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DNA Profiling 
A Tool for Law Enforcement 

"Advances in DNA technology represent perhaps one of the 
most significant forensic breakthroughs of the century. 11 

Consider the following scenarios: 
-Police Investlgating the brutal 
slaying of a young woman In a 
southeastern town carefully collect 
physical evidence at the scene and 
submit it to their local crime 
laboratory. Forensic analysis reveals 
the presence of semen from which 
a DNA Identification profile is 
determined. This prOfile Is searched 
through a computerized data bank 
and a "hit" Is made with DNA 
profiles from similar crimes which 
occurred months earlier in two 
northeastern cities. Investigators 
from these jurisdictions share 
investlgatlve data, and a suspect is 
developed. A blood sample 
obtained from the suspect reveals 

, 
" 

By 
JOHN W. HICKS, M.P.A. 

Deputy Assistant Director 
Laboratory Division 

Federal Bureau of Investigation 
Washington, DC 

the same DNA profile, which 
conclusively identifies him with the 
semen recovered from the three 
murder victims. 
-The partially decomposed body of 
a child is found in a rural area. 
From samples of hair and tissue 
taken from the remains, a DNA 
identification profile is made for 
comparison with DNA profiles of 
parents of reported missing 
children. 
-Semen Is Identified on swabbings 
taken from a rape victim by the 
attending physician and submitted 
for analysis, which results in a DNA 
identification profile being 
developed. The profile is searched 

through a central DNA profile data 
bank and a "hit" is made. The rapist 
Is identified as a resident of an 
adjacent State who had been 
convicted 3 years earlier on a 
burglary (;harge. 

Recent breakthroughs in DNA technol­
ogy are expected to provide investiga­
tors with powerful forensic tools to help 
solve these difficult kinds of cases. 

Personal identification has always 
been of vital concern to law enforce­
ment. In support of this need, the crime 
laboratory's primary mission is to apply 
science to develop information from 
material recovered from a crime scene, 
which will identify the perpetrator or as­
sociate the perpetrator with the victim 
or the scene of the crime. 

___________ -0... • ....;',~ ______________________ August 1988 f 1 
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Deputy Assistant Director Hicks 

The evidentiary nlaterials most fre­
quently recovered in the investigation of 
a violent crime, such as homicide or 
rape, are blood, hlilir, al1d semen. Ac­
cording to a study conducted in 1984, 
investigators in many jurisdictions re­
cover these types of evidence more fre­
quently than fingerprints. 1 However, 
until recently, the forensic analyst has 
been able to make only limited associ­
ations using biological material. DNA 
technology now provides the analyst 
with the ability to identify a particular 
individual baSEl::! on a drop of blood or 
semen, or a single hair. Because of Its 
capability to individualize, it is very 
often referred to as "DNA fingerprint­
ing." 

What is DNA? 
Deoxyribonucleic acid (DNA) is an 

organic substance found primarily In 
the nucleus of living cells. It comprises 
the chromosomes within the nucleus 
and provides the genetic code which 
determines a person's individual char­
acteristics. The code is expressed by 
the arrangement of four basic building 
blocks, called nucleotides, which are 
represented by the letters A (adenine), 
G (guanine), C (cytosine), and T (thy­
mine). These nucleotldes are linked in 
chaln-liI<e sequences, and their order 
can vary to provide an almost infinite 
number of possible arrangements. 
There are about 3 billion nucleotides in 
the entire human genetic code. 

One of the techniques scientists 
use to characterize the DNA found in 
body fluids and tissue specimens Is re­
ferred to as restriction fragment length 
polymorphism (RFLP). Special proteins 
are used to cut the DNA being analyzed 
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at specific sites. These proteins are 
called restriction enzymes and recog­
nize specific short sequences of four to 
eight nucleotides, referred to as restric­
tion sites. The restriction sites of great­
est value to the forensic scientist are 
those which are highly variable in the 
human population (polymorphic). This 
cutting process results In fragments of 
DNA of various lengths; hence, the 
name restriction fragment length poly­
morphlsms. These fragments are then 
separated on a gel-covered glass plate 
by a process called electrophoresis. By 
using other pieces of DNA of known se­
quence called probes, the analyst can 
Identify the locations on the plate of the 
DNA fragments of Interest. This typi­
cally results In a pattern of bands which 
can then be transferred to photographiC 
film to be Interpreted by the analyst. 

This a very brief description of the 
DNA testing process, and there are 
other methods which are used to char­
acterize DNA.2 Many different restric­
tion enzymes and DNA probes can be 
used, and each results in a different 
banding pattern and provides individual 
discriminating powers of different val­
ues. Because of these variations in test 
procedures, scientists are now unable 
to compare test results directly. The 
ability to classify such information, cat­
alog it, and later search it against other 
test results is critical for law enforce­
ment use. 

The FBI Role 
The FBI has initiated an aggres­

sive forensic research program to de­
velop this technology for eventual 
implementation in the FBI Laboratory. 
An ambitious technical training program 
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"A national coordination effort is essential if the full law 
enforcement potential of DNA technology is to be realized." 

is also being dAve loped to instruct per­
sonnel of State and local crime labo­
ratories throughout the United States 
on the use of this technology. The FBI 
research effort is directed not only at 
methods development but also at es­
tablishing the scientific validity and re­
liability of these methods to insure that 
evidence derived from the forensic 
analysis of DNA can withstand legal 
challenges to its introduction in the 
courts. 

DNA technology is expected to im­
pact substantially not only the crime 
laboratory in implementing the tech­
nique but also the way certain types of 
violent crimes are investigated. Classi­
fying systems are now being explored 
which will allow the DNA profile identi­
fying information to be entered into a 
centralized computer data bank. 

As In the situations described at 
the beginning of this article, semen col­
lected from victims of unknown subject 
sexual assault cases might be analyzed 
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and the DNA profiles compared with 
similar cases stored In the data bank. 
This would permit definitive linking of 
similar crimes in one or several juris­
dictions, which might not otherwise ap­
pear related, thereby facilitating the 
coordination of leads and other inves­
tigative information. 

Legislation has been proposed In 
a few jurisdictions which provides for 
blood samples to be taken for genetiC 
typing from convicted sex offenders as 
a condition of paroled release. Such a 
file would provide a reference against 
which blood, semen, or hair from the 
scene of a subsequent crime might be 
searched. There Is also the potential for 
the establishment of civil files contain­
ing voluntarily furnished DNA profiles of 
individual citizens which might be used 
to aid in the identification of human re­
mains at the site of a mass disaster. 

DNA profiling would be useful to 
the medical examiner tasked with the 
Identification of unidentified remains. 
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The deceased's DNA profile might be 
retained for comparison with DNA pro­
files of the parents or children of miss­
ing persons to accomplish an 
identification through paternity-type 
DNA testing. 

Each of the above concepts, as 
well as others which might be devel­
oped for the application of DNA tech­
nology to law enforcement problems, 
would require the understanding, Inter­
est, and support of the user community. 
The user community is broad and In­
cludes crime laboratories, police de­
partments, sheriff's offices, medical 
examiner's offices, district attorney's of­
fices, and others. A national coordina­
tion effort Is essential if the full law 
enforcement potential of DNA technol­
ogy is to be realized. 

Implementation Strategy 
A seminar on DNA technology held 

in June 1988, at the Forensic Science 
Research and Training Center at the 

Molecular Level 
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"A national commitment to the routine use of DNA tf.~chnology 
by police agencies at all levels will result in a more efficient 

and effective law enforcement system. " 

FBI Academy in Quantico, VA, was at­
tended by key forensic and medical re­
searchers from academia, the private 
sector, and the international crime lab­
oratory community. Two important top­
ics addressed at the meeting were the 
establishment of DNA standards within 
the forensic sclenc.a community and the 
utility and feasibility of automated data 
files containing DNA Identification pro­
file information. Clearly, it Is advanta­
geous to law enforcement on a national 
scale to coordinate the development of 
these kinds of systems with the estab­
lishment of appropriate controls and 
standards to permit the effective ex­
change of DNA identification profiles. 
To accomplish this, the community 
must agree upon standards which pro­
vide a common language and reference 
bases to facilitate the exchange of crit­
ical investigative information. The sys­
tem must at the same time permit 
flexibility to accommodate changes as 
DNA technology continues to evolve. 

--­Q KI t\.2 
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The success of this effort will depend 
heavily on strong professional commit­
ment to the needs of law enforcement, 
along with a spirit of cooperation and 
mutual support within the forensic com­
munity. 

Steady progress is being made in 
transferring this important technology to 
the crime laboratory community. In April 
1988, the FBI extended Invitations to 
directors of crime laboratory systems 
throughout the United States, request­
Ing them to nominate individuals to par­
ticipate in a visiting scientist program at 
the Forensic Science Research and 
training Center. This 4-month program 
is designed to provide the technical re­
sources to address the validity and re­
liability issues associated with DNA 
testing as quickly as possible. Upon 
completion of a research project, 
worked in collaboration with FBI sci­
entists, participants will have developed 
technical proficiency in the test meth­
ods and will have obtained valuable ex-

perience In applying DNA 
implementation efforts In their individual 
State and local laboratories. A special­
ized technical training course Is being 
developed for State and local labora­
tory personnel which will be offered in 
the fall of 1988. This course, in con­
junction with other studies, will also fa­
cilitate the introduction of DNA test 
methods at the local level. 

It is anticipated that within 2 to 3 
years, DNA testing will be performed 
fairly routinely on evidence samples. 
There is an extremely high level of in­
terest in this technc!ogy, and if the de­
mand is to be satisfied, agency 
administrators must take the necessary 
action to provide the necessary tech­
nical personnel and eqUipment re­
sources. 

When forensic DNA testing was in­
itially Introduced Into this country, the 
tests were performed at only a few pri­
vate testing laboratories. During the 
transition period, as the technology is 
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transferred to the Nation's crime labo­
ratories, there will continue to be only a 
limited number of facilities capable of 
performing these tests. This will neces­
sitate a high degree of selectivity as to 
which evidence samples are submitted 
for DNA analysis. Considerations might 
Include an assessment of the probative 
value of the item of evidence, the size 
and condition of the evidence stain or 
specimen, and possible delays which 
might result in the judicial proceedings 
while waiting for test results. A physical 
evidence evaluation and appraisal may 
show that traditional forensic testing 
can provide sufficient information that 
would preclude the need for DNA tests. 

Considerations 
Whl!e DNA technology will provide 

a powerful new capability for lawen­
forcement, It will not necessarily dis­
place the forensic methods now 
employed in the crime laboratory. Not 
all biological specimens will be suitable 
for DNA testing, or tests conducted may 
not provide a conclusive result. In these 
situations, classical serological tests 
will still be necessary to glean all pos­
sible probative information from the evi­
dence materials. Because of the limited 
resources available for DNA testing, 
standard serology tests may be used to 
screen evidence samples to select the 
materials most likely to provide a suc­
cessful DNA result. There will remain a 
need to identify, Isolate, preserve, and 
analyze a wide range of evidence 
types, such as firearms, tool marks, tex­
tile fibers, paint, and glass, as well as 
biological specimens to provide addi­
tional information to aid in crime recon­
struction. 

Care should be exercised by in­
vestigators in processing crime scenes 
to insure other evidence types are not 
overlooked in the hope of a definitive 
DNA test result. It is recommended that 
the local crime laboratory be consulted 
and kept involved In the evidence eval­
uation process throughout the investi­
gation. These forensic specialists will 
insure other evidence types are appro­
priately analyzed and can assist in Iso­
lating materials for DNA testing, even 
though they may not now perform the 
test in their laboratories. 

National Implementation of DNA 
testing on evidence samples will re­
quire law enforcement agencies 
throughout the United States to commit 
additional resources for forensic ser­
vices. Because of the complexity of 
DNA technology and the nature of the 
testing process, it is advisable that 
technical personnel be Identified who 
can be dedicated to DNA testing. This 
will encourage a high level of technical 
proficiency and facilitate effective qual­
ity control procedures. Start-up costs 
for DNA testing Include some special­
ized laboratory equipment, and in some 
instances, acquiring the necessary lab­
oratory space to perform the tests. As 
testing gets underway, there will be ad­
ditional costs for the chemical reagents 
used in the process and the DNA probe 
materials. Sources In the private sector 
have been identified who will provide 
these supplies, perhaps in the form of 
testing kits. 

Benefits 
It Is anticipated that the costs as­

sociated with the forensic application of 

DNA testing will be substantially offset 
by savings in investigative manhours 
required to develop evidence with 
which ·to sustain prosecutions. When 
this technology is fully implemented, it 
has the potential to identify perpetrators 
of crimes sooner In the investigative 
process and to clear suspects more 
readily so that Investigative resources 
can be focused more productively. As 
the criminal justice system becomes 
better acquainted with the potential 
power of DNA technology, It is antici­
pated that additional savings in court 
time may be realized through shortei 
trials or averting trial altogether through 
an increased number of pleas. 

Summary 
Advances In DNA technology rep­

resent perhaps one of the most signif­
icant forensic breakthroughs of the 
century In Its ability to Identify a rapist 
or murderer based on trace amounts of 
biological evidence left at the scene of 
a crime. 

The goal of making DNA profiling 
a part of a crime laboratory's arsenal of 
scientific investigative techniques is 
being realized. A national commitment 
to the routine use of DNA technology 
by pOlice agencies at all levels will re­
sult in a more efficient and effective law 
enforcement system. i" l 

Footnotes 
lJoseph L. Peterson. et al. Forensic Evidence and the 

Police: Tho Ellocts 01 Sclontilic Evidence on Criminal In­
vestigations. October 19B4. U.S. Governmont Prlnling 01-
fico. publication 0-461-539123742. 

2A more-detailed descrlpllon 01 the several DNA anal­
ysis techniques (written lor the nonsclenllst) can be found 
In tho Crimo Laboratory Digest. 19B5. vol. 15. supplemont 
No.1. ontltled "A Primer on tho Methods Used In the Typing 
of DNA:' This publica lion Is available through librarlos or 
by requests directed to the FBI Laboratory. Washington. 
DC. 

August 1988 f 5 




