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Blood Group Genotyping Applications
• Foetal genotyping (HDFN)
• Testing multiply transfused patients (sickle cell disease) 
• Solving difficult serological results 
• Autoimmune patient 
• Limited serological reagents (Dombrock)

(High demand on genotyped blood units) 
Genotyping needs to be Accurate, high-throughput and 
relatively cheap application (if to be routinely used)



High throughput Genotyping methods

• The BLOODchip

• The human erythrocyte antigen (HEA BeadChip ™) platform 
• Based on a DNA-array analysis 

Multiplex PCR Amplicons + Dye 
Hybridisation

Microarray of oligonucleotides

Insufficient to define and 
discover unknown, emerging 
mutations, alleles in blood 
group systems.



Increase in the number of blood groups alleles 

• No. of alleles ABO
• 2001 (72)
• 2007 (215) 
• 2013 (320)



Next Generation Sequencing (NGS) 
• Enables high throughput sequencing (Massively 

Parallel DNA sequencing).
• i.e. capable of sequencing various regions of 

interest in a significant number of samples in one 
run.

• Fast 
• Cost effective



Principle:
• Sequencing by synthesis, Nucleotide incorporation into DNA 

releasing Proton.
• Detect change in pH

Ion Torrent Personal Genome Machine (PGM™) 



Costs



Project 
Extensive NGS-based genotyping of blood group 
genes: 
• ABO
• Duffy (FY, ACKR1)
• Kidd (JK, SLC14A1). 36 JK alleles
• Sequence the entire gene (exons and introns) 

plus flanking regions (regulatory regions)
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Long-Range PCR



Construct Library

Prepare Template

Run Sequence

Data analysis

The workflow



Data Analysis (Variant analysis) 
Several bioinformatics software packages and websites are used such 
as:
• Ion Torrent Suite ™ plugins (such as coverage analysis, VariantCaller, 

Alignment and FastQC)
• Ion Reporter ™
• Integrative Genomics Viewer (IGV)
• Seattle annotation web site.
• Database, such as  NCBI.
• Some cases of SNPs were confirmed by further analysis, e.g. Cloning 

and Sanger sequencing.



JK
• 67 samples
• 3.5 million reads 
• Coverage depth of more than 700x.
• Data quality more than 99% accurate
• Significant number of intronic SNPs (80) were 
found.



NGS sequence 
• Complete coverage across the gene 
• All existing polymorphisms in various parts are visible



Findings
• 10/67 samples carry the SNP 130G>A (assigned to allele JK*01W.01 

encoding weak Jka), one homozygous, all with normal antigenicity.
• Reassignment  of purported JK*B Null allele (SNP 810G>A), was 

found in 10/67 samples, all with normal serological Jkb expression.
• Intronic polymorphisms analysis:
1. Unique JK alleles’ fingerprints (suggested allele reference 

sequence).
2. JK*01W.01 allele sequence resembles  JK*A/JK*B hybrid
3. SNP close to JK*A/JK*B critical polymorphism 838G>A, may lead to 

allelic dropout during BGG



Novel JK*B 810G>A Null allele?
• 810G>A SNP encodes for synonymous amino acid 

substitution Ala270Ala.
• located at the exon 8/intron 8 boundary (the 

second last nucleotide of exon 8)
• Due to its location, it was suggested to alter the 

expression of the Jkb antigen in 2 Jk(a+b-) 
samples > disturbing the splice site > novel JK*B
allele. (Henny et al., 2014)



Novel JK*B 810G>A Null allele?



JK*A/JK*B (838G>A) Het Exon 9(810G>A) Het Exon 8

Sample JK009.55 (Jk a+b+, JK*A/JK*B)

Exon 9Exon 8

• cDNA analysis
• Phenotype: All (10 samples ) with this  810G>A SNP were (Jka-b+) or (Jka+b+)
• Genotype: no silencing effect (no exon skipping)

No effect on (Phenotype nor Genotype)?



Allele-specific intronic polymorphisms (‘fingerprints’)
• The correlation of intronic polymorphisms with JK alleles 

(JK*A, JK*B and JK*01W.01) was assessed in homozygous 
allele samples.

• JK allele (JK*A, JK*B and JK*01W.01) specific patterns
were found (suggested reference sequences), those
samples differing from these patterns represent new
alleles.

• JK*01W.01 allele sequence (hybrid JK*A/JK*B).



rsID 3819179 28994270 7233769 7234310 10432193 11877062 11877086 9304321 9304322 9304323 17674580 12605147 8090908 2298720 3819178 12963324 17674709 10460036 8099449 9949609 16978474 8083653 3819177 692899 2298718 16978475 10775479 493363 11082466 9955503 11665385 473429 17675299 1058396 11660575 8086499 564409 565153 11357759 56044725 12962485 493262 1682392 4890588 17142 16809 3745006
G>A G>A A>G G>A T>C C>T C>A C>T G>T A>G T>C A>G A>G 130G>A G>C A>G C>G A>G T>C C>G C>G T>C T>C C>T 588A>G T>C G>A A/G C>T A>T G>A C>T 810G>A 838G>A A>G A>G C>G T>G G>Del A>G T/C G>A G>A C>T A>G A>G T>G

43304182 43304783 43306681 43306793 43307072 43307246 43307338 43308188 43308198 43308315 43309911 43310180 43310187 43310415 43310845 43310851 43311380 43311566 43311696 43313128 43314962 43315027 43316110 43316270 43316538 43317005 43317252 43317249 43317528 43318694 43318746 43319060 43319274 43319519 43320438 43321412 43320714 43320771 43321558 43321563 43322410 43323624 43325159 43327294 43329310 43329198 43329590
JK*Aweak JK*Aweak JK*Aweak JK*Aweak JK*Aweak Pro196Pro JK*Aweak JK*A/JK*B

Genotype exon 1 intron 1 intron 2 intron 2 intron 2 intron2 exon 3 intron 3 intron 3 intron 3 intron 3 intron 3 intron 3 exon 4 intron 4 intron 4 intron 5 intron 5 intron 5 intron 5 intron 6 intron 6 intron 6 intron 6 exon 7 intron 7 intron 7 Intron 7 intron 7 inton 7 intron 7 intron 7 exon 8 near Splice exon 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 9 intron 10 intron 10 intron 10

18 JK*A/JK*A SAMPLE NUMBER Phenotype
JK*A/JK*A JK009.01 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.02 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.03 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.04 ND G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/C A/A T/T C/T C/C T/T T/T C/T A/A T/T G/G A/G C/C T/A G/G C/T G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/G
JK*A/JK*A JK009.05 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A C/C A/A A/A G/G G/G G/G C/C A/A T/T C/C C/C T/T T/T T/T A/A T/T G/G G/G C/C T/T G/G T/T G/G G/G A/A A/A G/G G/G G/G A/A C/C A/A A/A T/T G/G G/G G/G
JK*A/JK*A JK009.06 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.07 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.08 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.09 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.10 Jk(a+b-) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.11 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/C A/A T/T C/C C/C T/T T/T C/T A/A T/T G/G A/G C/C T/A G/G C/T G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/G
JK*A/JK*A JK009.12 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.13 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/C A/A T/T C/C C/C T/T T/T C/T A/A T/T G/G A/G C/C T/A G/G C/T G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/G
JK*A/JK*A JK009.14 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.15 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/C A/A T/T C/C C/C T/T T/T C/T A/A T/T G/G A/G C/C T/A G/G C/T G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/G
JK*A/JK*A JK009.16 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.17 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T
JK*A/JK*A JK009.18 Jk(a+b-) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/T A/A A/A G/G G/G A/A C/C A/A T/T C/C C/C T/T T/T C/C A/A T/T G/G A/A C/C A/A G/G C/C G/G G/G A/A A/A C/C T/T G/G A/A T/T G/G G/G C/C A/A A/A T/T

7 JK*A/JK*Aw
JK*A/JK*Aw JK009.19 Jk(a+b-) G/A G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T
JK*A/JK*Aw JK009.20 ND G/A G/A A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T
JK*A/JK*Aw JK009.21 Jk(a+b-) G/A G/A A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T
JK*A/JK*Aw JK009.22 Jk(a+b-) G/A G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T
JK*A/JK*Aw JK009.23 Jk(a+b-) G/A G/G A/A G/G T/T C/C C/C C/C G/G A/A C/C A/G A/A G/A G/G G/G C/C A/A T/T C/C C/G T/T T/T T/T G/G C/C A/A G/G T/T A/A G/G C/C G/G G/G A/A A/A G/G G/G G/G A/A C/C A/A A/A C/T G/G A/G T/T
JK*A/JK*Aw JK009.24 Jk(a+b-) G/A G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T
JK*A/JK*Aw JK009.25 Jk(a+b-) G/A G/A A/A G/G T/T C/C C/C C/C G/G A/A T/C A/G A/A G/A G/G A/G C/C A/A T/T C/C C/G T/T T/T C/T A/G T/C G/A A/G C/T A/A G/G C/C G/G G/G A/A A/A C/G T/G G/G A/A T/C G/A G/A C/T A/G A/G T/T

1 JK*Aw/JK*Aw
JK*Aw/JK*Aw JK009.26 Jk(a+b-) A/A G/A A/A G/G T/T C/C C/C C/C G/G A/A C/C G/G A/A A/A G/G G/G C/C A/A T/T C/C G/G T/T T/T T/T G/G C/C A/A G/G T/T A/A G/G C/C G/G G/G A/A A/A G/G G/G G/G A/A C/C A/A A/A T/T G/G G/G T/T

2 JK*B/JK*Aw
JK*B/JK*Aw JK009.27 Jk(a+b+) G/A G/G A/G G/A T/C C/T C/A C/T G/T A/G C/C A/G A/G G/A G/C G/G C/G A/G T/C C/G C/G T/C T/C T/T G/G T/C A/A G/G T/T T/A G/A C/T G/G G/A A/G A/G G/G G/G G/Del A/G C/C A/A A/A T/T G/G G/G T/G
JK*B/JK*Aw JK009.28 ND G/A G/G A/G G/A T/C C/T C/A C/T G/T A/G C/C A/G A/G G/A G/C G/G C/G A/G T/C C/G C/G T/C T/C T/T G/G T/C A/A G/G T/T T/A G/A C/T G/G G/A A/G A/G G/G G/G G/Del A/G C/C A/A A/A T/T G/G G/G T/G

26 JK*B/JK*B
JK*B/JK*B JK009.29 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.30 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.31 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.32 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G A/G G/G G/G G/Del A/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.33 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.34 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.35 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T G/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.36 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.37 ND G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.38 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.39* Jk(a-b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.40 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.41 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.42 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.43 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.44 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T G/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.45 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.46 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.47 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.48 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.49 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.50 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.51 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.52 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T A/A G/G T/T T/T A/A T/T G/A A/A G/G A/G G/G G/G G/Del G/G T/C G/A G/A C/T A/G A/G T/G
JK*B/JK*B JK009.53 Jk(a-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T G/A G/G T/T T/T A/A T/T G/G A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G
JK*B/JK*B JK009.54** (Jka-b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C C/C T/T G/G T/T G/A G/G T/T T/T A/A T/T G/A A/A G/G G/G G/G G/G Del/Del G/G C/C A/A A/A T/T G/G G/G G/G

13 JK* A/JK * B
JK* A/JK * B JK009.55* Jk(a+b+) G/G G/G G/G A/A C/C T/T A/A T/T T/T G/G C/C A/A G/G G/G C/C G/G G/G G/G C/C G/G C/C C/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/A G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.56 Jk(a+b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.57 Jk(a+b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.58* Jk(a+b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.59* Jk(a+b+) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.60* Jk(a+b+) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A C/C A/A A/A G/G G/G G/G C/G A/G T/C C/G C/C T/C T/C T/T A/G T/T G/A G/G C/T T/T G/A T/T G/G G/A A/G A/G G/G G/G G/Del A/G C/C A/A A/A T/T G/G G/G G/G
JK* A/JK * B JK009.61 Jk(a+b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/A G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.62 ND G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.63 ND G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.64 Jk(a+b+) G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.65 Jk(a+b+) G/G G/G A/A G/G T/T C/C C/C C/C G/G A/A T/C A/A A/A G/G G/G A/G C/G A/G T/C G/G C/C C/C C/C T/T G/G T/T G/A G/G T/T T/T G/A C/T G/A G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/C A/G A/A T/T
JK* A/JK * B JK009.66 ND G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G
JK* A/JK * B JK009.67 ND G/G G/G A/G G/A T/C C/T C/A C/T G/T A/G T/C A/A A/G G/G G/C A/G C/G A/G T/C C/G C/C T/C T/C C/T A/G T/T G/A A/G C/T T/A G/A C/T G/G G/A A/G A/G C/G T/G G/Del A/G T/C G/A G/A C/T A/G A/G T/G

Amplicon 1 covers from (chr18:43301432 - 43312443) including exon 1- part of intron 5

Amplicon 2 covers from (chr18:43310959 - 43322011) including exon 5 to part of intron 9

Amplicon 3 covers from (chr18:43318623 - 43333287) including part of intron 7 to downstream of exon 11

Amplicon 1 and 2 overlap by 1484 bp

Amplicon 2 and 3 overlap by 3388 bp

JK*A/ JK*A

JK*B/ JK*B

JK*01W.01

JK*A/ JK*B



A) (160 bp) upstream 

D) JK*Aw (JK*01W)

• 130G>A might not be the only factor for weakening the Jka
expression. (Cumulative effect?)



Other findings 
• SNP 588A>G and -46 G from intron 9 SNPs 

described to be associated with JK*B and 
JK*01W.01, however, have also been found in 
JK*A allele samples.



Key points
• NGS allows simultaneous comprehensive sequencing 

of a large number of samples for various blood group 
genes.

• Discovery mode, novel and rare alleles.
• Accurate phenotype predictions. Unlike microarray 

platforms.
• Exploring polymorphisms across the gene (exons, 

introns and flanking regions) provides comprehensive 
genotyping.



Key points
• Also, helps in studies of the evolution of alleles
• Polymorphisms frequency. (high throughput)
• Allows the discovery of the causative factors in Discrepant and 

unusual phenotype samples due to novel or rare weak or null 
allele (for example, explore splice sites and regulatory regions).

• Cataloguing polymorphisms close to critical SNPs to be taken 
into consideration while designing genotyping primers.

• These information helpful to develop genotyping software 
(allele-specific patterns).



• This NGS approach has been also applied to 
other blood group systems such as ABO, RH, 
KEL and FY. 

• Near future, NGS will become the potential 
methodology of choice for genotyping 
patients and donors
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