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Questo volume raccoglie i conributi scientifici dei
relafori e dei portecipanti ol XIX Convegno Nazio-
nale del Ge.F.I. {Genefisti Forensi Italiani), tenutosi
a Ospedaletto di Pescanfina (Verona), dol 14 ol 16
novembre 2002
| recenti eventi criminesi, che dalle indagini crimi-
nalistiche ed in particolare genetiche per l'identifi-
cozione del profilo DNA hanno ovuto utili riscontri
per l'individuazione del responsabile, e lu risonan-
za che tali indagini hanno avuto sui mass media
suscitando interesse e curiositd anche nei non
addetti oi lavori, impongene un costante aggiorna-
mento delle potenzialita diagnostiche ed un loro
adeguamento alle esigenze processuali.
L'incontro veronese ha assunto un particolare rilie-
vo, quale momento necessario di incontro fra i vari
studiosi per la validazione di nuovi protocolli ope-
rafivi, 'analisi dei cosi complessi e c?uhbi_ l'intera
zione con gli utenti di queste analisi, in primis
I’ Autorita Giudiziaria, che riducano al minimo
I'eventucle morgine di errore, le ci conseguenze
syl piono della responsabilita penale (e civile nel
toso di nccertomento dello paternitd) sorebbero o
dir poco tragiche.
Va inolire softolineato come all'incontro abbiano
partecipato, in veste di relafori, alcuni fra i mag-
giori esperti europei della disciplina che non hanno
mancato di dimettere i loro contributi scritfi, dei
quali siamo onorati.
Gli argomenti fratiati, ol di la degli aspetti pid squi-
sitamente medico-biologici, hanno anche giustifico-
to lu presenzo di numerosi operatori del Diritto
(Magistrati, Avvocati, Forze di Polizia) nella veste
di Relatori ed in quello di partecipanti, i cui inter-
venti rappresentano doverosamente lo parte intro-
duttiva dell opera.
Siamo convinti che lo sforzo di dare riscontro, per
lu prima volta nella storia del Ge.F.I, ol Volume
degli Atti, che inevitabilmente assume una veste
altamente specialistica, abbia colmato un vuote
editoriale che lo frequenza della odierna casistica
giudiziaria non consentiva oltre di accettare.
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PRESENTAZIONE

Questo volume raccoglie i contributi scientifici dei relatori
e dei partecipanti al XIX Convegno Nazionale del GeF.I.
(Genetisti Forensi Italiani), tenutosi a Ospedaletto di Pescan-
tina (Verona), dal 14 al 16 Novembre 2002.

I recenti eventi criminosi, che dalle indagini criminalistiche
ed in particolare genetiche per 'identificazione del profilo DNA
hanno avuto udli riscontri per I'individuazione del responsabile,
e la risonanza che tali indagini hanno avuto sui mass media su-
scitando interesse e cutiosita anche nei non addetti ai lavori, im-
pongono un costante aggiornamento delle potenzialita diagho-
stiche ed un loro adeguamento alle esigenze processuali.

L’incontro veronese ha assunto un particolare rilievo,
quale momento necessario di incontro fra i vari studiosi per
la validazione di nuovi protocolli operativi, I'analisi dei casi
complessi e dubbi, I'interazione con gli utenti di queste analisi,
in primis I’Autoritd Giudiziaria, che riducano al minimo I’e-
ventuale margine di errore, le cui conseguenze sul piano della
responsabilitd penale (e civile nel caso di accertamento della
paternita) sarebbero a dir poco tragiche.

Va inoltre sottolineato come all'incontro abbiano parteci-
pato, in veste di relatori, alcuni fra i maggiori esperti europei
della disciplina che non hanno mancato di dimettere i loro
contributi scritti, dei quali siamo onorati.

Gli argomenti trattati, al di 13 degli aspetti piu squisita-
mente medico-biologici, hanno anche giustificato la presenza
di numerosi operatori del Diritto (Magistrati, Avvocati, Forze
di Polizia) nella veste di Relatori ed in quella di partecipanti, i
cui interventi rappresentano doverosamente la parte introdut-
tiva dell’opera.



Vi PRESENTAZIONE

Siamo convinti che lo sforzo di dare riscontro, per la prima
volta nella storia del Ge.F.I., al Volume degli Atti, che inevita-
bilmente assume una veste altamente specialistica, abbia col-
mato un vuoto editoriale che la frequenza della odierna casi-
stica giudiziaria non consentiva oltre di accettare.

[’auspicio & che in queste pagine gli operatori del Diritto
possano trovare la risposta almeno ad alcuni dei loro dubbi e
gli studiosi della Disciplina spunti per nuove e sempre pitl si-
gnificative ricerche sempre pensate, come ¢& nella natura della
Medicina Legale e delle Scienze Forensi, nella prospettiva
della reale applicazione giudiziaria.

Un doveroso pensiero va alla memoria del Prof. Amleto
Loro, medico legale veronese per molti anni cattedratico di
Medicina Legale nelle Universita di Padova e di Trieste, il
cui lascito, destinato a favorire e supportare Iattivita di ricerca
dei giovani cultori della materia, ha consentito, in questa occa-
sione congressuale, I'istituzione di premi al merito ed ha signi-
ficativamente contribuito alla stessa pubblicazione di questo
Volume.

Dowmenico DE Leo
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DNA IDENTIFICATION OF SKELETAL
REMAINS DISCOVERED FROM MASS GRAVES

di Dracan Privorac (%), Ivana ErCEG, Davorka SutLovic, ANTE IVKOSIC,
FraneE Par¢, VEDRANA SKARO, DaMirR PriMoORac, Boja REZIC e SiMuN
ANDELINOVIC

Introduction.

Since 1991, when war against Croatia started, an enor-
mous efforts of all involved have been done to identify hu-
man remains found in more than hundreds mass graves. This
brief report describes our work on the identification of the
postmortem remains by DNA technology [1-4].

Teeth and bones have been shown to be a valuable
source of DNA evidence. Dental enamel, the hardest sub-
stance in the human body, protects the DNA rich pulp and
dentin and therefore ensures a good quality of isolated
DNA. The problems that we usually faced while working
with DNA extracted from different samples were either
DNA degradation or DNA contamination. High tempera-
tures, salt, water or soil conditions can damage genomic
DNA and therefore make the identification process extre-
mely difficult. A variety of methods have been used in our
laboratory in an effort to improve identification methods.
AmpfISTR Profiler™ Kit, AmpfISTR Profiler Plus™ Kit,
AmpfISTR COfiler™ Kit, PowerPlex™ 16 system,
AmpFLSTR® Identifiler™ PCR Amplification Kit and Y-
PLEX™S5 Kit have shown to be sensitive multiplex STR am-

(*) Dragan Primorac, M.D., Ph.D., Laboratory for Clinical and Fo-
rensic Genetics, Split University Hospital, Spinciceva 1, 21 000 Split, Croa-
tia, e-mail: dragan.primorac@st.tel br
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plification systems, which can be successfully used to obtain a
multilocus STR profile from old teeth and bone samples with
minimal amounts (pg) of human DNA or even with no detect-
able human DNA. However, in a certain number of cases
where genomic DNA was extremely degraded analysis of mito-
chondrial DNA (mt DNA) was performed. During the last
two years we have analyzed more than 300 skeletal remain
samples with successful amplification rate of over 86%.

Materials and merhods.
Extraction of DNA

Phenol chloroform extraction [5]. — Bones have to be
cleaned from soft tissue residues and eventual soil traces. Sur-
face of the bone is brushed with warm water and mild deter-
gent. Samples of the bone are rinsed with distilled water and
left to air-dry. The external surface is removed by linear 2-3
mm deep sawing. Sawing time has to be limited up to 3 seconds
because longer contact with the bone can cause heating result-
ing in rapid DNA damage. Inner surface of the bone has to be
clean and free of spongious bone. Each bone fragment approxi-
mately weights 2-3 grams. Fragments are washed with 5% com-
mercial bleach ‘or 10 s, 3 times in distilled water for 50-60 s, 2
times in the 8095 ethanol and allowed to air dry in the laminar
hood. Bone is pulverized into fine powder with mill. Extraction
buffer (3ml) and Proteinase K (100pl, 20 mg/ml) are added to
bone powder and incubated overnight at 56°C. Sample is thor-
oughly mixed and extracted with 3ml of phenol/ chloroform/
isoamyl alcohol (25:24:1) at least twice. Completely clear upper
aqueous layer is extracted with 3ml of n-butanol. Lower aqu-
eous layer is transferred to the corresponding Centricon-100
concentrators and washed twice with TE buffer.

Sometimes isolated DNA fails to amplify and then we can
try to do NaOH repurification procedure [6]. The mechanism
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is not completely clear yet but probably denaturating condi-
tions can release intercalated inhibitors and denaturating
\yashes can allow their removal. It may be that alkaline condi-
tions alone can inactivate inhibitors. Treatment with NaQOH re-
sults in considerable loss of DNA so it’s not suggested when
quantity of DNA is limited. We can also use some standard in-
hibitor trouble-shooting strategies like heat soak, hot start
BSA, extra Taq, extensive solution and so on. ,

Modified 1Q DNA extraction system [7]. — Extraction
buffer (3-5ml) and Proteinase K (150pl, 20mg/ml) are added
to pulverized bone (2-3g) and incubated 15 minutes at 56°C.
After centrifugation lysis buffer with 15ul of Resin is added
to clear supernatant and incubated 10 minutes at room tem-
perature. Resin will separate from liquid phase after placing
tube on magnetic stand. Resin has to be washed 3 times with
wash buffer. After last washing step it has to air-dry on mag-
netic stand for 10-15 minutes. TE buffer or DNA free water
is added to resin and after vortexing incubarted at 65° C for
5 minutes. Afterwards it has to be placed on magnetic stand
and we get clean DNA in water separated from resin that
stays on the side of the tube.

Accomplishment of DNA identification done by genomic
DNA analysis is approximately 80-85%.

DNA extraction from reference bloodstains. — Approxi-
mately 1 x 1 cm of bloodstain material was extracted using
standard Chelex 100%® protocols. The final volume of each

extract was ~200 pL. 2 pL of each extract was used for du-
plex PCR amplification.

DNA quantitation
AluQuant Human DNA Quantitation System. — Alu-

quant is new human-specific DNA quantitation system. It al-
lows measurement of DNA through the use of probes with
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highly repeated sequences specific for human chromosomal
DNA without amplification of the target DNA. It doesn’t
use gel electrophoresis or blotting steps. Quantitation is pro-
vided by series of reactions. After DNA has been denatured,
samples go through coupled enzymatic reactions (polymerase
and kinase with human-specific probe) that produce ATP re-
lative to the amount of human DNA present. ATP in the
second incubation is used by luciferase to produce a propor-
tional and measurable amount of light. The quantity of
DNA is then calculated through comparison of the light sig-
nal to standards of known DNA quantity.

Genomic DNA amplification and typing

There are several STR systems in our laboratory today:
AmpFLSTR®Profiler™  PCR  Amplification  Kit,
AmpFLSTR®Profiler Plus™ PCR Amplification Kit,
AmpFLSTR®COfiler™ PCR Amplification Kit, Power
Plex™16 System, AmpFLSTR®Identifiler™ PCR Amplifi-
cation Kit and Y-PLEX™™5 Kit. Typing of PCR products is
performed on ABI Prism 310 Genetic Analyzer (Applied
Biosystems).

HVI/HVII duplex PCR amplification [8, 9]

PCR reactions were performed in 60 pL volumes using
1X AmpliTaq DNA Polymerase Buffer (12 mM Tris-HCI,
pH 8.3, 60 mM KCI) with 2.4 mM MgCl; final concentra-
tion (PE Biosystems, Foster City, CA), 200 uM each dNTP,
0.2 uM each primer and 0.25 units/pL AmpliTaq Gold®
DNA Polymerase (PE Biosystems). A group of 18 bone sam-
ple extracts plus negative and positive controls were pre-
pared and amplified. A separate set of 4 potential maternal
reference samples was prepared in a different PCR setup
hood and after the bone sample setup to avoid cross-con-
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tamination. All reactions were performed in a PE Biosystems
9600 model thermal-cycler using a 12-minute activation step
at 92°C. Samples were subjected to 38 cycles at 92°C for 30
seconds, 60°C for 30 seconds, and 72°C for 30 seconds, fol-
lowed by a final 72°C extension step for 10 minutes. Se-
quences for the biotinylated HVI and HVII primers are as
tollows: HVI: F15975 5’-XCTCCACCATTAGCACCCAA-3’
and R16418 5"-XATTTCACGGAGGATGGTG-3’; HVII
F15 5"-XCACCCTATTAACCACTCACG-3’ and R429 5’-
XCTGTTAAAAGTGCATACCGCCA-3’ (where X denotes
biotinylation). PCR products were analyzed on 1.5% agarose
gels in 1X TBE stained with 0.5 pg/mL ethidium bromide.
Products were used directly for SSO typing and then puri-
fied with Millipore Ultrafree-MC® centrifugal filter devices
(Bedford, MA) to eliminate excess primer prior to sequence
analysis. For filtration, 25 — 40 uL of PCR product was
added to 350 pL of TE, pH 8.0, and centrifuged for 4 min-
utes at 12,000 rpm. 20 pL of TE was added to the mem-
brane and the recovery was transferred to a clean microcen-
trifuge tube for cycle sequencing.

Immobilized SSO probe strip typing

PCR product yield was compared to a low DNA mass
ladder (Life Technologies, Gaithersburg, MD) and roughly
20-150 ng was used for immobilized SSO probe typing. The
typing protocol follows similar conditions as the Ampli-
Type™ PM/PM+DQA1 protocol (PE Biosystems) with these
modifications (20):

1) PCR product is prepared for hybridization by mixing
1:1 with AmplicorTM denaturant solution (1.6% NaOH)
(Roche Diagnostics, Branchburg, NJ) and incubated at room
temperature for 5 minutes.

2) The assay is performed at 55°C + 1°C.

3) Wash solution consists of 2X SSPE, 0.5% SDS.
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4) 8 pL of enzyme conjugate (HRP-SA) (PE Biosystems)
is added per strip. o

5) 4 uL of 3% hydrogen peroxide per strip is added to
the color development solution.

6) The volume of all typing solutions is 3 mL.

Results.

The results of our study indicate the following:

1. The success of amplification of DNA extracted from
skeletal remains depends on:

a) DNA extraction methods (modified PK extraction
procedure is highly recommended as well as modified DNA

rocedure);
- pb) DNA degradation level (length of time since death,
location of mass graves, sample storage procedures, high
temperatures, salt, water or soil conditions (heavy metals,
acids, bacteria);

¢) The type of skeletal remain analyzed (teeth, long
bones, ribs, skull) and the sample storage procedures;

d) The percentage of enzyme inhibitors per reaction
(adding more Taq, reducing the amount of input DNA (ef-
fectively diluting the inhibitor) or adding the chemically inert
protein BSA, and/or NaOH treatment);

2) When we compared our previous work when we used
DQA1 + PM amplification kit as well as AmpFLP D1S80
PCR Amplification Kit (by that method only 25 % of mass
graves victims that failed to be identify by standard forensic
methods were identified) with STR analysis it became ob-
vious that STR analysis is the method of the choice.

3) After modification of the standard DNA extraction
procedure, after attempts to do re-purification of extracted
DNA (with NaOH) and after introducing a new STR Sys-
rems such as AmpFLSTR® Identifiler'™™ PCR Amplification

e 1
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Kit and Amp//STR Profiler PlusTM Kit the percentage of
identification increased to 85%.

4) Amplification products showed stronger amplification
with the smaller size STR products.

5) Most of the bone samples amplified at concentration
of approx. 0.6-5 ng

6) Teeth samples gave us 20-30% enhanced results
when compared with results obtained from the long bones.
However, DNA extracted from the teeth amplified better if
extracted from the lower half of tooth (including the root of
the tooth) rather than from the crown compartment.

7) Analysis of mtDNA was necessary in approx. 10 %
of all cases.

Discussion,

Identification process usually includes several techniques
like detection of the remains by the living person who knew
the deceased, matching the fingerprints, dentition and DNA
analysis. In numerous cases due to the state of the remains
(mass graves after war, long time period between death and
DNA testing, body decomposition), high temperatures, salt,
water or soil and other environmental conditions, genotnic
DNA can be damaged and make identification process extre-
mely difficult. In those cases teeth and bones are valuable
source of DNA evidence. Quality of the DNA extracted
from teeth is generally higher than quality of DNA extracted
from bones because of dental enamel, which is hardest sub-
stance in the body, and it protects the DNA rich pulp.
Furthermore quality of DNA obtained from long bones is
higher than DNA from skulls or ribs. Different methods
have been used in our laboratory to overwhelm problems of
DNA degradation or DNA contamination that we handle
when we work with DNA samples from skeletal remains.
Common protocols for DNA isolation that we use are phe-
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nol-chloroform extraction and lately new methodl of IQ
DNA extraction system based on use of silica magnetic parti-
CleSAlmost important as DNA quality is accu}rlate ]é)xljg
ity. For PCR optimization is necessary to have
gxlinl;niyof DNA. Wepstarted to use new AluQuan‘t 'Human
DNA Quantitation System, which is human-specific DNi
quantitation system. It allows measurement of DNA t}_nioufg
the use of probes with highly repeated sequences specific for
human chromosomal DNA without amplification of the tar-
get DNA. Frequently, old teeth and bone samples have mini-
mal amounts (pg) of human DNA or no detectable at all.
The three main types of DNA testing elmployed by our
DNA testing facilities involve STR analysis from common
forensic loci of the CODIS 13 and ENFSI to match a'pt::rSOEl
to his/her parents or children. Y ‘chrgrrtoso{:ne analysis is ;{) -
ten used to provide additional dlscrlmn_'latlon and to link a
father to his son. Mitochondrial DNA is erpployed for use
linking individuals amongst the maternal lineage and aleo
provides additional discrimination to s‘up.plemept STR and :
chromosome analysis. MtDNA analysis is particularly use-fu
when is genomic DNA very degraded. A several Croatian
population databases have been created to be used _for foren-
sic analysis to estimate the frequency of a multiple locus
file [10-12]. '
DNIF\oIzri(:ienti%cation purposes, we made database with more
than 3000 profiles and genotype from each skeletal Temain is
compared to all genotypes in the database to obtain a posi-
tive identity of missing person [13, 14].
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