Declaration of Laurence D. Mueller

11 March 2005
1. I am Laurence D. Mueller, a Professor in the Department of Ecology & Evolutionary Biology at the University of California, Irvine. I have a B.S. degree in Chemistry and an A.M. in Biology from Stanford University, a Ph. D. from the University of California, at Davis in Ecology, and I have done postdoctoral research in population genetics in the Department of Biological Sciences at Stanford University. I have published over 80 scholarly papers in a variety of topics including theoretical and experimental population genetics and the use of DNA typing in forensic science. Since 1989 I have also consulted in over 100 criminal cases that have involved forensic DNA typing.

2. There are two types of investigations in which DNA typing evidence becomes relevant. The first is often called a probable cause case. This type of investigation refers to a general situation in which a single person comes under suspicion due to non-genetic evidence. DNA from that person is then taken and compared to DNA found in an evidence sample. A match between these two samples often constitutes evidence of guilt and the suspect is then charged with a crime. The second type of investigation starts with a DNA profile that has been obtained from a crime scene, and is presumably from the perpetrator of a crime, but there is little other evidence to help identify potential suspects. This DNA profile is then compared to the DNA profiles from many other people. Sometimes these other people may have their DNA profiles in a database due to prior criminal convictions. Other times a database is created de novo from people from the local area in which a crime has been committed. The DNA profiles of these people then constitute a type of case specific database.
3. It is important to determine if the results of a DNA match are the result of a probable cause case or a database search. The importance of this distinction lies in the way statistics should be done. Without going into details I will note that the basic statistical question that must be answered is quite different in the two types of cases. In a probable cause case the weight of the DNA evidence will in part be determined by the answer to the question, what is the chance that a single person chosen a random from the suspect population would have a genetic profile that matched the DNA evidence profile? In a database search case where the evidence profile has been compared to N different people the relevant question is, what is the chance that among a group of N people chosen at random from the suspect population at least one would have a genetic profile that matched the DNA evidence profile? The answer to these two questions can be quite different.
4. There are three groups of experts who have different views on the statistical interpretation of DNA in a “cold hit” or database search case.

5. The first group believes that database searches should be used to identify potential suspects but not to calculate frequency estimates. When successful, suspects identified by these searches would then be tested for another group of independent genetic markers that would be compared to the evidence. When these additional genetic loci confirm the match they alone would be used to compute frequencies for this evidence. Under this methodology the genetic markers used in the original database search would never be part of any statistical calculation.

6. The method described in paragraph 6 was first proposed by the first National Research Council on DNA typing in 1992. This committee was composed of eminent scientists like, Haig Kazazian, Mary-Claire King, Richard Lempert, Eric Lander, Ruth Macklin, Thomas Marr, Victor McKusick, and Philip Reilly. Since that report other independent scientists, like Newton Morton, have expressed support for this method in published scientific papers. 
7. The second group believes that a database search provides greater certainty of the true identity of a DNA evidence sample. The logic here is that in addition to the match found between the evidence DNA and a member of a database there also will be many people excluded, thus narrowing down the field of possible contributors. The clearest illustration of this is when all possible suspects can be typed and compared to evidence DNA. Suppose that one match is found and all others are excluded. This means the match must have identified the true culprit, since all possible suspects were typed. Evidence like this is viewed as much stronger than just finding a match between one person and the evidence. With only a single match and no exclusions the possibility still exists that one of the untested people may also match the evidence, no matter how rare the frequency of the genetic profile.

8. The second group is comprised of eminent scholars in the field of genetics and statistics such as Peter Donnelly and David Balding.

9. The third group believes that a database match is less probative than a single DNA match since the chance of finding a match to a particular evidence DNA profile increases as it is compared to more people. Thus, finding that a single person chosen at random is left handed is somewhat unusual but finding at least one left handed person in a sample of 1000 is not at all surprising. Those sharing this belief suggest that any frequency that accompanies a match found from a database of N people must have the individual profile frequency multiplied by N, making it a more common number. 

10. The method described in paragraph 9 was proposed by the second NRC committee on DNA typing in 1996. This committee was composed of eminent scholars such as James Crow, Haig Kazazian, Arno Motulsky, Thomas Nagylaki, Mashatoshi Nei, David Siegmond, and Stephen Stigler. It is worthwhile noting that the second and third group not only disagree on the exact quantitative methods for assessing a database match but also the qualitative effect, e.g. is the match in a database more or less probative than a single match in a probable cause case. The uncertainty in this regard is even evident in the second NRC report (pg. 40) “If the database searched includes a large portion of the population, the analysis must take that into account. In the extreme case, a search of the whole population should, of course, provide a definitive answer.”

11. I agree with the first group. This approach can both take advantage of a genetic database as an investigative tool and yield probative evidence that can be evaluated by the same statistical techniques used in standard cases. There exist today a sufficient number of genetic markers to allow the creation of a useful database and the production of probative forensic evidence. The differences that exist between groups two and three revolve around fairly sophisticated statistical issues that are not likely to be easily explained to lay people. For instance, the conclusions of the third group rely on the database representing a sample of the potential suspect population. To the extent that many members of a convicted felon database might have been in jail at the time a particular crime was committed erodes a crucial premise of this technique. Trying to verbally or quantitatively discount for this would be problematic at best.

12. These three groups are clearly in disagreement with each other regarding the statistics to be used in a “cold hit” or database search case.
13. A new technique of DNA typing utilizes genes on the male Y-chromosome. In humans the X and Y chromosomes determine the sex of an individual with males having one X and one Y while females have two X chromosomes and no Y’s. One advantage of this technique is in crime scene samples with large amounts of female DNA and small amounts of a single male’s DNA. The Y-STR typing can give a clear genetic profile of just that single male whereas standard techniques would show both the male and female patterns.
14. Current testing kits, such as those used by Reliagene, examine 11 different genetic markers on the Y-chromosome. Because the Y-chromosome is small and there is little recombination all 11 of these Y-STR genes are inherited as a unit. Consequently to estimate the frequency of a Y-STR profile, sometimes called a haplotype, forensic laboratories use a technique called the counting method.

15. The counting method works by comparing the crime scene profile to all the profiles in a database and counting the number of database samples that match the crime scene sample. Thus, if one database sample matches out of a total of 1000 then the observed frequency is 1 in 1000. However, there are at least five variations of this method with no consensus as to which is the best.

16. In addition to the method described in paragraph 15 there are five other methods, (i) the method described in paragraph 15 with a 95% confidence interval constructed about the observed frequency, (ii) the method described in paragraph 15 with the defendants profile added to the database, (iii) the method described in paragraph 15 with the defendant’s and the crime scene sample added to the database, (iv) method (ii) with a confidence interval, and (v) method (iii) with a confidence interval. The values provided by each of these five methods can be quite different. In principle the defendant’s profile would be added to the appropriate racial group in methods (ii) – (iv). For methods (iii) and (iv) the evidence profile would be added to each racial group since it’s racial identity is unknown.
17. Suppose a database of 1000 profiles yielded no matches to a crime scene sample. Then using an upper 95% confidence interval the frequency estimates by each method would be (i) 1 in 334, (ii) 1 in 1000, (iii) 1 in 500, (iv) 1 in 211, and (v) 1 in 159.
18. Since the Y-chromosome is passed on from father to son it is possible that the frequency of Y-STR haplotypes will reflect the peculiarities of the family composition of a population much more so that genes found on the autosomes (non-sex chromosomes). In fact Roewer (2003, Forensic Science Review 15:163) points out that in Europe there is evidence of geographic substructure for Y-STR genes and this is not the case for autosomal STR genes, suggesting a major qualitative difference between Y-STR’s and autosomal STR’s.
19. The finding of geographic substructure is important because it means that the creation of a forensic database will need to be more extensive in their geographic representation and that the convenient sampling techniques used by forensic labs will be inadequate for developing reliable databases. In addition to the Roewer study many others have now documented geographic substructure for Y-STR’s (Kayser, et al., 2003, Genome Research 13:624; Yamamoto, 2003, Forensic Science Review 15:171; Hammer et al. 2001, Molecular Biology & Evolution 18:1189; Persichetti et al., 1992 Annals of Human Genetics 56:303). 
20. In addition to these published papers I have also examined the problem of geographic substructure with the databases of Reliagene and a number of forensic databases collected by Dr. Michael Hammer at the University of Arizona. The basic approach I have used is to take the Y-STR haplotype and estimate a measure of population substructure called FST between all possible pairs of geographic locations within the Reliagene and Hammer databases. If there is no substructure then FST  should be zero. Values of FST significantly greater than zero are evidence of geographic substructure.
21. For the Hammer databases I observed the following: in Native American populations 21 out of 28 had FST values were significantly greater than zero, in African Americans it was 8 out of 36, in European Americans it was 6 out of 36 and in Hispanics it was 0 out of 36. Thus, except for Hispanics there was significant evidence of geographic substructure for Y-STR haplotype frequencies in U.S. populations.

22. For the Reliagene databases I observed the following: in Hispanics populations 2 out of 3 had FST values were significantly greater than zero, in African Americans it was 9 out of 45, and in European Americans it was11 out of 78. Thus, all three U.S. populations showed significant evidence of geographic substructure for Y-STR haplotype frequencies.

23. Given these findings it is my opinion that current forensic databases, like those used by Reliagene, that are based on convenient sampling are inadequate for estimating Y-STR haplotype frequencies. 
I swear that these statements are true and correct to the best of my knowledge.
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