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ABSTRACT- Following the technique of Southern blot restriction 
fragment length polymorphisms (RFLP) analysis, we generated a 
database of DNA profiles at five Variable Number of Tandem 
Repeats loci (D1S7, D2S44, D4S139, Dl0S28, and D17S79) for 
669 individuals of three major ethnic populations (Caucasians, 
Blacks, and Hispanics) of Houston, Texas. Analysis of fragment 
sizes at these loci within each sample, as well as their fixed-bin 
analyses, reveal that the assumptions of independence of allelic 
occurrences within and between loci are valid for this database. 
Fixed-bin allele frequency tables, therefore, are the best descriptors 
of this database for conservative forensic calculations. Finally, we 
demonstrate that this regional database from Houston, Texas, does 
not yield any meaningfully different forensic inference than the one 
obtained from the National database of the respective ethnic groups. 
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It is now well established that DNA typing provides a powerful 
tool for criminal investigations, as well as for civil litigations 
involving adjudication of relationships between individuals [1,2]. 
While the DNA technology has improved further than the Southern 
blot method [3] of restriction fragment length polymorphisms 
(RFLP) analysis of extracted DNA materials in forensic cases 
[4-9], most forensic applications of DNA typing in the USA still 
involve RFLP typing for a class of polymorphic loci, called the 
variable number of tandem repeats (VNTR) loci, because they 
exhibit large number of  alleles, and consequently, high degree of 
inter-individual variability. These characteristics make the VNTR 
loci highly efficient in exonerating falsely accused individuals. 
The significance of a DNA match in legal cases is still a subject 
of debate [10,11]. Even though various statistical analyses have 
shown that a national database, such as the one generated by the 
Federal Bureau of Investigation [2,12], adequately resolves the 
legal implications of a DNA match found in forensic case-work 
[13-17], the existing concerns may be better addressed by devel- 
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oping regional databases of VNTR loci that are used by the US 
forensic laboratories. 

The purpose of this research is to provide such a documentation. 
Specifically, we present the main features of polymorphisms at 
five VNTR loci (D1S7, D2S44, D4S139, D10S28, and D17S79) 
in three major ethnic populations of Houston, Texas. Analysis of  
actual fragment sizes at these loci within each sample, as well 
as their fixed-bin analyses [2], reveal that the assumptions of 
independence of allelic occurrences within and between loci are 
valid for this database. Fixed-bin allele frequency tables, therefore, 
are the best descriptors of this database for conservative forensic 
calculations. In addition, we show that the use of the multiplication 
rules (both within and between loci) is more strongly validated 
once the technical limitation of nondetectablity of aberrantly small 
sized alleles is accounted for in the interpretation of these data- 
bases. Finally, we demonstrate that the regional database from 
Houston, Texas, generated by following the protocol of Budowle 
and Baechtel [18] without any modification, does not yield any 
meaningfully different forensic inference than the one obtained 
from the national database of the FBI laboratory [2,12]. 

Materials and Methods 

Populations Sampled and Laboratory Protocols 

Whole blood samples were obtained from local health centers, 
blood banks, cadet volunteers at Houston Police Academy and 
volunteers from Houston Crime Laboratory personnel. Donors of 
both genders from three ethnic groups; Caucasians (n = 193), 
Blacks (n = 204), and Hispanics (n = 272) were included in the 
study. In addition, a small sample of Asians (n = 36) was also 
collected for analysis. Ethnic classifications of  individuals were 
made by their self-recognized ethnic affiliation. All blood samples 
were collected during the time period of August 1990 through 
December 1992, and in order to maintain complete anonymity, all 
individual identification characteristics, except the ethnic classifi- 
cation records, were deleted from the datafiles. Although laboratory 
and statistical analyses of the Asian sample did not indicate any- 
thing contrary to the results observed for the other three ethnic 
groups, we have excluded this group from the discussion of statisti- 
cal analysis, because of the insufficient sample size. 

The DNA was extracted, purified, restricted with enzyme HaeIII 
and analyzed for fragment size determinations (after electrophore- 
sis and hybridization with the locus-specific probes) according to 
the protocol described by Budowle and Baechtel [18]. Approxi- 
mately one microgram of DNA from each sample was loaded to 
the agarose gels during electrophoresis. The size standard markers 
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ranging in size from 526 to 22,621 base pairs were purchased from 
Gibco---BRL, Gaithersburg, Maryland. The probes were obtained 
from the following sources: Gibco---BRL (pH30 for the locus 
D4S 139), Promega Corporation, Madison, Wisconsin (YNH24 for 
the D2S44 locus, and TBQ7 for the D10S28 locus), Cellmark 
Diagnostics, Germantown, Maryland (MS1 for the D1S7 locus), 
and Lifecodes Corporation, Stamford, Connecticut (V1 for the 
D17S79 locus). Fragment sizes, after electrophoresis and probe 
hybridizations, were measured with an IBM computer set up 
including a data translation board, a video camera, and software 
developed by the FBI [19]. 

Statistical Methods 

Forensic applications of VNTR polymorphisms generally use 
binned classification of allele sizes, and hence, it is desirable to 
test the assumptions at binned levels of allelic definition [10,13- 
15]. We have, therefore, summarized the data for most of the 
analysis with fixed-bin classification of fragment sizes, following 
the fixed-bin boundaries as listed in [2]. Allele frequencies in the 
31 fixed-bins were computed by the gene counting method [20], 
assuming that each single-band profile (for every locus) was truly 
homozygous. This procedure summarizes the locus-specific frag- 
ment size profiles into a multinomial distribution (analogous to 
genotype distribution) consisting of 31 possible "homozygous" 
(both fragments within the same bin, or single-banded patterns), 
and 465 (=  31 • 30/2) possible "heterozygous" (two fragments 
belonging to two different fixed-bins) categories. 

Allelic independence, within as well as between loci, was tested 
at bin-level as well as with the actual, measured, fragment sizes. 
When the profiles were categorized by bins, three different test 
procedures were employed to test allelic independence within loci: 
a test based on total heterozygosity (Chi-square analysis), the 
likelihood ratio test [21], and an exact test [22]. Allelic indepen- 
dence within loci with the actual, measured, fragment sizes was 
tested by the intraclass correlation method [13,15]. Significance 
of the test statistics, for both the approaches, were judged by 
shuffling the observed fragment sizes across the individuals and 
the empirical levels of significance for each test were determined 
from 2000 replications of such shuffling (see [15] for details of 
this algorithm). 

Allelic independence between each pair of loci was tested using 
the inter-class correlations of measured fragment sizes [13,15], for 
which, again, the empirical levels of significance were judged by 
shuffling alleles of both loci [15]. In addition, a large sample test 
based on the variance of the number of heterozygous loci (with 
binned classification of profiles) was employed to examine whether 
all five loci together conform to the independence hypothesis [23]. 

As mentioned, in all of these analyses we treated the single- 
band patterns as two copies of fragments of equal sizes. Empirical 
data now exists suggesting that for allele sizes detected through 
the Southern blot RFLP analysis, this may not be entirely correct, 
since the alleles that produce aberrantly small size fragments may 
remain undetected in such analysis. The occurrence of such alleles 
have been experimentally proven in many forensic databases 
[1,2,24,25]. Chakraborty et al. [14] have shown earlier that such 
possibilities may affect the interpretation of all of the above test 
results. Therefore, we used Gart and Nam's [26] statistical test, 
modified for the RFLP data as described by Chakraborty et al. 
[25], to examine the effect of "nondetectable" alleles on the allelic 
associations within and between loci. 

Finally, in order to examine the forensic implication of the 
differences between the present database and the National database 
generated by the FBI [2,12], we computed the predicted multi- 
locus DNA profile frequencies for every individual included in 
this database, computed from the binned allele frequencies of the 
two (that is, HPD and FBI) databases. 

Results 

Fixed-Bin Allele Frequencies 

Tables 1 through 5 present the fixed-bin allele frequencies (abso- 
lute allele counts as well as the relative frequencies, expressed as 
percent of the total) at each locus in each ethnic group. While the 
allele frequency distributions among the ethnic groups are different, 
and they reach statistical significance (P < 0.001) for each locus, 
the spread of the allele sizes for each locus across the ethnic groups 
are almost identical. This is consistent with the observations made 
in the Worldwide survey of VNTR polymorphisms [27]. The total 
number of allele counts (2n, n being the number of individuals 
sampled) for different loci for the same population (shown in the 
last row of Tables 1 through 5) vary because fragment size data 
are not available for every individual for each locus. While these 
allele frequencies are shown for each of the 31 fixed bins in each 
case, we recommend that for any forensic calculations bins with 
fewer than 5 allele counts should be merged (re-binning, [12]) to 
avoid any undue emphasis on the small frequency of a specific 
DNA profile. 

TABLE 1--Binned allele frequencies in three population groups from 
Houston, Texas at the D1S7 locus. 

Bin Bin Boundary (bp) Caucasians Hispanics Blacks 

1 1- 639 0 
2 640- 772 1 
3 773- 871 0 
4 872- 963 1 
5 964- 1077 0 
6 1078- 1196 0 
7 1197- 1352 3 
8 1353- 1507 2 
9 1508- 1637 2 

10 1638- 1788 2 
11 1789- 1924 5 
12 1925- 2088 2 
13 2089- 2351 6 
14 2352- 2522 8 
15 2523- 2692 7 
16 2693- 2862 7 
17 2863- 3033 11 
18 3034- 3329 19 
19 3330- 3674 24 
20 3675- 3979 18 
21 3980- 4323 26 
22 4324- 4821 18 
23 4822- 5219 24 
24 5220- 5685 19 
25 5686- 6368 24 
26 6369- 7241 26 
27 7242- 8452 15 
28 8453-10093 22 
29 10094-11368 13 
30 11369-12829 9 
31 12830-25000 22 

Total 336 

0.00) 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
0.30) 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
0.00) 1 ( 0 . 2 1 )  O ( 0 . 0 0 )  
0.30) 0 ( 0 . 0 0 )  2 ( 0 . 5 5 )  
0.00) 0 ( 0 . 0 0 )  3 ( 0 . 8 3 )  
0.00) 3 ( 0 . 6 3 )  1 ( 0 . 2 8 )  
0.89) 1 ( 0 . 2 1 )  2 ( 0 . 5 5 )  
0.60) 7 ( 1 . 4 6 )  4 ( 1 . 1 1 )  
0.60) 1 ( 0 . 2 1 )  2 ( 0 . 5 5 )  
0.60) 7 ( 1 . 4 6 )  3 ( 0 . 8 3 )  
1.49) 5 ( 1 . 0 4 )  3 ( 0 . 8 3 )  
0.60) 9 ( 1 . 8 8 )  3 ( 0 . 8 3 )  
1.79) 14 ( 2 . 9 2 )  7 ( 1 . 9 3 )  
2.38) 8 ( 1 . 6 7 )  6 ( 1 . 6 6 )  
2.08) 15 ( 3 . 1 3 )  15 ( 4 . 1 4 )  
2.08) 10 ( 2 . 0 8 )  13 ( 3 . 5 9 )  
3.27) 18 ( 3 . 7 5 )  8 ( 2 . 2 1 )  
5.66) 27 ( 5 . 6 3 )  24 ( 6 . 6 3 )  
7.14) 50 (10.42) 22 ( 6 . 0 8 )  
5.36) 29 ( 6 . 0 4 )  19 ( 5 . 2 5 )  
7.74) 37 ( 7 . 7 1 )  14 ( 3 . 8 7 )  
5.36) 40 ( 8 . 3 3 )  23 ( 6 . 3 5 )  
7.14) 21 ( 4 . 3 8 )  25 ( 6 . 9 1 )  
5.66) 24 ( 5 . 0 0 )  27 ( 7 . 4 6 )  
7.14) 29 ( 6 . 0 4 )  16 ( 4 . 4 2 )  
7.74) 34 ( 7 . 0 8 )  19 ( 5 . 2 5 )  
4.46) 35 ( 7 . 2 9 )  29 ( 8 . 0 1 )  
6.55) 13 ( 2 . 7 l )  18 ( 4 . 9 7 )  
3.87) 14 ( 2 . 9 2 )  14 ( 3 . 8 7 )  
2.68) 14 ( 2 . 9 2 )  16 ( 4 . 4 2 )  
6.55) 14 ( 2 . 9 2 )  24 ( 6 . 6 3 )  

100.00) 480 (100.00) 362 (100.00) 
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TABLE 2--Binned allele frequencies in three population groups from 
Houston, Texas at the D2S44 locus. 

Bin Bin Boundary (bp) Caucasians Hispanics Blacks 

1 1- 639 0(  0.00) 1 ( 0.19) 0 ( 0.00) 
2 640- 772 2 ( 0.65) 2 ( 0.39) 13 ( 3.67) 
3 773- 871 0 ( 0.00) 7 ( 1.37) 5 ( 1.41) 
4 872- 963 4 ( 1.31) 20 ( 3.91) 3 ( 0.85) 
5 964- 1077 3 ( 0.98) 6 ( 1.17) 5 ( 1.41) 
6 1078- 1196 10 ( 3.27) 8 ( 1.56) 28 ( 7.91) 
7 1197- 1352 15 ( 4.90) 48 ( 9.38) 29 ( 8,19) 
8 1353- 1507 13 ( 4.25) 75 ( 14.65) 42 ( 11.86) 
9 1508- 1637 32 ( 10.46) 59 ( 11.52) 26 ( 7.35) 

10 1638- 1788 25 ( 8.17) 34 ( 6.64) 40 ( 11.30) 
11 1789- 1924 23 ( 7.52) 38 ( 7.42) 23 ( 6.50) 
12 1925- 2088 21 ( 6.86) 22 ( 4.30) 18 ( 5.09) 
13 2089- 2351 28 ( 9.15) 37 ( 7.23) 31 ( 8.76) 
14 2352- 2522 7 ( 2.29) 16 ( 3.13) 8 ( 2.26) 
15 2523- 2692 17 ( 5.56) 21 ( 4.10) 9 ( 2.54) 
16 2693- 2862 15 ( 4.90) 28 ( 5.47) 11 ( 3.11) 
17 2863- 3033 39 ( 12.75) 26 ( 5.08) 5 ( 1.41) 
18 3034- 3329 20 ( 6.54) 28 ( 5.47) 10 ( 2.83) 
19 3330- 3674 18 ( 5.88) 23 ( 4.49) 12 ( 3.39) 
20 3675- 3979 5 ( 1.63) 4 ( 0.78) II ( 3.11) 
21 3980- 4323 4 ( 1.31) 3 ( 0.59) 7 ( 1.98) 
22 4324- 4821 0 ( 0.00) 3 ( 0.59) 7 ( 1.98) 
23 4822- 5219 0 ( 0.00) 0 ( 0.00) I ( 0.28) 
24 5220- 5685 0 ( 0.00) 1 ( 0.19) 7 ( 1.98) 
25 5686- 6368 3 ( 0.98) 1 ( 0.19) 2 ( 0.57) 
26 6369- 7241 1 ( 0.33) 1 ( 0.19) 1 ( 0.28) 
27 7242- 8452 1 ( 0 . 3 3 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
28 8453-10093 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
29 10094-11368 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
30 11369-12829 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
31 12830-25000 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  

TotM 306(100.00) 512 (100.00) 354 (100.00) 

TABLE 3--Binned allele frequencies in three population groups from 
Houston, Texas at the D4S139 locus, 

Bin Bin Boundary (bp) Caucasians Hispanics Blacks 

1 1- 639 
2 640- 772 
3 773- 871 
4 872- 963 
5 964- 1077 
6 1078- 1196 
7 1197- 1352 
8 1353- 1507 
9 1508- 1637 

10 1638- 1788 
II 1789- 1924 
12 1925- 2088 
13 2089- 2351 
14 2352- 2522 
15 2523- 2692 
16 2693- 2862 
17 2863- 3033 
18 3034- 3329 
19 3330- 3674 
20 3675- 3979 
21 3980- 4323 
22 4324- 4821 
23 4822- 5219 
24 5220- 5685 
25 5686- 6368 
26 6369- 7241 
27 7242- 8452 
28 8453-10093 
29 10094-11368 
30 11369-12829 
31 12830-25000 

Total 

0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
o o.oo) 
1 0.29) 
3 0.88) 
3 0.88) 
3 0.88) 
4 1.17) 
9 2.63) 
4 1.17) 
6 1.75) 

28 8.19) 
23 6.73) 
27 7.90) 
48, 14.04) 
5 2  15.21) 
42 12.28) 
30 8.77) 
15 4.39) 
11 3.22) 
33 9.65) 

342 100.00) 

0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
0 0.00) 
1 o. 19) 
0 0.00) 
0 0.00) 
0 0.00) 0 
1 0.19) 0 
1 0.19) 17 
0 0.00) 6 
1 0.19) 3 
2 0.37) 7 
2 0.37) 5 
3 0.56) 12 
4 0.75) 19 

17 3.17) 22 
13 2.43) 19 
38 7.09) 39 
23 4.29) 20 
44 8.2l) 39 
89 16.60) 34 
78 14.55) 40 

106 19.78) 42 
53 9.89) 36 
24 4.48) 12 
13 2.43) 9 
23 4.29) 11 

536 (100.00) 392 

0 (0.00) 
0 (0.00) 
0 (0.00) 
0 (0.00) 
0 (0.00) 
0 (0.00) 
0 ( 0 . 0 0 )  
0 ( 0 . 0 0 )  
0 ( 0 . 0 0 )  
0 ( 0 . 0 0 )  

( 0 . 0 0 )  
( 0 . 0 0 )  
( 4 . 3 4 )  
( 1 . 5 3 )  
( 0 . 7 7 )  
( 1 . 7 9 )  
( 1 . 2 8 )  
( 3 . 0 6 )  
( 4 . 8 5 )  
( 5 . 6 1 )  
( 4 . 8 5 )  
( 9 . 9 5 )  
( 5 . 1 0 )  
( 9 . 9 5 )  
( 8 . 6 7 )  
(10.20) 
(10.71) 
( 9 . 1 8 )  
( 3 . 0 6 )  
( 2 . 3 0 )  
( 2 . 8 1 )  

(100.00) 

Independence o f  Fixed-bin Alleles Within Loci 

Table 6 presents the summary of the three tests of allelic indepen- 
dence within loci, where each single-band profile (for each locus) 
was treated as a homozygote. These results alone might, erron- 
eously, suggest an apparent significant departure from indepen- 
dence in this database at several loci, from each of the three tests 
performed. For example, the chi-square test, based on deficiency 
of total heterozygosity, as well as the exact test [22], both, show 
significant departure for the Black sample at the D2S44 locus. At 
the D1S7 locus, samples from all ethnic groups exhibit significant 
deficiency of heterozygosity, and in addition the likelihood ratio 
test and the exact test show significant departure from indepen- 
dence in the Caucasian sample at this locus. The sample from the 
Blacks shows significant departure from allelic independence at 
the D17S79 locus by all the three test procedures. In addition the 
chi-square test fails the independence test at this locus in Cauca- 
sians and Hispanics. The sample from the Blacks shows significant 
departure from the independence assumption at the D4S 139 locus 
by the chi-square and exact test procedures, and finally, this sample 
also shows significant deficiency of heterozygosity (by chi-square 
test) at the D10S28 locus. 

One would also reach the same conclusion, when Geisser and 
Johnson's  quantile test [28] is performed on the same data base 
(data not presented). We contend that all of these results are the 
artifacts of the assumption that each single band profile is a true 
homozygote. This is shown in the re-analysis of the same data by 
allowing "nondetectability" of alleles. The summary results of  this 
analysis is shown in Table 7, where we compute Gart and Nam's  

[26] score-statistic, T (equation 6 of [25]). When T is significantly 
larger than one, we might conclude that nondetectable alleles are 
present in the database [25], and hence, the assumption that each 
single-band profile is truly homozygous is fallacious. Estimates 
of the nondetectable allele frequency (r) and its standard error 
(computed using equations 11 and 12 of [25]; see also [26]) are 
presented in Table 7. The score-statistic T is significantly larger 
than one, wherever significant departures from the independence 
assumption were noted, by any of the three tests shown in Table 6. 

Adjusting for the presence of nondetectable alleles, each of the 
three test procedures were repeated for the entire database (using 
the algorithm described in [25]), the resulting empirical signifi- 
cance levels are shown in Table 7. Once the adjustment for the 
presence of nondetectable alleles is made, we do not observe any 
significant departure from the allelic independence assumption, 
for any of the 15 locus-population combinations. The required null  
allele frequency (r) is also not larger than 5% for any locus- 
population combination, which is consistent with the empirical 
frequencies of "nondetectable" alleles seen in RFLP databases 
[17,24,25]. 

lntra- and Inter-class Correlations o f  Fragment Sizes 

Test results for linear dependence of fragment sizes within and 
between loci, through the intraclass and interclass correlation of 
fragment sizes across the sampled individuals for each database, 
are shown in Table 8. The intraclass and interclass correlations of 
fragment sizes may be computed either by the analysis of variance 
approach [13], or by using the nonparametric method [29], but 
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TABLE 4---Binned allele frequencies in three population groups from 
Houston, Texas at the D10S28 locus. 

Bin Bin Boundary (bp)  Caucasians Hispanics Blacks 

1 1- 639 1 ( 0 . 3 0 )  O(0 .00 )  O ( 0 . 0 0 )  
2 640- 772 2 ( 0 . 6 0 )  1 ( 0 . 2 0 )  1 ( 0 . 2 7 )  
3 773- 871 1 ( 0 . 3 0 )  1 ( 0 . 2 0 )  1 ( 0 . 2 7 )  
4 872- 963 3 ( 0 . 8 9 )  8 ( 1 . 5 9 )  1 ( 0 . 2 7 )  
5 964- 1077 18 ( 5 . 3 6 )  36 ( 7 . 1 7 )  12 ( 3 . 2 4 )  
6 1078- 1196 12 ( 3 . 5 7 )  40 ( 7 . 9 7 )  17 ( 4 . 6 0 )  
7 1197-1352 1 1 ( 3 . 2 7 )  12 (2 .39 )  13 (3 .51 )  
8 1353- 1507 30 ( 8 . 9 3 )  44 ( 8 . 7 7 )  26 ( 7 . 0 3 )  
9 1508- 1637 29 ( 8 . 6 3 )  52 (10.36) 25 ( 6 . 7 6 )  

10 1638- 1788 21 ( 6 . 2 5 )  52 (10.36) 21 ( 5 . 6 8 )  
11 1789-1924 2 1 ( 6 . 2 5 )  2 9 ( 5 . 7 8 )  2 7 ( 7 . 3 0 )  
12 1925- 2088 27 ( 8 . 0 4 )  25 ( 4 . 9 8 )  23 ( 6 . 2 2 )  
13 2089-2351 21 ( 6 . 2 5 )  4 5 ( 8 . 9 6 )  2 7 ( 7 . 3 0 )  
14 2352- 2522 9 ( 2 . 6 8 )  12 ( 2 . 3 9 )  15 ( 4 . 0 5 )  
15 2523- 2692 5 ( 1 . 4 9 )  7 ( 1 . 3 9 )  11 ( 2 . 9 7 )  
16 2693- 2862 20 ( 5 . 9 5 )  18 ( 3 . 5 9 )  17 ( 4 . 6 0 )  
17 2863- 3033 11 ( 3 . 2 7 )  11 ( 2 . 1 9 )  12 ( 3 . 2 4 )  
18 3034- 3329 11 ( 3 . 2 7 )  11 ( 2 . 1 9 )  14 ( 3 . 7 8 )  
19 3330- 3674 17 ( 5.06) 17 ( 3.39) 18 ( 4.87) 
20 3675- 3979 16 ( 4 . 7 6 )  18 ( 3 . 5 9 )  17 ( 4 . 6 0 )  
21 3980- 4323 10 ( 2 . 9 8 )  26 ( 5 . 1 8 )  8 ( 2 . 1 6 )  
22 4324- 4821 27 ( 8 . 0 4 )  29 ( 5 . 7 8 )  19 ( 5 . 1 4 )  
23 4822- 5219 1 ( 0 . 3 0 )  1 ( 0 . 2 0 )  9 ( 2 . 4 3 )  
24 5220- 5685 4 ( 1 . 1 9 )  3 ( 0 . 6 0 )  6 ( 1 . 6 2 )  
25 5686- 6368 7 ( 2 . 0 8 )  2 ( 0 . 4 0 )  0 ( 0 . 0 0 )  
26 6369-7241 1 ( 0 . 3 0 )  2 ( 0 . 4 0 )  10 (2 .70 )  
27 7242- 8452 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  8 ( 2 . 1 6 )  
28 8453-10093 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  5 ( 1 . 3 5 )  
29 10094-11368 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  6 ( 1 . 6 2 )  
30 11369-12829 0 ( 0.00) 0 ( 0.00) 1 ( 0.27) 
31 12830-25000 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 

Total 336 (100.00) 502 (100.00) 370 (100.00) 

TABLE 5--Binned allele frequencies in three population groups from 
Houston, Texas at the D17S79 locus. 

Bin Bin Boundary (bp) Caucasians Hispanics Blacks 

1 1- 639 2 ( 0 . 7 8 )  1 ( 0 . 2 9 )  1 ( 0 . 3 8 )  
2 640- 772 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  
3 773- 871 1 ( 0 . 3 9 )  1 ( 0 . 2 9 )  O ( 0 . 0 0 )  
4 872- 963 O ( 0 . 0 0 )  1 ( 0 . 2 9 )  O ( 0 . 0 0 )  
5 964- 1077 0 ( 0 . 0 0 )  3 ( 0 . 8 6 )  8 ( 3 . 0 5 )  
6 1078- 1196 8 ( 3 . 1 3 )  8 ( 2 . 2 9 )  10 ( 3 . 8 2 )  
7 1197- 1352 59 (23.05) 84(24.00) 67 (25.57) 
8 1353- 1507 60 (23.44) 54 (15.43) 57 (21.76) 
9 1508- 1637 66 (25.78) 62 (17.71) 28 (10.69) 

10 1638- 1788 38 (14.84) 40 (11.43) 26 ( 9 . 9 2 )  
11 1789- 1924 11 ( 4 . 3 0 )  50 (14.29) 15 ( 5 . 7 3 )  
12 1925- 2088 8 ( 3 . 1 3 )  41 (11.71) 25 ( 9 . 5 4 )  
13 2089- 2351 2 ( 0 . 7 8 )  5 ( 1 . 4 3 )  13 ( 4 . 9 6 )  
14 2352- 2522 1 ( 0 . 3 9 )  0 ( 0 . 0 0 )  1 ( 0 . 3 8 )  
15 2523- 2692 0 ( 0 . 0 0 )  0 ( 0 . 0 0 )  3 ( 1 . 1 5 )  
16 2693- 2862 0 ( 0.00) 0 ( 0.00) 3 ( 1.15) 
17 2863- 3033 0 ( 0.00) 0 ( 0.00) 1 ( 0.38) 
18 3034- 3329 0 ( 0.00) 0 ( 0.00) 2 ( 0.76) 
19 3330- 3674 0 ( 0.00) 0 ( 0.00) 2 ( 0.76) 
20 3675- 3979 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
21 3980- 4323 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
22 4324- 4821 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
23 4822- 5219 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
24 5220- 5685 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
25 5686- 6368 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
26 6369- 7241 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
27 7242- 8452 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
28 8453-10093 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
29 10094-11368 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
30 11369-12829 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 
31 12830-25000 0 ( 0.00) 0 ( 0.00) 0 ( 0.00) 

Total 256 (100.00) 350 (100.00) 262 (100.00) 

the results are virtually identical with regard to their significant 
departures from independence [15]. Therefore, in Table 8, we 
present only the nonparametric correlation estimates, evaluated by 
the method of Chakraborty et al. [15]. Their empirical significance 
was judged by shuffling the observed fragment sizes across individ- 
uals. Except the intraclass correlation at D17S79 locus in the 
Caucasian sample (which was significantly larger than zero, at P 
= 0.01 level), no correlation coefficient was significant at 5% 
level, suggesting that even the presence of nondetectable alleles 
did not affect the correlation test of fragment size independence. 
While the occurrence of this single significance (in a total of 45 
tests) may be attributed to chance alone, note that the null allele 
frequency estimate (r) for the D17S79 locus in the Caucasian 
sample is 4.0 +__ 3.6% (Table 7), and this would be enough to explain 
the pseudo-dependence of fragment sizes within individuals at 
this locus. 

Global Test of  Gametic Disequilibrium Based on the 
Distribution of  the Number of  Heterozygous Loci 

Table 9 shows the observed and expected proportions (in per- 
cent) of heterozygotes (with the fixed-bin definition of alleles) for 
each locus for the three ethnic groups. The expected proportions 
were calculated by two methods, f'trst by ignoring the nondetectable 
alleles, whereby from the observed binned allele frequencies 
(Tables 1 through 5) the unbiased estimate of heterozygosity [30] 
were computed. These are the same estimates that were employed 
in the chi-square test of Hardy-Weinberg equilibrium (Table 6). 
Clearly, in all but two cases (D2S44 in Caucasians, and D4S139 
in Hispanics) there are deficiencies of observed heterozygosities 

in relation to these expected heterozygosity values, and these are 
significant (at 5% level) in 9 cases (see Table 6), The second 
method of computing the expected heterozygosity was to invoke 
the null allele frequency estimates (shown in Table 7), so that the 
expectations of the binned homozygosity now included heterozy- 
gosity for null allele as well, in addition to the true homozygotes. 
The exact equation for this second expected heterozygosity, 
adjusted for the occurrence of nondetectable alleles, is given in 
[25]. Comparison of the observed and expected heterozygosities 
of Table 9 re-affirms our previous analysis (Tables 6 and 7) that 
all of the observed significant chi-square values are truly due to 
the presence of nondetectable alleles in the RFLP-based DNA 
typing method. 

Table 10 shows the summary of the tests of independence of 
loci at the binned profile level. As expected, the observed variance 
(Sk 2) of the number of heterozygous loci (of the five loci tested) in 
individuals on whom data are available for all five loci is within 
the 95% confidence interval under the independence assumption, 
when the observed locus-specific binned heterozygosity values are 
used. However, when the locus-specific heterozygosity estimates 
were computed under the assumption that the alleles within each 
locus combine independently to form an individual's genotype, 
we find that of the three samples, i n two (except the Caucasians) 
the observed value of sk z is outside the 95% confidence limits. But, 
this happens only when we disregard the possibility of nondetect- 
able alleles (shown in rows where the expected locus-specific 
heterozygosity estimates do not account for the presence of nonde- 
tectable alleles). However, such discrepancies did not occur when 
the locus-specific heterozygosity estimates were revised incorpo- 
rating the null allele occurrences, suggesting that, like the case of 
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TABLE 6---Test of Hardy-Weinberg Equilibrium by different test 
procedures without incorporating nondetectability of Haelll 

restriction fragments. 

Caucasians Hispanics Blacks 

DIS7 (n) 168 240 
H: Obs (Exp) 153 (159.15) 215 (226.76) 
Chi-square (P) 4.52 ( 0.04) 11.07 ( 0.00) 
-2*ln(L) (P) 280.79 ( 0 . 0 2 )  284.98 ( 0 . 4 0 )  
Exact Test 0.02 0.24 

Prob. 
D2S44 (n) 153 256 

H: Obs (Exp) 143 (142.38) 231 (237.01) 
Chi-square (P) 0.04 ( 0.89) 2.05 ( 0.15) 
-2*ln(L) (P) 173.85 ( 0 . 5 6 )  185.43 ( 0 . 9 3 )  
Exact Test 0.60 0.84 

Prob. 
D4S139 (n) 17l 268 

H: Obs (Exp) 149 (154.89) 237 (236.98) 
Chi-square (P) 2.38 ( 0.15) 0.00 ( 1.00) 
-2*In(L) (P) 126.18 ( 0 . 3 5 )  124.44 ( 0 . 3 7 )  
Exact Test 0.39 0.44 

Prob. 
D10S28 (n) 168 251 

H: Obs (Exp) 158 (158.67) 234 (234.69) 
Chi-square (P) 0.05 ( 0.87) 0.03 ( 0.89-) 
�9 -2*In(L) (P) 249.98 ( 0.14) 241.81 ( 0.14) 
Exact Test 0.16 0.15 

Prob. 
D17S79 (n) 128 175 

H: Obs (Exp) 89 (102.74) 137 (147.28) 
Chi-square (P) 9.31 ( 0 . 0 0 )  4.53 ( 0 . 0 3 )  
-2*In(L) (P) 45.55 ( 0.15) 53.27 ( 0.18) 
Exact Test 0.05 0.10 

Prob. 

181 
162 (171.92) 

11.41 0.00) 
278.91 0.47) 

0.23 

177 
158 165.44) 

5.12 0.03) 
247.82 0.06) 

0.03 

196 
170 (181.97) 

11.00 0.00) 
186.30 0.08) 

0.02 

185 
170 176.44) 

5.07 0.03) 
307.95 0.22) 

0.09 

131 
92 (111.56) 
23.1l ( 0 . 0 0 )  
96.72 ( 0 . 0 3 )  

0.00 

within locus analysis,  the presence of  nondetectable  alleles may 
induce a pseudo-dependence  across loci as well. 

Comparison with National (FBI) Database 

The above analyses demonst ra ted  that the D N A  typing data on 
the five V N T R  loci (D 1S7, D2S44,  D4S 139, D 10S28, and  D 17S79) 
in three ethnic samples  f rom the Houston area conforms to allelic 
independence  (at bin level, as well  as at the level of  measured  
f ragment  sizes) within as well  as between loci. Nevertheless ,  the 
f ixed-bin allele f requency data (Tables 1-5), when  compared  with 
the national  database generated by  the FBI laboratory, may reflect 
some statistical differences. A n  exact  test of  cont ingency  chi-  
square analysis reveals  that these allele frequencies are somewhat  
different f rom the publ ished f ixed-bin allele frequencies  [12], and 
the difference occasionally reaches statistical s ignif icance (data 
not  shown).  We ascribe this to sample size differences of  these 
two databases,  since the national  database is about  3-times larger 
(n = 2000, approximately,  for the FBI database, in  contrast  of  the 
total n u m b e r  of  669 individuals  studied here. 

To examine  the forensic implicat ions of  such allele f requency 
differences, Fig. 1 shows the impact  of  f ixed-bin allele f requency 
differences be tween  the present  database and that of the nat ional  
database [12]. In these computat ions,  we have taken all individuals  
f rom the database ( including the ones for w h o m  typings for some 
loci are missing),  and computed  their  multi locus profile frequencies 
using the fixed bin  allele frequencies of  the present  study and 
those of  the nat ional  database (for which  the fixed bin allele 
frequencies were taken from [12]). The profile f requency computa-  
tions used the mult ipl icat ion rules within as well as be tween loci, 
since for  bo th  databases these assumptions  are now val idated ( f rom 

TABLE 7--Tests for Hard)'- Weinberg Equilibrium of the fixed bin 
frequencies at five VNTR loci in four ethnic populations of Houston, 

Texas, incorporating the nondetectability of Haelll restriction 
fragments. 

Populations 

Locus Statistic Caucasians Blacks Hispanics 

D1S7 Score (T) 
Prob. (T -< 1) 
r _+ se(r) in % 
P-values: 

for Chi-square 
for - 2 e n L  
for exact test 

D2S44 Score (T) 
Prob. (T <- 1) 
r - se(r) in % 
P-values: 

for Chi-square 
for -2 r  
for exact test 

D4S139 Score (T) 
Prob. (T <: 1 )  

r - se(r) in % 
P-values: 

for Chi-square 
for - 2 e n L  
for exact test 

D10S28 Score (T) 
Prob. (T -< 1) 
r _ se(r) in % 
P-values: 

for Chi-square 
for - 2 e n L  
for exact test 

D17S79 Score (T) 
Prob. (T -< 1) 
r •  serf) i n %  
P-values: 

for Chi-square 
for - 2 e n L  
for exact test 

1.74 2.96 2.51 
0.03* 0.00" 0.00" 

1.43 ~ t.31 3.63 • 1.64 2.90 • 1.48 

0.77 '0.58 0.84 
0.31 0.91 0.92 
0.32 0.92 0.86 
0.83 1.77 1.42 

- -  0.01" 0.08 
0.0 1.60 • 1.33 0.88 • 1.15 

0.77 0.71 0.82 
0.83 0.43 0.99 
0.78 0.42 0.87 
1.14 1.95 0.96 
0.33 0.01" - -  

0.41 • 1.13 2.63 • 1.33 0.0 

0.31 0.66 1.00 
0.71 0.59 0.71 
0.66 0.40 0.61 
1.04 1.71 0.89 
0.46 0.03* - -  

0.08 • 0.82 1.31 • 1.22 0.0 

1.00 0.79 1.00 
0.48 0.66 0.45 
0.50 0.56 0.48 
1.81 2.43 1.54 
0.00'  0.00" 0.02* 

4 . 0 4 •  3.59 4.78 • 3.11 2.47 • 2.82 

0.33 0.08 0.63 
0.89 0.80 0.75 
0.54 0.44 0.56 

TABLE 8--1ntraclass and interclass correlations of fragment sizes 
within and between VNTR loci in samples from three ethnic 

populations of Houston, Texas. 

Locus DIS7 D2S44 D4S139 D10S28 D17S79 

Caucasians 
D1S7 - .012 - .040  .040 - .012  .031 
D2S44 - .137 .024 .036 - .001 
D4S139 .022 .045 .037 
D10S28 - .049  .032 
D17S79 .226 'z 

Blacks 
D1S7 - .025 .062 .023 .050 - .047 
D2S44 .127 .027 .072 .004 
D4S139 .085 - .055 .040 
D10S28 .060 - .033 
D17S79 - .042  

Hispanics 
D1S7 - .047  .006 .017 - .034  - .070  
D2S44 - .024 .062 - .001 .048 
D4S139 - .014  .001 - .043 
D10S28 .022 - .064  
D17S79 - .067 

~P < 0.05, the only significant correlation. 
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TABLE 9--Observed and expected heterozygosit) ~' at five VNTR loci 
in three ethnic populations of Houston. 

Heterozygosity (in %) for the Locus 

Populations D1S7 D2S44 D4S139 D10S28 D17S79 

Caucasians obs. 91.1 93.5 87.1 94.1 69.5 
exp.I 94.7 93.1 90.6 94.5 80.3 
exp. 2 91.8 92.8 89.6 94.0 73.7 

Blacks obs. 89.5 89.3 86.7 91.9 70.2 
exp. 1 95.0 93.5 92.8 95.4 85.2 
exp.*- 88.1 90.3 87.9 92.6 77.1 

Hispanics obs. 89.6 90.2 88.4 93.2 78.3 
exp.~ 94.5 92.6 88.4 93.5 84.2 
exp. 2 89.0 90.8 88.3 93.3 80.0 

aOf the two methods of computing the expected heterozygosities, the 
first (exp. t) does not account for the existence of non-detectable alleles, 
while the second (exp. 2) takes into account their presence. See text for 
details. 

TABLE lO---Test of independence of loci based on the variance (s~) 
of the number of heterozygous (binned) loci in individuals. 

Caucasians Blacks Hispanics 

n 92 118 138 
Observed s~ 0.452 0.549 0.564 
Expected s 2 and its 95% Confidence Limits (CL) 
(1) Based on obs. het.: 

Sk z 0.511 0.576 0.505 
Lower 95% CL 0.352 0.418 0.370 
Upper 95% CL 0.669 0.733 0.640 

(2) Based on exp. het.~: 
s~ 0.411 0.347 a 0.415 a 
Lower 95% CL 0.268 0.231 0.294 
Upper 95% CL 0.555 0.463 0.535 

(3) Based on exp. het.2: 
s 2 0.486 0.544 0.508 
Lower 95% CL 0.328 0.389 0.371 
Upper 95% CL 0.644 0.699 0.646 

n = Number of individuals on whom data are available on all 5 loci. 
aObserved value of s 2 is outside the confidence interval. 
L2Using the locus-specific expected heterozygosities are the ones shown 

in Table 9. 

the present analyses for the Houston database, and from [13-15,25] 
for the FBI database). These profile frequencies are plotted against 
each other (in logarithmic scale, -1og(PFB0 indicating the negative 
logarithm of  a multilocus profile of  an individual in the present 
database, based on fixed-bin allele frequencies of  the national 
database, while --Iog(PHPD) is the same by using the fixed bin 
allele frequencies of  Tables 1 through 5) for all individuals. There- 
fore, panel (a) of  Fig. 1 shows the impact of  such allele frequency 
differences for the 193 Caucasians, panel (b) for the 204 Blacks, 
and panel (c) for the 272 Hispanic individuals of  the present 
study. In all cases, the estimates of  the multilocus D N A  profile 
frequencies reside around the 45-degree line, suggesting that even 
when some binned allele frequencies show statistical significance 
between databases, their impact on D N A  profile frequency compu- 
tations is noticeable only when in both populations this profile is 
extremely rare. For example, as seen in this diagram, there are some 
profiles where the two databases may exhibit profile frequency 
estimates that might be 100-fold different from each other (in 
particular in panel c, for the Hispanics). But, a closer examination 
may reflect such differences occur when the profile frequencies 
are of  the order of  1 in a million, or rarer. 
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Discussion and Conclusions 

In aggregate, the above results present a comprehensive analysis 
of a RFLP-based DNA typing database from the Houston area 
that may be used for forensic case analyses at a local level. We 
have shown that the assumptions of allelic independence within 
as well as between loci are appropriate when we invoke the pres- 
ence of nondetectable alleles within the present database. One 
might argue that we have not demonstrated that such alleles are 
truly present in the same database. While this could have been 
done using a different restriction enzyme (for example, PvulI, or 
PstI, which yield fragment sizes larger than the HaelII enzyme 
used for digestion for the preparation of this database), we did not 
perform such experiments in our laboratory, because such work 
was done at least for two other databases within the US. In the 
Western California database, the HaelII null alleles at the D2S44 
locus occur with a frequency of 1.7% in the Blacks [24]. Our 
estimate (1.6 -+ 1.3%, see Table 7) compares reasonably well with 
this. HaelII null alleles at the D2S44 locus for the national data 
on Blacks occur with a frequency of 2.7%, where most of the 
Black individuals (for whom the experiment with the alternative 
enzyme, PvulI was conducted) were from Texas [25]. They also 
report the occurrence of HaelII null alleles at the D17S79 locus 
with frequencies of 6.5% in Blacks, 3.0% in Hispanics of Texas, 
and 3.7% in Hispanics of Florida, which are comparable with 
the range of our statistical estimates (2.5-4.8%, see Table 7) for 
this locus. 

Since the independence assumptions (within and across loci) 
appear reasonable, and nondetectable alleles must be invoked in 
such interpretations, one might question how valid would be the 
fixed-bin allele frequencies (Tables 1 through 5), because in their 
computations no adjustment for null allele occurrences were made. 
We contend that since for forensic use of allele frequency estimates 
it is desirable to be conservative, these unadjusted fixed-bin allele 
frequencies would suffice, because in the presence of null alleles 
such estimates are conservative [14]. Indeed, simple algebraic 
derivations would show that if we construct re-binned tables from 
the ones shown in Tables 1 through 5 with the convention that 
each (re)bin must have at least five allelic counts, the degree of 
conservativeness of these fixed-bin allele frequencies are so high 
(when null alleles are incorporated) that it is not even necessary 
to invoke the suggestion of the National Research Council report 
[10] to consider the upper 95% confidence bound of each individual 
allele frequency. 

Although the tests of independence and comparisons of the 
present database with the national data [12] are done with the 
fixed-bin classification of alleles, we contend that the results would 
have been qualitatively the same if a floating bin concept of alleles 
is invoked. This conclusion is reached through two supplemen- 
tary analyses. 

First, even though at our laboratory we have not done a full- 
scale experiment to evaluate the degree of measuremental error, 
on every gel we used the K562 cell line as a positive sizing control. 
In total, we have 81 to 124 measurements on these fragment sizes 
(which vary from locus to locus), which gave average molecular 
sizes from l187bp to 6497bp. The standard deviation of these 
multiple measurements (which involve both intra- and inter-gel 
comparisons) ranged from 8.35 to 55.11, respectively, which are 
0.70% to 0.85% of the average sizes. Therefore, the fixed-bin 
window widths (ranging from 5.8% of the center for Bin 17 to 
18.7% of the center for Bin 2) are conservative enough to account 
for measuremental errors for the protocol used in this laboratory. 

Second, we examined whether or not the conservativeness of 
the fixed bin allele frequencies would be compromised if  floating 
bins of width ---2.5% are used for the entire range of fragment 
size for each of these loci. The protocol of this numerical exercise 
was identical to the one described in [31]. In brief, we defined 
sliding floating bins of widths ---2.5% centered from the minimum 
to maximum, each time computing the number of fragments (fl) 
in the database residing in the floating bin. For comparison, we also 
computed the fixed-bin frequencies, using the protocol currently 
practiced by the forensic community [2], where the fixed bin 
frequency is either taken from Tables 1 through 5 directly (when 
the --+2.5% sliding floating bin is within a specific fixed bin). In 
the case where the sliding -+2.5% floating bin overlapped two 
adjacent fixed bins, we took the larger of the respective fixed bin 
frequencies (t'2) for the specific database. The maximum of  the 
ratio of f~/f2 is plotted against the centers of the sliding floating 
bins, which are shown in Fig. 2 (five panels for five loci) for the 
three ethnic samples. Since the ratio f~/f2 never exceeded one in 
any case, we conclude that the fixed-bin allele frequencies are 
always more conservative than the ---2.5% floating bins for the 
entire range of fragment sizes in this database. This is consistent 
with the analysis of the national database [12,31]. In addition to 
showing the conservative feature of the fixed-bin allele frequen- 
cies, this particular analysis further demonstrates that there is no 
need to add the fixed bin frequencies as suggested in the National 
Research Council report [10]. When a floating bin overlaps two 
adjacent fixed-bins, it is enough to consider the larger of the two 
fixed bin frequencies, as currently practiced [2], and this does 
not compromise the conservative features of the fixed-bin allele 
frequency computations. 

An additional empirical test of independence of fragment sizes 
across loci was also done at the floating bin level for the present 
data sets by searching for matches between all possible pairs of 
profiles for each ethnic sample separately. A match is defined 
when the ---2.5% wide intervals of fragment sizes found in two 
individuals overlapped with each other. This generated locus-spe- 
cific empirical match probabilities which were multiplied to gener- 
ate the expected 2-, 3-, 4-, or 5-locus random match probabilities 
to compare with the observed ones in the database. Table 11 
presents the summary of this analysis, which shows that the 
observed number of  several multi-locus matches in this database 
occur in accordance with what is expected based on the allele 
frequencies alone. In other words, the use of empirical locus- 
specific matches for these calculations exhibits that the multiplica- 
tion rule (across loci) is also valid with the floating bin concept 
of allelic definitions. We might note that this analysis supports the 
conclusion of Herrin [32] who performed a similar empirical search 
of multilocus match probabilities in another regional database of 
DNA typing. 

Finally, one might argue that these analyses do not address the 
question of adequacy or representativeness of the individuals of 
the Houston area. With regard to the adequacy, we contend that 
the sample sizes (193 Caucasians, 204 Blacks, and 272 Hispanics) 
for the three of  the four ethnic groups are more than adequate 
in contrast with the minimum sample size requirements pre- 
scribed [33,34]. These sample sizes are even larger than the 
ones suggested in the National Research Council  report  [10]. 
Although all conclusions described above hold for the Oriental  
sample as well, because of  the small  number (n = 36) of  
individuals  in this sample, we recommend that until supple- 
mented by more samples, the binned allele frequencies from 
this sample should be used with caution. 
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TABLE 1 l--Observed and expected numbers of multi-locus matches 
in the samples from three ethnic groups of Houston, Texas. 

Number of Number of matches Probability b of 
Matches at a comparisons observed expected (obs. --> exp.) 

Caucasians 
2 loci 90,248 22 22.545 0.546 
3 loci 68,761 0 0.219 1.0 
4 loci 26,905 0 0.001 1.0 

Blacks 
2 loci 113,134 11 9.763 0.346 
3 loci 92,037 1 0.069 0.067 
4 loci 38,188 0 <0.001 1.0 

Hispanics 
2 loci 224,675 43 53.422 0.923 
3 loci 173,578 1 0.581 0.441 
4 loci 65,319 0 0.003 1.0 

~Data on all combinations of multiple loci are pooled. No 5-loci match 
was observed for any sample. 

bThese probabilities are computed based on the assumption that the 
number of matches follows a Poisson distribution. 

The representativeness of any sample for a cosmopolitan popula- 
tion such as the Houston residents is a difficult issue to address, 
because even if the random sample was drawn based on random 
numbers generated from any registry (or household-list), that 
would not remain a random sample at a different time point because 
of high mobility of the society in such a large city. Since population 
movement does not occur on the basis of DNA types at loci which 
have no physiological or functional attributes, we contend that the 
randomness of the present data is not compromised. Furthermore, it 
has been demonstrated that data collected through such convenient 
sources (such as blood donors, police cadets, Health Centers) 
are comparable with the ones obtained from structured statistical 
surveys, both in terms of phenotype frequencies at genetic markers 
[35], as well as in terms of genetic diversity within and between 
populations [36]. 

In summary, this comprehensive analysis demonstrates that a 
RFLP database of DNA typing for the major ethnic groups in 
Houston area is now available, and this satisfies the assumptions 
of independence of DNA fragment sizes within and across loci. 
Therefore, for forensic applications this database should meet the 
requirements of statistical calculations for judging the significance 
of a DNA match found in a forensic case, or for calculation of 
the odds of paternity when an accused male is not excluded in a 
parentage testing by these loci. The fixed-bin method of allele 
frequency computations is shown to be conservative, and the vari- 
ance among multiple measurements of the same fragment size, 
nor the presence of nondetectable RFLP alleles compromise the 
quality of the data. The comparability with the national database 
suggests that if other refined definition of ethnicity is needed, for 
a cosmopolitan population for a city as large as Houston, compara- 
ble data at the National level may be enough to derive conservative 
population-specific estimates of specific DNA profiles. 
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