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The paper presents molecular analysis of archaeological human remains from Zagajci near Belis¢e in Croatia. Bone sample from a single
human cranium and two tooth samples obtained from teeth in a scanty “set” of remains found in farther vicinity (all secondary finds) were
employed in DNA typing. DNA was analysed for autosomal short tandem repeat (STR) loci and the amelogenin — sex typing locus. The aim
was obtaining STR loci profiles in order to investigate possible molecular relatedness between examined materials. Another aim was molecu-
lar identification of unknown sex of an individual represented by scanty remains, and confirming of the sex of the individual whose skull was
estimated female by morphology. We obtained either low/partial STR loci allelic profiles for tooth samples, or a complete STR loci dropout
for a bone sample. There was a single allele (17) of the D351358 locus shared among tooth samples. However, molecular sex identification
confirmed the presence of a female individual in a scanty “set” of remains in accordance with archaeological data. Major or complete loci
STR allele dropout is suggestive of a severe DNA degradation. A complete allelic loci dropout in a bone sample is also suggestive of the lack of
contamination with modern DNA.
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Rad predstavlja molekularnu analizu arheoloskih ljudskih ostataka iz Zagajaca kraj Belis¢a u Hrvatskoj. U odredivanje DNK ukljuceni su uzorak
kosti iz pojedinacnog nalaza ljudske lubanje i dva zubna uzorka dobivena od zuba iz oskudnih ostataka pronadenih nesto dalje (svi su nalazi
sekundarni). DNK smo analizirali po autosomnim kratkim udvojenim sljedovnim (STR) lokusima i amelogeninskom lokusu za spol. Cilj je bio
utvrditi profile STR lokusa u smislu ispitivanja moguce molekularne slicnosti prouc¢avanog materijala. Drugi cilj bio je molekularno utvrdivanje
nepoznatog spola osobe predstavljene oskudnim ostacima, te potvrdivanje spola osobe koja je morfoloski, na osnovi lubanje, odredena kao
Zena. Iz zubnih smo uzoraka dobili oskudne/djelomicne profile STR lokusa, dok je kostani uzorak iznjedrio potpuni izostanak STR lokusa. Samo
sejedan alel (17) na lokusu D351358 pojavio u oba zubna uzorka. Medutim, molekularnim ispitivanjem po spolu potvrdena je nazoc¢nost Zenske
osobe u oskudnim kostanim ostacima sukladno arheoloskom nalazu. Znatni ili potpuni izostanak alela na STR lokusima upucuje na izrazeno
propadanje DNK. Potpun izostanak alela na svim lokusima u kostanom uzorku upucuje, takoder, na odsustvo onecis¢enja suvremenom DNK.

Kljucne rijeci: odredivanje DNK, podudarnost STR lokusa, amelogenin, Zagaijci, Hrvatska.

INTRODUCTION

It is already fairly known that using of DNA typing in
bioarchaeology became widely employed in analyzing
“ancient” DNA in old human bones and teeth. Molecular
approach has been particularly crucial in terms of investiga-
tion of relatedness within and between burial sites (Keyser-
Tracqui et. al 2003: 247-260), i.e. possible kinship relationshi-
ps either among the deceased from primary skeletal inhu-
mations in a single burial site (Boljunci¢ 2007: 536—-546), or
from a disturbed collective burial site (Schultes et al. 2000:
37—-44). The same is the case with investigation of kinship

uvoD

Vec je razmjerno dobro poznato kako je odredivanje
DNK u bioarheologiji naislo na Siroku primjenu kad je rije¢
o analiziranju “stare” DNK u ljudskim kostima i zubima iz
starijih razdoblja. Molekularni pristup pokazao se narocito
bitnim pri istraZivanjima odnosa unutar i izmedu pojedi-
nih grobnih nalazista (Keyser-Tracqui et. al 2003: 247-260),
u smislu moguceg srodstva izmedu pokojnika iz primarnih
kosturnih ukopa unutar istoga grobnog nalazista (Boljun-
¢i¢ 2007: 536-546), ili iz poremecenoga skupnog ukopa
(Schultes et al. 2000: 37—44). Isti je slucaj s istrazivanjem
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relationships in double burials (Clisson et al. 2002: 304-308;
Adachi et al. 2003: 347-363; Boljunci¢ 2007: 536—-546). Alt-
hough, there is a general lack of articles on ancient DNA
analysis in Croatian bioarchaeology, there are also tenden-
cies that DNA typing becomes more employed in studies
of archaeological human remains beside standard anthro-
pological methods. This is substantiated by increasingly
employed DNA analysis in studies of archaeological human
remains from Croatian territory reported by Boljunci¢ (2007:
536-546), Hincak et al. (2007: 1135-1141), Becic et al. (2011:
144), Ljubkovi¢ et al. (2011: 144).

DNA typing from ancient, i.e. very old samples is faced
with various problems such as DNA degradation (Benec-
ke 1997: 186) and contamination, i.e. the presence of DNA
polymerase inhibitors (Sutlovi¢ et al. 2005: 556—562). Da-
maged DNA templates in ancient, i.e. very old bones/teeth
with conserved minute amount of cells could occasionally
generate a single or complete allelic loci dropout with non-
reproducible results (Benecke: 1997: 186). In the post-mor-
tem period DNA has a limited life depending on various
conditions — environmental and possible (other) destruc-
tive factors (Bér et al. 1988: 59-70; Woodward et al. 1994:
244-247). This is particularly significant in terms of ancient
or old bones and teeth.

Molecular analysis of bioarchaeological samples requi-
res using of short sized loci amplified by polymerase chain
reactions (PCR) with short tandem repeat (STR) loci. The su-
itability of autosomal STR loci as markers for ancient DNA
typing lies in their small size and “capacity” of recogniti-
on of sample contamination by modern DNA (Hummel et
al. 2000: 15-21; Boljunci¢ 2007: 537). Short tandem repeat
markers are polymorphic DNA loci containing a repeated
nucleotide sequence from two to seven nucleotides in len-
gth. Alleles are marked with numbers in accordance with a
number of repetitive units (Hincak et al. 2007: 1139).

Human gender identification, i.e. sex determination ba-
sed on the amelogenin gene has an important implication
in forensic casework, DNA databasing (Abebe 2004: 1) as
well as in the study of bioarchaeological human remains.
The amelogenin gene, located on the X and Y chromoso-
mes in humans produces a protein important in the deve-
lopment of the tooth enamel matrix (Abebe 2004: 1).

The present study reports on DNA typing of a bone
sample from a single human cranium (with no enclosures
associated) and two tooth samples obtained from teeth in a
scanty “set” of human remains found in a farther vicinity. All
listed finds were secondary. Bone fragments and teeth were
discovered in association with grave enclosures (jewellery)
originating probably from a disturbed female burial. The
remains were all discovered accidentally by local villagers
in Zagaijci near Belis¢e (Osjecko-Baranjska County). They are
stored at the Museum of Belisce.

In the present paper ancient DNA was analysed for nine
autosomal short tandem repeat (STR) loci and the ameloge-
nin - sex typing locus. The aim was obtaining STR loci pro-
files in terms of investigation of possible relatedness (popu-
lation or other) between the examined materials. Another
important aim was molecular identification of unknown sex
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srodstvenih veza u dvostrukim ukopima (Clisson et al.
2002: 304-308; Adachi et al. 2003: 347—-363; Boljunci¢ 2007:
536-546). lako u hrvatskoj bioarheologiji uglavhom nedo-
staje ¢lanaka o analizama stare DNK, jednako se tako uo-
¢ava namjera da se odredivanje DNK pridruzi standardnim
antropoloskim metodama u istrazivanju arheoloskih ljud-
skih ostataka. Kao dokaz tomu mozZe posluziti sve ucestalija
uporaba analize DNK u proucavanjima arheoloskih ljudskih
ostataka iz Hrvatske, sto je vidljivo iz radova Boljunci¢ (2007:
536-546), Hincak et al. (2007: 1135—1141), Beci¢ et al. (2011:
144) i Ljubkovic et al. (2011: 144).

Odredivanje DNK u starim ili vrlo starim uzorcima suo-
¢eno je s raznovrsnim problemima poput propadanja DNK
(Benecke 1997: 186) ili oneciS¢enja, odnosno prisutnosti
inhibitora DNK polimeraze (Sutlovi¢ et al. 2005: 556—562).
Osteceni DNK predlosci u starim, odnosno vrlo starim kosti-
ma/zubima sa sacuvanom minimalnom koli¢inom stanica
mogu ponekad iznjedriti izostanak pojedinacnog alela ili
potpun izostanak alela na lokusima, s rezultatima koje ni-
je moguce reproducirati (Benecke 1997: 186). U razdoblju
nakon smrti trajnost DNK je ogranicena na razli¢ite nacine
- okolisnim te mogu¢im (drugim) razarajué¢im ¢imbenicima
(Bér et al. 1988: 59—70; Woodward et al. 1994: 244-247), $to
narocito dolazi do izrazaja kad je rije¢ o kostima i zubima iz
starijih razdoblja.

Molekularna analiza bioarheoloskih uzoraka iziskuje
uporabu kratkih lokusa umnozenih lancanim reakcijama
polimeraze (Polimeraze Chain Reaction, PCR) s kratkim ud-
vojenim sljedovnim (Short Tandem Repeat, STR) lokusima.
Prikladnost autosomnih STR lokusa kao indikatora za odre-
divanje stare DNK temelji se na njihovoj maloj velicini te
“sposobnosti” prepoznavanja onecisé¢enja uzorka suvreme-
nom DNK (Hummel et al. 2000: 15-21; Boljunci¢ 2007: 537).
Kratki udvojeni sljedovni markeri su polimorfni DNK lokusi
koji sadrze ponavljajuce slijedove duzine od dva do sedam
nukleotida. Aleli su oznaceni brojevima sukladno broju po-
navljajudih jedinica (Hincak et al. 2007: 1139).

Rodno odredivanje, odnosno odredivanje spola u ¢ovje-
ka na osnovi gena za amelogenin ima vaznu ulogu u foren-
zickim slucajevima, stvaranju baza podataka DNK (Abebe
2004: 1), kao i u istrazivanjima bioarheoloskih ljudskih osta-
taka. Gen za amelogenin, smjesten u ljudi na kromosomima
XiY, proizvodi protein vazan za razvoj matriksa zubne ca-
kline (Abebe 2004: 1).

U ovom su radu predstavljeni rezultati odredivanja DNK
u uzorku kosti uzetog iz pojedina¢nog nalaza ljudske luba-
nje (bez pridruzenih grobnih priloga) te dva zubna uzorka
koji potjecu od zuba iz oskudnoga skupnog nalaza ljudskih
ostataka pronadenih nesto dalje. Svi navedeni nalazi otkri-
veni su u sekundarnom arheoloskom kontekstu. Ulomci
kostiju, kao i zubi otkriveni su zajedno s grobnim prilozima
(nakit) te, po svemu sudedi, potjecu od poremecéenog groba
Zene. Sve su ostatke slu¢ajno pronasli mjestani sela Zagaijci
kraj Belis¢a (Osjecko-baranjska Zupanija), a pohranjeni su u
Muzeju grada Belis¢a.

Analiza DNK u predmetnom je radu provedena na de-
vet autosomnih kratkih udvojenih sljedovnih (STR) lokusa te
amelogeninskom lokusu za spol. Cilj je bio utvrditi profile
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Map 1 Map of Croatia with enlarged details — topographic maps of location of Zagajci near Belis¢e (Osjecko-Baranjska County). Human
remains were discovered at spots marked with letters A (a scanty “set”) and B (a single cranium); both below topographic elevations
marked with black triangles (created by: Boljunci¢ and Krajcar). Basic topographic maps are provided here courtesy of the Museum

of Belisce.

Karta 1Karta Hrvatske s uve¢anim detaljima - topografskim kartama s poloZajem nalazista Zagajci kraj Belis¢a (Osjecko-baranjska Zupanija).
Ljudski ostaci otkriveni su na poloZajima oznacenima slovima A (oskudni skupni nalaz) i B (pojedinacni nalaz lubanje); oba ispod kota
oznacenih crnim trokuti¢ima (osmislili: J. Boljuncic i I. Krajcar). Osnovne topografske karte priloZene su ljubazno$¢u Muzeja Belisce.

of an individual represented by a scanty “set” of very poor
and fragmentary remains (possibly female according to ar-
chaeological data), and confirming of the sex of an indivi-
dual whose remains (a single partial skull) were estimated
female by morphology.

It is important to point out that we were not authorized
to carry out “bone to bone” genetic “matching”, i.e. of the
bone fragment taken from a single cranium to bone fra-
gments from a scanty “set” of remains, apparently from a
single individual. In addition, in terms of a scanty “set” of

STR lokusa u smislu ispitivanja moguce povezanosti (popu-
lacijske ili druge) proucavanog materijala. Drugi vazan cilj
bio je molekularnim putem utvrditi nepoznati spol osobe
predstavljene oskudnim skupnim nalazom slabo o¢uvanih
i ulomljenih ostataka (arheoloski podaci upucuju na Zenski
spol), te s druge strane potvrditi spol osobe ¢iji su ostaci
(djelomice ocuvan pojedinacni nalaz lubanje) sukladno
morfologiji upucivali na pripadnost zenskom spolu.

Vazno je naglasiti kako nismo bili ovlasteni provesti
analizu geneticke podudarnosti “bone to bone” (“kost po
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human remains, apparently there was no reasonably suffi-
cient/reliable material for successful ancient DNA typing
other than teeth. Regardless of the latter, teeth are proved
to be most reliable in ancient DNA typing. Likewise, due
to poor/fragmented bone nature there was a possibility of
obtaining complete STR loci profiles typing failure. Finally,
regardless of their status, bones from a scanty “set” of hu-
man material would have been permanently lost as a record
- crushed during DNA procedure.

MATERIAL AND METHODS

Description of the site and discovery of finds

In 1992 a scanty “set” of secondary archaeological hu-
man finds - two teeth and a few very poor and fragmentary
bone elements, was found in association with several grave
enclosures (jewellery) in Zagajci near Belis¢e (Osjecko-Ba-
ranjska County).

Bones and teeth were found in a sandy pit - at the pla-
ce marked on the enclosed map (Map 1) with the letter A,
3.5 metres bellow the topographic elevation at the altitude
of approximately 102.6 metres. The pit was left over after
mechanical works, i.e. setting installations for the pipeline
and/or draining system in the local area. The jewellery and
scanty human remains were discovered accidentally by a
local villager Zoran Cesar and Stjepan B. Komaromi — local
schoolteacher. At the time no additional skeletal finds and
jewellery were discovered in the nearby area. Apparently
the jewellery - a ring, bracelet and fibula originated from a
female burial dated to the period of 4" cent. BC (Early Iron
Age). The same type of the fibula that was found in Zagaj-
ci was also found in Sanski Most (Bosnia and Herzegovina);
the only difference laid in the fact that the fibula from Beli-
$c¢e lacked triangled lamellas — pendants.’

On the other hand, in 1996 a partially preserved secon-
dary skull find was discovered at the same locality by local
villager Rudolf Sopi¢. It was found some 100 metres from
where the jewellery and scanty bones and teeth were pre-
viously found. The skull was apparently unearthed from a
sandy Eolian dune nearby the country road Belis¢e - Za-
gajci — Kitisanci. It was found in a sandy pit, at the place
marked on the enclosed map (Map 1) with the latter B- 1.5
metres bellow the topographic elevation at the altitude of
approximately 99.6 metres. Likewise it was discovered acci-
dentally when a sandy dune was dug by a backhoe during
the setting of installations for the pipeline/and or draina-
ge system in the local area. No additional enclosures were
found in association with the cranium. Archaeological and
bioarchaeological materials are stored at the Museum of
Belis¢e with no inventory numbers/designations assigned
to archaeological human remains.?

At first a single cranium from Zagajci was delivered from

1 Data on both the site of Zagajci and discovery of bioarchaeological and
archaeological finds quoted in this section are obtained from the Archive
of the Belis¢e Museum. They are provided here courtesy of the Museum
of Belisce.

2 Data on the site of Zagajci site and discovery of bioarchaeological find
(the skull) quoted in this section are also obtained from the Archive of
the Belis¢e Museum. They are provided here courtesy of the Museum of
Belisce.

124

kost”), odnosno usporediti ulomak kosti s lubanje sa svim
ulomcima kostiju iz oskudnoga skupnog nalaza koji, po sve-
mu sudedi, pripada jednoj jedinoj osobi. K tomu, kad je rije¢
o oskudnom skupnom nalazu, ¢ini se kako nije bilo dovolj-
no drugoga pouzdanog materijala za uspjeSnu analizu DNK
osim zuba. No, neovisno o tomu, zubi su ionako dokazano
najpouzdaniji materijal kad je rije¢ o ispitivanju stare DNK.
Osim toga, zbog lose ocuvanosti i fragmentarne prirode
kostiju postojala je moguénost da odredivanje profila STR
lokusa bude u cijelosti neuspjesno. Kona¢no, neovisno o
njihovu stanju, kosti iz oskudnoga skupnog nalaza zauvijek
bi nestale, jer bi se zdrobile tijekom postupka DNK analize.

MATERIJAL | METODE

Opis nalazista i otkrice nalaza

Tijekom 1992. godine u Zagajcima kraj Belis¢a (Osjecko-
baranjska Zupanija) pronaden je oskudni skupni nalaz — dva
zuba te nekoliko lose o¢uvanih i ulomljenih kostiju. Nalaz je
pronaden s grobnim prilozima (nakit) u sekundarnom arhe-
oloskom kontekstu.

Kosti i zubi pronadeni su u pjes¢anoj jami — na mjestu
oznacenom slovom A na prilozenoj karti (karta 1) 3,5 m is-
pod kote na nadmorskoj visini od otprilike 102,6 m. Jama je
preostala nakon mehanickih radova, tj. postavljanja instala-
cije za vodovodne cijevi i/ili sustav odvodnje (kanalizacija) u
tom kraju. Nakit i oskudne ljudske ostatke slu¢ajno su otkrili
mjestanin Zoran Cesar te mjesni $kolski ucitelj Stjepan B.
Komaromi. Tom prilikom u obliZznjem podru¢ju nisu prona-
deni nikakvi drugi kosturni ostaci ili nakit. Po svemu sudedi,
nakit — prsten, narukvica i fibula, potjece iz zenskog groba
iz 4. st. pr. Kr. (starije Zeljezno doba). Isti tip fibule poput ove
iz Zagajaca pronaden je i u Sanskom Mostu (Bosna i Her-
cegovina); jedina razlika jest u tomu $to na fibuli iz Belis¢a
nedostaju trokutaste lamele - privjesci.'

S druge strane, na istom je nalazistu mjestanin Rudolf
Sopic¢ 1996. godine pronasao pojedinacni, djelomice o¢uva-
ni sekundarni nalaz lubanje. Otkrio ju je nekih 100 metara
od mjesta gdje su prethodno pronadeni nakit te oskudni
ostaci kostiju i zuba. Cini se kako je lubanja iskopana iz pje-
$¢ane eolske dine pokraj seoske ceste Belis¢e — Zagajci —
KitiSanci. Pronadena je u pjes¢anoj jami, na mjestu oznace-
nom slovom B na prilozenoj karti (karta 1), 1,5 m ispod kote
na nadmorskoj visini od otprilike 99,6 m. Otkrivena je slu-
¢ajno pri iskopu pjescane dine bagerom tijekom polaganja
instalacija za vodovodne cijevi i/ili lokalni sustav odvodnje
(kanalizaciju). Tom prilikom uz lubanju nisu pronadeni nika-
kvi grobni prilozi. Arheoloski i bioarheoloski materijal po-
hranjen je u Muzeju grada Belis¢a, a arheoloski ljudski ostaci
nisu oznaceni bilo inventarnim brojem bilo oznakom.?

Muzej grada Belis¢a je Institutu za arheologiju u Zagre-
bu najprije dostavio na analizu lubanju iz Zagajaca. Nakon
$to smo dobili dodatne podatke o pohrani oskudnoga bi-
oarheoloskog materijala s istog nalazista u tom muzeju

1 Podaci o nalazi§tu u Zagajcima, kao i o otkri¢u bioarheoloskih i arheolo§-
kih nalaza koji se navode u ovom dijelu ¢lanka, potjecu iz arhive Muzeja
grada Belis¢a (ljubaznos¢u Muzeja Belisce).

2 Podaci o nalazi$tu u Zagajcima te o otkricu bioarheoloskog nalaza (luba-
nja) koji se navode u ovom dijelu ¢lanka, takoder potjecu iz arhive Muzeja
grada Belis¢a (ljubaznos¢u Muzeja Belisce).
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Fig. 1 Lateral aspects of the cranium from Zagajci. The left lateral view (on the right) shows the cranium after taking a bone for DNA sam-

pling. No inv. no. assigned (photo: I. Krajcar).

SI. 1 Postranic¢ni prikazi lubanje iz Zagajaca. Lijevi postranicni prikaz (desno) pokazuje lubanju nakon uzimanja uzorka kosti za analizu DNK.

Bez inventarnog broja (fotografija: I. Krajcar).

the Museum of Belis¢e to the Institute of Archaeology in
Zagreb for the analysis. After obtaining an additional in-
formation about the storage of a scanty bioarchaeological
material from the same locality at the Museum of Belisce
(Zdravko Pavlovi¢, personal communication), we sugge-
sted the delivery of additional material to the Institute of
Archaeology for further analysis. Then official authorization
was requested for sampling bone from the skull and teeth
for DNA typing.

Skeletal material

Skull find: taphonomy, sex and age-at- death

Asingle secondary skull find was in a well state of preser-
vation except for lacking almost the entire viscerocranium.
Bone color was medium-dark. There was also a minor dam-
age to the neurocranium associated with minor post-mortal
changes to the bone cortex (Fig. 1). In addition there was a
presence of a bone discoloration bilaterally on the cranium
and the frontal bone. Such discoloration stems most likely
from metal — the jewellery which is supposed to have be-
en once originally attached to the dead (silver annulets?) or
from other metal objects (?) from a disturbed original burial
(7), which could have been leaned to the skull. The postcra-
nium of the individual was completely lacking. The preser-
ved bones of the neurocranium were as follows: the frontal
bone with certain damage to the orbits, both parietals, the
occipital bone, both temporal bones, both zygomatic bo-
nes with a damage to zygomatic arches (only the right arch
was partially preserved). The nasal region and sphenoid bo-
nes were also damaged. According to preserved cranial bo-
nes, the sex of the individual could be determined only by
following standards for cranial morphology, after Krogman
and Iscan (1986) as well as Bass (1987). Likewise, age-at-de-
ath of the individual could be estimated only by employing
standards for ectocranial suture closure, after Meindl and
Lovejoy (1985: 57-66). Based on partially available sex and
age criteria, the individual was identified as a female appa-
rently in her “thirties”, i.e. 30-40 (&) years old.

(usmeno priopcenje, Zdravko Pavlovi¢), predlozili smo da
se i preostala grada dostavi u Institut za arheologiju u cilju
daljnje analize. Zatim je zatrazeno sluzbeno ovlastenje za
uzorkovanje kosti lubanje te zuba u cilju odredivanja DNK.

Kosturni materijal

Nalaz lubanje: tafonomija, spol i starost u trenutku smrti

Pojedinac¢ni sekundarni nalaz lubanje dobro je ocuvan,
osim $to mu gotovo u cijelosti nedostaju kosti lica. Boja ko-
stiju je srednje tamna. Takoder postoji manje ostecenje ne-
urokranija povezano s promjenama kortikalne kosti nakon
smrti (sl. 1). Osim toga, na lubanji su postrance obostrano,
kao i na ¢eonoj kosti, vidljive promjene u boji kostiju. Takve
promjene, po svemu sudeci, potjecu od metala - nakita koji
je nekad mogao ukradavati pokojnu osobu (srebrne karici-
ce?) ili drugih metalnih predmeta (?) iz razorenoga izvornog
ukopa (?) koji su mozebitno bili prislonjeni uz lubanju. Pos-
tkranij pokojne osobe posve nedostaje. Sacuvane su slje-
dece kosti neurokranija: ¢eona kost s ponesto ostecenim
ocnicama, obje tjemene kosti, zatiljna kost, obje sljepoocne
kosti, obje jagodicne kosti s oSte¢enjem jagodi¢nih lukova
(jedino je desni luk djelomice sa¢uvan). Nosna regija i klina-
ste kosti takoder su oStecene. Na osnovi sacuvanih kostiju
lubanje spol osobe bilo je moguce odrediti samo sukladno
standardima za morfologiju lubanje, prema autorima Kro-
gman i Iscan (1986), te Bass (1987). Takoder, starost osobe
u trenutku smrti bilo je moguce procijeniti samo na osnovi
propisanih standarda za stupanj srastavanja vanjskih lu-
banjskih Savova, prema Meindl i Lovejoy (1985: 57-66). Na
temelju djelomice dostupnih pokazatelja spola i dobi utvr-
deno je kako ostaci pripadaju Zenskoj osobi u dobi od 30 do
40 (£) godina, odnosno u tridesetima.

Nalazi oskudnih ljudskih ostataka: tafonomija, spol i

starost u trenutku smrti

Oskudni skupni nalaz ljudskih ostataka, pronaden zajed-
no s nakitom (prsten, narukvica i fibula), osim dva zuba -
pretkutnjaka gornje Celjusti (sl. 2) te kutnjaka donje Celjusti
(sl. 3), kao i nekoliko krajnje ulomljenih (neprepoznatljivih)
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Fig.2 Distal and mesial view of the premolar from Zagajci. No inv.
no. assigned (photo: I. Krajcar).

SI.2  Distalnii mezijalni prikaz pretkutnjaka iz Zagajaca. Bez inven-
tarnog broja (fotografija: . Krajcar).

Scanty human remains’ finds: taphonomy, sex and age-

at-death

In a scanty “set” of human remains found in association
with jewellery (a ring, bracelet and fibula), beside the pre-
sence of two teeth — maxillary premolar (Fig. 2) and mandi-
bular molar (Fig. 3) as well as a few extremely fragmented
(unrecognizable) bone fragments, there were also a few
other recognizable fragments. They were as follows: small
fragment of the left parietal with severe changes to the
bone cortex, the right occipital condyle with hypoglossal
canal, small fragment of the atlas - the right lateral mass
with superior/inferior articular facets and a part of the tran-
sverse process with the foramen, small fragment of the left
mandibular ramus with the head and coronoid process, also
preserved partially down to the lingula, and a few small rib
fragments in a very poor state. The same was the case with
a very small fragment of a long bone (radius?) and a few
phalanxes’ fragments (apparently from hand) with marked
discoloration stemming probably from a metal ring. Small
skull fragment containing the right occipital condyle could
be perfectly matched with the right lateral mass of the atlas.
Among other, the latter suggested the presence of a single
individual in a scanty “set”, beside the presence of another
individual from the same site, found in farther vicinity. This
was also supported by the colour of the bone “set” —all ele-
ments were medium dark, except for a severely changed
cortex of one skull (parietal) fragment and discolorated
phalanxes’ fragments. Morphological sex of the individual
was impossible to establish. Likewise, as to the assessment
of age, the individual was only roughly aligned into adults.

DNA ANALYSIS

DNA analysis included sample preparation, DNA extrac-
tion, purification and quantification as well amplification by
polymerase chain reaction (PCR) for short tandem repeat
loci, using AmpFISTR Profiler™ PCR Amplification Kit. “Anci-
ent” DNA was analysed for nine autosomal short tandem
repeat (STR) loci and the amelogenin - sex typing locus.
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Fig.3 Polyradicular tooth from Zagajci (buccal side). No inv. no.
assigned (photo: . Krajcar).

SI.3  Visekorijenski zub iz Zagajaca (bukalna strana). Bez inventar-
nog broja (fotografija: I. Krajcar).

ulomaka kostiju, sadrzavao je i nekoliko drugih prepoznat-
ljivih ulomaka. Rijec je o sljedec¢im ulomcima: mali ulomak
lijeve tjemene kosti sa znatnim promjenama na kortikalnoj
kosti, desni zatiljni kondil s hipoglosalnim kanalom, mali
ulomak atlasa — desna postrani¢na masa s gornjom/donjom
zglobnom plostinom i dijelom popre¢nog nastavka s na-
zoc¢nim otvorom, mali ulomak lijeve grane donje ¢eljusti s
glavicom i koronoidnim nastavkom, takoder djelomice sa-
¢uvanim do lingule (jezicca), te nekoliko manjih i vrlo lose
ocuvanih ulomaka rebara. Isti je slucaj i s vrlo malim ulom-
kom neke duge kosti (pal¢ana kost?) te nekoliko ulomaka
¢lanaka (po svemu sudedi sa Sake) sa zamjetnom diskolora-
cijom $to, po svemu sudedi, potjece od metalnog prstena.
Mali ulomak lubanje s desnim zatiljnim kondilom savrseno
pristaje uz desnu bo¢nu masu atlasa. Ovo, izmedu ostaloga,
govori u prilog tomu kako je u oskudnom skupnom nalazu
kostiju bila zastupljena jedna jedina osoba kojoj nije bilo
moguce pridruziti ostatke druge osobe s istog nalazista,
pronadene nesto dalje. Navedenomu u prilog ide i boja ko-
stiju iz skupnog nalaza - svi su elementi srednje tamni, osim
znatnih promjena na korteksu lubanjskog ulomka (tjemena
kost) te na ulomcima clanaka koji pokazuju diskoloraciju.
Spol pokojne osobe nije bilo moguce utvrditi morfoloskim
putem. Takoder, s obzirom na dob, osoba je samo opcenito
uvrstena u grupu odraslih osoba.

ANALIZA DNK

Analiza DNK sastojala se od pripreme uzoraka, izdvaja-
nja, procis¢avanja i kvantifikacije DNK, kao i njezina umna-
Zanja lan¢anom reakcijom polimeraze (PCR) za STR lokuse,
uporabom AmpFISTR Profiler™ PCR amplifikatora. ,Stara”
DNK ispitana je na devet autosomnih STR lokusa te na ame-
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Following loci were included in the analysis: D351358, vWa,
FGA, THO1, TPOX, CSF1PO, D55818, D135317, D75820 and
AMEL - sex typing locus.

Sample preparation

Two teeth - the only ones present in a scanty “set” of bi-
oarchaeological material were used for sampling. Samples
(Tab. 1) were obtained from the premolar (Fig 2.) and molar
(Fig. 3). Aside from the fact that the mentioned teeth we-
re the only ones from the scanty “set” of remains, teeth are
usually used for sampling due to the fact that they are the
best sources of DNA. Namely dental enamel — the hardest
human tissue a human body protects the DNA rich pulp and
dentin by ensuring a good quality of isolated DNA (Schwar-
tz etal. 1991: 979; P6tch et al. 1992: 139-143; Boljunci¢ 2007:
538). Teeth taken for sampling were thoroughly cleaned
following the standard procedure. All traces of tissue were
removed from dental cavities by razor blades. Teeth surfa-
ces were cleaned - abraded with a grinding tip and sandpa-
per. Finally they were crushed into small fragments which
were stored in sterile polypropylene tubes at —20°C until
analyzed (Boljunci¢ 2007: 538). Further tooth preparation
and DNA extraction followed standards provided by Alonso
etal. (2001: 260—-266).

Bone fragment for sampling was taken from the left po-
sterior parietal of a single cranium (Fig. 1, on the right). Bo-
ne surface was also cleaned as tooth surfaces and abraded
with a grinding tip and sandpaper. This was followed by the
same procedure as already described for tooth samples.
Further bone preparation as well DNA extraction followed
the same protocol as in teeth sampling and DNA extraction
proposed by Alonso et al. (2001: 260—-266).

DNA quantification

Data in the present paper were collected by using the
ABI PRISM 7000 Sequence Detection System (Applied Bi-
osystems, Foster City, CA, USA). The obtained data were
analysed with ABI PRISM 7000 Sequence Detector Software
(SDS) version 1.0 to generate the individual standard curves
from each experiment and calculate the amount of DNA
from each unknown sample. The total DNA was evaluated
using agarose gel electrophoresis (ethidium bromide stai-
ning) and absorbencies at 260 and 280 nm were measured
by spectrophotometer (Ultrospec 2000. Pharmacia Biotech).
The A, /A, ratios were used to evaluate the quality of the
extracted DNA (Burgi 1997; Boljunci¢ 2007: 539). Reactions
without templates served as negative controls.

The exclusion of the possible inhibitors of Taq polyme-
rase in the preparations followed the procedure from the
manufacturer’s protocols described in detail in the previous
study by Boljunci¢ (2007: 539).

DNA (PCR) amplification and typing

Polymerase chain reaction (PCR) is a method where a
certain region of DNA is copied (amplified) producing at
optimum a billion copies completely identical to the origi-
nal (Primorac et al. 2000: 34). DNA amplification was perfor-
med on the Perkin-Elmer Thermal Cycler 9600 employing
the AmpFISTR Profiler™ PCR Amplification Kit (Applied Bi-
osystems, Foster City, CA, USA), following the recommen-
ded protocol. Typing of polymerase chain reaction products

logeninskom lokusu za spol. Analiza je obuhvatila sljedece
lokuse: D351358, vWa, FGA, THO1, TPOX, CSF1PO, D55818,
D135317, D75820 te AMEL - lokus za spol.

Priprema uzoraka

Za uzorkovanje su upotrijebljena dva zuba - bili su to
jedini zubi prisutni u oskudnom skupnom bioarheoloskom
nalazu. Uzorci (tab. 1) su izdvojeni iz pretkutnjaka (sl. 2) i kut-
njaka (sl. 3). Osim spomenute Cinjenice da su ti zubi bili jedi-
ni sacuvani zubi u oskudnom nalazu, oni se i inace najc¢esce
koriste za uzorkovanje jer predstavljaju najbolje izvore DNK.
Naime, zubna caklina kao naj¢vrsce tkivo u ljudskome tije-
lu, $titi pulpu i dentin bogate DNK-om osiguravajuci dobru
kvalitetu izdvojene DNK (Schwartz et al. 1991: 979; P&tch et
al. 1992: 139-143; Boljunci¢ 2007: 538). Zubi uzeti za uzorko-
vanje temeljito su ocis¢eni prema standardnom postupku.
Svi tragovi tkiva odstranjeni su iz zubnih Supljina pomocu
skalpela. Zubne su povrsine ocis¢ene — izbrusene brusili-
com i brusnim papirom. Naposljetku, zubi su izmrvljeni u
male komadice koji su pohranjeni u sterilne polipropilenske
cjevcice na —20 °C do analize (Boljunci¢ 2007: 538). Sljedece
faze procesa pripremanja uzoraka i izdvajanja DNK prove-
dene su prema standardima opisanima u Alonso et al. (2001:
260-266).

Ulomak kosti za uzorkovanje uzet je sa straznjeg dije-
la lijeve tjemene kosti pojedina¢nog nalaza lubanje (sl. 1,
desno). Povrsina kosti ociscena je poput povrsina zuba, te
izbrusena brusilicom i brusnim papirom. | ovdje je postu-
pak tekao kao i pri opisanom uzorkovanju zuba. Daljnja pri-
prema kosti i izdvajanje DNK nacinjeni su prema jednakom
postupku kao i kod uzorkovanja zuba i izdvajanja DNK, su-
kladno Alonso et al. (2001: 260—266).

Kvantifikacija DNK

Podaci u ovom radu prikupljeni su pomocu uredaja
ABI PRISM 7000 Sequence Detection System (Applied Bi-
osystems, Foster City, CA, USA), a za analizu je rabljen ABI
PRISM 7000 Sequence Detector Software (SDS) verzija 1.0,
koji proizvodi pojedinacne standardne krivulje za svaki
pokus te izra¢unava koli¢inu DNK u svakom nepoznatom
uzorku. Ukupna DNK procijenjena je pomocu elektrofore-
ze u agarskom gelu (bojanje etidij bromidom), a apsorpcije
su izmjerene spektrofotometrom (Ultrospec 2000. Pharma-
cia Biotech) na 260 i 280 nm. Omijeri AP koristeni su
za procjenu kvalitete izdvojene DNK (Burgi 1997; Boljunci¢
2007: 539). Reakcije bez predloZaka sluZile su kao negativna
kontrola.

Isklju¢enje prisutnosti mogucih inhibitora Tag polime-
raze u pripravcima provedeno je sukladno postupku koji
je propisao proizvodac, a detaljno ga je opisala Boljunci¢ u
prethodnom radu (2007: 539).

(PCR) umnazanje i odredivanje DNK

Lanc¢ana reakcija polimeraze (PCR) je metoda tijekom
koje se kopira (umnaza) odredena regija/dio DNK, stvarajudi
optimalno milijardu kopija potpuno jednakih izvorniku (Pri-
morac et al. 2000: 34). Umnazanje DNK izvedeno je na ure-
daju Perkin-Elmer Thermal Cycler 9600, koristenjem AmpFI-
STR Profiler™ PCR amplifikatora (Applied Biosystems, Foster
City, CA, USA), prema preporu¢enom postupku. Odredi-
vanje proizvoda lanc¢ane reakcije polimeraze nacinjeno je
pomocu uredaja ABI Prism 310 Genetic Analyzer (Applied
Biosystems). Kao interni standard koristen je Rox-350 (Butler
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No.of |Typeofanalyzed| Yearof | Morphologi-| Molecular Br. Vrsta analiziranog | Godina | Morfoloska dob/ | Moleku-
sample sample discovery | cal age/sex sex uzorka uzorka otkric¢a spol larni spol
1 il
1 bone frggment 1996 adult/ unknown 1 U.Iomak kosti 1996. odr?sla d.ob/ nepoznat
(parietal) female (tiemena kost) zenski
2 2
2 tooth 1992 adult/ female 2 zub . 1992, odrasla dob/ senski
(premolar) unknown (pretkutnjak) nepoznat
tooth? adult/ 5 zub? odrasla dob/ 5 "
3 (molar) 1992 unknown female 3 (kutnjak) 1992. nepoznat zenski

'Bone obtained from a single skull (secondary find) lacking associated
grave enclosures.

“Teeth obtained from a poor/scanty ,set” of human remains (second-
ary finds) associated with grave enclosures from 4t cent. BC, found in
farther vicinity.

Bioarchaeological material was from the Belis¢e Museum (Osjecko-

Baranjska County).

"Kost uzeta iz pojedinac¢nog nalaza lubanje (sekundarni nalaz) bez pri-
padajucih grobnih priloga.

2Zubi uzeti iz lose ocuvanog i oskudnoga skupnog ljudskog nalaza
(sekundarni nalaz) s pridruzenim grobnim prilozima iz 4. st. pr. Kr., pro-
nadenih nesto dalje.

Bioarheoloski materijal potjece iz Muzeja grada Belis¢a (Osjecko-ba-

ranjska Zupanija).

Tab. 1 Bone and tooth samples used for DNA typing at 10 short
tandem repeat (STR) loci obtaned from archaeological hu-
man remains from Zagajci near Belis¢e (Croatia).

was performed on ABI Prism 310 Genetic Analyzer (Applied
Biosystems). The internal standard was Rox-350 (Butler et al.
1994: 271-280; Burgi 1997; Alonso et al. 2001: 260-266; Bo-
ljunci¢ 2007: 546).

RESULTS

STR genotyping from samples obtained from archaeo-
logical human remains from Zagajci near Belis¢e, generated
either a complete STR loci dropout (bone sample: 1), or low/
partial STR loci allelic profiles (tooth samples: 2 and 3) (Tab.
2). In terms of a bone sample (sample 1) obtained from a
single (female) cranium (Fig. 1) we failed to obtain both au-
tosomal and sex typing profiles during PCR procedure, i.e.,
as already mentioned there was a complete loci dropout. A
locus dropout is the failure to detect an allele within a sam-
ple or to amplify an allele (Boljun¢i¢ 2007: 540). Such failure
of detecting any DNA in the bone sample occurred in spite
of the repeated (3 times) DNA extraction and purification
(Tab. 2).

In terms of a tooth sample (sample 2) obtained from the
premolar (Fig. 2) stemming from a scanty “set” of archaeo-
logical human remains, DNA typing after the repeated DNA
extraction and purification generated a low/partial STR loci
profile (Tab. 2). The DNA was completely successfully am-
plified only at two autosomal loci — D351358 (alleles 16;17)
and D5S818 (alleles 10;12), also with generated clear result
for the sex typing locus — amelogenin. The result obtained
for the amelogenin contained only one peak from the X
chromosome. It was in accordance with typical amelogenin
sex test results for the female sex as shown by Abebe et al.
(2004: 1). This was also in accordance with archaeological
datai.e. grave enclosures (jewellery) associated with human
remains which were too poor (scanty) for obtaining morp-
hological sex of the individual.

In terms of another tooth sample (sample 3) obtained
from the molar (Fig. 3) stemming from the same “set” of
scanty human material apparently from the same indi-
vidual, there was also a low/partial STR loci profile obta-
ined. This refers to partially successful allelic amplification
only at three autosomal loci as follows: D351358 (allele 17),
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Tab. 1 Kostani i zubni uzorci koristeni za odredivanje DNK na 10 krat-
kih udvojenih sljedovnih (STR) lokusa dobivenih iz arheoloskih
ljudskih ostataka iz Zagajaca kraj Belis¢a (Hrvatska).

etal. 1994: 271-280; Burgi 1997; Alonso et al. 2001: 260-266;
Boljunci¢ 2007: 546).

REZULTATI

Odredivanje STR genotipova iz uzoraka dobivenih iz ar-
heoloskih ljudskih ostataka iz Zagajaca kraj Beli3¢a, s jedne
je strane generiralo potpun izostanak STR lokusa (koStani
uzorak: 1), dok je s druge strane rezultiralo oskudnim/dje-
lomi¢nim profilima alela STR lokusa (uzorci zuba: 2 i 3) (tab.
2). U slucaju kostanog uzorka uzetog iz pojedina¢nog na-
laza (zenske) lubanje (sl. 1), tijekom PCR postupka nismo
uspjeli dobiti ni autosomni ni spolni profil, odnosno, kako
rekoh, svi su lokusi izostali. Izostanak lokusa (locus dropout)
je termin koji oznacava neuspjeh u otkrivanju alela u uzor-
ku ili nemoguénost umnazanja alela (Boljunci¢ 2007: 540). U
kostanom uzorku nismo uspjeli otkriti tragove DNK unato¢
tomu $to je izdvajanje i procis¢avanje DNK provedeno u ne-
koliko navrata (triput) (tab. 2).

Glede zubnog uzorka (uzorak 2) dobivenog iz pretkut-
njaka (sl. 2), koji pripada oskudnom skupnom nalazu arheo-
loskih ljudskih ostataka, odredivanje DNK nakon ponovlje-
nog izdvajanja i procis¢avanja DNK generiralo je oskudni/
djelomicni profil STR lokusa (tab. 2). DNK je u potpunosti
uspjesno umnozena samo na dva autosomna lokusa -
D3S1358 (aleli 16;17) i D55818 (aleli 10;12), dajudi ujedno i
jasan rezultat za odredivanje amelogeninskog lokusa za
spol. Rezultat dobiven za amelogenin sadrzavao je samo
jedan vrh (“peak”) svojstven X kromosomu, $to je u skladu
s tipi¢nim rezultatima amelogeninskog testa za zenski spol,
kao $to su prikazali Abebe et al. (2004: 1). To se takoder po-
klapa s arheoloskim podacima, tj. grobnim prilozima (nakit),
pridruzenim ljudskim ostacima koji su bili lose ocuvani te
nedostatni za morfolosko odredivanje spola osobe.

Drugi zubni uzorak (uzorak 3), dobiven iz kutnjaka (sl. 3)
koji takoder potjece iz oskudnoga skupnog nalaza ljudskih
ostataka, po svemu sudeci od iste osobe, takoder je dao
oskudni/djelomicni profil STR lokusa. To se odnosi na djelo-
mice uspjeSno umnazanje alela na samo tri autosomna lo-
kusa: D351358 (alel 17), vWa (alel 16) i D135317 (alel 8) (tab. 2).
Rezultati za lokus za spol sadrze dva vrha - jedan svojstven
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Success of DNA amplification

UspjeSnost umnazanja DNK

No. of DNA 3 2 2 Br. izolacija DNK 3 2 2
isolations
Loci/sample 1 2 3 Lokusi/uzorak 1 2 3
D3S1358 = 16;17" 17' D351358 = 16;17" 17!
vWa _ _ 16 vWa _ _ 16
D5S818 _ 10,12 _ D5S818 _ 10,12 _
D13S317 _ _ 8 D13S317 _ _ 8
Amelogenin— sex R v Amelogenin - lo- )
typing locus - XX XiX kus za spol _ X;X X;X

“Unsuccessful DNA amplification.

'Shared allele 17 at the locus D351358.

? Unclear result for the amelogenin - however, atypical for male sex
(probably female).

The rest of STR profiles of bone and tooth samples is not shown due to

unsuccessful amplification.

"Neuspjelo umnazanje DNK.

'Zajednicki alel 17 na lokusu D351358.

? Nejasan rezultat za amelogeninski lokus — medutim, netipican za
muski spol (po svemu sudeci, zenski).

Preostali STR profili uzorka kosti te uzoraka zuba nisu prikazani zbog

neuspjesnog umnazanja.

Tab.2 Results of DNA analysis of bone and tooth samples from
Zagajci with AmpFISTR ProfilerIM PCR Amplification Kit.

vWa (allele 16) and D13S317 (allele 8) (Tab. 2). The results for
the sex typing locus yielded two peaks - from the X chro-
mosome, and another atypical “supposedly from the Y
chromosome”. However, the obtained peaks - from the X
chromosome and the Y chromosome were not within their
expected size range, i.e. they were not typical for the male
sex. This particularly refers to the second peak which was
not in accordance with the typical peak expected from the
Y (@amelo) chromosome.

There was only one shared allele - allele 17 of the
D351358 locus among tooth samples 2 and 3 (Tab. 2).

DISCUSSION

Of three samples examined in the present study for au-
tosomal short tandem repeat loci and the amelogenin - sex
typing locus, we obtained a completely successful DNA
amplification only at two autosomal loci — D351358 (alleles
16;17) and D5S818 (alleles 10;12) in addition to AMEL - the
sex typing locus in one case. Low/partial STR loci allelic pro-
files obtained for tooth samples, or even a complete loci
dropout (for a bone sample), suggests that the ancient DNA
in analyzed remains was poorly conserved. Such an issue
usually stems either from a severe ancient DNA degrada-
tion/ contamination from soil, or from handling of the bi-
oarchaeological material/samples. In our case there was an
extremely cautions handling of the material prior to DNA
typing and analysis performed after repeated DNA extracti-
on and purification like in previous studies (Boljunci¢ 2007:
543).1n addition a complete loci dropout obtained from afo-
rementioned bone sample is also suggestive of the absence
of possible contamination with modern DNA or any other
DNA processed in other analyses in the laboratory. The
latter usually refers to possible contamination either from
the staff /investigators or personnel who are not part of a
staff elimination database and therefore undetected (Gill,
Kirkham 2004: 2; Boljunci¢ 2007: 543), which was not the ca-

Tab. 2 Rezultati analize DNK na uzorcima kostiju i zuba iz Zagajaca
pomocu AmpFISTR ProfilerIM PCR amplifikatora.

kromosomu X, te dodatni drugi, “za koji bi se moglo pretpo-
staviti kako potjec¢e od kromosoma Y”. Medutim, dobiveni
vrhovi — za kromosom X i Y nisu bili unutar referentnih vri-
jednosti za muski spol. To se narocito odnosi na drugi vrh
koji nije odgovarao standardnim vrijednostima za (amel)
kromosom Y.

Zubni uzorci 2 i 3 imali su samo jedan zajednicki alel -
alel 17 na lokusu D351358 (tab. 2).

RASPRAVA

Od tri uzorka u ovom radu ispitana glede autosomnih
STR lokusa i amelogeninskog lokusa za spol, uspjeli smo
umnoziti DNK samo na dva autosomna lokusa - D351358
(aleli 16;17) i D55818 (aleli 10;12), te na jednom ameloge-
ninskom (AMEL) lokusu za spol. Oskudni/djelomicni profi-
li alela STR lokusa koje su iznjedrili uzorci zuba, zajedno s
potpunim izostankom lokusa za kostani uzorak, upu¢uju na
lodu oc¢uvanost stare DNK u analiziranim ostacima. Takav se
problem obi¢no pojavljuje zbog znatnog propadanja stare
DNKiili oneciscenja iz tla, te prilikom rukovanja bioarheolos-
kim nalazima/uzorcima. U naSem se slucaju izrazito pazljivo
rukovalo materijalom prije odredivanja DNK, kao i pri ana-
lizama izvrSenim nakon ponovljenih izdvajanja i procisca-
vanja DNK, sukladno prethodnim istraZivanjima (Boljunci¢
2007: 543). K tomu, potpun izostanak lokusa u spomenutom
kostanom uzorku upucuje, takoder, na odsustvo moguceg
oneciscenja suvremenom DNK ili bilo kojom drugom DNK
koja se obradivala tijekom drugih analiza u laboratoriju. Po-
tonje se obi¢no odnosi na moguce onecis¢enje ili od strane
osoblja/istrazivaca, ili osoba koje ne sacinjavaju dio elimi-
nacijske baze podataka koja postoji za osoblje, pa se tim
putem ne bi mogle otkriti (Gill, Kirkham 2004: 2; Boljuncic¢
2007: 543), $to ovdje nije bio slucaj.

Do znatnog propadanja DNK koje dovodi do potpunog
izostanka lokusa ili generiranja oskudnih/djelomi¢nih pro-
fila STR lokusa moglo je doci zbog ostec¢enih predlozaka
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se in our study.

Severe DNA degradation producing a complete loci
dropout or low/partial STR loci profiles, could be due to da-
maged/limited DNA templates in old bones/teeth which ac-
cording to Benecke (1997: 181) could lead eventually to such
major or even total elimination of all alleles. In the present
case DNA degradation, i.e. damage of the DNA templates in
the bone could possibly stem from post-mortal changes of
the skull, even though there were no visible morphological
signs of any significant damage to the bone cortex. How-
ever, one also has to take into account archaeological age
of the examined material.

In terms of teeth DNA degradation could stem either
from somewhat worn out (ante-mortal) tooth enamel of
the examined premolar, or somewhat (post-mortal) dam-
aged roots of the molar. The fact is that there is faster pulp
cells degradation in damaged teeth with an exposed ope-
ned pulp (Pfeiffer et al. 1999: 143) than in teeth the pulp of
which is protected by enamel in a good state of preserva-
tion. On the other hand, among other, the study of Pfeifer
et al. (1999: 143) also showed that isolated teeth even with
high degree of destruction (which was not the case in our
study) were lucrative source of DNA. Regardless of the men-
tioned, the processed teeth were the only teeth in the “set”
of scanty archaeological human remains to deal with.

Another problem is possible contamination from soil.
However Taq Polimerase inhibitors which are fairly known
to be particularly significant when DNA is extracted from
old/ ancient material, were not detected in the examined
samples. The absence of DNA polymerase inhibitors from
humic acid was confirmed in all preparations during perfor-
med QRT-PCR according to the manufacture’s protocols —
Quantifiler ™ human DNA quatification Kit, user’s manual.

In conclusion the performed molecular analysis for au-
tosomal STR loci in three samples (one bone sample from a
single female cranium and two tooth samples from a scanty
“set” of remains of another - supposedly female individual)
yielded altogether a successful amplification only at two lo-
ci, and a clear result for amelogenin - the sex typing locus,
in one case. In other case the sex-typing was ambiguous.
The amplification of the rest of autosomal loci yielded either
low partial STR profiles (tooth samples), or a complete loci
dropout (bone sample). There was only one allele shared
among tooth samples — allele 17 of the D351358 locus. Such
result has no significance in possible “genetic matching” of
two analyzed teeth.

However, there is a significance of DNA typing for ame-
logenin obtained from one tooth - the premolar associated
with small bone fragments and grave enclosures (jewellery).
Molecular analysis for the sex-typing locus confirmed the
presence of a female individual in a scanty “set” of bioar-
chaeological material in accordance with archaeological
data. Such multidisciplinary approach is particularly impor-
tant in bioarchaeology when researchers often deal only
with limited bioarchaeological material. Otherwise possible
erroneous gender DNA identification could appear even in
modern cases such as described by Abebe et al. (2004: 1-2),
in which DNA could be processed again as well as compa-
red to an individual karyotype. In bioarchaeology we could
relay for a possible “control” of molecular sex, either on bi-
oarchaeological data (when available) or we could reasona-
bly explain possible ambiguous sex-typing results in refe-
rence to associated (bio)archaeological data.
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DNK, odnosno njihove ogranicene koli¢ine u starim kosti-
ma/zubima, $to bi prema Benecke (1997: 181) moglo u ko-
nacnici dovesti do znatnog ili ¢ak potpunog uklanjanja svih
alela. U ovom slucaju propadanje DNK, tj. ostecenje predlo-
zaka DNK u kosti, moglo bi potjecati od promjena na lubanji
nakon smrti, iako nije bilo vidljivih morfoloskih pokazatelja
ikakvih znatnijih ostecenja na korteksu. Medutim, valja uze-
ti u obzir i arheolosku starost ispitivanog materijala.

Kad je rije¢ o zubima, propadanje DNK moglo je potje-
cati od ponesto (zazivotno) istrosene zubne cakline ispiti-
vanog pretkutnjaka, ili od donekle ostecenih (nakon smrti)
korijena kutnjaka. Cinjenica je da stanice pulpe propadaju
brze u ostecenih zuba s otvorenom i izlozenom pulpom
(Pfeiffer et al. 1999: 143) nego kod zuba u kojima je pulpa
zasticena dobro oc¢uvanom caklinom. S druge strane, iz-
medu ostalog, Pfeiffer et al. (1999: 143) su takoder pokazali
kako izolirani zubi ¢ak i pri visokom stupnju osteéenja (Sto
nije bio slu¢aj u naSem radu) mogu predstavljati bogat izvor
DNK. Neovisno o tomu, kako rekoh, obradeni zubi bili su je-
dini sac¢uvani zubi u oskudnom skupnom nalazu arheolos-
kih ljudskih ostataka.

Drugi problem obi¢no predstavlja moguce onecis¢enje
iz tla. Medutim, inhibitori Taq polimeraze, za koje je dobro
poznato kako mogu biti znacajan ¢imbenik onecis¢enja
kad je rije¢ o izdvajanju DNK iz starog/drevnog materijala,
nisu otkriveni u ispitivanim uzorcima. Odsustvo inhibitora
DNK polimeraze, iz humusne kiseline, potvrdeno je u svim
pripravcima tijekom provodenja QRT-PCR prema protoko-
lu proizvodaca sukladno priruc¢niku za korisnike opreme za
kvantifikaciju ljudske DNK Quantifiler™.

U zakljucku, provedena molekularna analiza glede au-
tosomnih STR lokusa na tri uzorka (jedan kostani uzorak iz
pojedina¢nog nalaza Zenske lubanje te dva uzorka zuba iz
oskudnoga skupnog nalaza, koji je pripadao drugoj, po sve-
mu sudeci, Zenskoj osobi) dovela je do ukupnoga uspjesnog
umnazanja samo na dva lokusa, te je u jednom slucaju dala
jasan rezultat za amelogeninski lokus za spol. U drugom je
slucaju odredivanje spola bilo dvojbeno. UmnaZanje ostat-
ka autosomnih lokusa generiralo je oskudne i djelomic¢ne
STR profile (zubni uzorci) ili potpuni izostanak lokusa (ko-
$tani uzorak). Samo je jedan alel bio zajednicki obama zub-
nim uzorcima - alel 17 lokusa D351358. Takav rezultat nema
znacenja u smislu moguce “geneticke podudarnosti” dvaju
analiziranih zuba.

Medutim, vaznost odredivanja DNK ovdje leZi u amelo-
geninskom lokusu dobivenom iz jednog zuba - pretkutnja-
ka koji je pronaden u oskudnom skupnom nalazu ulomaka
kostiju zajedno s grobnim prilozima (nakit). Molekularna
analiza za lokus za spol potvrdila je nazo¢nost zenske oso-
be u oskudnom skupnom bioarheoloskom nalazu suklad-
no arheoloskim podacima. Takav multidisciplinarni pristup
posebno je vazan u bioarheologiji kad istrazivaci pocesto
imaju na raspolaganju samo ograni¢enu koli¢inu bioarheo-
loskog materijala. Inace, prema autorima Abebe et al. (2004:
1-2), pogredno odredivanje DNK po spolu moze se dogodi-
ti ¢ak i kad je rije¢ o suvremenim slucajevima, gdje se DNK
moze ponovno ispitati te usporediti s kariotipom osobe. U
bioarheologiji se za mogucu “kontrolu” molekularnog spo-
la mozemo osloniti na bioarheoloske podatke (kad su do-
stupni) ili mozemo razumno obrazloZiti moguce dvojbene
rezultate odredivanja spola u skladu s pridruzenim (bio)ar-
heoloskim podacima.

U konacnici, iako zbog propadanja DNK u starom bio-
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Finally, although containing limited molecular results
apparently due to degraded DNA in old bioarchaeological
material, we hope that the present study will supplement a
database on DNA typing in Croatian bioarchaeology. It po-
ints out to the problems with which bioarchaeologists are
often faced when dealing with old and scanty/damaged, i.e.
limited material available for DNA analysis.
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