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ABSTRACT: After routine methods failed to establish positive identification of a decom- 
posed homicide victim, deoxyribonucleic acid (DNA) typing techniques using blood from the 
victim and putative parents of the victim were used. This is the first report in the literature 
of a case using DNA fingerprinting in a "'parentage" context to establish identity of uniden- 
tified, decomposed human remains. 
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This report covers efforts to establish the identity of a female homicide victim recovered 
from a suburban Seattle Washington park in February 1988. The body was in a modera te  
to advanced stage of decomposi t ion and had been scavenged by animals. The postmortem 
interval based on the appearance of  the body was est imated to be several days to two 
weeks. The ambient  temperature  was 9~ ground temperature  and core body temper-  
ature were equivalent  at 6~ The body had been scavenged by rats. Postmortem ex- 
amination revealed four penetrat ing gunshot wounds: three to the head and one to the 
neck. Her  death was attr ibuted to these gunshot wounds. The manner  was ruled homicide. 

Routine methods of identification such as fingerprint analysis and X-ray comparisons 
to known missing persons failed to establish identity. In response to a released "'recon- 
struction sketch" of the victim in the media,  a tentative identification was made by family 
members.  Visual confirmation of  her identity was not possible due to the extent of 
decomposit ion.  Efforts to obtain latent fingerprints from objects the deceased was known 
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to have handled during life failed. Neither antemortem dental nor other body X-rays 
existed to establish positive identification. 

A decision was made to explore the feasibility of using genetic markers to confirm her 
identity. Attempts to locate a hairbrush with possible hair root cellular material met with 
failure. A blood sample from the putative mother and father as well as postmortem blood 
and muscle from the deceased were sent to Lifecodes Corporation in New York for 
deoxyribonucleic acid (DNA) analysis. 

Methods and Materials 

From the time of discovery the body was refrigerated at 3~ A peripheral blood 
sample from the body was collected in sodium fluoride at the time of autopsy and 
refrigerated. Samples of psoas muscle and a third molar were obtained almost three 
months later. These were forwarded to Lifecodes Corporation in New York for analysis. 

After D N A  was successfully isolated from the decedent's tissue samples, blood from 
the putative parents was collected in ethylenediaminetetraacetic acid (EDTA) and sent 
for analysis. At Lifecodes, DNA was isolated from the muscle and blood of the decedent 
and digested with restriction endonuclease Pst I. A DNA-PRINT pattern was developed 
using four independent genetic loci: D2S44, D17S79, DXYS14, and D14S1 and the Y- 
chromosome locus DYZ1. 

Results 

Sufficient high molecular weight DNA was isolated only from the three blood samples 
and the psoas muscle of the victim. The DNA-PRINT pattern generated for the loci 
DXYS14, D17S9, and D2S44 is shown in Fig. 1. The allele fragment sizes detected at 
each locus as reported by Lifecodes Corporation are shown in Table 1. Family studies 
have shown that the alleles segregate according to Mendelian laws of inheritance [1]. 
Also, the allele sizes and the clustering of alleles vary significantly between ethnic groups 
[2]. Based on these previous observations, the maternity and paternity index for each 
locus can be determined and are shown in Table 2. 4 Each locus will exclude a certain 
percentage of the population as the biological parent. In the instance of this alleged 
mother, the probability of maternity using the combination of the four genetic loci is 
greater than 99.9% as compared to an untested woman in the North American population, 
assuming a prior probability of 0.5. The putative father is excluded as the biological 
father of the victim because he lacks all fragments present in the child's pattern which 
are absent in the mother's pattern. 

Discussion 

This report illustrates the application of DNA typing to identification of decomposed 
human remains. Recent legislation in California, Colorado, and Washington States has 
brought to the fore many practical questions regarding the use of DNA typing. Avail- 
ability of D N A  technology to the forensic science community is limited at this time to a 
few commercial companies and is not part of the conventional crime laboratory repertoire. 
These companies each use various probes, and no standards of comparison have been 
established from one lab to another. Admissibility of DNA typing in courts is still subject 
to pretrial hearings on a case-by-case basis. These issues plus the cost of the technique 

41. Balazs, M. Baird, M. Clyne, and E. Meade, "Human Population Genetic Studies of Five 
Hypervariable DNA Loci," Lifecodes Corporation, Valhalla, NY, personal communication, 1988. 
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FIG. I - - D N A  profiles for  Probes D2S44 (a and b top), Dl7S79 (a, bottom), and DXYS14 (b, 
bottom). Lane 1 = alleged mother, Lane 2 = unknown blood, Lane 3 = unknown psoas muscle, 
Lane 4 = alleged father, and Lane 5 = mixture o f  unknown psoas muscle and alleged father. 

TABLE I - - D N A  fragment sizes f rom blood standards, (Allele fragment size 
measurements, expressed in kilobase pairs have a standard deviation o f  0.6%. 
Fragments with measurements that are within appropriately 2% o f  each other 

[3 standard deviations or 99. 7% confidence level] are considered indistinguishable 
and their average size reported..) 

Loci 

Sample D 14S 1 D2S44 D 17S79 DXYS 14 

Blood from 3.92, 3.82 10.62, 10.20 4.10, 3.88 3.78, 3.14 
alleged mother 

Blood from 3.92, 3.82 10.88, 10.62 4.10, 3.50 3.78, 3.28 
decedent 

Blood from 5.04, 4.53 12.26, 7.39 3.50, 3_50 3.07, 2.45, 1.92 
alleged father 
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TABLE 2--Indices for alleged parents. Based on the results of the DNA-PRINT test using 
four independent genetic systems, the combined matern#y index is 1820 for black and 4829 .for 
Caucasian populations (calculated by multiplying the individual maternity" indices, M). The 

probabili O, of  maternity, is greater ttTan 99.9% as compared to an untested woman in the 
North American population, assuming a prior probability of O. % (calculated as M/ + M). 

Combined Maternity/ 
Ethnic Group D 1 4 8 1  D 2 S 4 4  D 1 7 8 7 9  DXYS14 Paternity Index 

MATERNAL 

Black 5.62 4,59 3.78 18.67 
Caucasian 3.96 3.89 7.60 41.25 

PATERNAL 

Black 0.00 0.00 7.56 0.00 
Caucasian 0.00 0.00 i5.20 0.00 

1820 
4829 

(approximately $1200 for the case described here) pose problems for the forensic science 
community at large. 

Although still in early stages of application, DNA typing has been heralded as a major 
breakthrough for forensic biology [3,4]. Forensic science applications are twofold: iden- 
tification [5] and disputed parentage [6-8]. Some suggest identifications could be aided 
by compiling antemortem databanks of DNA prints for military personnel and sex of- 
fenders [9,10]. Identical matches could then be sought with unidentified persons and 
suspects. Forensic science applications of DNA typing usually involve comparisons of 
markers present or absent in forensic science evidence to markers present or absent in 
suspects or victims. Typical cases are those that involve disputed paternity [6-8] and 
sexual assaults [11]. 

DNA typing has shown promise when applied to bloodstains [12,13], semen [11], and 
hair roots [3,I4]. Gill et al. [3] have isolated sperm DNA from vaginal cell debris. 
Although not reported in the forensic science literature, formaldehyde-fixed paraffin 
blocks from hospital biopsies might serve as a source of DNA [4]. Ribonucleic acid 
(RNA) harvested from such blocks has been reported, but the authors did not indicate 
the type of RNA isolated [15,16]. DNA polymerase chain reactions may be used to 
amplify DNA that is quantitatively insufficient for variable number tandem repeat/re- 
striction fragment length polymorphism (VNTR-RFLP) analysis [17]. 

Identification can be facilitated through comparisons of DNA profiles of blood rela- 
tives. Kuo [18] applied similar logic to determine whether conventional genetic markers 
in blood of a missing person's parents demonstrated parental inclusion of a putative 
bloodstain of the missing individual. Judicially acceptable probabilities for maternity 
(paternity) can be obtained from conventional markers such as human leukocyte antigen 
(HLA) [19] and DNA [20]. 

Decomposition is often encountered in unidentified remains. Certain levels of DNA 
predigestion resulting from changes of decomposition may not appreciably affect mini- 
probe hybridizations. Successful restriction of partial digests, yielding high molecular 
weight DNA,  has been reported [3,II,21]. Bacterial contamination will not affect hy- 
bridization when using human probes [3,22]. 

Perry et al. [231 analyzed human bone marrow over varying postmortem intervals and 
demonstrated that DNA degradation took place more slowly under low humidity con- 
ditions. Dryer conditions are much more conducive to DNA stability. Paabo [24] re- 
covered small amounts of DNA from a 2400-year-old mummy. The amount was 5% of 
that expected from fresh muscle. Higuchio obtained 1% of the expected amount of DNA 
from 140-year-old, dried muscle of an extinct horse (Equus quagga) [25]. 
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TABLE 3--Detectabili O' of  DNA over time in various 
tissues. 

Tissues Time Limit Refs 

Dried blood 3-4 years 15 
Bone marrow 84 days 23 
Dried sperm 3-4 years 15 
Third molar pulp weeks 24 
Dried muscle up to 2400 years Footnote 4 

Much current research on the use of DNA typing in forensic medicine has concentrated 
on the effects of the postmortem interval on DNA degradation in various tissues. To 
date, sperm and blood have been tissues of major interest [3], but other tissues have 
been examined including bone [23] and third molar pulp. ~ With third molar pulp, Orrego 
has obtained mitochondrial DNA from teeth soaked in water at room temperature for 
several weeks.' Gill [3] has shown that DNA can be recovered from dried blood and 
semen stains after periods in excess of three years. McNally et al, isolated high molecular 
weight DNA of sufficient quality from bloodstains on evidentiary material with an un- 
known environmental history. 6 Their study included stains of different sizes on a variety 
of surfaces, for example, plastic, denim, and carpet. The quality of the stains also varied 
and included stains with evidence of putrefaction. 

Conclusion 

Identification of deceased individuals is a two-part process. First, information must be 
established as to the possible identity. Second, the hypothesized identity must be con- 
firmed. In the absence of fingerprints, antemortem dental charts or X-rays, or other body 
X-rays, alternate means of identification must be pursued. Application of genetic markers 
to the identification problem is an option. This case demonstrates that DNA comparison 
of a deceased with that of suspected relatives is a valid option for identification. 
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