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1.0 Introduction

Because of the nature of the polymorphisms that distinguish the HLA alleles, it is often cost-prohibitive to identify all of the polymorphisms that distinguish closely-related alleles, and it is sometimes impossible to distinguish between genotypes that present identical sets of heterozygous polymorphisms. As a result, different typing methods can sometimes provide different typing results for the same sample.

For example, DRB1*140101 differs from DRB1*1454 only at amino-acid residue 112 (in exon 3), and no other DRB1 allele has the polymorphism at position 112 that is found in DRB1*140101. Depending on the typing method used, these two alleles may or may not be distinguished. This becomes problematic when comparing data generated in different studies, or as part of the same study using different methods, as it is not always clear if polymorphisms at position 112 were assessed or not, and if an allele reported as DRB1*140101 is actually *1454. (An example of genotype ambiguity to be included here or as an Appendix.)

2.0 Solution
We propose that HLA data be reported and recorded in such a way that they will have optimal utility through time, and across studies, for other researchers.
2.1 Calls/Ambiguity
Currently available analysis tools rely on having two allele assignments (“calls”) per individual per classical HLA locus. However, before these “calls” can be made, allele and genotype ambiguity must be resolved by the typing laboratory. Allele ambiguity results when polymorphisms that distinguish alleles fall outside of assessed regions, while genotype ambiguity results from an inability to establish phase between assessed polymorphisms. Both types of ambiguity occur in all typing systems (including sequence based typing). There are no standards for how these “calls” are made; they are based on the individual researcher's accumulated and intuitive knowledge of the population under study, linkage disequilibrium patterns, etc. Thus “calls” may vary across laboratories for the same sample. 

In order to maximize the utility of any dataset, the rules used to determine the most likely two alleles should be documented. While it is not feasible to impose one set rule for everyone to use, guidelines can be set forth and algorithms developed to implement one or more set of rules. Any differences between the submitting laboratory’s two allele “calls” can be compared to those “calls” made using these algorithms, and the reason for differences noted (possibly to the improvement of the algorithm). Further, the effect of different rules on results in, e.g., disease association studies, can be studied. 


Further, even if laboratories are all using a high resolution technique, there can be variation in the set of alleles that can be detected. For the purpose of comparing different study results and larger scale meta-analyses there must be appropriate binning (equating “calls” made using different typing systems that need to be equivalent for the purpose of analysis) of alleles if the same allele set was not studied in all populations. These issues also apply to studies that have heterogeneous data with respect to time (i.e., different protocols were used in different time periods in the typing of patients and controls). Failure to allow for this can lead to errors in association studies, haplotype estimates, genetic distance measures, and any inferences based on these estimates.

2.2 Results 
Spurious results can be generated when datasets are combined without careful consideration of the differences in methods used to generate high resolution HLA data. Also, the first few reported studies for a particular ethnic group are especially prone to errors in allele-calls.
2.3 Our Aim
Our aim is data validation via a standard reporting of HLA data to include:

1. Documentation of the typing method used. For each locus, this includes:

· Manufacturer of the typing system used (e.g., Luminex, Dynal, etc.).

· Version of the typing system used.

· Molecular nature of the data generated (e.g., SBT, PCR-SSOP, SSP, RSCP, etc.).

· Exons interrogated (minimally exons 2&3 for class I, and exon 2 for class II loci). 

· A list of all alleles detectable using the system.

· A sublist of all alleles that can be detected unambiguously by the system.

· A sublist of all allele sets detected ambiguously by the system (i.e., sets of alleles that cannot be distinguished due to polymorphisms that are not detected by the system).

2. A file listing all allele and genotype ambiguities per individual per locus (given the typing system). 

3. Documentation of the rules used to assign the two most likely allele “calls.” 

4. A file listing the two most likely allele “calls.”

While any data analyzed are still subject to errors based on the set of rules used to make “calls,” the process used to make the calls (and any inherent biases) would now be transparent. This is particularly important for developing appropriate binning rules for studies with data that are heterogeneous with respect to time, and/or meta-analyses of data. 


A preliminary application of the above reporting was initiated in analyses of anthropology / human diversity HLA data for the 13th and 14th IHWs (International Histocompatibility Workshops). Appropriate data validation and binning rules were incorporated into the software framework PyPop (Python for Population Genomics, available at www.pypop.org) and documented in relevant papers. Synthesis of data from multiple labs required considerable time and effort on the part of Steve Mack, who worked closely with the contributing laboratories in order to make informed decisions regarding resolution of ambiguities. An average of 38% of the allele assignments submitted to this project were changed as part of the data-validation process outlined here. The need for a standardized set of reporting rules as outlined above resulted from these experiences. 

Without the data validation procedure we propose, it is more likely that errors will be made in analyses of data with time heterogeneity, and it is almost certain that errors will be incorporated into meta-analyses and combined data sets that are analyzed without appropriate “binning” of alleles.

3.0 Silver Standard
At the analysis level, most statisticians, even if they are familiar with HLA nomenclature and data, do not know the intricacies of the typing systems and will not always recognize when appropriate binning of data is necessary. Further, HLA data that are archived in dbMHC, for example, are now being studied by groups that are unfamiliar with HLA; these in particular are most subject to potential errors that application of our standardized reporting above would help alleviate.

3.1 Gold Standard
The gold standard for HLA genotyping data-collection would be to record the sequence, primer, probes and reactivity patterns for every individual per locus. Such a gold-standard collection method would permit the inter-relation of data between typing methods and across studies. However, this could be very costly and difficult to implement (although to a certain extent such a system has been developed at the NCBI), and compliance from researchers would probably be low. 

3.2 “Silver Standard”
We are proposing a “silver standard” instead that is based on the rules outlined above. This greatly reduces the algorithm development, and the burden on the typing laboratories to supply this information should be minimal. 

· The information proposed for documentation of a given typing system should already be known to all data generating labs. The ambiguous genotypes and alleles resulting from the typing must also be available.

· The only real burden a data-submitter might experience may come in the form of documenting the rules they apply to ambiguous datasets to make the bi-allelic “calls.” Presumably, a plain-text format for this information would be acceptable, so it is a matter of taking the time to write down their rules.

· This silver-standard data collection method could apply to data being currently typed, with data from previous time periods allowed the flexibility to provide the maximum information feasible.

3.3 Resources Needed By BISC
Resources needed by BISC to implement a standardized set of reporting data validation rules (note that those listed with a * are required regardless of whether the data validation reporting scheme is implemented):
· *Documentation of HLA nomenclature and genotype-reporting methods (e.g., allowing for NMDP codes). 

· Development of a template to be filled in by the participating laboratory for each data set documenting the typing system used (for details see above).

· Development of a user-friendly file format for listing all allele and genotype ambiguities per individual per locus per data set (Nishanth Marthandan at UT is currently working on this with Steve Mack).

· Documentation of the rules used to make the two allele “calls” per individual per locus. 
*A file format for listing the two most likely allele “calls” per individual per locus per data set (called by the contributing laboratory) (already available UT)

· Development of a data-validation pipeline that results in the standardization of the data for analysis by doing the following (NG plus Steve Mack and Rich Single):

1. *Detect errors in submitted data, validate allele names (e.g., an allele reported that does not exist at a given locus), and recognize alleles reported at different levels of resolution (i.e., 2-, 4-, 6-, 8-, and 9-digits), while allowing for different nomenclatures etc. (Pypop does much of this now).

2. Apply binning rules for cross-methodological or cross-study analyses that compensate for heterogeneity in nomenclatures across and within data sets (e.g., ambiguous allele strings, NMDP codes, the g-notation to denote variation outside the exons typed for, etc.)

3. Perform step B at various levels of analyses of the data, i.e., sometimes using all the data appropriately binned, and sometimes just focusing on high resolution, etc.

· Development of methods and algorithms to deal with: (i) allele ambiguity and genotype ambiguity using a well defined set of rules, including multiple rule sets, (ii) comparing allele-call results, based on different rule sets, to those reported by a contributing laboratory, (iii) defining appropriate binning rules, and (iv) formalizing the rules people are using to make their two allele calls (Steve Mack and Rich Single plus NG).

It is important to note here that these rules could be extremely simple. For example, a rule might be summarized as, “always take the lowest numbered allele in a given serogroup,” or “always take the allele that is the most frequent for populations of a given ethnicity.” Alternatively, they may be more complex, as in the case of the genotype ambiguity resolution heurism that we developed as part of the 13th Workshop.

The additional work required in terms of data formatting for ambiguous allele and genotype calls, and documentation of the typing method used (points 2-3 above) is relatively minor. Documentation of the rules used to make the two allele calls can be a simple text file (point 4). The data validation pipeline and development of methods and algorithms to deal with ambiguities etc. (points 6 and 7) will require considerable work for NG personnel in collaboration with Steve Mack and Rich Single. However, the prototype for much of this is already contained within PyPop.

Unless analyses are restricted to only be within data sets (and excluding time heterogeneity of the data), much of this work is required anyway.

4.0 Advantages
These implementations will provide the following advantages to HLA research:

1. If a researcher discovers an allele association with disease that has previously not been reported, they can query other data sets to see if this allele has been typed and was either not significant, so rare an association test could not be performed, or so rare as to be missing from patients and controls, etc. 

2. Such results, combined with population level data, could also guide recommendations for additional typing of this allele in previous studies and additional ethnic or geographic populations.

3. Comparison and when appropriate combining of control and patient data across studies will be possible, and will increase the power of studies.

4. Meta-analyses will be less prone to errors due to heterogeneous typing methods.

5. The documentation of “allele-calling rules” will allow their direct comparison and will hopefully lead to improvements and standards for the genotyping field.

6. As HLA data becomes publicly available, this data validation will lessen the chance of egregious errors in subsequent studies using the data.
5.0 Conclusion

The current proposal will make the study of results across populations, patient and control data, much easier, more reliable, and more informative. Further, it will allow for comparisons of current data sets with future data sets. Without these data validation standards, meta-analyses and disease association confirmation studies are much less informative or incorrect, or may not be attempted. Journals such as Tissue Antigens and Human Immunology are now putting stronger restrictions on analyses that need to be performed for both population level and disease association studies, and we foresee that they will also soon require stricter standards re reporting of data as we have proposed here.

































































[image: image1.jpg]IMMPORT 4




[image: image2.png]NOVRTIINOY" GriUPIiriAN

Tnformation Technology



