
Forensic DNA Typing 

The recent article criticizing current meth- 
ods in forensic DNA typing by R. C. 
Lewontin and Daniel E. Hard (20 Dec., p. 
1745) is very properly criticized in turn by 
Ranajit Chakraborty and Kenneth K. Kidd 
(Perspective, 20 Dec., p. 1735). They point 
out that Lewontin and Hartl use old and 
inappropriate blood group data to bolster 
their contention that allele frequency differ- 
ences between human groups might affect 
the calculated probability of a match be- 
tween two DNA samples. 

A point not mentioned by Chakraborty 
and Kidd is that the variable number of 
tandem repeat (VNTR) polymorphisms are 
utterly different from any polymorphisms 
that have been dealt with heretofore by 
population genetics theory. So high is the 
rate of change at these alleles that a very 
large reason for the relative uniformity of 
allele frequencies from one human group to 
another is a kind of mutational churning 
process. This results from a high rate of 
unequal crossover and from other very com- 
mon genetic events. As a result, most of the 
"alleles" that are grouped by the observer in 
a size bin are likely to have different evolu- 
tionary histories that by chance have led 
them to occupy the same position of the gel. 
I have used (1) the analogy of the New York 
and Tokyo stock exchanges to clarify this 
point for the lay public. Both stock exchang- 
es consist of general groupings of compa- 
nies-automotive, financial, electronics, and 
so on-and viewed at this level appear to be 
similar. But when individual companies 
within these categories are examined, most 
will be found to be different, with different 
characteristics and histories. 

At the end of their article, Lewontin and 
Hard make some recommendations, under 
the heading, 'What is to be done?" (This, 
you will remember, is the title of Lenin's 
famous 1902 pamphlet, in which he made 
recommendations about the future of Rus- 
sia. And we all know what came of that.) 
One recommendation is to gather detailed 
data about allele frequencies in different 
racial groups. If there were meaningfd dif- 
ferences between racial groups, and if there 
were knowledge of the likely race of the 
criminal, it would be sensible to do this. But 
the churning process has homogenized ra- 
cial groups to a remarkable degree, as shown 
in figure 1 of Chakraborty and Kidd's paper. 
Trying to gather meaningful information 
about the frequencies of thousands, and 

perhaps hundreds of millions (2), of differ- 
ent highly mutable alleles would surely be a 
waste of effort. 

The high mutability of these alleles does 
pose a real problem, that of mosaicism. It 
will be essential in the future to match not 
only the DNA of the accused but the tissue 
from which the DNA is derived (3). Partic- 
ularly if only one VNTR is used, blood and 
semen might show very different patterns! 
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The disagreement between Lewontin and 
Hartl and Chakraborty and Kidd over the 
probability value of obtaining a false match 
in forensic DNA fingerprinting reminds me 
of an exchange some years back between a 
television reporter and the designer of the 
rocket car that Eve1 Kneivel would try to 
jump over the Snake River Canyon. The 
designer offered the opinion that Kneivel 
had about an 80% chance of making the 
jump successfully. "That good?" said the 
reporter. "Good?" said the designer, "You 
think that's good ?" It all depends on your 
perspective. 

Ultimately at fault for the hror is our 
legal system, which is innocent of quantita- 
tive thinking, as well as logic, in its treat- 
ment of evidence. Thus. evidence that has 
been scientifically demonstrated to be highly 
unreliable, such as the testimony of eye- 
witness passersby, is routinely admissible, 
while the relevant reliability studies are not 
(1). Other evidence that is known to be 
virtually worthless, such as polygraph results 
[scientific studies by disinterested parties 
commonly find error rates of 20 to 30%, not 
too impressive for true-false questions (Z)], 
is admissible in certain cases in selected 
jurisdictions. Still other forms of evidence, 
such as forensic ballistics-matching and 
handwriting identification, do not have their 
empirical foundation critiqued because they 
were validated years ago in a less critical 
scientific climate. Nonscientific evidence, by 
which is meant any evidence gathered by 
techniques that the lay public can readily 
understand, has to meet no reliability crite- 
ria at all. Thus, testimony from animal train- 
ers who claim their dogs can make olfactory 
linkages between suspects and evidentiary 
objects is routinely accepted without any 
validation (3). 

In an ideal world, the DNA controversy 
might compel the legal profession to rethink 
the fundamental logic concerning how evi- 
dence is treated and perhaps to set up uni- 
fied criteria applicable to both "scientiiic" 
and ccnonscientific" evidence and between 
old and new forensic techniques. I would 
like to see how real (as opposed to DNA) 
fingerprint data would stand up to the same 
sorts of inquiry to which DNA fingerprint- 
ing has already been subjected. We already 
know that real fingerprints can yield false 
positives and, in the United States anyway, 
there are no standard criteria for what con- 
stitutes a match between fingerprints (4). In 
this dream world, the legal profession might 
even consider what sort of quantitative mean- 
ing there might be to such common legal 
phrases as "beyond a reasonable doubt." 

However, in the real world, even if com- 
monly cited figures for the reliability of 
DNA fingerprints ark overestimates by "two 
or more orders of magnitude," this still 
makes them of far more probative value than 
nearly any other form of forensic evidence. 
In this context. it is the relative. rather than 
the absolute, rkliability that shddd concern 
the courts. In the meantime, of course, all 
scientists will agree that we should work to 
keep improving on these estimates. 
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We support Daniel E. Koshland, Jr.'s 
objective approach in handling the article by 
Lewontin and H a d  about DNA typing by 
commissioning a rebuttal from Chakraborty 
and Kidd. Such balanced journalism is ab- 
solutely necessary for a scientific issue of 
such social and legal impact. 

The major controversy raised by 
Lewontin and H a d  stems from their con- 
tention that there should be subgrouping of 
the current DNA population databases into 
specific ethnic groups. Lewontin and Hartl 
assume that subdivision of racial population 
databases is necessary because of two com- 
parisons they performed. Based on a 1954 
population database, the first comparison 
shows a 247-fold difference in the multilo- 
cus genotypic frequencies between Italians 
and Poles with respect to their red blood cell 
surface antigens. Chakraborty and Kidd, 
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using logic identical to that of Lewontin 
and Hard but a more recent database 
(1987), demonstrate that only a 0.97-fold 
difference exists in the multilocus genotyp- 
ic frequencies of blood group antigens 
between these ethnic groups. The second 
comparison presented by Lewontin and 
Hart1 suggests substantial differences be- 
tween French and Israeli allele frequencies 
at the D2S44 locus. Chakrabortv and Kidd 
demonstrate that the appropriate interpre- 
tation of fixed bin databases (each bin must 
contain at least five observations) results 
in much smaller differences between the 
French and Israeli D2S44 bin frequencies. 
Therefore, in these cases, by applying cur- 
rent red cell antigen data and correctly 
interpreting DNA fixed bin data, specific 
databases for subpopulations of European 
ethnic groups are not necessary. 

We contend that reference groups based 
on ethnic origins will not provide a reliable 
source of information with which to address 
the issue of substructuring because of the 
heterogeneity that exists in most second- 
and third-generation American Caucasians 
and blacks. Because of this contention, as 
well as the difficulties inherent in the data 
collection procedure, we have not accumulat- 
ed our DNA RFLP (restriction fragment 
length polymorphism) databases according to 
the ethnic origin of typed North American 
individuals. Our databases (n  = 20,000 Cau- 
casians, 20,000 blacks, and 3,000 Hispanics) 
have been accumulated on the basis of race. 
We are now in the process of subdividing 
these racial databases on the basis of geo- 
graphy to determine whether these b&ed 
RFLP frequency distributions differ signifi- 
cantly. 

In paternity testing, the choice of the 
correct reference population database for 
stating an appropriate paternity index was 
addressed at the Airlie Conference in 1982 
(1). Polymorphic genetic systems are used 
that correspond to red blood cell antigens 
and enzymes, serum proteins, and leukocyte 
antigens. Differences exist between sub- 
g o i p s  with respect to individual genetic 
systems; however, an insignificant change 
between European ethnic groups was ob- 
served when several genetic systems were 
used to generate the cumulative paternity 
index (2). This is in accordance with the 
finding by Chakraborty and Kidd that sev- 
eral DNA loci result in insignificant differ- 
ences between major racial groups. 

DNA typing is an extremely usel l  tool 
for forensics and paternity analysis. Many 
times it is the means by which a falsely 
accused individual can be exonerated (31% 
of our DNA work for parentage analysis 
results in an exclusion). If one cannot ex- 
clude the accused, then we believe that the 

current racial population databases are suf- 
ficient for calculating a valid estimate of the 
probability of a match between the suspect 
and the evidence. 
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I am appalled at the events surrounding 
the publication by Lewontin and H a d  that 
were described in the December 20 News 
& Comment article by Leslie Roberts (p. 
1721). I t  seems to me inconceivable that 
scientists would attempt to suppress publi- 
cation of a paper because they disagreed 
with its conclusions, a paper which appar- 
ently had gone through what one assumes 
was a normal and stringent review process 
by independent referees and had been ac- 
cepted for publication. The vehemence and 
lack of scientific objectivity that appear to 
surround this issue indicate that there may 
be important concerns other than scientific 
ones. I urge that Science obtain from those 
most closely involved in this debate infor- 
mation about possible economic interests 
in DNA typing and provide this informa- 
tion to the reader, as other journals have 
sometimes done (1). 

I believe the scientific community owes a 
tremendous debt of gratitude to those who 
have called to its attention the possible 
problems and in some cases misuse that have 
occurred with forensic DNA typing. We are 
all aware of the costs one can encounter by 
going against the prevailing dogma, wheth- 
er it was developed by government or the 
scientific community. Those who would 
question it often pay a very high price. 

The calls by Eric Lander and others for 
quality control and proficiency testing are 
right on the mark. If human lives are going 
to be taken on the basis of such evidence, 
and they are, then it is incumbent on all 
involved to ensure that, in as much as 
humanly possible, data are correctly ob- 
tained and fairly interpreted. For this rea- 
son, it would probably be best if forensic 
cases were analyzed, with the use of stan- 
dardized protocols, in nonprofit state or 
national labs that are subject to proficiency 
testing. As an example, the European 
countries have apparently recently stan- 

dardized DNA profile testing (2). 
Last, I believe that serious questions re- 

main about several aspects of forensic DNA 
typing, such as band shifting, match criteria, 
and the definition of allele. Some define 
allele on the basis of length and assume that 
all repeats are identical (3),  whereas A. J. 
Jeffreys et at. (4) define alleles on the basis of 
sequence. Jeffreys et at. show clearly that 
bands may have identical numbers of repeats 
yet differ in sequence. Thus, as stated by B. 
Budowle et at. (5), the currently used meth- 
odology permits phenotyping of variable 
number of tandem repeats profiles but not 
genotyping, in contrast to the conclusion of 
Chakraborty and Kidd. 
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Regarding the adequacy (or lack thereof) 
of DNA typing as it is practiced at present in 
the forensic community, surely it is not 
often that an Editor insists on revisions to 
the galleys of an article accepted after peer 
review. Even more remarkable (and all cred- 
it no doubt due to the Editor) is to commis- 
sion a rebuttal to the article and to publish it 
contemporaneously. Save for an uncritical 
account filtered through a st& reporter (Les- 
lie Roberts), oddly missing has been direct 
comment, so often heard on other issues, 
from the Editor who stands at the center (or 
more accurately to one side) of the contro- 
versy. Having first stirred the pot, where 
was he when it came time to eat the meal, be 
it cake or crow? 
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Response: I am pleased to address the 
questions raised by readers Yarbrough and 
Cleveland, particularly because it may help 
to correct the impression some readers may 
have received from erroneous reports in the 
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popular press. Science received no commu- 
nications whatsoever from either the FBI or 
any other government agency in regard to 
the article by Lewontin and Had ,  and we 
would not have tolerated such pressure had 
it been exerted. 

Science was approached by several geneti- 
cists at the October 1991 International Con- 
gress of Human Genetics who had seen a 
copy of the article in press. These scientists 
were concerned that some of Lewontin and 
Hartl's more theoretical arguments were not 
adequately supported by data. We had al- 
ready been advised by peer reviewers that 
such concerns were correct, but that the 
article discussed issues of importance to 
those concerned with the application of 
DNA fingerprinting and should be pub- 
lished. To represent this situation to our 
readers, we asked Lewontin and Hartl either 
to revise their article so that it was more 
consonant with the data or to have their 
article published as a Policy Forum, that is, 
an opinion piece. When Lewontin and Hartl 
rejected these options, we asked Chakrabor- 
ty and Kidd to write a Perspective (which 
was also peer-reviewed and edited) from an 
alternative viewpoint. The decision to pub- 
lish Lewontin and Hartl's article and the 
accompanying Perspective was guided by 
our desire to present to our readers the best 
and most up-to-date developments in con- 
temporary science. Our judgments were 
consistent with our overall philosophy that 
the pages of Science should reflect the most 
accurate view of highly controversial scien- 
tific issues. 

It is standard Science policy to factor in 
any information we receive about possible 
conflicts of interest, on the part of both 
authors and reviewers, during the peer-re- 
view process.-DANIEL E. KOSHLAND, JR. 

Response: The preceding letters raise some 
issues that were not mentioned in our Per- 
spective (1) because of space limitations or 
because they seemed marginally relevant to 
population genetic principles. 

Was notes that the blood group data 
used by Lewontin and Hartl (2) are old and 
inappropriate. In addition to our earlier 
detailed examination ( 1 )  of this issue, we 
would like to point out that Lewontin and 
Hartl's choice of allele frequency data from 
specific Italian and Polish subgroups to 
"represent large immigrant populations in 
the United States" (2, p. 1748) seems unre- 
alistic, as immigrants in the United States 
from Poland and Italy did not come from 
any single subgroup in these countries. 
Without knowing the exact demographic 
and geographic origins of the immigrants, it 
is appropriate to use only the national aver- 
ages (in respective countries) of allele fre- 

quencies, as was done in (1). Furthermore, 
Lewontin and Hartl's (2) quoted set of 

\ ,  1 

blood group allele frequencies are not said 
by Mourant (3) to come from a single Italian 
and a single Polish subgroup. Therefore, 
Lewontin and Hartl's reported 247-fold dif- 
ference in blood group profile frequencies 
(2) is an unrealistic example and does not 
have any relevance to biological differences 
between the descendants of these groups. 
Even if a pair of specific subgroups with 
these frequencies did exist in Mourant (3), 
the relevance of these data to the current 
U.S. populations of Italian and Polish ori- 
gins woad still have to be demonstrated. 

Wills also notes that the "mutational" 
processes that generate new alleles at vari- 
able number of tandem repeat (VNTR) loci 
are different from those at traditional blood 
group and protein loci. Size alterations at 
VNTR loci are probably also "fonvard-and- 
backward" in nature: -thus, alleles of an 
identical size would have nonidentical ori- 
gins [as noted in our Perspective (I),  but not 
acknowledged by Yarbrough]. Mosiacism of 
VNTR genotypes in different tissues of the 
same individual, if undetected, might lead to 
false exclusion, not false inclusion. Thus, 
wrongful incrimination of innocent suspects 
would not be caused by mosaicism. 

Austad discusses the legal settings of the 
admissibility of DNA typing in court pro- 
ceedings. DNA typing is only one line of 
evidence, and its significance must be 
weighed in the light of the other evidence 
available. The use of different standards of 
admissibility of different pieces of evidence 
is not only beyond the realm of science, it 
sets double standards for legal proceedings. 

Bever et at. present another criticism of 
Lewontin and Hartl's article (2). While 
DNA "matching" criteria are more stringent 
than binning i d  rebinning of allele& 
data, the large degree of conservativeness in 
DNA profile frequencies is evident from the 
tabulations of rebinned allele size data pub- 
lished recently (4). This tabulation is used in 
casework analysis at forensic laboratories 
that use the FBI Academv's ~rotocol. In the , L 

light of this defined rebinning procedure, 
the Israeli-French differences in D2S44 al- 
lele frequencies, reported in ( 4 ,  are irrele- 
vant, &d they would not contribute to 
DNA profile frequency estimates that would 
be computed from rebinned allele size data. 
We agree with the comment by Bever et al. 
about the use of major racial group data in 
U.S. court cases and note that a govern- 
ment-sponsored epidemiologic study, con- 
ducted before 1980, of geographically dif- 
ferent populations in the United States 
revealed phenotype frequency differences at 
blood group and protein loci (5 ) .  This study 
explained such differences by the racial 

makeup of populations, not by geography 
and economic indicators. Remarkable simi- 
larities of phenotype frequencies were 
shown between samples collected according 
to a highly structured study design and 
those collected at blood banks, evidence that 
blood donor samples provide a reasonably 
accurate representation of the population 
frequencies of DNA or other genetic profiles 
of individuals. 

Both Yarbrough and Cleveland raise 
questions about our Perspective having been 
invited in an inappropriate way. Cleveland's 
use of the verb "to commission" is particu- 
larly objectionable, because it implies that 
there might have been an economic interest 
in our accepting the invitation. Such an 
implication is entirely baseless. The issue 
here is the scientific basis of criticisms of the 
applicability of DNA typing, and to put a 
different label on this issue is injurious to the 
scientific value of the debate. Like all other 
scientific contributions to Science, our Per- 
spective (1) went through the stringent im- 
partial review process of the journal, and it 
was accepted on the basis of these reviews 
and our response to them. 

We would answer Yarbrough by stating 
that protocols for standardization and pro- 
ficiency testing are in place in the United 
States as well as in Europe [(I), reference 4; 
(6)], and internal proficiency testings in 
several laboratories have been in operation 
for more than 3 years. Binned definition of 
alleles also does not diminish the validity of 
frequency estimates because, as we men- 
tioned (I), the definition of the alleles is 
technology-based and the similarity of 
binned VNTR alleles and serologically de- 
fined alleles is not our invention; it is a 
generally accepted view (7). Moreover, 
Risch and Devlin clearly show (8) that the 
crude definition of binned alleles leads to 
conservative DNA profile frequencies, fur- 
ther diminishing the already miniscule pos- 
sibility of wrongful incrimination of inno- 
cent suspects. 
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Res~onse: The 20 December 1991 issue of 
Science contained our scientific article (1) on 
the forensic applications of DNA typing. In 
an unprecedented move, the Editor commis- 
sioned a rebuttal from Chakraborty and 
Kidd that was published in the same issue as 
a Perspective (2). In response, we would like 
to make a few points that are relevant not 
only to the Perspective but also to the letters 
published in this issue. 

Chakraborty and Kidd (2) argue that ge- 
netic differentiation among subgroups has a 
negligible effect on Hardy-Weinberg fre- 
quencies in mixtures of different subgroups. 
This was one of the main points of our 
article. When one assesses the reliability of 
chain multiplication in estimating the prob- 
abilities of DNA matches, the critical ques- 
tion is whether significant variation in gene 
frequencies occurs among human groups. 
As we all agree that statistical tests for 
deviations from Hardy-Weinberg are virtu- 
ally useless for detecting variation among 
subgroups, this argument is a red herring 
that diverts attention from the real issue. 

Chakraborty and Kidd "revise" our quot- 
ed blood group frequencies by averaging 
frequencies over many Polish and Italian 
subpopulations. But Poles and Italians are 
real people, not averages. Our particular 
Polish and Italian subgroups had a real 
difference in genotype frequency of a factor 
of 247 [(I), table 11. Chakraborty and Kidd 
reduce the difference down to a factor of 
1.21 [(2), table 11, as noted by Bever et al. in 
their letter, but in the final analysis the 
exercise demonstrates the point we tried to 
make-averaging gene frequencies over 
many disparate subgroups obscures real dif- 
ferences between them and results in incor- 
rect estimates. Even within countries, signif- 
icant genetic variation from to 
population exists as a result of past migra- 
tions. For example, the Piemontese in 
northern Italy are related to Germanic peo- 
ples through-the Lombard invasions, while 
Sicilians have f i t i e s  with Greeks and 
North Africans. In the averaging done by 
Chakraborty and Kidd (2), the 19th-century 
Italian Unification, a political event, is not 
distinguished from the biological reality of 
Italian subpopulations. Much past history is 
retained in subpopulations, even in ad- 
vanced countries with supposedly mobile 
populations. Southern Spain still retains the 

gene frequencies of its Arab occupiers after 
500 years. In Japan, there is a cline in gene 
frequencies from Southern Honshu to 
Northern Hokkaido as a result of repeated 
mainland invasions that ended in the 13th 
century. The British Isles still show clear 
clines of gene frequency corresponding to 
the displacements of the Celts and Picts by 
the Jutes and Angles in the first millennium. 

Our comparison of the French and Israeli 
data [ ( I ) ,  table 21 was based on bins with 
ten or more observations in at least one of 
the subgroups. Chakraborty and Kidd assert 
(1) that no bin should have less than five 
observations in any of the relevant sub- 
groups. This interesting new rule has the 
obvious consequence that all allelic types 
must be present at this level or higher in all 
ethnic subgroups in the database. Applying 
this rule consistently would require precisely 
the kind of data on ethnic subgroups that we 
believe is necessary. Bever et al. enthusiasti- 
cally support the new rule, but we do not see 
how it could be applied to the databases of 
their firm, Genetic Design Inc., which per- 
forms paternity tests, because, as Bever et al. 
state. their databases contain no ethnic in- 
formation beyond race. Furthermore, the 
databases cited by Bever et al, contain nu- 
merous trios of mother, child, and putative 
father, so the individuals in the databases are 
not statistically independent. 

Chakraborty and Kidd also inform us (2) 
that the ~rench and Israeli data are wrong " 
anyway. The French and Israeli data are not 
our data, but were introduced by the FBI in 
the case of U. S. v. Yee (3) in the apparently 
mistaken belief that they demonstrated the 
absence of population differentiation. The 
FBI's chief DNA typist is quoted as saying 
that the data are wrong (2, reference 35). 
This troublesome revelation is reminiscent 
of other FBI data provided in U. S. v. Yee, in 
which the DNA types of 16% of 225 indi- 
viduals were not verified in a second exam- 
ination. Chakraborty and Kidd and others 
argue fine points of population genetics but 
do not discuss the apparent high rate of 
laboratory irreproducibility. 

Chakraborty and Kidd (2) give a citation 
without page numbers [(2), reference 471 to 
a book by F. M. Salzano and S. M. Calle- 
garbJacques to support their statement that 
Amazonian Indians form an essentially ge- 
netically homogeneous equilibrium popda- 
tion (4). On the contrary, this particular 
book, and Salzano's lifetime of work, is a 
documentation of genetic differentiation 
and clines among these very tribes, as illus- 
trated by the statement that "north-south 
clines have been observed in the prevalences 
of alleles Le, R', and R ~ ;  east-west gradients 
. . . could be demonstrated for ESD' and 
Gc' . . . correlations between alleles exist 

. . . . [reflecting] possible ancient migration 
routes . . ." (4, p. 208). Interested readers 
should also examine chapter 9 (4, pp. 178- 
204) and particularly figures 8.1 (4, p. 167), 
9.9 (4, p. 198) and 9.10 (4, p. 199). Chak- 
raborty and Kidd do not distinguish the lack 
of differentiation between villages within 
tribes (because of the so-called "fission-fu- 
sion" process of village formation) from the 
often very large differences between tribes. 
The census group "Hispanics," which is the 
group at issue in DNA typing (3), includes 
groups with different ancestries: South 
American Indian, Central American Indian, 
Northern Mexican Indian, African, or none 
of the above. 

Chakraborty and Kidd assert (2) that 
American demography for descendants of 
Caucasian immigrants is close to a "melting 
pot," but they cite no data. Chakraborty 
contradicts himself on this point in his re- 
cent paper (5). ~k states, "Older industrial 
American cities such as Pittsburgh attracted 
European immigrants because they offered 
economic opportunities. These immigrants 
maintained their cultural separateness, still 
refZected in the urban neighborhoods of Pitts- 
burgh" [(5), p. 152, emphasis added]. The 
same paper also points out that "African 
slaves originated from a variety of geograph- 
ic locales, and their disposition in the New 
World was not random" [(5), p. 1521. 

Chakraborty and Kidd state (2) that the 
data in the reference populations "are not 
collected from homogeneous endogamous 
subgroups . . . but these databases are con- 
gruent with the operational definitions of 
reference populations" [(2) p. 17361. In 
other words, in the Alice-in-Wonderland 
world of DNA typing, a reference popula- 
tion is what you say it is, nothing more, 
nothing less. However, up here in the real 
world, there are valid reference populations 
that give the right answers and invalid mix- 
tures that give the wrong answers, and the 
treatment by Chakraborty and Kidd of the 
Polish and Italian data demonstrates this 
difference convincingly. 

Chakraborty and Kidd assert (2) that the 
use of separate reference databases for Cau- 
casians, blacks, and Hispanics is tantamount 
to the method of ethnic ceilings that we 
described (1). We discussed the method of 
ethnic ceilings explicitly with regard to eth- 
nic subgroups within the major races; more- 
over, the ceilings are defined locus by locus. 
Their treatment of the Polish and Italian 
data demonstrates the errors that arise when 
heterogeneity within human groups is not 
considered. Probabilities differing by two or 
more orders of magnitude are commonplace 
when different-databases are used (even the 
crude FBI racial databases), as demonstrated 
by the scatter of points around the straight 
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line in figure 1 of (2). Chakraborty and Kidd 
refer to more than 2000 U.S. court cases 
that have employed DNA evidence [(Z), 
reference 41. This is misleading, as the ma- 
jority are paternity cases in which the DNA 
types of mother, child, and putative father 
are usually available for comparison. Chak- 
raborty and Kidd compare binning the vari- 
able number of tandom repeat (VNTR) 
sequences with the grouping of A, and A, 
blood type alleles. This comparison is inap- 
propriate because the problem with binning 
VNTRs is not that alleles are grouped but 
that sometimes they are assigned to the 
wrong bin. Their statement that the "worst 
case" scenario is an equal mixture of Poles 
and Italians is incorrect-it is actually the 
best case for their argument. Their state- 
ment [(Z), p. 17371 that the "arithmetic and 
underlying principles are identical" for link- 
age equilibrium and Hardy-Weinberg equi- 
librium is simply incorrect. In a quote from 
our article, they also did not include an 
important qualifier present in our original 
text [(Z), reference 61. 

Wills states in his letter that our arguments 
are based on "old" blood group data. Why 
Wi would disregard reliable blood group 
data is unclear, because even Chakraborty and 
Kidd concede their relevance. Wi also cites a 
high mutation rate among some VNTRs as the 
basis of a "mutational churning process" that is 
"a very large reason for the relative uniformity 
of allele frequencies from one human group to 
another. . . ." This hypothesis "explains" what 
has not yet been shown to exist, as relative 
uniformity of allele frequencies is precisely the 
point in dispute. We see no evidence of 
VNTR "churning" in French and Israelis or 
in the South American Indian tribes studied 
by Kidd et al. (6) [(I), p. 17491. Wills also 
makes much of the observation that one of 
our subheadings (1) is identical to the title of 
a 1902 pamphlet by V. I. Lenin. This coin- 
cidence has no more relevance to DNA typ- 
ing than the fact that Wills' letter makes 
favorable reference to Japanese automobile 
companies. 

Austad concedes the validity of our argu- 
ments, but points out that DNA typing is 
certainly better than polygraph results, so 
why all the fuss? His argument seems to be 
that new sources of scientific evidence 
should be held to a standard of reliability no 
greater than methods currently in use. We 
would make a fundamental distinction be- 
tween the intrinsic limitations of a technol- 
ogy and limitations imposed by the use of 
false assumptions, particularly when simple 
alternatives are available. For example, al- 
though polygraph examinations have a high 
intrinsic error rate, we suppose that Austad 
would object to a test in which an electrical 
short in the machine produced additional 
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erratic readings. Our view is that erroneous 
assumptions about genetic uniformity 
among ethnic groups are no more necessary 
to DNA typing than electrical shorts are 
necessary to polygraph machines. 

We would finally like to emphasize that this 
dispute is not about the use of DNA evidence 
in the courtroom. DNA typing is a very pow- 
erful procedure. We regard it as "possibly the 
most powerful innovation in forensics since the 
development of fingerprinting in the last part 
of the 19th century" [(I), p. 17461. All we ask 
is a basic degree of candidness in reporting the 
statistical sigmficance of a match. With databas- 
es as large x = 10,000, why not use l/x as a 
conservative estimate of the probability [(I), p. 
1749]? After all, 0.0001 is already a pretty 
small number. Why invoke unsupported &- 
sumptions in order to obtain a still smaller 
probability that is exaggerated and unreliable? 
Perhaps it is because the organizations whose 
interests are served by num&cal exaggeration 
have also been in charge of choosing the statis- 
tical procedures. 
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Erratum: In the abstract and in the text (line 35 in the 
middle column of page 185) of  the report "Electrical 
resistivity and stoichiometry of  KC6, films" by G. P. 
Kochanski et al. (10 Jan., p. 184), the minimum resistiv- 
ity was given incorrectly as 2.2 microohm-cm. The 
correct value is 2.2 milliohm-cm. 

Erratum: In the News & Comment amcle "Is homo- 
sexuality biological?" by Marcia Barinaga (30 Aug., p. 
956), it was suggested incorrectly that the suprachias- 
matic nucleus is not pan of the hypothalamus. 

Erratum: The Table of Contents for the issue of  31 
January 1992 (p. 508) incorrectly listed a letter by J. 
Bello as appearing in the Letters section beginning on 
page 514. The letter appeared in the issue of  14 Febmaq 
on page 784. 

Erratum: In figure 1 (p. 1509) of  the Research Article 
"Radar images of  Man" by D. 0. Muhleman et al. (27 
Sept., p. 1508), the Mars longitude of the sub-Earth 
point was mislabeled in each of  the six snapshot radar 
images of  Mars. None of  the labels should have con- 
tained a decimal point. The values of  A in the labels 
should have been 78, 92, 104, 120, 133, and 147, 
respectively. 
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