
1. In tro duc tion

Highly poly mor phic microsatellite se quences oc -
cur ring in chloroplast and nu clear DNA of for est trees
en able iden ti fi ca tion of unique ge no types for par tic u -
lar in di vid u als and may be ana lysed on the ba sis of any 
tis sue type. Com par i son of ge no types es tab lished in
plant spec i mens col lected at the scene of the crime
with ge no types char ac ter is tic for ref er ence ma te rial
en ables fast test ing of the in ves ti ga tion hy poth e ses.
Al though such vari able se quences are known for many 
spe cies of for est trees, they are very rarely ex am ined in 
Po land for fo ren sic pur poses. This pa per pres ents ap -
pli ca tion of anal y sis of microsatellite DNA for in di -
vid ual iden ti fi ca tion of Blue spruce nee dles col lected
in a car be long ing to an al leged per pe tra tor of an act of
plants de struc tion. The aim of the ex am i na tion was to
as cer tain whether the ana lysed ev i dence nee dles come
from trees be long ing to the in jured party.

2. Case de scrip tion

An of fi cial com plaint was lodged con cern ing an
act of de struc tion of six co nif er ous trees on pri vate
prop erty in W. in Po land. The in jured party in di cated
the sus pect, and the Po lice se cured (co nif er ous tree)
nee dles from the sus pect’s car boot. How ever, the sus -
pect de nied be ing the per pe tra tor of the act. The dry
nee dles from the boot as well as twigs from the vic -
tim’s trees and trees of the same spe cies grow ing in his
neigh bour’s gar den were de liv ered to the De part ment
of Ge net ics at the Kazimierz Wielki Uni ver sity in
Bydgoszcz in or der to per form com par a tive anal y sis
and es tab lish their or i gin.

3. Ma te ri als and meth ods

From amongst the nee dles col lected from the sus -
pect’s car boot, twenty four un dam aged spec i mens
were se lected and num bered from X1 to X24. Since it
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was as sumed that each nee dle could come from a dif -
fer ent tree, the pro cess of geno typ ing was per formed
for each nee dle sep a rately. The lab o ra tory was also
pro vided with 6 twigs with nee dles orig i nat ing from the
vic tim’s trees (num bered  con sec u tively from P1 to P6)
and 3 spec i mens from the neigh bour’s trees (S1 to S3).

Anal y ses were car ried our sep a rately for each sam -
ple. Each nee dle was ho mogen ised in a mill (Mixer
Mill MM301; Retsch) and sub jected to DNA iso la tion
with the stan dard CTAB based method of DNA ex trac -
tion from plant ma te rial [1]. The DNA con cen tra tion
was mea sured with a DNA cal cu la tor (BioPhotometr,
Eppendorf). PCR re ac tions were car ried out in a to tal
vol ume of 10 ml. Since no re search has yet been per -
formed on microsatellite vari a tion of the Blue spruce,
in this study mark ers were used that had been de vel -
oped for other related spe cies such as pines, Nor way
spruce (Picea abies) and White spruce (Picea glauca).
Ge netic ex am i na tions were based on microsatellite
DNA mark ers – 4 chloroplast loci: Pt63718, Pt26081,
Pt30204, Pt71936 [4] and 2 nu clear loci: UAPs TG25
[2] and PAAC23 [3] (Ta ble I). Un like the nu clear ge -
nome, the chloroplast ge nome is hap loid. In the case of 
co nif er ous trees, chloroplast DNA is pa ter nally in her -
ited and be cause of a lack of re com bi na tion pro cesses
it has a clonal mode.

TA BLE I. MICROSATELLITE MARK ERS

Primer Flu o res cent 
dye

Con cen tra -
tion

Ref er ence

Pt 63718 NED 25 nM –

Pt 26081 FAM 25 nM [5]

Pt 30204 NED 125 nM –

Pt 71936 HEX 40 nM –

UAPsTG25 HEX 500 nM [3]

PAAC23 NED 500 nM [4]

The re ac tion mix ture con sisted of 20 ng of tem plate 
DNA, 1 ´ PCR buffer (Qiagen), 1.5 mM MgCl2,
0.2 mM dNTP, 5 µg/µl BSA and 0.25 U Taq poly mer -
ase (Qiagen). Chloroplast microsatellite loci were am -
pli fied in mul ti plex PCR re ac tions and nu clear loci
were am pli fied in monoplex re ac tions (Ta ble I). PCR
re ac tions were car ried out in a thermocycler PCT-200
(MJ Re search). The PCR pro gram con sisted of ini tial
de na tur ation (94oC for 30 s) fol lowed by 30 am pli fi ca -
tion cy cles: 94oC for 30 s, 50oC for 1 min and 72oC for
1 min. The fi nal elon ga tion step was car ried out for
10 min at 72oC. Products of the PCR re ac tion were

mixed with Size Stan dard HD 400 ROX marker and
re solved on an ABI Prism 310 cap il lary ge netic analy -
ser us ing the GeneScan programme (all Applera). The
de ter mined ge no types were used to at tempt to iden tify
the nee dles col lected in the sus pect’s boot. The dis -
crim i na tion power for the ana lysed set of mark ers was
as sessed by the value of prob a bil ity of iden tity PID,
cal cu lated ac cord ing to the for mula [2, mod i fied]:

P p PID h k
k

m

= Õ {1},

where ph is the fre quency of the haplotype cpDNA,
while for ev ery kth nu clear lo cus (from m pos si ble loci) 
for homo zy gotes Pk = pi

2, and for het ero zy gotes
Pk = 2pipj (where pi and pj are fre quen cies of the re -
spec tive al leles). Since there is no data re lat ing to ref -
er ence pop u la tions for the ex am ined spe cies, in the
pres ent pa per al lele fre quen cies of the nu clear loci and
haplotype fre quen cies of the cpDNA were de ter mined
merely on the ba sis of the trees from the vic tim’s gar -
den. In the dis cussed case, the PID pa ram e ter de scribes
the prob a bil ity that, as sum ing ge netic vari a tion char -
ac ter is tic for a par tic u lar pop u la tion, a given sam ple
(e.g. a nee dle) may orig i nate from an other un iden ti fied 
(un known) in di vid ual. This pa ram e ter was cal cu lated
on the ba sis of data gath ered for both chloroplast and
nu clear loci.

4. Re sults

Mor pho log i cal stud ies con firmed that all the pro -
vided ma te rial orig i nates from the spe cies Picea
pungens (Blue spruce). This dec o ra tive tree is not na -
tive to Po land, but be cause of its high or na men tal
value is of ten planted in parks and gar dens. Each of the 
six trees of the in jured party had a unique ge no type
that en abled dif fer en ti a tion of the in di vid u als from
each other (ta ble II). All the nee dles col lected from the
sus pect’s car boot ge net i cally matched the vic tim’s
trees, but not the neigh bour’s trees. Un equiv o cal iden -
ti fi ca tion of or i gin was made for most of the ev i dence
nee dles. Per formed anal y ses re vealed that 17 out of
24 nee dles may orig i nate from tree P6, 3 ad di tional
ones from tree P3 and sin gle nee dles were as so ci ated
with trees P4 and P5. Two nee dles may orig i nate from
tree P1 or P6. In this case, an in com plete ge no type pre -
vented un am big u ous iden ti fi ca tion of two ev i dence
nee dles, X7 and X20, which may be as cribed to two
trees (P1 and P6), re veal ing the same ge no type ex cept
for lo cus PAAC23. None of the nee dles col lected from 
the sus pect’s boot matches the ge no type of tree P2.
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TA BLE II. GE NO TYPES OF THE VIC TIM’S TREES (P1–P6) AND THE NEIGH BOUR’S TREES (S1–S3) AND

ALSO  EVIDENCE NEE DLES (X1–X24) COL LECTED FROM THE SUS PECT’S CAR BOOT RE VEALED

BY EX AM I NA TION OF MICROSATELLITE MARK ERS OF THE CHLOROPLAST AND NU CLEAR GENOMES 

Tree Chloroplast loci Nu clear loci In ferred or i gin of the
nee dles (No. of the tree)

Pt63718 Pt26081 Pt30204 Pt71936 UAPsTG25 PAAC23

Vic tim 

P1 95 108 138 144 96/100 275/275

P2 97 109 138 145 96/96 275/283

P3 95 109 138 144 96/100 281/281

P4 95 108 138 144 94/96 275/275

P5 95 109 137 144 94/96 275/275

P6 95 108 138 144 96/100 281/281

Vic tim’s neigh bour

S1 97 109 138 145 96/96 275/283

S2 97 109 138 145 96/96 275/283

S3 97 109 138 145 96/96 275/283

Ev i dence ma te rial col lected in the sus pect’s car boot (sin gle nee dles)

X1 95 108 138 144 96/100 281/281 P6

X2 95 108 138 144 96/100 281/281 P6

X3 95 109 138 144 96/100 281/281 P3

X4 95 108 138 144 94/96 - P4

X5 95 108 138 144 96/100 281/281 P6

X6 95 108 138 144 96/100 281/281 P6

X7 95 108 138 144 96/100 - P1 or P6a

X8 95 108 138 144 96/100 281/281 P6

X9 95 108 138 144 96/100 281/281 P6

X10 95 108 138 144 96/100 281/281 P6

X11 95 108 138 144 96/100 281/281 P6

X12 95 108 138 144 96/100 281/281 P6

X13 95 108 138 144 96/100 281/281 P6

X14 95 109 - 144 96/100 - P3

X15 95 108 138 144 96/100 281/281 P6

X16 95 108 138 144 96/100 281/281 P6

X17 95 108 138 144 96/100 281/281 P6

X18 95 108 138 144 96/100 281/281 P6

X19 95 109 137 144 94/96 275/275 P5

X20 95 108 - 144 96/100 - P1 or P6a

X21 95 108 138 144 - 281/281 P6

X22 95 109 - 144 96/100 281/281 P3

X23 95 108 138 144 96/100 281/281 P6

X24 95 108 138 144 96/100 281/281 P6

(–) – Pre cise de ter mi na tion of ge no type im pos si ble; a – match with ge no type of trees P1 and P6. In com plete data does not al low un am -
big u ous iden ti fi ca tion. 



How ever, all the sam ples from the neigh bour’s trees
matched the ge no type of P2. The in ves ti ga tion re -
vealed that they (the neigh bour’s trees) orig i nate from
grafts pro vided by the vic tim, and thus must have the
same ge no types. 

The power of dis crim i na tion cal cu lated for the ap -
plied ge netic mark ers should be re garded as high, be -
cause the prob a bil ity of iden tity PID has rel a tively low
val ues (0.005–0.05; av er age 0.02). This means that the 
prob a bil ity that the stud ied ev i dence nee dles orig i nate
from the in jured party’s trees equals 98% (Ta ble III).

5. Con clu sions

On the ba sis of ge no type anal y sis of the stud ied ev -
i dence sam ples, it can not be ex cluded that the nee dles
col lected from the sus pect’s car boot orig i nate from
the vic tim’s trees. More over, there is a rel a tively high
prob a bil ity (98%) that the ex am ined nee dles come
from the vic tim’s trees. The pre pared ex pert re port was 
ad mit ted as ev i dence and, on it’s ba sis, an in dict ment
was is sued by the pros e cut ing au thor ity.

Ref er ences

1. Doyle J. J., Doyle J. L., Iso la tion of plant DNA from plant

tis sue, Fo cus 1990, 12, 13–15.
2. Hedrick P. W., Ge net ics of pop u la tions, Jones & Bart lett

Pub., Boston 2000.
3. Hodgetts R. B., Aleksiuk M. A., Brown A. [et al.], De vel -

op ment of microsatellite mark ers for white spruce (Picea

glauca) and re lated spe cies, The o ret i cal and Ap plied Ge -

net ics 2001, 102, 1252–1258.

4. Scotti I., Magni F., Fink R. [et al.], Microsatellite re peats

are not ran domly dis trib uted within Nor way spruce (Picea 

abies) ex pressed se quences, Ge nome 2000, 43, 41–46.
5. Vendramin G. G., Lelli L., Rossi P. [et al.], A set of prim -

ers for the am pli fi ca tion of 20 chloroplast microsatellites

in Pinaceae, Mo lec u lar Ecol ogy 1996, 5, 595–598.

Prob lems of Fo ren sic Sci ences 2005, LXIV, 395–400

398 A. Dzialuk, J. Burczyk

TA BLE III. ALLELIC FRE QUEN CIES OF PAR TIC U LAR LOCI AND THE PROB A BIL ITY OF GE NETIC IDEN TITY PID

CAL CU LATED FOR PAR TIC U LAR TREES OF THE IN JURED PARTY 

In di -
vid ual

Allelic fre quen cies and haplotype fre quen cies for a par tic u lar locus Prob abil ity 
of iden tity
PID

Pt63718 Pt26081 Pt30204 Pt71936 Haplotype 
fre quency 
cpDNA

UAPsTG25 PAAC23

Al lele 1 Al lele 2 Al lele 1 Al lele 2

P1 0.833 0.5 0.833 0.833 0.500 0.583 0.250 0.583 0.583 0.050

P2 0.167 0.5 0.833 0.167 0.167 0.583 0.583 0.583 0.083 0.006

P3 0.833 0.5 0.833 0.833 0.167 0.583 0.250 0.333 0.333 0.005

P4 0.833 0.5 0.833 0.833 0.500 0.167 0.583 0.583 0.583 0.033

P5 0.833 0.5 0.167 0.833 0.167 0.167 0.583 0.583 0.583 0.011

P6 0.833 0.5 0.833 0.833 0.500 0.583 0.250 0.333 0.333 0.016

Av er age: 0.020
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1. Wstêp

Wy soce po lim orfi czne se kwenc je mi kros ate lit arne
wy stêp uj¹ce w chlo rop last owym i j¹dro wym DNA drzew 
leœnych daj¹ mo¿liwoœæ uzys kania unik alny ch geno -
typów dla posz czeg ólnych osob ników na pod staw ie  ana -
li zy do woln ej tkan ki. Poró wnanie geno typów ma ter ia³u
ro œli nnego za bezp iecz onego na miej scu zda rzen ia z jego
do mniem anym Ÿród³em po chod zenia po zwala na szyb kie 
te stow anie hi pot ez œl edc zych. Ch oci a¿ se kwenc je ta kie
zna ne s¹ dla sze regu gat unk ów drzew leœnych, w Pol sce
ba dan ia tego typu wy kon ywa ne s¹ nie zwyk le rzad ko.
W pra cy przed staw iono za stos owa nie anal izy se kwenc ji
mi kros ate lit arn ych do ident yfi kac ji po chod zenia igie³
œw ierka srebrne go za bezp iecz onych w sa moc hodz ie do -
mniem ane go spraw cy znisz czen ia roœlin w celu stwier -
dzen ia, czy po chodz¹ one z drze wek nale¿¹cych do
po szkod owa nego.

2. Opis przy padku

W mi ejsco woœ ci W. zg³oszony zo sta³ fakt znisz czen ia 
szeœc iu drze wek iglas tych na te ren ie pry watn ej po ses ji.
W³aœ cic iel wska za³ po dejr zane go, a w ba ga¿n iku jego sa -
moc hodu po lic ja za bezp ieczy³a ig³y drze wa. Po dejr zany
za przec zy³, aby by³ sprawc¹ za rzuc ane go mu czy nu. Su -
che ig³y ze brane w ba ga¿n iku sa moc hodu po dejr zane go
oraz ga³¹zki z drzew po szkod owa nego i drzew tego sa -
mego ga tunku rosn¹cych na s¹sied niej po ses ji zo sta³y
przes³ane do Zak³adu Ge net yki Uniw ersy tetu Ka zim ierza 
Wiel kiego w Byd goszc zy w celu ustal enia ich  pocho -
dzenia.

3. Ma ter ia³y i me tody

Spoœród igie³ ze bran ych w ba ga¿n iku po dejr zane go
wy brano 24 nie uszk odz one sztu ki (od X1 do X24). Przy -
jêto, ¿e ka¿da ig³a mog³a poch odziæ z in nego drze wa, st¹d 
ge not ypy ustal ono osobno dla ka¿dej z igie³. Do badañ
do starc zono ró wnie¿ 6 ga³¹zek z igliw iem z drzew po -
szkod owa nego (od P1 do P6) oraz 3 pr óby s¹sia da (od S1
do S3). Anal izy pro wad zono od dzieln ie dla ka ¿dej pr óby. 
Po ho mog eni zac ji igie³ w m³ynku Mixer Mill (MM301;
Ret sch) DNA izol owa no wed³ug stan dard owej pro ced u -
ry izol acji z ma ter ia³u ro œli nnego,  wy kor zyst uj¹c me todê
CTAB [1]. St ê¿e nie DNA mie rzono za po moc¹  kalku -

latora DNA (BioPho tom etr; Eppen drof), zaœ re akc je PCR 
pro wad zono w obj êto œci 10 µl. Z uwagi na fakt, ¿e  bada -
nia zmie nnoœci mi kros ate lit arn ej u œw ierka k³uj¹cego nie
by³y jak dot¹d pro wad zone, do bad añ wy kor zyst ano mar -
kery oprac owa ne dla so sen, œw ierka po spol ite go Pi cea
abies oraz œwierka bia³ego Pi cea glau ca. Do anal iz  gene -
tycznych wy kor zyst ano mar kery mi kros ate lit arne DNA – 
4 loci chlo rop last owe: Pt63718, Pt26081, Pt30204,
Pt71936 [4] oraz 2 loci j¹dro we: UAPs TG25 [2]
i PAAC23 [3] (ta bela I). W pr zec iwieñstwie do ge nomu
j¹dro wego, ge nom chlo rop last owy jest ha ploi dalny.
U drzew iglas tych dzie dzic zony jest oj cows ko, a z uwagi
na brak re komb ina cji ma cha rakt er klo nalny.

Mie szan ina re akc yjna za wiera³a 20 ng DNA, 1 ́  PCR 
buffer (Qia gen), 1,5 mM MgCl2, 0,2 mM dNTP, 5 µg/µl
BSA oraz 0,25 U po lim era zy Taq (Qia gen).  Chloroplas -
to we loci mi kros ate lit arne am plif iko wano w re akc jach
mul tip leks PCR, na tom iast loci j¹dro we w re akc jach po -
jed yncz ych (ta bela I). Mi esz aninê re akc yjn¹  umiesz cza -
no na ter moc ykl erze PCT-200 (MJ Re sea rch), gdzie po
wstêpnej de nat ura cji (94oC przez 30 s) nastêpowa³o
30 cy kli am plif ika cji. Ka ¿dy cykl obejm owa³: 94oC przez 
30 s, 50oC przez 1 min i 72oC przez 1 min. Koñcowe
wyd³u¿anie pro wad zono w tem per atu rze 72oC przez
10 min. 

Pro dukty re akc ji PCR mie szano z mar ker em wielkoœ -
ci HD 400 ROX Size Stan dard (Ap plera) i anal izo wano
na se kwen ato rze ka pil arnym ABI Prism 310 (Ap plera),
wy kor zyst uj¹c pro gram Ge neScan (Ap plera). 

Uzys kane ge not ypy wy kor zyst ano do pr óby ok reœ -
lenia po chod zenia igie³ ze bran ych w ba ga¿n iku  podej -
rzanego. Do ok reœl enia si³y dys krym ina cyj nej ze stawu
ma rker ów u¿ ytych do ba dañ ob lic zono tzw.  prawdopo -
do bieñstwo id ent yczn oœci ge net ycznej PID, ko rzys taj¹c
ze wzo ru [2, zmo dyf iko wane]:

P p PID h k
k

m

= Õ  {1}

gdzie ph oznac za czêst oœæ ha plot ypu cpD NA,  nato miast
dla ka¿ dego k-tego lo cus j¹dro wego (z m  mo¿li wych) dla
ho moz ygot Pk = pi

2, na tom iast dla he ter ozy got Pk = 2pipj

(gdzie pi oraz pj oznac zaj¹ czêst oœci od pow iedni ch al leli). 
W ni niejs zej pra cy czê stoœci al leli loci j¹dro wych oraz
czê stoœci hap lotypów cpD NA oznac zone by³y je dyn ie na
pod staw ie pró by drzew po szkod owa nego, bo wiem nie
ist niej¹ jesz cze od pow iednie dane do tycz¹ce po pul acji
re fer ency jnych dla ba dan ego ga tunku.
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W omaw ianym przy padku pa ram etr PID mówi, ja kie
jest pr awdopodobieñstwo, ¿e przy ta kiej zm iennoœci ge -
net ycznej, jak ob serw owa na w da nej po pul acji, dana pr ó -
ba (np. ig³a) mo¿e po cho dziæ od in nego nie zid enty fiko-
wa nego (nie znan ego) osobn ika. WskaŸ nik ten zo sta³ po -
lic zony w oparc iu o loci chlo rop last owe i j¹dro we
³¹cznie.

4. Wy niki

Ba dan ia mor fol ogi czne do starc zone go ma ter ia³u po -
twierd zi³y, ¿e po chod zi on z  tego sa mego ga tunku Pi cea
pun gens (œwi erk k³uj¹cy, od miana srebrna). Jest to drze -
wo ozdob ne, niewy stêpuj¹ce na tur alnie w Pol sce, jed -
nak¿e z uwagi na wa lory de kor acy jne, cz êsto spo tyk ane
w par kach oraz przy dom owy ch ogrod ach. Ka¿de z  szeœ -
ciu drzew po szkod owa nego po siada unik alny ge not yp
um o¿l iwiaj¹cy od ró¿ nienie tych os obn ików od sie bie (ta -
bela II). Wszyst kie ig³y za bezp iecz one w ba ga¿n iku po -
dejr zane go od pow iadaj¹ ge net ycznie drze wom po szko -
do wan ego, na tom iast nie s¹ zgod ne z drze wami s¹sia da.
Dla wiê kszoœci igie³ do kon ano jed noz naczne go przy pis a -
nia po chod zenia. Z 24 igie³ 17 mo¿e po chod ziæ z drze wa
P6, 3 z drze wa P3, po jed nej z drze wa P4 i P5 oraz dwie
ig³y z drze wa P1 lub P6. Je dyn ie dwie ig³y (X7 i X20),
z uwagi na nie komp letny ge not yp, mog¹ byæ przy pis ane
do dwóch drzew P1 i P6 (o ta kim sa mym ge not ypie, wy -
kluc zaj¹c lo kus PAAC23). ̄ adna z igie³ ze bran ych w ba -
ga¿n iku po dejr zane go nie od pow iada ge net ycznie drze -
wu P2. Z ko lei od pow iadaj¹ mu wszyst kie próby z drzew
s¹sia da. W trak cie czyn noœci œled czych okaza³o siê, ¿e
po chodz¹ one ze szcze pek otrzym any ch od po szkod owa -
nego, co t³umac zy iden tycznoœæ ich geno typów. 

Si³a dys krym ina cji sto sow any ch mar ker ów ge net ycz -
ny ch jest du¿a, bo wiem pr awdopodobieñstwo id entycz -
noœci ge net ycznej PID przyj muje sto sunk owo ni skie
wa r toœci (0,005–0,05; œr ednia 0,02). Tym sa mym  praw -
dopodobieñstwo, ¿e ba dana pr óba igie³ po chod zi z drzew 
po szkod owa nego, wy nosi 98% (ta bela III). 

5. Wnio ski

Na pod staw ie anal izy geno typ ów do starc zony ch
prób, nie mo ¿na wy klucz yæ, ¿e ig³y ze brane w ba ga¿n iku
po dejr zane go po chodz¹ z drzew po szkod owa nego. Ist -
nieje sto sunk owo du¿e pra wdop odo bieñstwo (98%), ¿e
ba dana pr óba igie³ po chod zi z drzew po szkod owa nego.

Prze prow adz ona eks pert yza zo sta³a po trakt owa na
jako do wód w spra wie i sta³a siê pod staw¹ do wnie sien ia
aktu oska r¿en ia przez prokuraturê.    
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