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Summary. Forensic applications of DNA typing data 
require the estimation of the frequencies of all observed 
alleles, which is currently done by a fixed set of group- 
ings (binning) of alleles in a database. Recently it's valid- 
ity has been questioned on the ground that when a DNA 
fragment size is close to a bin boundary, the frequencies 
of all adjacent bins should be added. On the contrary, 
the current forensic database indicates that when the 
match window of a DNA fragment overlaps 2 bins, it is 
enough to consider the bin with the larger frequency, 
and this never  underes t ima tes  the frequency within the 
match interval with the current choice of fixed-bin 
widths. On average, the current fixed-bin procedure 
yields an allele frequency at least 2-fold higher than that 
of a floating-bin. 

Key words: Allele frequency computation - Fixed bin - 
Floating bin 

Zusammenfassung. Forensische Anwendungen von DNA- 
Befunden erfordern die Bestimmung der H~iufigkeiten 
aller beobachteten Allele. Dies erfolgt gegenw~irtig 
durch einen fixierten Satz yon Gruppierungen (binning) 
von Allelen in einer Datenbank. Ktirzlich wurde die Ge- 
eignetheit dieses Ansatzes in Frage gestellt mit der Be- 
grtindung, dab wenn eine FragmentgrO6e nahe bei einer 
bin-Grenze ist, die Frequenzen aller angrenzenden bins 
addiert werden sollten. Im Gegensatz hierzu weist die 
g.egenw~irtige forensische Datenbank darauf hin, da6 bei 
Uberlappung von 2 bins durch einen sog. match window 
es ausreicht, das bin mit der h6heren Frequenz zu be- 
rficksichtigen und da6 dies nie zu einer Untersch~itzung 
der Frequenz innerhalb des match-Intervalls ffihrt, unter 
Berticksichtigung der gegenwfirtigen Auswahl der Wei- 
ten der ,,fixed-bins". Im Durchschnitt ftihrt das gegen- 
w~irtige ,,fixed-bin"-Verfahren zu einer Allelfreqenz, 
welche mindestens 2fach h6her ist als jene eines ,,glei- 
tenden bin". 

Correspondence to." R. Chakraborty 

Schliisselw6rter: Allelfrequenzberechnung - fixierte A1- 
lelgruppierungen - gleitende Allelgruppierungen 

Introduction 

The recent report on DNA Technology in Forensic Sci- 
ence [1] acknowledges that the current technique of re- 
striction fragment length polymorphism (RFLP)-based 
protocols of DNA typing, when appropriately con- 
ducted, provides a scientifically reliable method of DNA 
profiling of forensic samples. However, without any data 
to support this contention, the report questions only one 
aspect of the fixed-bin method [2] of determining allele 
frequencies from DNA typing databases. According to 
the current practice of the use of the fixed bin method [3] 
for a given allele in a forensic case, when the window 
specified by the laboratory's forensic quantitative match- 
ing rule overlaps two adjacent bins, the larger bin fre- 
quency is taken as the relevant allele frequency for 
DNA-profile frequency computations [2]. However, 
without any justification, the NRC report [1] recom- 
mends that "All bin frequencies must be added; it is not 
enough to take the largest bin frequencies". This sugges- 
tion is inappropriate and unnecessary. Using the current 
forensic databases, we show that the fixed bin approach, 
without any modification, provides more conservative 
(larger) estimates of allele frequencies than what would 
be obtained from the quantitative matching rule, even 
when the alleles observed in forensic cases are close to 
the fixed bin boundaries. 

Fixed bin versus floating bin 

The purpose of binning (grouping) of DNA fragment 
sizes is to take into account measurement errors when 
sizing DNA fragments obtained by RFLP-based proto- 
cols. Comparisons of differences in size measurements 
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Fig. 1. Ratio of + 2.5% floating bin 
(f) and fixed bin (f') frequencies of 
DNA fragment sizes in the current 
forensic database for any DNA 
fragment size whose _+ 2.5% 
matching window crosses the 
boundaries of any of the 31 bins. 
Each panel represents the binned 
data for the locus indicated on the 
panel. For each panel, the lines 
joining solid circles (e) represent 
the data for Caucasians, those 
joining the solid triangles (A) are 
for the Black data, and the ones 
joining the solid diamonds (4)) 
represent the composite Hispanic 
population, as defined in the data 
presented in ref. [3] 

B I N  N U M B E R  B I N  N U M B E R  

of D N A  fragments f rom victim's blood and vaginal epi- 
thelial cells indicate that the standard deviation of size 
differences between samples f rom the same source is 
approximately 1.5% of the size of the D N A  fragment  
being measured (computed f rom data given in Table 3 
of ref. [2]). From this, and other visual characteristics 
of D N A  fragment  sizes f rom the same source, the quan- 
titative match criterion of +2 .5% was adopted [2]. In 
comparison,  the fixed bin widths practiced in the FBI  
protocol  for forensic applications are between + 3.0% to 
+ 9 . 4 %  of the mid-points for each of the 31 bins [2]. 
Therefore,  in any sample analysis when the +2 .5% 
window around an observed fragment  size resides com- 
pletely within any single fixed bin, the fixed bin allele 
frequencies are always conservative. 

When the matching window for any fragment  size 
overlaps adjacent bins, current protocol (of selecting the 

bin with the larger frequency) may be questioned only if 
the _+ 2.5% window contains more alleles or chromosomal 
counts than that predicted by the fixed bin procedure.  
To show that this never  occurs in the current forensic 
database,  we considered all 3 databases (Caucasian, 
Black, and composite Hispanic) of the FBI laboratory 
for 6 loci (DIS7,  D2S44, D4S139, D10S28, and D17S79). 
For each locus-population combination,  we consider a 
fragment  size x encompassing the entire range of a band 
size distribution and open a window of x + 0.025 x (i.e., 
a + 2.5% floating bin). Let  f d e n o t e  the number  of chro- 
mosomal  counts in the interval, and n, the total number  
of chromosomes sampled. If  this interval is completely 
within a bin (say, Bi), the frequency of fragments in bin 
Bi (say, 1}) is already at least as large as f. When the 
interval x + 0.025x overlaps 2 bins (say, Bi and Bi+l),  
we define f '  to be the maximum off~ and~+~.  I f f / f  '<  _ 1 
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Table 1. Summary statistics of the ratio of + 2.5% floating bin and 
fixed bin allele frequencies (f/f') in the current FBI forensic 
database of DNA typing. Only bins containing 5 or more frag- 
ments are used in this table, since for others the ratio is necessarily 
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smaller than 1.0. (n = number of alleles in the sample, Min. = 
minimum, Max. = maximum, and Av. = average for the specific 
locus-population combinations across all bins containing 5 or more 
observations) 

Locus Population 

Caucasian Black Hispanic 

n Min. Max. Av. n Min. Max. Av. n Min. Max. Av. 

DIS7 1,190 0 . 1 2 1  0 . 8 9 2  0.474 718 0 . 1 1 3  1 . 0 0 0  0.509 1,042 0 . 0 0 0  0 . 9 3 5  0.447 
D2S44 1,584 0 . 1 0 0  0 . 8 9 7  0.430 950 0 . 0 0 0  0 . 9 0 0  0.418 1,030 0 . 1 7 4  0 . 9 2 1  0.418 
D4S139 1,188 0 . 0 0 0  0 . 6 2 5  0.352 896 0 . 0 4 9  0 . 9 2 9  0.467 1,044 0 . 1 4 4  1 . 0 0 0  0.464 
D10S28 858 0 . 0 0 0  0 . 9 5 2  0.460 576 0 . 0 0 0  0 . 9 2 9  0.437 880 0 . 1 1 1  0 . 8 2 1  0.465 
D14S13 1,502 0 . 0 0 0  0 . 9 4 7  0.427 1,048 0 . 0 8 3  0 . 8 5 1  0.434 988 0 . 0 6 7  0 . 8 9 7  0.413 
D17S79 1,552 0 . 0 0 0  0 . 9 5 1  0.344 1,100 0 . 0 0 0  1.000 a 0.490 1,042 0 . 0 0 0  0 . 9 2 6  0.290 

Mean 0.415 0.459 0.416 

a Two bins attain the maximum ratio (f/f') of 1.0 for this locus-population combination 

for all choices of x (considering all interger values of x 
from 0 to the largest possible fragment size), the current 
fixed bin procedure of allele frequency determination 
would be conservative. Figure 1 shows the plot of the 
maximum ratio (f/f ') for all values of x whose + 2.5% 
match window cross each of the fixed bin boundaries. As 
seen from these computations, the ratio never exceeds 
1.0. Only in 4 situations (bin boundary of 2,693 bp in the 
Blacks for D1S7 and D17S79, and in the Hispanics for 
D4S139, and that of 3,300 bp in the Blacks for D17S79) 
of the total of 540 (= 30 × 3 x 6) bin boundaries, does 
the ratio f / f '  become 1.0. In other words, in the total 
sample of 19,186 DNA fragments of the current forensic 
database, in no situation does the current fixed bin allele 
frequency computation yield a frequency estimate smaller 
than that predicted by a + 2.5% floating bin, irrespective 
of the fragment size found in any forensic analysis. Even 
if a single case could be found in the current database 
where a floating bin frequency was lower than a fixed 
bin, it should be remembered that DNA profile frequen- 
cies are based on multiple alleles and multiple loci. 
Therefore ,  the conservatism of estimating frequencies 
(from fixed bins) of other alleles would more than com- 
pensate the effect of overestimation of any single allele 
frequency by the fixed bin procedure,  even if any single 
departure from our observations had occurred. 

Table i shows the summary statistics of the ratio (f/f ') 
of +2 .5% floating bin frequencies and fixed bin fre- 
quencies for all bins (excluding the ones which contain 
fewer than 5 observations). Firstly, these computations 
corroborate that no situation was encountered where the 
current fixed bin procedure of allele frequency computa- 
tion yields allele frequencies that are smaller than the 
floating bin frequencies. Secondly, they show that, on 
average (last row of Table 1), the current practice gives 
allele frequencies that are more than 2-fold of the 
+2 .5% floating bin frequencies for each database. In 
other words, a DNA profile frequency showing k distinct 
fragments (across all probes examined) would provide a 
profile frequency that is inflated by a factor of more than 
2 k, in the current fixed bin approach of allele frequency 

computations [5]. This permits an estimation of the aver- 
age degree of conservatism of the frequency of any mul- 
tiple locus D N A  profile frequency using the fixed bin 
approach. 

Discussion and conclusions 

It is true that our results showing that the current fixed 
bin procedure [2] with bin widths ranging from + 3% to 
+9 .4% provide conservative estimates of allele fre- 
quencies in comparison to floating bins of widths + 2.5% 
cannot be generalized for any different match window. 
However,  Budowle and Monson [4], in a separate analy- 
sis of the same data, showed that the fixed bin windows 
used above, are on average conservative, even when 
they are compared with sliding floating bins of +5% 
width. 

Two important conclusions emerge from these com- 
putations. The two statements of the NRC report  [1] 
"the frequency of an allele in a laboratory's databank 
should be calculated by counting the number of alleles 
that would be regarded as a match with the laboratory's 
forensic matching rule" (p. 3-14),  and "given an allele in 
a forensic case, one must then compute its frequency by 
adding the frequencies of all bins that contain any alleles 
that fall within the window specified by the laboratory's 
forensic matching rule" (p. 3-14) are contradictory to 
each other. Our computations show that this later sug- 
gestion, leading to "All bin frequencies must be added; 
it is not enough to take the largest of the bin frequen- 
cies", cannot be justified from the current forensic data- 
bases. Also, the fixed bin procedure of taking the largest 
frequency is inherently conservative, giving allele fre- 
quencies that are, on average, at least 2-fold of that 
predicted by the first suggestion of a floating bin com- 
putation. 
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