ 0..* ]

[ 1..* ]

element

required attribute *
optional attribute

reference-sequence

consensus-sequence-block

name
description
version
availability *
curated
uri

[ 0..* ]

iupac-bases

[ 1..*]

reference-sequence-id *
start
end
strand
phase-set
continuity
expected-copy-number
description

variant

id
name
start *
end *
reference-bases *
alternate-bases *
quality-score
filter
uri

id *
name
description
start
end
accession
strand
uri

variant-effect

term *
hgvs
uri

sequence-quality

sequence-start *
sequence-end *
quality-score *

[ 1 ] [ 0..* ]



Genome Reference Consortium  

<reference-database
  name="GRCh38.p1"
  description="Genome Reference Consortium (GRC)"
  version="GRCh38.p1"
  availability="public"
  curated="true"
  uri="http://www.ncbi.nlm.nih.gov/projects/genome/assembly/grc/human">
  <reference-sequence
    id="1"
    name="HSCHR6_MHC_MCF_CTG1"
    start="0"
    end="4827813" 
    accession="GL000254.2"
    uri="http://www.ncbi.nlm.nih.gov/nuccore/GL000254.2"/>
  <reference-sequence
    id="2"
    ... />
  </reference-database>

IMGT/HLA

<reference-database
  name="imgt-hla"
  description="IMGT/HLA Database"
  version="3.19.0"
  availability="public"
  curated="true"
  uri="http://www.ebi.ac.uk/ipd/imgt/hla">
  <reference-sequence
    id="3"
    name="HLA-A*01:01:01:01"
    start="0"
    end="3053"
    accession="HLA00001"
    uri="http://www.ebi.ac.uk/Tools/dbfetch/dbfetch?db=imgthla;id=HLA00001"/>
  <reference-sequence
    id="4"
    ... />
  </reference-database>

No Database Reference
 
<reference-database availability="none">
   <reference-sequence id="0"/>
</reference-database>



MIRING Validation of HML 

•  A valid HML 1.0 message is not necessarily MIRING 
compliant 
 

•  We are developing a RESTful service to validate HML for 
MIRING compliance 

•  https://github.com/nmdp-bioinformatics/MiringValidator 
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Connecting to the EHR/EMR 
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Using HL7 FHIR for  
Reporting HLA Genotyping 

•  Develop a MIRING compliant NGS-based genotyping report.  
–  Reuse as extensions defined in the Standard Profile for Genetics 

Profile where appropriate. 
–  Extend and constrain where needed 
–  Use HML 1.0 to inform 
–  Possibly deconstruct HML 1.0 into four or more separate 

Profiles, and bundle them into a new Profile representing a HLA 
typing report. 

•  Header 
•  Typing 
•  Allele Assignment 
•  Consensus Sequence 
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Thank you! 

Questions? 



MIRING Element 1 
Message Annotation 

1 Message Annotation HML 1.0 Solution 

1.1 Unique MIRING Message Identifier  <hmlid root="x.x.x.x" extension="x" />
root may be ISO Object Identifier (OID) or  
Universally Unique Identifier (UUID)  

1.2 Message Generator Contact 
Information  

Using an NCBI GTR Lab ID: 
<reporting-center  
   reporting-center-id="000000"  
   reporting-center-context="NCBI-GTR" /> 

1.3 Platform Documentation  Using an NCBI GTR Test ID: 
<sbt-ngs …  
   test-id="GTR000000000.0"
   test-id-source="NCBI-GTR" /> 

1.4 Read Processing Documentation 
Reference  

Using an NCBI GTR Test ID: 
<sbt-ngs …  
   test-id="GTR000000000.0"  
   test-id-source="NCBI-GTR" /> 

1.5 Primary Data Availability  <raw-reads ... availability="true" … /> 

1.6 Primary Data Reference  <raw-reads …  
   uri="http://www.ncbi.nlm.nih.gov/sra/SRX000000"  
   … /> 



MIRING Element 2 
Reference Context 

2 Reference Context HML 1.0 Solution

2.1 Reference Sequence Database Version 
for Allele Calling 

For allele assignment, the allele database and version is captured in attributes:
<allele-assignment …  
  allele-db="IMGT-HLADB"  
  allele-version="3.19.0" >  
  <glstring>…</glstring>  
  </allele-assignment>  

For sequence variant, the reference database and sequence is identified through the reference-database 
and reference-sequence elements.
<reference-database name="GRCh38.p1” version="GRCh38.p1” >  
  <reference-sequence … />  
  <reference-sequence … />  
</reference-database> 

2.2 Individual Reference Sequences Applied <reference-sequence  
  id="0"  
  name="HSCHR6_MHC_MCF_CTG1"  
  start="0"  
  end="4827813"  
  accession="CCDS34373.12"  
  uri="http://www.ncbi.nlm.nih.gov/nuccore/GL000254.2"/> 

2.2.1 Reference Sequence Identifier <reference-sequence … id="0" … /> 

2.3 Reference Sequence Source Type <reference-database …  
   public="true"  
   curated="true"  
   … \> 



MIRING Element 3 
Full Genotype 

3 Full Genotype HML 1.0 Solution

3.1 Pertinent Locus/Loci GL Strings should be reported with the locus captured in the gene name. 

<glstring>  
   HLA-DPB1*02:01:02+HLA-DPB1*03:01:01  
</glstring>  

Locus is also captured as an attribute in the typing method.
<sbt-ngs … locus="HLA-DPB1" … /> 

3.2 Formatted Genotype <glstring>  
   HLA-DPB1*02:01:02+HLA-DPB1*03:01:01  
</glstring> 

3.3 Genotype Uniform 
Resource Identifier (URI) 

<glstring  
uri="https://gl.nmdp.org/imgt-hla/3.19.0/genotype-list/2"/> 



MIRING Element 4 
Consensus Sequence 

4 Consensus Sequence HML 1.0 Solution

4.1 Consensus Sequence 
Block (CSB) 

<consensus-sequence-block … />  
  <sequence>…</sequence>  
  <variant … >  
    <variant-effect>  
</consensus-sequence-block>

4.2 Consensus Sequence 
Descriptor

Note: the pipe-delimited descriptor found in MIRING is required for FASTA files. Often this same information is found within the 
XML structure of HML and may not be explicitly needed.

4.2.1 Consensus Sequence 
Block Identifier

In HML, the consensus-sequence-blocks are captured sequentially, and each block contains within it all pertinent information 
within the attributes and child elements. Because of this, a separate identifier for the consensus sequence block is not needed.

<consensus-sequence>  
 <consensus-sequence-block … > … </consensus-sequence-block>  
 <consensus-sequence-block … > … </consensus-sequence-block>  
</consensus-sequence>

4.2.2 Reference Sequence 
Identifier <reference-sequence id="0" … > … </reference-sequence>

4.2.3 Reference Sequence 
Coordinate <reference-sequence start="0" end="4827813" … > … </reference-sequence>

4.2.4 Phase Set <consensus-sequence-block phase-set="0" … > … </consensus-sequence-block>

4.2.5 Copy Number <consensus-sequence-block expected-copy-number="1" … > … </consensus-sequence-block>

4.2.6 Reference Sequence 
Match

A match of the consensus-sequence-block to the reference is indicated by the presence or absence of a variant child.

Reference sequence match = true 
<consensus-sequence-block … >  <sequence> … </sequence> </consensus-sequence-block>

Reference sequence match = false 
<consensus-sequence-block … > <sequence> … </sequence> <variant … > … </variant> </
consensus-sequence-block>

4.2.7 Sequence Continuity <consensus-sequence-block … continuity="true" … >



MIRING Element 5 
Novel Polymorphisms 

5 Novel Polymorphisms HML 1.0 Solution

5.1 Reference

For allele assignment, the allele database and version is captured in attributes: 
<allele-assignment …  
  allele-db="IMGT-HLADB"  
  allele-version="3.19.0" >  
  <glstring>…</glstring>  
  </allele-assignment>	  

For sequence variant, the reference sequence is identified through the reference-database and reference-sequence elements. 
<reference-database name="GRCh38.p1” version="GRCh38.p1” >  
  <reference-sequence … />  
  <reference-sequence … />  
</reference-database>	  

5.2 Position <variant start="123" end="124" … />	  

5.3 Variant Identifier <variant id="0" … />	  

5.4 Reference Sequence <variant reference-bases="A" … />	  

5.5 Variant Sequence <variant alternate-bases="TCG" … />	  

5.6 Quality Score <variant quality="90" />	  

5.7 Quality Filter Status <variant filter="pass” />	  

5.8 INSDC Accession Number

<reference-sequence … accession="GL000254.2" … />  
	  
While	  the	  accession	  number	  for	  the	  reference	  sequence	  can	  be	  provided	  in	  HML,	  there	  is	  no	  provision	  for	  providing	  one	  for	  the	  variant	  
sequence.	  If	  an	  accession	  number	  is	  available,	  then	  for	  the	  purposes	  of	  the	  report,	  it	  is	  considered	  a	  reference	  and	  matched.	  Since	  this	  is	  
op>onal	  (“when	  possible”)	  in	  the	  MIRING,	  we	  do	  not	  see	  this	  as	  an	  issue.	  If	  a	  separate	  accession	  number	  for	  the	  variant	  is	  needed,	  
consensus-‐sequence-‐block	  may	  be	  extended	  through	  the	  anyALribute	  aLribute,	  but	  this	  must	  be	  agreed	  upon	  by	  the	  creator	  and	  
consumer	  of	  the	  HML	  message.	  



MIRING Elements 6, 7, 8 

# Element HML 1.0 Solution

6 Platform Documentation

Using an NCBI GTR Test ID:

<sbt-ngs …  
   test-id="GTR000000000.0"  
   test-id-source="NCBI-GTR" />	  

7 Read Processing 
Documentation

NCBI GTR should be used for describing overall methods and pipeline strategy, i.e., standard 
methods and SOPs for running the test. 

<sbt-ngs …  
  test-id="GTR000000000.0"  
  test-id-source="NCBI-GTR" />	  

Dynamic methodology that can change with each sequencing run should be captured with an 
Sequence Read Archive like data structure that is reported through the raw-reads uri attribute:

<raw-reads …  
   uri="http://www.ncbi.nlm.nih.gov/sra/SRX000000" … />	  

8 Primary Data <raw-reads …  
   uri="http://www.ncbi.nlm.nih.gov/sra/SRX000000" … />	  


