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ABSTRACT

A review of methads of TYNA analysis used in farensic medicine for identification. paternity fesing, cie. is provided, Among other

tachuliques, DMNA lingerpnnting using different prohes and polymersse chain reaction-based lechnigues such ws amplified sequence
polymorphisms and minisatellite varnl repeal mapping are lhoroughly descobed and Lol theoretical and practical aspects are

discussed.
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LIST OOF ABBREVIATIONS

cBDINA Complementary DNA

(Y| Cenumorgan, unil ol genetic dislance
between loci

HLA Human leucocyte anligens

PCR Polymerase chain reaction

RELI"  Restriction [ragment length polvmor-
phism

TATL Electropharetic  huffer  (Tris--acetic
acid-EDTA)

TBE Flectrophoretic buffer  (Tris—boric
acid LI¥YTA)

VMR Variant repeat mapping

VNDR  Vanahle sumber of dinucleotide re-
pcats

VNTR  Variable number of tandem repeats

IINTRODLOCTION

Characteristic leatures of the humar body
have heen vsed since time immemorial 1o estab-
lish the identity of an individual. The story of
Jacob and Esau (Genesis 27:15-27) demanstrates
how easy it was for a determined fraudster to
change his phenotype when the investigator had
to rely on the fallible human senses unaided by
any technical tools. Since then many techniques
exploiting different  individual characteristics
have been analysed [or thar ellectiveness in dis-
tinguishing one person [rom ancther.

The main aim of all these atlempts has been Lo
have on hand the most objective, cusy-lo-use and
foolproof tool for the following tasks:

(1) To distinguish an individual from all other
cxisting people.

(2Y To define relationships belween two per-
s0OMS.

3) To prove that traces, remains or severed
body parts belong 1o a particular individual.

2. PHENGTY PE DETERMINATION
2.1, Anthropulogical methods

For deeades, comparison of skin patterns
called fingerprints (dermatoglyphics) has been
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used with good results. and this method 13 still
widely used today.

Two aspeets qualify classicol fingerprings as ox-
amined by dactyloscopy for the purposes of iden-
tification of individuals: the ohjectivity of the
methed — different observers obtain the same
findings; and the stability of the patterns — there
18 na dramatic change within a lifetime. Also, the
variability of this characteristic in the population
is 50 high that it is nearly impossible to find 1wo
persnns with Lthe same partern. From the starting
point of anc-finger pattern analyses, which ware
nsed for sample identification documents, pat-
terns [rom all fingers and toes. as well as palm
and plantar cenfigurations, were later added.
Taken together, these patterns reduced the nisk of
false identification to practically zero.

Unfortunately, the area ol the body surlace
suitable for patiern analvsis is not very large, and
it can be destroyved or damaged wilfully or by
gverdent, Thus, iU s semetimes diflicult or even
impossible 1o use conventicnal fingerprints for
wdentification.

Furthermore, at present many sources other
than fingerprints, such as stuins of blood. semen,
saliva, ¢1e.., dare oven more important than finger-
prints in the identification of victims and offend-
ers.

Finally, the inheritance of classical fingerprints
15 ot the sumplest onc. Because of the polvpenic
control of dermaroglyphic patterns, methods of
quantitative genetics have Lo be applied and rath-
cr sophisticated mathematical caleulations are
necessary when classical fingerprints are used to
solve paternity cases [1].

2.2, Biochemical micthods

Al present, there s a long List of characteristics
than can be studied and uszed for identification
purposes. However, their efficiency strongly de-
pends on the polymorphic character of the mark-
er analysed. For blood group antigens, enzvmes
and the majority of other proteins, the relatively
low level of polymarphism does not allow them
10 be used as single markers. [U s necessary 1o
combine the results of individual examinations of
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several marker svstems [2]. Nearly any soures of
nutterial, e.2. red blood cells or serum, and in
SOIMG CdsCs semnen or hdir, ete., can be utilized,
although sometimes only fresh tissues are suit-
able. In particular, when enzyme polvmorphisms
are o be studied this requirement has to be taken
into account. Antigenic substances extractable
[rom hair or bones seein o be muclh more stable.
As mentioned by King [3]. Adam Dalgliesh, a
fictiona!l representative of modern detectives. al-
ready knows how to judge the validity of the bio-
chemical evidence.

For a long time, the best results have been ob-
tained by analysing the human leucocyte antigen-
1 (HLA) systerm [4]. A large number of allgles
with difterent antigenic properties make [ILA
typing a very etfective tool 1n forcasic medicine.
Marmally, white blood cells are used tor LA
typing, but histocompatibility antigens are also
detectable on the surface of other cells. An ad-
vantage of the hiachemical and immunological
markers meationed abave is their simple inher-
itance, which 1s of the classical Vendelian ryvpe.
They are referred to as pofrmorphispis. Accord-
ing to the criteria penerally used in population
genetics to deline a polymorphizm, the frequency
of the alleles or morphs has to exceed 1%, Thus a
polymorphic system (locus) 15 always represented
by alleles found at sufficiently high frequency. in
contrast to a rare mutation.

The most unpleasant problem [or a genelicist
arises from the fact that not all the alleles of a
polymorphic syslem are aceessible to denulica-
tion by the same method. Variability at the phe-
nolype {protein) level revealed by dullerenl meth-
ods, with the hest results provided by clectropho-
resis, has led (o Lthe conclusion thal the mean het-
crozveosity of the human population is generally
around 3%, Not all alleles are. of course, electro-
phoretically deteetable [5]. and much of the nat-
urally occurring variability remains undiscovered
when this method 1s used exclusively. When poly-
marphisms are detected according to the enzy-
matic activity of the marker, a serions complica-
tion is caused by the existence of the so-called
“null"” alleles, e.g. enzyme variants that have lost
their activity,
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3. DIRECT GENOTYPE ANALYSIS

The adeption of mmethods offered by molecular
penetics, i.e. the direct analysis of the human ge-
nome, has brought about a substantial leap in
objectivity. At the genomic level, the number of
dilTerences Lhal can be classified according Lo the
conceptual framework ol classical senctics as
“alleles™ is much higher. At this level we compare
structural  dillerences  belween  maolecules  of
deoxyribonucleic acid. It has been concluded
that, on average, 1 in 100 nucleotides 1s diflerenl
when two individuals are comparced. This means
that the whole human genome, consisting of 46
DNA molccules with a total of about 6 - 10° nu-
cleatides, harbours at least 6 - 107 deviations {1g-
noring mtDMNA). [n reality, this number greatly
underestimates the actual variahility of human
DNA. More and more regions are being found m
the human penome that show much higher vari-
ahility than previously expected.

Allelic differences at DNA locl can b visual-
ized as restriction fragment lengrh polymor-
phisms { RFLPs). RFLPs usvally arise from point
mutations or other processes (small deletinns or
imsertions) that destroy an exasting restncton site
of create a new onc. Typically, they are repre-
sented by only (wo alleles, refllecting the presence
or abscnee of the affected cutting site for the spe-
cific restriction endonuclease. Another type of
RELY 15 characlernized by a variunt number of
tandem repeats (VIN'TR) between two unaffected
restriction sites in the flanking single-copy DNA.
Such loct are represented by a multitude of ditfer-
ent alleles {often more than ten) and form the
structural basis ol hypervariability.

The number of repeat units arranged in a head-
te-tail lashion at these loci can vary [rom a lew to
several hundred. According 1o the number of
base pairs (bp) in the repetition motil, we dis-
tinouish so-called “minisatcllites™, for which the
term VNTR is often used as a synonvm, (rom
simple repeats or “microsatellites™. The motil of
the latter consists mostly of only 2 4 b, while a
sequence of more than 10 bp is repeated in the
former (up to 64 bp have been reported [@]).

In recent vears, microsatellites and especially
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the very abundani CA dinuclectide repeats have
become the moest pursued sources of polymor-
phism  [variable number of dinucleotide
(VNDR)]. Several laboratories arce trving to sat-
urate the human linkage map with these highly
polvinorphic markers in order to achieve a densi-
ty of less than | ¢M (centimorgan) distance, on
average, by the end ol 1993 [7]. The patiern of the
repetition can be simple or complex. The goal of
this puper is not to eslablish the systemaltics of
these sequences, but to mention their existence
and Lo stress their effect on variability. They are
cispersed over the whole genome, but many of
them not evenly. Some are preferentially found in
the ventromeric and subtelomeric regions of the
chromoesomes [8,9]. Others are localized within
the introns of the genes or in the intervening se-
quences between the genes. Recently, several ex-
onic trinucleotide repeats showing variability
have been described within the coding region
[107.

We can conclude this part of the introduction
by the statement that the most pronounced dif-
ferences hetween the penomes of two individuals
arc found in the so-called satellite DNA consist-
ing of a variable number of repeat units of larger
or smaller size. The diversity and polymorphism
of these DNA sequences result from evolutionary
dynamics. They urise by umplifications of a basic
unit during cvolutionary processes.

Even more important, the individual reprated
units ¢an lose thar wentity, change their internal
structure and become more and more distinct
[rom cach other, To illustrale the process, let us
take an examnle: at the beginning, there can exist
a sequence from which different new alieles are
produced by simply multiplying this copy. If the
original allele is reterred to as X, then the new
alleles may be XX or XXXX for instance. Sub-
sequently, one or the other of the X units will
absorb a pomt mutation transforming X into X'
In this way, a new kind of allele is born, e.g.
XXX'XX. Non-stop processes such as recombi-
nation and gene conversion will propagale X'
through the alleles, thus giving rise to an enor-
mous inerease in variability, Furthermore, a pat-
ticular sequence of X and X' motifs, such as
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XX'X, may act as a higher order repetition unit
to form clusters like (3O0X) (3OCX0 (XXX 1t is
casy to envisage Lhe enormous capacity for vari-
ahility that could result from these scquences.
Knowing all this, direct comparison of nucleotide
sequences has to be aceepted as the uliimate form
in the description of individualiry.

4. WHAT ARE THE PRINCIPLES OF [DENTIFICATION?

Identification attempts 10 prove that ne other
individual is likely to share the characterisiie used
for identification, Obviously, a high variability ol
the characteristic under study will Facilitate the
task enormously.

Imagine that a person has the blood group A.
The probabulily that we will ind another person
with the same blood group denends on the preva-
lenee of blood group A in the population. It we
supposc thar it is 50%,, we must take into account
the [act that every second person in the popula-
tion will have the same blood proup and, thus,
cannot be excluded from consideratinn. We may
also analyse a sccond blood group system, e.g.
MNN, and find that our person is A, M. In this
case all individuals with the combination A, M
are again indistinguishable, but the probability of
linding individuals in the population hearing
both A and M is much lower.

riy (K3 A [ |
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The lower the frequency of an allele or a coin-
bination of alleles in the population, the higher
the probability that no other person has the same
genotype. Loci that have many alleles often offer
the advantage that their alleles have low frequen-
cies, whereas loci with two or a few alleles nor-
mally do not. What level of probability can we
accept as sufficient for identification or exclu-
sion? Usually we continue 1o combine the diller-
ent polymorphisms tested until we reach the Y9%
threshold. By testing blood groups. cnzvmes or
other proteins, sometimes more than ten different
systems are necessary to approach this level, and
vel nol all cases can be solved 1o this way.

Introduction of the methods routinely appliad
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Fig. 1. DMNA fingerprinting. Avtoradiogram of a Laraily of twe children and two prospective fathers tested for paternity. Genetic
symbols were uzed to describe the situation. 5 — standard pattern. TINA samples (5 pg) were digested with Hinf1(5 units per pg) tar 4 h
al 37°C. Electrophoresis was carricd oul in 0.7% agarose (Pharmacia) and TAE boffar a1 (.8 V/em tar 40 h. After eleclrophoretic
separation the gel was dried (Bio-Rad ge' dryer) and sfter denainranan (0.5 M Na{H. .15 M NaCl} and neutralization (0.5 M
Fris-HH, 0.15 M NaCl, pH 7.0) hyhridized wirh racioactivily lubelled (3 end labelling) oligoprebe (GTG), according to the standaird
method (1. 1. Epplen and H. Zischler, ONA Fiegerprinking wah Qligonucleatides Rudiosctive DNA Fingerprinting, Martinsried.
Max-Planck-Lostiute fiir Psychiatrie, Fresenius, 19907, Dots indicate bands shared by the true father and his daughrer.
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in Toodern genetics has dramatically changed the
siluation.

F T1I0W CAN DNA TECHNOLOGY SOLVE THE FROB-
LEM?

Whatl methods are used Lo pick an imdividual
from the crowd? How can paternity be excluded
or proved? What are the advanlages ol DNA
analysis?

As we have mentioned hefore, DNA analysis
studies polvmorphisms (DNA polymorphisms),
suhsets of which represent the highest level of
variahbility ever ohserved. There are twe possibil-
itics for analysing these polymorphisms. The first
invalves a stepwise approach with the use of sin-
gle-lacus probes, which is something like fring a
rifle with one buller at a time. and similar to the
siluation with protein polvmorphism. The other
approach is to use multilocus probes, which hit a
Larget (Lhe genomue) al many siles simultancously
like a shotgun. The latver way is now known as
DNA fingerprinting (Fig. 1). This method 13
buscd on the outstanding ability of nucleic acids
to form duplexes, i.¢. to hybridize. OF course,
successiul hvbridizalion 1s dependent on certain
cxternal and internal conditions. Internal condi-
tions, ie. the degree of complementarity between
the hybridizing strands, determine in the first
place whether or nel hybridizalion occurs. Ex-
ternal conchtions, j.e. tonic strength, plL, temper-
ature, etc., are secondary and influence the dy-
namics ol hybridizauon by favouring the single-
stranded or double-stranded state. Several Lypes
of probes are used tor DNA fingerprinting. As
single strands, these sequences of DINA (or
RNAJ are capable ol hybridizing 10 many ditter-
ent sites within genomic PNAL All the inter-
spersed target seguences have something in com-
mon: their repentive nature generates numerous
multiallelic polvmorphisms. Different sources of
such probes have heen described:

(a) I'Muman genome |6.11.12]

{b) Inverrebrate penome [13].

{cy Viral genome |14,

() DNA synthesizer [15].

Properly handled. all types of probes offer equal-
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ly good results, butl synthetic oligonucleatides
seem 1o be preferable for techmeal reasons. The
original probes of Jeflteys [6] were supposed to
hybridize with atl least 200 30 loci.

However, it is possible to dismantle the multi-
locus praliles into simpler pallerns using appro-
priate single-locus prabes. These proubes can be
derived from DNA fingerprint fragments by
clomng the single-copy sequences that normally
flank the repetitive clements at both sides f16—1§].

The ability of multilocus probes to hybridize
with many slightly different sequences distriburcd
over the genome depends on the extended homol-
ogy between these scquences. Short stretches of
the so-calied core sequences have been shown o
form the structural basis of the homology among
minisatellites [11,12].

DNA fingerprinting as a method ol genome
andlysis offers many advantages as compared
with other identitication technigues. Of course,
there arc also several disadvantages. The most
valuable advantage 15 the possibility of achizving
the final results in a single step. Less time and
money is consumad a3 compared with the sep
arate examinaton of many loci. Among the dis-
advantages, problems of reading and evaluating
the complex clectrophoretic patterns have o be
mentioned. Tt is, of course, impossible o adentily
the alleles ol all loct involved 1n the multilocus
profile characterizing an individual. For this rea-
son we usually only try o distinguish between the
hands that are shared {present in both patterns
compared in the sume position, Le. al the same
distance [rom the starting well) and those that are
not shared by the two individuals. Thus. the pat-
terns are evalduated ws w whole wnd the proportion
of shared bands among all bands checked is cal-
culated. When (wo separate RDNA samples from
the same person are compared. complete band-
sharing 15 capecled. Bul some small dilfercnees
among severdal fingerprints {rom the same person
are possible, This cun be caused by technical er-
rors, f.o. different amounts of DNA applied lor
clectrophoresis, or by improperly digested sam-
ples, but such artifacts can be reduced by accu-
rate monitoring of DNA digestion and concen:
tration.
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MNevertheless, we also have to consider other
than technical sources of pattern “abnormali-
ties”, especially when DINA [rom dillerent tissucs
is analysed, or when samples for DNA isolation
have been taken atier long ume intervals. For
instance, tumour tissues are known to accumu-
late many devialions from the normal DNA fin-
acrprint., Furthermore, chimaerism and mosai-
cism can result in tissue-specific patterns in sam-
ples from a single individual. Yet apart from
these particular cases, somatic stahility has heen
well documented lfor DNA fingerprints.

When considering, the drawhacks, some tech-
nicil requirements have to be taken inlo account:

(1) DNA fingerprint analysis consumes tela-
tively large amounts of high-molecular-weight
DNA (=5 pp for cach run).

(2) Exact guantification and optimal digestion
of DNA samples are necessary.

() Good electraphoretic separation is a musf.

Furthermore, 1t is difficult to compare samples
from dilferent gels. Therefore, several lanes on
each gel have to be reserved lor the standard
DINA. For better resolution, low voltage (<1 ¥
ey and long gels ( 22 25 ) are prelerred.

There are saveral technigques for the evaluation
of longerprnint patterns. In the [irst place visual
inspection and comparison of the profiles has to
be mentioned. Thouogh this is labortous and trou-
blesome, it is judeed by many axperts to give the
best resulis. The problem ol low objeclivily can
be overcome by having several experienced work-
ers independently examining the same Fnger-
prinl,

But in the age of computers and roborts, de-
signed to do lor us the wedious work, somelimes
better and most often faster than we do, several
manutacturers of laboratory equipment have de-
veloped reading and documcentation  systems
composed of 4 television camera combined with a
compurter and a laser printer. They are not only
able to produce the image but also to process it,
ie. to cvaluate the density of spots and bands and
Lo cstimate their positions. The images can he
stored and compared at any time with a new one
(125 5000 from UVP or Bio Image, Model 605-
RFLP or [ 105-RFLP. from Milliporc).
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Ay already mentioned above, single-locus
probes hybridize 1o the alleles ol one locus and
individual allelas can be clearly identified. Very
aften identification according to the size of the
corresponding restriction fragments is possible.
Though normally loci with a high degree of poly-
morphism are chosen for the single-locus analy-
sis, resulls oblained from one locus are seldom
sufficient Lo solve an dentification problem and
combining the results obtained with several sin-
gle-locus probes s the rule, Larger quanttics of
DNA arc then required, as compared with the
multilocus profiling.

Many single-locus probes exhibit a simple pat-
tern. L.e. one allele corresponds to a single band,
but others produce rather complex pictures, with
constant hands in addition to the allelic ones, and
with several bands corresponding o a single al-
lele. Sometimes. the multiband patterns resemble
lingerprints, but they do not have the same high
information content {Fig. 2).

In principle, all methods of DNA analysis are
superior to protein techniques because the sub-
strate DNA s much more resistant Lo degra-
dation und can be found practically everywhere
in the human body. It is possible to use all tissues
with nocleated cells for DNA extraction, inclod-
ing blood as a2 whole because it also contains
white blood cells. which are nuclealed. Several
tissues can be used as the source of DINA for a
long time after death. Hair roots and skin and
bone tssues, espeaally when mummilicd by low
humidity, retain enough DNA suitable for exam-
inalion. These samples are often more or less de-
graded, but even partly frapmented DNA can be
utilized by several techniques, mentioned below.
DMA iselated from human mummies has been
successfully analysed by Paabo er 2l [19] and Ha-
pelberg er @l [20].

The advantage of the TYNA analyses is the high
variability of marker systems and the ubiquity of
DNA. As a2 consequence, many mote traces are
amenable to analysis.

The drawhacks are caused by the fact that rela-
tively large amounts of DNA are needed and
poor quality of the samples may bhecome critical.
However, the latest technigues of DMNA analysis
can overcome even these problems.



Fip. 2. Avtoradiogram of genomic DNA (10 pg) digested with
Fagl restrictase (MBI Fermentas) at 65°C for 4 h (2 units per pg
of CNAY, hybridized to s single-locas (TYXYS200 prohe, pi362A,
radivaclively Tabelled {rundom priming method). Digesled sam-
ples were electiophoresed without any [further purification in
8% aparose gel (Pharmacia) in 0.3 = VAFE bufler at 1.2 ¥iem
foor 20 h (GNA 200, Pharmacia, Sweden). Gel was vacuum-blot-
ted by alkali buffer onlo the Nvlon membrane (Hybond N 1 us
suggested by the producer {Amersham, UK) DNA samples
from ron-related blood denors. Individual alleles of this system
were not yet established 8 -lambda; 8srEIL digest was nsed as a
size marker. In all electropherpgrams fragmencs mhgrated to-
wards Lhe anode, which is silmaied a2t Lhe 1op.

The most important method 1o be mentioned
here is a method of eyelic amplification of shart
picces of DNA introduced by Saikier af. [21]. 1L is
known as the polvmerase chain reaction (PCR).
The sensitivity of this reaction is so high thal it
sometimes seems Lo be a curse rather than a bless-
ing. 1t is possible to detect a single DNA mole-
cule, and consequently coentarminaton could be-
come a scrious problem. Nevertheless, genetic
typing of a single cell 1s now [eusible by this meth-
od [22].

Each PCR cyele doubles the amount of the
DMNA scgment selected. This is achieved by the
action ol & thermostable DNA pelyinerase that is
resistant to the heat-denuluring step at 91°C at
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the beginning of each cycle. After denaturation,
which scparatcs the two strands of the native
DNA molecule, annealing of appropriate prim-
¢rs [short olipopucleotides of 17-25 base pairs
{(bn)] to the single-stranded DNA is achieved at a
lower temperature (50-60°C). Now the polyme-
rase is ahle to add furrher nucleotides to the 3
ends ol the primers according to the sequence of
the aviginal DNA. This elongation step is contin-
ned at 72°C, the temperature optimum for the
polymerase. As a conscquence the DNA becomas
double-stranded again in the region hetween the
primer docking sites and another cycle can fol-
low. Normally, there will be enough PCR prod-
uct to be detected by ethidium bromide stalning
after 25 35 cyeles. Which DNA segment will be
amplified depends on the pair of primers chosen.
Their sequances determine the sites of binding o
the target DNA. Amplilication will only occur
when these binding sites are not too far apart
{several hundred basc pairs 15 the opumum}.

Redatively short pieces of DINA moleculs can
be analysed by PCR-based methods. That means
thul partly degraded DNA can also be utilized as
a template. We cun operate onc PCR [or onc io-
Cus, of in somy cases several reactions can be
combined in one tube. This is possible when the
reaciiony have sirular annealing temperature op-
tima and the products can be clearly separaled
according to their size.

& TECHNICAL GUIDE
6.1, Isolation of DN A

The first step in the analysis of any sample is
the isolation of DNA. [n some cases it can be a
very simple procedure. The original method, still
used it several laboratories and quite appropo-
ate in some situations, is based on a phenol ex-
traction of proteins from the DN A-containing ly-
sate. DNA is then precipitated with ethanol or
isopropanol. More recent methods no longer usc
phenol but high concentration ol salts to procip-
1tate the proteins while the DNA remains in solu-
tion. Treatment wilh proteases [urther improves
the purity of the DNA.
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For fingerprinting or other techniques depen-
dent on the inteprity of DNA to he analysed,
careful handling is strongly recommended 1o pre-
vent any mechanical fragmentation of DN A mol-
ecules. Only large pieces of DNA (=50 000 bp)
should be subjected to the enzvimic splitting into
defined [ragments.

Amplification by PCR may give good results
also with DINA samples that are not very pure
and/or highly degraded {300 bp). Stripping
DNA naked by boiling nucleated cells is some-
times sullicient Lo make the DINA substrale ac-
cessible to the pelymerase, Bven small amounts
(old tissue specimens, blood smears) of DNA can
serve as substrates for TR,

6.2. Targeted fragmentation of DN A

The enzymic digestion is a very fundamental
step in DNA analysis. Endonucleases of bacterial
origin called restrictases are usad to split double-
stranded DNA in a sequence-dependent manner
inta fragments of defined length. This is achieved
by the fact that the enzymes only cut within or
nearby a unique sequence molf. Several hun-
drads of restrictases are known, and anyonc can
lind a hist ol them in catulogues offered by suppli-
ers of molecular biology products. A comprehen-
sive list was also published in Gene 92 (1990) Nos.
I and 2. bul many new Testrictases have heen
found and characterized since that time. Those
most used for (ogerprinting are i/l and Heael-
IL.

6.3. Separation of fragmenty

The first step in identifying restriction or PCR
fragments is to separate them according to their
length. For this purpose. electrophoresis in aga-
rose or acrylamide gels is commonly used. In
contrast to proteins. mobility of longitudinal
DNA molecules depends on their ability Lo con-
form their shape to the size of pores in the gel
matrix. rather than differences in electrical
charge; indeed. the longer the [ragment, the mare
negallve charges that it hears, but the more difli-
culty it has in b¢ing squeezed through the gel ma-
trix.
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ILis, of course, possible 1o separate fragments
by chromalographic methods, but electrophore-
sis offors many advantages:

(1) Tt can separate many samples of digested
DNA simultaneously under neacly wdentical con-
ditions.

(2) The fragments can be fixed at positions re-
lated to their mohbility. This allows us 1o comnare
not only {ragments present in one ““line”” {of di-
sosted DNA) but also to compare their relative
mohility fraom lane to lane and even from gel to
wel.

There are many types of electrophoretic proce-
dures and equipment available. both horizontal
and vertical. The most conumon techuique is the
submarine horizontal flai-bed agarose gel elec-
trophoresis in Tos—acelic acid-EDTA (TAE) or
Tris-basic acid~EDTA (I'BE) buffers. In some
cases (PCR), definitive results can be read out
immediately after electrophorctic separation. Vi-
sualization of fragments art this stage can be done
by staining the gel with ethidium bromide and
UV light ransillimination or by silver staining
(polyacrylamide gels only).

If hybridization is wecessary in order to detect
specific DINA (ragments, gels have to be dried ar
blotied. Both procedures result in an immobil-
1zation of DNA pieces, with the (ormer witlin
the collapsed gel matrix and with the latter at the
surface of the blotting membrane.

6.4, Blotting

When blotting, we transter DNA fragments
from a gel onto a membrane by a streaming iluid.
Originally, the membranes nsed were made of ni-
trocellulose, which is certainly less fragile than
agarose gel, but it is Sammable. Nowadays, ny-
lon membranes of different rypes are the material
of choice. The technique also underwent substan-
tial improvements — from hand-made “devices”
with filter paper for capillary blotling. to electro-
blotting, vacuum-blotting or positive-pressure
blotting.

Before blotting, DNA is made single-stranded
by immersing the gel in an alkaline solution. The
alkah treatment is referred to as the denaturation
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step. Aller bloting, DNA molecules are only
loosely attached to the surface of the membrane
and must be fixed by UV radiation (several min-
vtes} or by dry-heat treatment (80°C for 2 h).
Chemically modified nylon membranes now
avallable bind DNA covalently and the fisalion
step has become unnccessary,

6.3, Hybridization

This step of DNA analysis allows the forma-
tion af hybrids between the fixed frapments and a
probing molecule, n piece of nucleic acid of de-
lined sequence. in solution. Provided both are
single-stranded, the probe is disposed to bind to
any complementiry sequence presenl among Lhe
DNA {ragments by forming hydrogen bonds un-
der appropriale conditions (lemperature, ions),
Probe molecules are tagged with reporier groups
or molecules. These can act as a source of signals
due to radioactivity, enzymatic activity or anti-
genicity, 1o menton only some of the more com-
mon signalling systems. The method of labelling
determines the way ol detection. The signal in-
forms us about the place where the probe has
found a complemeniary sequence of nuclectides.
Conditions for hybridization and washing away
the excess of the free and non-specifically bound
probe are very discriminating and allows us to
tunc the specificity of the reaction, The pracise
control of temperature and ionic strength ol hy-
bridization selution arc mosi important condi-
tions defining the stringency at which a hybrid-
ization occurs. Iligh-stringency condilions, fe.
high temperature and low salt concentration, are
used if crass-hyhridization with only partly com-
plementary sequences has o be suppressed.

a.6. Probes

An extremely large number of probes is now
available (it is growing every day), both genomic,
that is fragments of genemic DNA cloned in bac-
terial plasmids, or cDHNA probes, reverse tran-
scribed from mRNA and cloned. Furthermore.
chemically synthesized oligonucieotides specilic
for simple repeat motifs such as (GATA).,
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{CAC);, (CA), cte. have been shown to be ox-
tremely uselul in DMNA lingerprinting [22]. These
oligonucleotides are small cnough to penctrate
into the agarose gel mairix and so are perfectly
sutted for the in-gel hybridization procedure.

a7, Petection

The technique of signal detecrion depends on
the kind of the signal used. Radioactively labeil-
ing probes with **P is the most widely usad tech-
nique, and toe signal 15 then detected by aulora-
diopgraphy on X-ray filin or by the Betascope 603
Blot Analyzer from Betagen or by phosphoimag-
ing. Non-radioactuve labels are detected by spe-
cific techniqgues corresponding to the iabel used.
Enzyme activity 1s detected by a histochenmncal
colour reaction or hv chemiluminescence, anti-
genic reporier groups such as digoxigenm by an-
tibodv-bound cnzyme reaction. Biotin-labelled
probes can he visualized by avidin-conjugated
CNZYme.

AN Multiplicarion of DNA segments

In spite of the welalively recent introduction of
the polymerase chain reaction nto the collection
of techniques used in malecular genetics [21]. to-
day hardly any laboratory working in DNA diag-
nostics is not equipped with a thermal cycler —
an appariatus with programmable controls for in-
cubation tempetature. The bibliography on
PCR, e.g. as cdited by Perkin-Elmer-Cetus. also
demonstrates impressively how comnian this
method has become. The use ol PCR s closely
hound to ihe synthesis of short oligonucicotide
sequences serving as primers in the reaction. The
sequences of these primers arc chosen according
to the sequences flanking the DNA segment of
interest. Only the segment enclosed by the prim-
crs is multiplicd. Customary PCR provides re-
sults similur Lo those oblained by hybridizarion
with single-locus probes in hybridization experi-
ments. However, a mullitude of special applica-
tions have been developed, some of which resem-
ble muitilaeus profiling.

Many different VNTR polymorphisms suita-
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ble for the identification of individuals in crimi-
nal ar paternity cases hy PCR technigues have
been described. Well-characterized sets of prim-
ers are listed in ATCC/NIH Repository Cata-
logue (1991), pp. 70 71. The primers maost com-
monly used are those directed 1o the APOB,
HRAS or HVT-Ig VNTR [?4]. Fig. 3 shows
that PCR mulliplication ol scveral lurgeted se-

Fig. L Sicgle-locus (ApaB) polymorphism detected with POR.

Primers (3 pA) [memionsd in Fo Boorwinkle, W Xiang, L
Fouresl and L. Chan, Proe, Natl, Acad. Sci. TSA, 86 (1989) 212
and cyele programnuing were as [Gllows: 1 - denstoradon al
24°C for | min; 2 — annealing + polymerization a 60°C lor &
rin. The reaction mixlure consisted of- sample, 1 pg of genoinic
DNA; buder. 67 maf Tris-HCL 2 ma MoCl., 10 mM 2-mer-
capinethenal, 16.6 rmdf (NH,),80,, 0.17 mpim! bovine serum
alhumin, pil %4200 117 of each deoxynueleoside riphosphate
{UATE ACTT, dG TP, dTTP) and 2.3 U of Tag DNA pelymne-
rese (MBI Fermenlas). Thirty-live cycles of the two-step pro-
gramme were performed in PREM I (LEP Sciennie, UK) oy-
cler. The products were separated by clectraphoresis i agarose
gel (1.8%) and visvalized by sthidium bromide slaining and
trunsiluminatior. with UV dicht (303 nm) and photegraphed
with a Polareid caroera., Blood demars weme used as non-related
individuals for population survevs, Mosl ol the sumples analvsad
were heterozygous: individual alleles are shown, § — pBR322:
Al digest with two Trugments, size ndicated {MUS bp and 403
bpl.
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guences can also be accomplished simultancously
in one tube. 1t is obvious that the set of primers to
be used in a multiplex PCR has to be carfully
chosen. Qtherwise, individual reactions could 1n-
terfere with each other due to the complementar-
ity between some of the primers and the discre-
pancics in U oplimal anncaling temperalurcs.
Furthermore, the products of the different reac-
tions should bhe of significantly ditferent size to
facilitate their subscquent clectrophoretic separa-
tion.

Complex patterns of products, very similar to
DNA fingerprints, arc also obtained by the so-
called arbitrarily primed PCR {AP-PCR) [25]. In
AP-PCR only one primer 1s used [or extension in
both directions. It starts with a low-stringency
temperature allowing the primer to anneal also at
sites that are not perfecily matching, Al the next
step the annealing temperature is raised to a
hagher stringency level. The products can be also
instantanccusly labelled by the addition of
|%*PJACTP of dATP to the PCR mixture and the
gels can be then used directly [or autoradiogra-
phy without the need for blotting and hybrid-
ization.

6.9. Special technigues

In this section several ingenious technigues will
be mentioned thut are useful for special applica-
tions. Some of them use procedures and equip-
ment very different from those used in classical
DNA [lingerprinting. Mevertheless, they have
been designed for DNA typing and hence given
identica] names. Two methods based on the am-
plification and separation of products on aure-
mated sequencing apparatus should be briefly
mentioned. These are ASPs (amplified sequence
nolvmaorphisms) deseribed by Skolnick and Wal-
lace in 1988 [26] and the semiautomated DNA
fingerprinting developed by Currano er af. [27].

The next step in the strutegy to maximizc Lhe
resolution of individual variabilily is the direct
genomic or sampled sequencing technigque [28].
Finally, we want to mention a method ol JefTreys
et wl. |29,30], which brought new insipht into the
variability of repeat units within their clusters. As
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described above, therc may be slight differences
i the seyuences ol the basic elements in such a
chuster, The technique allowing deteetion of this
variability among the repeat units in a cluster is
based on the combination ol PCR amplitication
of individnal alleles in 2 VNTR locus and the
partial digestion of the products by twa restric-
tases. Subsequent separation of the fragments on
an agarose gel results in o ladder-like pattern
from which the sequence of different repeal units
can be determined. This technigue is called mimi-
satellite variant repeat mapping (MVR). Recent-
ly. it has been further developed into an exclu-
sively PCR-bascd method, MVR-PCR, which
avoids the need for troublesome partial digest.

Most often, two types of repeat units are dis-
tinguished differing anly at 1 bp. But this var-
lability of' T bp is decisive for the presence (1) or
abscnce (0} of an additional restriction site, For
each allele the sequence of (1) and () units can he
determined now, e.g. 11010 (or one allele and
01100 Tor the other. This binary code of both al-
leles can be combined to form a Letnary code that
1s highly specilic {or the geaotype of the diplowd
arganism: L101¢ + Q1100 gives the sum of 12110

The extraordinarity high capacity to distin-
guish individual allcles (more than (0°% for
[2158) at one VNTR locus makes MVR a very
promising technique.

3. /0. Fvafuation

The naked eve, a ruler and a pencil together
with the human brain remain the most effective
evaluating tools in many cases. What we do is to
transform the complexity of personal individual-
ily inlo a few bands scen on the screen of o trans-
illuminator. If we compare two pictures and it
scems o us thal ihe bunding patteris match, fe.
no differences are present. we deduce Lthat the pic-
{fures are identical, and conclude that both sam-
ples analysed come [rom the sume body. Selving
a problem of relationship we believe that a child
gets a half of its genotype [rom each parent and,
the other way round, that what we find in a child
must have come [Tom its parents enly. This is of
course true, bul ot absolutely, as mutations can
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occur in the genome during gamctopenesis and
ontogenesis [31-33). Although a lot of the eval-
uation work is still done by hand and by eye,
some of the methods mentioned, and especially
thase separating the producis on sequencing gels.
are becoming increasingly dependent on automa-
tion and on the evaluation with rhe aid of com-
nuters. Within the next few years, this will gener-
ally become the mast effective way of getting
quick and reliable results adequately docurmented
in easily accessible dutabases [28].

7. EXPCRIENCE AND VICWS

The authors appreciate the recommendation
made by onc of the referees to include an cval-
uaticn of the reviewed methods based on person-
al cxpericnee, We both consider the introduction
of DINA profiling for the identification of indi-
vidual bodiecs (cells) the most significant achieve-
ment of forensic medicine in the last two decades.
However, we might differ in assessment of the
usefuluess and effectivity of the particular ap-
proaches. One ol us (P. Nimberg) favours fin-
gerpriating, while the other (R. Brdicku) prelers
single-locus techniques, These views are based on
external conditions as well as on our personal-
ities. Everybody prefers to play games in which
he 15 more experienced, and this is ulso (rue in
research and science. Good-guality DNA sum-
ples and considerable technical skills are neces-
sary m order Lo get reliable DNA Gingerprints, In
addition, ¢valuation of the results is often com-
plicated and requires profound experience. On
the other hand, single-locus techniques arc less
skill-dependent (PCR also gives reliable results
with somewhart deteriorated 1JNA). Beeause they
identify individual alleles, their strength can be
enbanced when the interpreter has a knowledge
of population genetic data.

Finally, we would like to add a note about
dealings with the legal profession and giving the
evidence at courts. Law courts expect unequiv-
ocal resulls, fe. 100% certamty. This 15 un utire-
alistic demand in biological sciences as all scien-
usts absorb a cerlamm kevel of agnosticism and
scepticism from their daily experience. As a result
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of these different attitudes, some disappointment
on the part of the lawyers is almast incvitable.

B SHCOINDARY INFORMATION SOURCES

B. Amos and J. Pemberton (Editors), Finger-
print News, Tirst issue in 1989, Universily of
Cambridge, Cambridge, UK.

Perkin Elmer Cetus (Editor), PCR Bibliogra-
phy, First issue in 1990, Perkin Elmer, Norwalk,
CT. USA.
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