
CORRESPONDENCE 

Commentary On: Dimo-Simonin N, Grange F, Brandt- 
Casadevall C. PCR-based forensic testing of DNA from strained 
cytological smears. J Forensic Sci 1997;42(3, May): 
506-9-Paternity testing in a deceased child by means of DNA 
extracted from a cytogenetic slide 

S i r  

With great interest we read the technical note about PCR-based 
forensic testing of DNA from stained cytological smears, written 
by Dimo-Simonin et al. (1). We fully agree to the author's state- 
ment that cytological smears may be the only source of cells when 
DNA pattern of a missing person have to be investigated. Please 
allow us to add that DNA which is suitable for PCR-based testing 
can be extracted from nearly all cytological smears, histological 
sections, paraffin embedded tissues, Guthrie-blotters, etc. and used 
for many purposes. We have successfully applied DNA extraction 
from stored medical materials for different uses, i.e., clinical ge- 
netics (2), oncogenetics (3) and forensic purposes (not published). 
Most recently we carried out a paternity test using the mother's 
and the putative father's blood and a cytogenetic slide from a 
deceased child. One year ago, when the child was still alive, a 
chromosomal analysis had been carried out using cultivated lym- 
phocytes. The then investigator followed the common practice in 
cytogenetic laboratories and stored two unstained slides with culti- 
vated cells fixed with methanol and acetic acid. These slides were 
made available to us on request of the mother of the child. After 
rinsing the slides with distilled water we obtained a sufficient quan- 
tity of DNA from one of the slides by proteinase KIphenoV chloro- 
form extraction for investigating a set of STRs. Table 1 shows the 
result of the paternity test with a paternity probability of 
>99.999%. In this specific case the requested exhumation of the 
child's body could be avoided. This may serve as a further example 
to prove the usefulness of medical diagnostic samples for forensic 
DNA analysis. 

TABLE 1-STR alleles in a paternity testing case using DNA extracted 
from a cytogenetic slide*. 

- 

STR Mother Child* Putative Father 
- 

HumTHOl 7t/8$ 719 9$/9.311 
HumATCBP2 59.2t/65.2$ 50165.2 50$/61.2\/ 
HumFibra 21 t/22$ 2 1.2122 20$/21.211 
D12S391 17?/18$ 17//19 16$/1911 
DYS19 - 14 
DYSCAII - 3-7 

1 41 
3-7** 

DYS385 - 3-6 3-6$ 

Frequencies: 
HumTHOl: t0.16; $0.12; $0.17; (10.32 
HumACTBP2: t0.03; $0.05; $0.02; /10.07 
HumFibra: t0.16; $0.17; $0.16; 11<0.01 
D12S391: t0.11; $0.19; $0.03; 110.15 
Y-chromosomal haplotype: I-**-$ 0.07 
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Authors' Response 

Sir: 

The possibility of obtaining DNA for PCR-based testing from 
some cytological stained smears had already been described (1-5). 
Szibor et al. reported an interesting paternity case with cytogenetic 
slides containing fixed cultivated lymphocytes: the methanol acetic 
acid (Carnoy's fixative) is well suited to obtain DNA for PCR 
testing (6) and the slides were unstained. However, our work (7) 
particularly focused on stained cytological smears and we found 
that the forensic Baecchi staining method was not suitable for 
DNA-PCR analysis because of the poor quality and quantity of 
DNA extracted from the stained cells. Schoch et al. (5) reported 
that slide smears pretreated with cytochemical tests such as mye- 
loperoxydase, nonspecific esterase and chloroacetate esterase were 
also not a suitable source for PCR testing. 

We think that some chemical reagents can interfere with the 
extraction, amplification and typing of stained cells and that valida- 
tion work is necessary to affirm that specific staining procedures 
are compatible with PCR analysis. 

With reference to the histological sections and paraffin embed- 
ded tissues, the PCR testing has some limitations based on the 
intrinsic properties of the sample. Our experience with this kind 
of material was not very conclusive. We fairly often obtained nega- 
tive or nonspecific amplification and sometimes repeated amplifi- 
cation from the same tissue gave different results. Previous studies 
(8-11) have shown that the efficiency of PCR amplification of 
histological sections and paraffin embedded tissues was highly 
dependent on the type of fixative, the duration of fixation and the 
size of the amplification products. Furthermore, the few reports 
about the forensic aspects of those materials mainly concerned 
the HLA-DQA system (12-16). Accordingly, it would be very 
interesting and necessary to validate the forensic STR systems with 
histological sections and paraffin embedded tissues. 
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Commentary On: Budowle B, Lindsey JA, Decon JA, Koons 
BW, Giusti AM, Comey CT. Validation and population studies 
of the loci LDLR, GYPA, HBGG, D7S8, and Gc (PM loci), and 
HLA-DQ-a using a multiplex amplification and typing 
procedure. J Forensic Sci 1995 Jan;40(1):45-54 

Sir: 

A major conclusion of the paper by Budowle et  al., was that 

"All loci meet Hardy-Weinberg expectations and there is little 
evidence for associations of alleles between the loci." This conclu- 
sion is supported by a number of statistical tests of independence 
within loci and between pairs of loci. In particular, Table 5 presents 
tests of the Hardy-Weinberg equilibrium for the five polymarker 
loci in four U.S. populations maintained by the FBI: African Amer- 
ican, Caucasian, Southestern Hispanic and southwestern Hispanic. 
I have now repeated one of the tests used by Budowle et  al., the 
exact test, on all the polyrnarker loci and all populations. The 
genotypes of all individuals in the FBI's four data bases were 
provided to me by the FBI through discovery in a criminal case. 
In general I have obtained the same results as appear in Table 5 
except for one case which I describe in more detail below. 

For the HBGG locus in the Caucasian population Budowle et  al. 
report ap-value for the exact test of 0.887, suggesting the genotype 
frequencies observed in this population are well described by the 
Hardy-Weinberg law. When I repeated this test (using software 
kindly provided by Dr. Paul 0. Lewis, University of New Mexico) 
I obtained ap-value of 0.008, suggesting a highly significant depar- 
ture from the Hardy-Weinberg equilibrium. 

It is unlikely that this difference is due to numerical differences 
in the software used since the other 23 tests I did gave close agree- 
ment to the results in Table 5 of Budowle et  al. It is also unlikely 
that the notation in Table 5 is a typographical error. My results 
from another test of the Caucasian-HBGG locus, the likelihood 
ratio test, also differ dramatically from those reported by Budowle 
et al.: I obtained a p-value of 0.001 while they report a p-value of 
1.000. 

It appears that Budowle et  al. altered the original data in the 
Caucasian-HBGG data base when performing the exact test re- 
ported in Table 5. The deviation from Hardy-Weinberg that I de- 
tected is caused by the presence in the data base of a single individ- 
ual who is homozygous for the C allele. Because the C allele is 
rare, it would be extremely unlikely to find a CC homozygote in 
a sample of 148 people if the population was in Hardy-Weinberg 
equilibrium, and hence the low p-value. I have repeated the exact 
test under several different alterations of the original Caucasian 
database and summarize these results in Table 1 below. From the 
results in Table 1 it would appear that Budowle et  al. had altered 
the genotype of the single CC individual by changing it to an AA 
homozygote, since this alteration gives a p-value consistent with 
Budowle et  al.'s published value (0.887). I should add that it is 
unclear if the tests of association between pairs of loci also utilized 
this altered HBGG genotype. 

Unfortunately, there is no description of any alteration of the 
original data in the paper by Budowle et  al. Consequently, there 
is no justification given for altering the raw data in this fashion. 
It is now clear that this alteration has a substantial effect on results 

TABLE 1-Results from the exact test on the HBGG locus in the 
Caucasian population under several data base alterations to the single 

CC homozygote. 

p-value (based on 10,000 
Change to the FBI Data Base shufflings) 

Change CC to BB 1.000 
Change CC to AA 0.866 
Change CC to AB 1.000 
Change CC to BC 1 .OOO 
Change CC to AC 0.796 
Delete the CC individual from the 1 .OOO 

data base 
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of these hypothesis tests. While there may be some reasons one 
could provide for such an alteration, the acceptability of such a 
practice may be subject to valid criticism. Only by carefully docu- 
menting and justifying how the data were handled can other scien- 
tists be expected to repeat and evaluate the study of Budowle et 
al. Concealing such techniques effectively eliminates informed sci- 
entific evaluation. 

Laurence D. Mueller, Ph.D. 
Department of Ecology & Evolutionary Biology 
University of California 
Irvine, CA 92697-2525 

Authors' Response 

Sir: 

I welcome the opportunity to respond to the letter to the editor 
by Mueller. Rather than seeing the issues he raises debated in a 
courtroom, where the adversary system has a tendency to distort 
reality, publishing his letter and this response should put these 
issues to rest. 

Dr. Mueller claims that he has discovered errors of a Hardy 
Weinberg Expectation (HWE) analysis of the HBGG locus in a 
Caucasian database on the HBGG locus reported by Budowle et 
al. (1). He contends that "there is no justification given" for pool- 
ing the CC homozygote with another class for the exact test analy- 
sis and that "concealing such techniques effectively eliminates 
informed scientific evaluation." 

First, the published and raw population data in Budowle et al. (1) 
have been available to interested parties since 1995. The population 
data in Budowle et al. (1) clearly display the one individual with 
the HBGG CC type. Obviously, nothing is concealed because 
Mueller was able to come to the same statistical conclusionas in 
Budowle et al. in Table 1 of his letter. 

Second, for HWE tests where low frequency, or rare, alleles are 
observed, genotypes containing these alleles are merged with other 
genotypes. Budowle et al. (1) merged the CC and AA classes. This 
approach is very basic in statistics and routine practice, such that 
I neglected to put a footnote in Budowle et al. (1) describing the 
practice. There was no attempt to conceal. In fact, I used the Cauca- 
sian HBGG database as an instructive example of sensitivity of 
some HWE tests (e.g., the exact test) to sampling in the basic 
statistics class taught to over 200 attendees at The Seventh Interna- 
tional Symposium on Human Identification at Scottsdale, Arizona 
in 1996. Regardless, the approach of merging the CC and AA types 
can be confinned easily by performing the analysis, as Mueller 
has done. 

Third, Mueller has fallen into the same trap that some novice 
statistics students encounter. He argues that a HWE test he has 
performed shows a low p-value and implies there is a problem 
with the database. Snedecor and Cochran (2) state in their college- 
level statistics book (page 28): 

A test of significance is sometimes thought to be an automatic 
rule for making a decision either to "accept" or "reject" a 
null hypothesis. This attitude should be avoided. An investigator 
rarely rests his decisions wholly on a test of significance. To the 
evidence of the test he adds knowledge accumulated from his 
own past work and from the work of others. 

The proper approach to analyzing population data is to perform 
HWE tests. If something shows departures from expectations, then 
evaluate the data further. This is the practice routinely enjoyed by 
the forensic science community. In addition, to overcome concerns 

when estimating DNA profile frequencies, rare allele frequencies 
are replaced with a minimum allele threshold frequency (see Bu- 
dowle et al. (3) or the NRC I1 Report (4)). Further, the use of the 
recommended formula with theta by the NRC I1 Report (4) renders 
the issue of departures from HWE less meaningful. 

Finally, the points raised by Mueller have no impact on the 
forensic use of these PCR tests. There are a tremendous number 
of Caucasian databases around the world tested for HWE for the 
routine PCR-based markers used in forensic science. Any of these 
databases could be used in lieu of the FBI database, and the end 
result would not differ. 
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Additional Commentary On: Budowle B, Lindsey JA, DeCou 
JA, Keens BW, Guisti AM, Comey CT. Validation and 
population studies of the loci LDLR, GYPA, HBGG, D7S8, and 
Gc (PM loci), and HLA-DQ-a using a multiplex amplification 
and typing procedure. J Forensic Sci 1995 Jan;40(1):45-54 

Sir: 

Information has recently come to light that casts doubt on the 
accuracy of an important finding reported in this journal. This 
information also raises disturbing questions about standards of in- 
tegrity within forensic science. 

The underlying scientific issue is whether the FBI's Caucasian 
data base for the HBGG (polymarker) locus is in Hardy-Weinberg 
(H-W) equilibrium. Budowle et al. reported that an exact test on 
this data base produced a p-value of .887, indicating that the locus 
is in H-W equilibrium and therefore appropriate for use in forensic 
identification tests. Professor Laurence Mueller (commentary, im- 
mediately above, this issue) analyzed the same data base and ob- 
tained an exact test p-value of .008, indicating a highly significant 
deviation from H-W equilibrium. Mueller reported that he can 
obtain a p-value close to that reported by Budowle et al. only when 
he alters the original data by transforming a rare CC homozygote 
to an AA homozygote. This conclusion has been checked and veri- 
fied by Professor Ranajit Chakraborty (l,2). Although Budowle et 
al. reported that the data base contains a CC homozygote, they 
made no mention of changing this genotype to another type when 
performing statistical tests. 

In a recent court hearing, Professor Chakraborty responded to 
Mueller's assertions by arguing that Budowle et al. had "correctly 
followed the forensic protocol of dealing with rare alleles" (1). 
According to Chakraborty, "for HWE tests of loci involving 
rare alleles, genotypes containing rare alleles are merged with 
others. . ." (1) Hence, in Chakraborty's view, Budowle et al. were 
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simply following a standard forensic practice when they changed 
the CC homozygote to another type before performing the exact 
test. Chakraborty opined that this type of data manipulation is so 
routine that it does not warrant mention in a journal article (2). 

This matter deserves serious examination by the forensic science 
community. One issue is whether the "merging" of population 
data during statistical analysis (such that rare genotypes are treated 
as more common types) is an acceptable scientific practice. While 
merging of alleles may be appropriate when using data bases to 
estimate the frequency of particular DNA profiles, I believe it is 
inappropriate when testing for H-W equilibrium because it can hide 
rare homozygotes that signal population structure: it suppresses 
the very phenomenon that statistical tests of H-W equilibrium are 
designed to detect. 

A second issue is whether data manipulation of this type, when 
performed, should be reported in journal articles. In my view, a 
researcher who alters the data in a population data base and fails 
to mention doing so when reporting statistical tests on the data 
base has, at a minimum, breached the ethical obligation to report 
scientific findings accurately. If this breach was committed inten- 
tionally, in order to deceive, it is scientific fraud. I believe that 
Professor Chakraborty's testimony to the contrary is simply unac- 
ceptable and should be disavowed by conscientious members of 
the forensic science community. 
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are on conformity with their Hardy-Weinberg expectations (HWE) 
when the single occurrence of the CC genotype is merged with 
another genotype (AA, in this instance). Further, when this CC 
genotype is kept separate, the genotype frequencies show signifi- 
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Thompson's letters leave two questions open: (i) Did Budowle et 
al. (1) "alter" their data andfor was there any attempt to "conceal" 
information to "deceive" the scientific community? and (ii) Is the 
"merging" procedure employed in their tests scientifically valid 
as it relates to forensic applications? 

Tables 3 and 4 of the validation study of Budowle et al. (1) 
explicitly record that among the sampled 148 Caucasians, the 
HBGG-CC genotype was observed in a single individual. This 
correct representation of the data observation and the distribution 
of the actual multilocus genotype data from the entire study to the 
forensic community, as well as to the critics of DNA forensics 
long before the origin of these letters clearly dispel any notion of 
intent of data alteration. Thus, the accusations of concealing data 
and deceiving the scientific community are not only baseless; they 
lack foundation and are obviously far-fetched. However, the vali- 
dation study (1) can be criticized only because it did not footnote 
Table 5, mentioning the merging of single occurrence of the CC 
homozygote with the AA genotypes. 

Turning now to the second question, Thompson opined that with 
the omission of this information the appropriateness of such a 
merging procedure for validating forensic databases could not be 
examined by the scientific community. However, he agrees that 

1. Affidavit of Ranajit Chakraborty, Ph.D. filed in United States v. 
Stephen Burke, et al., CR 96-50-01/06-M (U.S. Dist. Ct. New for the purposes DNA profile frequency computations such 

Hampshire, August 13, 1997). merging of alleles are appropriate. Therefore, the question be- 
2. Transcript of Hearing Before the Honorable Steven J. McAuliffe, comes, is the assumption of HWE appropriate for the merged allele 

in United States v. Stephen Burke, et al., CR 96-50-01/06-M (U.S. system, and not the one that Mueller raises, or the one mentioned 
Dist. Ct. New Hampshire, August 28, 1997). by Thompson (namely, global adherence to HWE including the 

William C. Thonlpson, J.D., Ph.D. 
Department of Criminology, Law & Society 
University of California 
Irvine, Calif. 92697-7080 

Sir: 

Mr. Thompson has provided one lawyer's viewpoint. Appar- 
ently, lie is attempting to try, in the scientific literature, a case 
(United States v. Stephen Burke, et al., CR 96-50-01106-M), in 
which upon hearing the arguments, the judge admitted the evidence 
and a conviction was obtained. I believe it is inappropriate to ad- 
dress the evidence in the specific case; the machinations and delib- 
erations of this case are more appropriate for the particular court. 
All scientific issues relating to population data on the HBGG locus 
and Hardy-Weinberg equilibrium have been addressed in my previ- 
ous letter. 

Bruce Budowle, Ph.D. 
FSRTC 
FBI Academy 
Quantico, VA 22135 

Further Response to Mueller and Thompson Considerations 
on the Tests of Independence of Alleles that are Relevant for 
Forensic Applications 

Sir: 

The letters by Mueller and Thompson and the responses by Bu- 
dowIe settle two issues in relation to the validation study of the 
polymarker databases (Budowle et al. (1)). First, the genotype fre- 
quencies at the HBGG locus in the Caucasian sample (n = 148) 

rare alleles). Incidentally, "merging" of rare alleles is not unique 
or new for this validation study only. The forensic community as 
well as their critics are familiar with allele merging in the context 
of "re-binning" VNTR fragment sizes in the RFLP analysis of 
DNA profiles (3), and this concept was approved by both reports 
of the National Research Council (10,ll). Thus, the precedure of 
merging rare alleles (and consequently rare genotypes) with others 
in the same database does not equate to data alteration. When such 
merged data are used for any applications (e.g., for estimating the 
frequency of a DNA profile), if any assumptions are made, it is 
sufficient to check the accuracy of the assumption at the level of 
the merged data. Clearly this is what was done in Budowle et al. 
(I), and hence, their validation study is not scientifically flawed, 
in contrast to Mueller's declarations in several courts (e.g. 8,9). 

It should also be noted that the concept of merging alleles was 
conceived not solely to reduce the undue weight on the frequency 
of a rare genotype (as was the purpose of the re-binning method; 
see Ref 3); earlier population genetic studies have convincingly 
shown that, for loci with discrete alleles, the population substruc- 
ture effects are detectable predominantly for rare alleles, and hence, 
when they are disregarded or are merged with the common alleles, 
the population substructure effect on genetic variation is virtually 
eliminated (see Refs 4 and 6). Thus, merging data on rare alleles 
for the purpose validating the assumptions of forensic computa- 
tions has a scientific foundation dating well before the article (1) 
which Mueller and Thompson now criticize. Also, this discussion 
clearly spells out the logic that was implied in the testimony given 
by Chakraborty (5) that Thompson (without giving any rationale) 
called "simply unacceptable and should be disavowed". 

Finally, while correspondence in a scientific forum is the only 
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appropriate means for resolving the issue, the readers as well as 
the courts must be informed that the strict assumption of HWE is 
not a part of the current standard of forensic computations. The 
recommendations made in NRC (1 1) clearly allow incorporation 
of the effect of population substructure in genotype frequency com- 
putations at the individual locus level, and thus, even after merging 
the rare alleles, it is not necessary that the loci obey strict HWE 
predictions. More recent studies (2,7,12) also suggest that for dis- 
crete allele systems, rare allele frequencies may be replaced by a 
minimum threshold allele frequency in order to adjust for popula- 
tion substructure effects. Since alleles that are adjacent to the rare 
alleles are somewhat ambiguous for a locus such as the HBGG 
locus, replacement of rare allele frequencies by an appropriate 
threshold frequency (depending on the database size and the extent 
of variation at the locus) also achieves the purposes of eliminating 
population substructure effect and placing undue weight on fre- 
quencies of rare alleles. Therefore, we surmise that Mueller's find- 
ings have no impact on forensic applications of the databases de- 
scribed in the validation study (1). 
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