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Brief Communication

The Probability of Exclusion Based on the HLA Locus

ARAVINDA CHAKRAVARTI1 AND CHING CHUN Li

It has been estimated that in 1978 approximately 543,900 illegitimate births
occurred in the United States [1]. A large number of these cases appear before
courts of law each year to adjudicate questions of paternity. It has also been
shown that by using 57 blood-group and enzyme marker systems more than 95%
of falsely accused males in these paternity suits may be excluded [2]. The probability
with which a marker locus will exclude a falsely accused male depends on the
degree of polymorphism at that locus. Since the closely linked HLA loci that
reside on human chromosome 6 constitute the most polymorphic marker system
known [3], these loci are of great utility for excluding paternity among falsely
accused males. For evaluating the usefulness of the HLA system one needs to
compute the average probability of exclusion for each HLA locus. In other words,
we need to compute the average probability with which a falsely accused male
will be exonerated on the basis of HLA testing of a mother-child-putative father
trio. Several authors [4-6] have given expressions for computing this probability.
Unfortunately, these formulas are incorrect because these authors consider each
HLA type as an allele dominant over the blank allele but fail to consider the fact
that expressed alleles are codominant to each other. This paper describes a simple
method for evaluating the probability of exclusion for HLA loci.
Any single HLA locus, such as HLA-A, can be considered to be a generalized

ABO-like system because there are several codominant alleles and a single null/
blank type recessive to all others. Let us suppose that at this locus there are k
codominant alleles AI, A2, . . . , Ak and a null allele Ax, with frequencies Pi, P2,

Pk. and r, respectively, where

k

> pi + r = 1

For evaluating the average probability of exclusion P(E), we first compute the
probability of exclusion for each possible mother-child (MC) combination PEIMC.
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The P(E) value is then obtained by weighting the PEIMC values by the probability
of observing the specific mother-child combination, PMC, so that

(1)P(E) = 3 PEIMC * PMC,
MC

where the summation is over all mother-child pairs.
As an example, consider the case when both mother and child have genotype

AiAj (i < j). Then, it is clear that any male who does not possess either the Ai
or the Aj allele will be excluded. Therefore, in a random-mating population,
PEIMC = (1 - pi -p). On the other hand, PMC can be easily obtained using
the ITO method of Li and Sacks [7] and is pipj - (pi + pj). Thus, for this particular
mother-child combination, the contribution to P(E) is PiPj(Pi + pj)(i -Pi -
pj)2. By summing this quantity for all i and j (i < j), we obtain the third term in
equation (2). Table 1 provides these values for all possible mother-child com-
binations. Using the values in table 1 and equation (1) we obtain after simplification:

k k

3 pp(l - p1)4 + 2r2 3 PiPj
i=l i<j

k

+ EPiPj(pi + Pj)(i - Pi -

i<j

k

+ EPiPj(pi + r)[(l - r -

i<j

k
+ E pi(Pi2 + 3pir + r2)[(l

i=l

- pj)2

(2)
pi)' - h + pi2]

- r - pi)2 - h + pi2],

k

h = pi2.
i=l

Previous formulations [4-6] used only the term

k

Pi(1 - Pi)4
i=l

and is thus an underestimate. By setting k = 2, one obtains the probability of
exclusion for the ABO locus as:

P(E) = pl(I - pl)4 + P2(1 - P2)4 + 2pIp2r2 + P1P2(PI + P2)r2 , (3)

which is identical to Wiener et al.'s formula [8].

P(E) =

where
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TABLE 2

PROBABILITY OF EXCLUSION USING HLA Loci

HLA LOCUS

POPULATION A B C DRw

European Caucasoid ......... .727 .856 .465 .660
African black ............ ... .740 .725 .370 .507
Japanese ................... .508 .462 .289 .452

The probability of exclusion when all alleles are equally frequent can be easily
calculated. Thus, when PI = P2 . . . = Pk = r = 1/(k + 1), we can show that:

P(E) = k[k4 + (k - 1)(3k2 - 2k - 4)]1(k + 1)5 . (4)

Therefore, if k = 2, 5, or 10, P(E) takes the values .165, .559, and .775. On the
other hand, in the case where all the k + 1 alleles are codominant, the corresponding
values are .370, .660 and .8 13, respectively [9]. The occurrence of blank alleles,
therefore, reduces the exclusion probability significantly unless the number of
alleles is large.

Equation (2) can be used to compute the probability of exclusion for various
populations using observed frequencies of alleles at the HLA-A, B, C, or DRw
locus. Such frequencies are given in Bodmer and Bodmer [3], and the P(E) values
are presented in table 2. These results should be interpreted with caution because
HLA testing in non-Caucasoids and using HLA-C or DRw has not been extensive
so that the frequency data may be unreliable. However, the data from the Caucasians
demonstrate that HLA-B is the most useful locus, followed by the A, DRw, and
C loci. Another larger sample of Caucasians studied in this country [10] shows
the probability of exclusion for HLA-A and B to be .687 and .81 1, respectively.

For most cases tested using HLA, only locus A and B are used. It is thus of
interest to calculate the total probability of exclusion using both these loci. Then,
the total probability of exclusion in Caucasoids will be (from table 2): P(E; HLA-
A, B) = 1 - [1 - P(E; HLA-A)] * [1 - P(E; HLA - B)] = .961, provided A
and B are assumed to be independent. This value overestimates the actual probability
because of considerable nonrandom associations between HLA-A and B [3]. Usually
this will mean that an exclusion/nonexclusion at the A locus will imply the same
at locus B. However, we can compute P(E) under complete linkage disequilibrium
when each A allele is associated with a particular B allele; the probability of
exclusion will be .856. The actual probability lies somewhere in the range
.856 - .961; we take the average .909 as a representative value.
Besides providing a method for computing P(E), the computations above show

that for closely linked loci such as the HLA markers there is considerable redundancy
in information about paternity exclusion [11]. The above results suggest that
HLA-B is quite informative by itself, at least among Caucasians. In view of this,
would it not be more prudent to type paternity cases with HLA-B and another
highly polymorphic unlinked locus than to type cases with both HLA-A and B?
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The discovery of DNA markers will surely be excellent candidates for such
analyses [12].
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