Lab 4, Appendix 2: Molecular Biology of the ABO Gene


APPENDIX 2:  MOLECULAR BIOLOGY OF THE ABO GENE 

At the molecular level, the human ABO blood antigens are oligosaccharides that are attached to fatty acids protruding from the surface of red blood cells.  These oligosaccharides are covalently attached to the fatty acids by enzymes (glycosyltransferases) encoded by the ABO gene.  Three alleles exist for the ABO gene which encode very similar enzymes with nearly identical amino acid sequences.  However, a few amino acid differences between the different allelic products result in significantly different activities.  Specifically, the IA allele encodes a glycosyltransferase that attaches N-acetylgalactosamine to an existing sugar on the fatty acid.  The IB allele encodes a glycosyltransferase that attaches galactose.  The IO allele produces a non-functional glycosyltransferase that cannot modify the existing sugar group.  These different sugar group modifications are identified with antibodies; individuals who do not possess a specific type of modification produce antibodies against that modification.  Thus, individuals who are IAIA produce the A type modification but not the B type modification and therefore have antibodies against the B antigen.  IAIB individuals produce both types of modifications and do not have antibodies against either antigen.  IOIO produces neither modification and has antibodies against both.  Make sure you understand the genetics of the ABO blood type system by preparing a table of all the possible genotypes, the modifications that occur on their red blood cells, and the antibodies that each produce.

In 1990, researchers at the University of Washington cloned and sequenced representative IA, IB, and IO alleles of the ABO gene to determine the differences between these alleles at the molecular level.  This work has been extended by many research groups over the past twenty years resulting in a comprehensive understanding of the molecular biology of the ABO gene.  The gene is located near the tip of the long arm of chromosome 9 (9q34) and has seven exons and six intervening sequences.  


After transcription and RNA processing, the mature mRNA has a 1062 nt open reading frame that encodes a protein of 354 amino acids.  There are only a handful of differences in the nucleotide sequences of the IA, IB, and IO alleles.  Most IA and IB alleles  differ at 7 sites, each site having a single base-pair substitution, and the encoded proteins differ at four amino acid residues.  The other nucleotide differences are neutral; due to the degeneracy of the genetic code they do not change the encoded amino acid.  The four amino acid differences are responsible for the difference in sugar specificity of their glycosyltransferase activities.  There are several variants of the IO allele which have in common the deletion of a base pair found at position 261 of the IA and IB allele sequences.  This single base pair deletion changes the reading frame in the mRNA and an entirely different amino acid sequence is generated after the point of the deletion.  This aberrant polypeptide lacks any glycosyltransferase activity. In addition to this critical deletion, the various IO alleles have additional nucleotide differences from each other and from the sequences of the IA and IB alleles.  

The nucleotide differences (at the mature mRNA level) between the IA and IB alleles, and two of the IO variants, IO1 and IO2, are summarized in the following table.  Note that all of the differences between these alleles are confined to exons 6 and 7 which together encode the bulk of the polypeptide product. 
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1These four positions are responsible for the four amino acid differences between the IA and IB 

allele products.  Other nucleotide differences between these alleles have no effect on the

amino acid sequence of the encoded protein.

2Information not reported in the literature.

The strategy we will use to perform allelic typing takes advantage of the differences between alleles in exon 6.  The IA, IB, and IO alleles each have a characteristic pattern of nucleotides at positions 261 and 297, and the small size of the exon facilitates the process of PCR.  Although much larger segments of DNA can be amplified, it is technically more difficult and more prone to ambiguities and artifacts.  The complete sequence of exon 6 of the IA allele and portions of the flanking introns (shown 5’ to 3’ at the RNA level) is as follows:




  ggtggcaccc tgccagctcc atgtgaccgc acgcctctct ccatgtgcag taggaaggat

  gtcctcgtgg tgaccccttg gctggctccc attgtctggg agggcacatt caacatcgac

  atcctcaacg agcagttcag gctccagaac accaccattg ggttaactgt gtttgccatc

  aagaagtaag tcagtgaggt ggccgagggt agagacccag gcagtggcga gtgac 



Additional notes: Exon sequence is boldfaced.  Positions 261 and 297, which vary between alleles, are highlighted.  The sequence shown is that of an IA allele.  The sequence of primer 3518 is identical to that of the coding strand shown.  The sequences of primer 3517 and the sequencing primer are complementary to the coding strand.

Using primers 3518 and 3517, a 213 base-pair fragment is amplified which contains all of exon 6 and portions of both flanking introns.  This fragment can then be sequenced as described in Appendix 3 and using the illustrated sequencing primer.  

Interpreting your sequence.  Because the sequencing primer is complementary to the coding strand shown in the diagram above, the sequence you obtain will also be the complement of the sequence shown.  To facilitate your analysis, the actual sequence you will obtain (based on the sequence of the IA allele) is shown below.  Because the sequencing primer is located near the 3’ end of the amplified segment, you are sequencing backwards through the coding region, and position 297 of the coding strand occurs earlier in the sequence than position 261.   Also keep in mind that when determining your allelic composition by comparing your sequence to the sequence of the alleles listed in the table above, you must first take the complement of the sequence you read at positions 297 and 261.   Thus, in the sequence shown below, the complement of the T and C at positions 297 and 261 are A and G, respectively, and based on the information in the allele table above, this corresponds to the IA allele.  


  5’ CGGCC ACCTCACTGA CTTACTTCTT GATGGCAAAC ACAGTTAACC CAATGGTGGT GTTCTGGAGC CTGAACTGCT CGTTGAGGAT GTCGATGTTG AATGTGCCCT CCCAGACAAT GGGAGCCAGC CAAGGGGTCA CCACGAGGAC ATCCTTCCTA CTGCACATGG AGAGAGGCGT GCGGTCACAT GGAGCTGG 3’


Finally, be aware of the fact that you are sequencing both of your alleles in a single reaction.  If you are homozygous you will read a single nucleotide at each of the two diagnostic positions, and will have no trouble determining your genotype.  However, if you are heterozygous, one or both positions will be “mixed.”  For example, if you are heterozygous IAIB, you will read a C at position 261, and both a T and a C at position 297.  Before coming to class, try to complete the following table to make sure you have mastered the interpretation of your sequencing results.  

	nucleotides read

at position 261
	nucleotides read

at position 297
	genotype / phenotype

	C/C
	T/T
	IAIA / blood type A

	-/-
	T/T
	

	C/-
	T/T
	

	C/C
	C/C
	

	-/-
	C/C
	

	C/-
	C/C
	

	C/C
	T/C
	IAIB / blood type AB

	-/-
	T/C
	

	C/-
	T/C
	


Keep in mind that the validity of characterizing ABO alleles by the sequence of exon 6 has not been firmly established.  Although the vast majority of published alleles agree with these sequence assignments, some (< 5%) do not.  Because of this you should not consider your results definitive.  Nevertheless its accuracy of > 95% is on par with many other genetic tests actually being used in the medical profession.  These tests are useful for screening patients, but the results must be confirmed by alternative means.  
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(select nucleotide in the search box and type the accession number in the larger dialog box near the top of the web page)
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