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Study guide for research assistants
Read "Parasite-host interaction in malaria: genetic clues and copy number variation" (I. Faik et al., Genome Medicine 1: 82, 2009).  The full text of this paper can be accessed online by following the links from this web page: http://www.ncbi.nlm.nih.gov/pubmed/19725943. 

Use the study guide below to help you understand the paper.  You are welcome to discuss the paper with Greg and/or other people at any time.  When you are satisfied with your overall understanding of the paper, please answer the "Questions for lab notebook" in your notebook; these won't be given a letter grade but will be checked!
General background


An interesting aspect of infectious diseases is the fact that different people do not get equally sick when infected with the same strain of the same pathogen.  In many cases, this can be explained by differences in the genetic makeup of these people.  Studies of malaria have provided several classic examples, as discussed at http://sickle.bwh.harvard.edu/malaria_sickle.html.  (You may skip the introductory remarks on natural selection if you'd like.)  Perhaps the most straightforward one is that people lacking the Duffy antigen on the surface of their red cells do not get malaria from P. vivax.  This is because P. vivax merozoites bind to the Duffy antigen as a first step in invading the red cells; if the antigen is not there, they can't invade. There is also the well-known example of the prevalence of the sickle-cell hemoglobin gene in regions where malaria is common (also discussed at the web page noted above).  The assigned review article offers additional examples where having a specific allele or number of copies of a gene may be beneficial or detrimental to malaria patients.
Abstract

• Note the sentence, "Due to its pathogenicity, malaria is a powerful selective force on the human genome."  We tend to think of evolution as favoring genes that help organisms avoid predators, find food, and attract mates, but the ability to survive disease is also important and genetically influenced, of course.
Introduction
• First paragraph: Genus Plasmodium belongs to phylum Apicomplexa.  If you can't quite remember what Apicomplexans are, consult Wikipedia: http://en.wikipedia.org/wiki/Apicomplexa.
• Last paragraph: "The clinical spectrum of malaria is wide, spanning from asymptomatic infections, fever and mild anemia, to severe anemia and cerebral malaria…."  Note that much of this clinical variation is not due to genetic variations in the infected humans – the main subject of this article – but other factors such as variation in the parasite.  Five different species are listed as capable of infecting humans; within these five species, there are innumerable strains that differ in their virulence, resistance to different drugs, etc. 
Malaria and single nucleotide polymorphisms

• Question #1 for lab notebook:  What is a SNP?  Do most SNPs affect susceptibility to diseases?
Genetic variation in response to malaria
• Reference #9 showed that HLA class II genes were distributed in a nonrandom manner among dizygous (non-identical) twins who did and did not get malaria.  Without getting into the details of the immune system, we can say that HLA class II molecules present extracellular antigens to T lymphocytes, thus participating in the immune response to pathogens such as Plasmodium.  It is easy to imagine that certain variants of these molecules might be more or less effective in mounting a robust immune response to Plasmodium.
• Question #2 for lab notebook:  The text says, "A strong association of age with potential genetic determinants was also detected….  The extent of the genetic effect was higher in infants in comparison with adults."  The authors cite reference #11, but that reference contains no age-related data.  They probably meant to cite A. Garcia et al., Am. J. Trop. Med. Hyg. 58: 480-8, 1998.  The second paragraph of the Discussion of that paper offers an explanation as to why the genetic effect is more obvious in young children.  What is it?
Single nucleotide polymorphisms and malaria
• Question #3 for lab notebook:  References #30 and 31 showed that "Genetic variants causing lower concentrations of the protein were associated with different malaria phenotypes."  Would you expect these genetic changes to be in the coding region of the gene, or in the upstream regulatory (promoter/enhancer) region?  Why?  How might variations in mannose-binding lectin (MBL) levels influence clinical outcomes, according to this review article?
Copy number variations in malaria
• In Question #3 above, we referred to the possibility that mutations in the promoter or enhancer region could alter the expression of a gene and thus lead to higher or lower levels of a corresponding protein.  Copy number variation (CNV) is another possible influence on protein levels.  All other things being equal, "extra" copies of a gene will lead to higher-than-normal levels of the protein.
Copy number variation in malaria treatment

• In the second paragraph of this section, the text suddenly switches to a discussion of genetic variations in Plasmodium rather than in the human host.  Some interesting examples are given, but we will not elaborate further on them.  It may be sufficient to note that the parasite can also benefit from having extra copies of some genes (e.g., those devoted to sidestepping or getting rid of a drug). 
Conclusion
• Question #4 for lab notebook:  Give two examples of how, in the future, analysis of an individual's genome might lead to personalized malaria treatments uniquely suited to that individual.
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