
1. Pop u la tion sam ples

To de ter mine the al lele fre quen cies of 7 SNPs,
159 un re lated DNA sam ples were col lected from adult
per sons liv ing in South-West ern Po land (DNA Bank,
Mo lec u lar Tech nique Unit of Med i cal Uni ver sity of
Wroc³aw). 

2. Se lec tion of SNP loci

Five SNP loci were se lected ac cord ing to dbSNP
(www.ncbi.nlm.nih.gov/SNP) and data pub lished by
Vallone et al. [12]. Two SNP loci were se lected ac -
cord ing to dbSNP (rs1063739: chro mo some 8, ref er -
ence al lele T; rs643788: chro mo some 11, ref er ence
al lele T). The SNP se lected were at least 50 mega-
bases apart.

3. DNA ex trac tion

Blood sam ples were ex tracted us ing the QIAamp
DNA Mini Kit (Qiagen), ac cord ing to the man u fac turer’s 
in struc tions (QIAamp DNA Mini Kit and QIAamp DNA 
Blood Mini Kit Hand book 02/2003).

4. Mul ti plex am pli fi ca tion of DNA frag ments

The sets of prim ers used in PCR and SNaP shot
 reactions are shown in Ta ble I. The ex act chro mo -
somal lo ca tions were as cer tained us ing BLAST
(http://ge nome.ucsc.edu/cgi-bin/hgBlat) and dbSNP
(www.ncbi.nlm.nih.gov/SNP). The heptaplex PCR re -
ac tion was per formed in a vol ume of 10 ml, con tain ing
1.0 ml tem plate DNA, 5 ml Mul ti plex PCR Mas ter Mix
(Qiagen), 1.0 ml mix ture of 14 prim ers with fi nal con -
cen tra tion 0.3 mM of each and 3 ml H2O. The ther mal
cy cling pro gram was car ried out on a GeneAmp 9700
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(Ap plied Biosystems) us ing the fol low ing con di tions:
one cy cle at 95oC for 15 min, fol lowed by 30 cy cles at
94oC for 30 s, 57oC for 90 s, 72oC for 90 s, and fi nal ex -
ten sion at 72oC for 10 min. Af ter mul ti plex am pli fi ca -
tion, un in cor po rated prim ers and dNTPs were
re moved by en zy matic treat ment. 1.4 ml of Exo-SAP
en zyme cock tail, con sist ing of Exonuclease I (Exo I,
0.4 U/ml, Fermentas) and Shrimp Al ka line Phospha -
tase (SAP, 0.2 U/ml, Fermentas) in the ra tio  1:10 was
used to pu rify each 4 ml of PCR tem plate. Sam ples
were mixed briefly and in cu bated at 37oC for 30 min
and then at 80oC for 15 min to in ac ti vate the en zymes. 

5. Minisequencing

A mul ti plex primer ex ten sion re ac tion was car ried
out in a to tal vol ume of 5 ml us ing 1.5 ml of ABI Prism®

SNaP shot™ Mul ti plex Ready Re ac tion Mix (Ap plied
Biosystems), 2.5 ml wa ter, 0.5 ml of PCR tem plate, and
0.5 ml stock so lu tion of ex ten sion prim ers, which con -
tained em pir i cally bal anced prim ers (Ta ble I). Ex ten -
sion re ac tions were in cu bated as fol lows: 25 cy cles at
96oC for 10 s, 57oC for 5 s, and 60oC for 30 s. Ex cess
fluorescently-la belled ddNTPs were in ac ti vated by ad -
di tion of 0.4 ml SAP (1 U/ml). Sam ples were mixed
briefly and in cu bated at 37oC for 60 min, then at 80oC
for 15 min. 
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TA BLE I. SETS OF PRIMERS USED IN PCR AND SNaP shot REACTION

SNP Se quence of prim ers PCR 
prod uct 
size [bp]

SNaP shot 
prod uct
size [nt]

Fi nal
con cen tra tion 
in SNaP shot
re ac tion
[nmol]

Melting
temperature

rs1063739F 5` GGAGCCAGGCGGTGAGG 3` 37 18 50.0 60

rs1063739R 5` ACCTTCGCCCTCAGTCCAT 3` 20 60.0 60

rs643788F 5` GATATCGAATGGAGAAGGTGA 3` 40 22 50.0 60

rs643788R 5` CAGATCCTGGGCAGTGCC 3` 19 70.0 60

rs2013526F 5` GAGACTACAAGTTCAAATATACTAAA
CTATTC 3`

54 33 65.0 64

rs2013526R 5` GCCAGATTCTACCAGGATCAG 3` 22 70.0 64

rs730249F 5` GACTGACTGACTGAACTTCCTGATAT
GGGAATCAAA 3`

71 37 40.0 66

rs730249R 5` GAGACTGACTGTATATAACCAGAAGG 
AACACTCA 3`

35 50.0 66

rs877228F 5` GAGACTGACTGACTGACTGACTACAC
AGTTTGGAGTGACCCAA 3`

82 44 15.0 62

rs877228R 5` GACTGACTGACTGACTGATGGAGATT
CTGGACATTCCA 3`

39 30.0 64

rs727206F 5` GACTGACTGACTGACTGACTGACTGA
CTGTCACCCTCAGAGCCCAGAA 3’

91 49 20.0 64

rs727206R 5` GAGACTGACTGACTGACTTCCTGTTTT 
CTGTTATATTCTGCT 3`

43 30.0 64

rs999842F 5`GAGACTGACTGACTGACTGACTGACTG 
ACTGACTGACTAGTATGCTTTTGCAAAA
GGTCCA 3`

114 62 40.0 64

rs999842R 5` GAGACTGACTGACTGACTGACTGACT
GACTGGATGAAAATCTCGCACCATCT 3`

53 50.0 64



6. Elec tro pho re sis

A 1 µl aliquot of each SAP-treated primer ex ten -
sion prod uct was di luted in 10 µl Hi-Di™ formamide
and 0.4 µl GS 120 LIZ in ter nal size stan dard (Ap plied
Biosystems) and af ter heat de na tur ation, an a lyzed on
the 3130 Ge netic An a lyzer (Ap plied Biosystems) us -
ing fil ter set E5. Sam ples were in jected electro kineti -
cally for 4 s at 1 kV. Sep a ra tions were per formed in
ap prox i mately 20 min on a 36 cm cap il lary ar ray us ing
poly mer POP-4™ (Ap plied Biosystems). Af ter elec tro -
pho re sis, the data were an a lyzed by GeneMapper ID
v. 3.2 soft ware (Ap plied Biosystems). 

7. Anal y sis of data

The data were an a lyzed with Power Stats v.12 soft -
ware [6]. The power of dis crim i na tion (PD) was cal cu -
lated ac cord ing to Jones [7] and Na tional Re search
Coun cil Re port II (1996). The power of ex clu sion (PE) 
was cal cu lated ac cord ing to Weir [13] and Fung et al. [3].
The poly mor phism in for ma tion con tent (PIC) was cal -
cu lated ac cord ing to Botstein et al. [1]. Di ver gence
from Hardy-Wein berg ex pec ta tions (HWE) was de ter -
mined by the c2 test. Al lele fre quen cies, MP – match -

ing prob a bil ity, Ho – ob served heterozygosity, He –
ex pected heterozygosity, and p-value were in cluded.

8. Re sults and dis cus sion

All fo ren sic pa ram e ters, al lele and ge no type  fre -
quencies, as well as HWE are pro vided in Ta ble II.
 No de vi a tions from Hardy-Wein berg equi lib rium were 
 observed in any lo cus (P > 0.05). The fol low ing  he -
terozygosities were ob served: rs2013526 (60.4%),
rs730249 (55.3%), rs1063739 (49.1%), rs727206
(48.4%), rs643788 (46.5%), rs999842 (46.5%) and
rs877228 (43.4%). The power of dis crim i na tion of the
7-lo cus SNP mul ti plex sys tem is PDto tal = 0.998. The
cu mu la tive power of ex clu sion for this test sys tem is
PEto tal = 0.778. All cal cu lated fo ren sic pa ram e ters (he -
terozygosity, PD, PIC, PE) con firmed the in for ma tive
role of the in ves ti gated mark ers. Thus they can be suc -
cess fully used in DNA typ ing, pa ter nity test ing or pop -
u la tion stud ies.

Cur rently, STRs (short tan dem re peats) mark ers
are widely used in fo ren sic med i cine. The ad van tages
of SNP typ ing in fo ren sic ge net ics are also well know
and in clude a wider choice of high-through put plat -
forms, lower mu ta tion rates, lower amplicon size and
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TA BLE II. ALLELE AND GENOTYPE FREQUENCIES AND OTHER FORENSIC PARAMETERS FOR EACH SNP 

IN THE SOUTH-WEST POLAND POPULATION

Pa ram e ter rs1063739 rs643788 rs2013526 rs730249 rs877228 rs727206 rs999842

Al lele C [%] 50.3 34.6 42.1 49.1 58.2 63.2 59.1

Al lele T [%] 49.7 65.4 57.9 50.9 41.8 36.8 40.9

Ge no type CC 0.258 0.1132 0.119 0.214 0.365 0.390 0.359

Ge no type CT 0.491 0.4654 0.604 0.553 0.434 0.48 0.465

Ge no type TT 0.251 0.4214 0.277 0.233 0.201 0.126 0.176

MP 0.370 0.407 0.455 0.406 0.362 0.402 0.376

PE 0.179 0.159 0.295 0.239 0.136 0.174 0.159

PD 0.630 0.593 0.545 0.594 0.638 0.598 0.624

PIC 0.37 0.35 0.37 0.37 0.37 0.36 0.37

Ho 49.1 46.5 60.4 55.3 43.4 48.4 46.5

He 50.0 45.2 48.8 50.0 48.7 46.5 48.3

HWE (p-value) p > 0.99 p > 0,975 p > 0,975 p > 0,975 p > 0,90 p > 0,975 p > 0,975

PDto tal 0.998

PEto tal 0.778

MP – match ing prob a bil ity, PE – power of ex clu sion, PD – power of dis crim i na tion, PIC – poly mor phic in for ma tion con tent, Ho – ob -
served heterozygosity, He – ex pected heterozygosity, PDto tal – power of dis crim i na tion of 7 SNP loci, PEto tal – power of ex clu sion of
7 SNP loci.



im proved anal y sis of de graded sam ples. There fore SNPs
are be ing con sid ered for a po ten tially use ful role in fo -
ren sic hu man iden ti fi ca tion [2, 8, 9, 10, 11, 12]. The
men tioned pa pers are only a small part of the to tal pub -
li ca tions con cern ing the role of SNP in fo ren sic ge net -
ics. All of them sup port uti li za tion of SNPs for foren -
sic iden ti fi ca tion pur poses.

The novel Heptaplex-SNP anal y sis sys tem might
be a good al ter na tive method when STRs fail to give
re sults, es pe cially for chal leng ing sam ples such as
bones, teeth and highly de graded tis sue com monly en -
coun tered in mass-disasters.
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1. Próbki po pul acy jne

W celu ok reœ len ia cz êst oœci wy stê pow ania al leli 7 po -
zyc ji typu SNP ze brano pr óbki DNA od 159  niespo -
krewnionych do ros³ych osób za mieszk uj¹cych te ren po -
³udniowo-za chodn iej Pol ski (Bank DNA, Zak³ad Tech -
nik Mo lek ula rnych Me dyczn ego Uniw ersy tetu we Wro -
c³awiu). 

2. Wybór loci SNP

Piêæ loci SNP wy brano na pod staw ie anal izy da nych
za wart ych w ba zie db SNP (www.ncbi.nlm.nih.gov/SNP) 
oraz da nych opub liko wan ych przez Val lone i in. [12].
Dwa loci SNP wy brano na pod staw ie anal izy da nych za -
wart ych w ba zie db SNP (rs1063739: chro mos om 8, al lel
od nies ienia – T; rs643788: chro mos om 11, al lel  odnie -
sienia – T). Wy brane loci SNP od dal one s¹ od sie bie co
najmniej o 50 milionów par zasad. 

3. Eks trakc ja DNA

Próbki krwi izol owa no z za stos owa niem ze stawu
QIA amp DNA Mini Kit (Qia gen), sto suj¹c siê do zal e -
ceñ pro duc enta (QIA amp DNA Blo od Mini Kit Hand -
book 02/2003).

4. Am plif ika cja DNA me tod¹ mul tip leks PCR 

Ze stawy star terów za stos owa nych do re akc ji PCR oraz 
SNaP sh ot przed staw iono w ta beli I. Sz cze gó³y do tycz¹ce
ich po³o¿ enia na chro mos oma ch ustal ono przy po mocy
 programu BLAST (http://ge nome.ucsc.edu/cgi-bin/hgBlat)
oraz in forma cji za wart ych w ba zie db SNP (www.ncbi.
nlm.nih.gov/SNP). Re akcjê PCR um o¿liwiaj¹c¹  jedno -
czesn¹ am plifikacjê 7 loci SNP (hep tap leks) pro wad zono
w ca³ko wit ej ob jêt oœci roz tworu 10 ml i sk³ada³ siê on
z 1 ml ma tryc owe go DNA, 5 ml mie szan iny re akc yjnej
Mul tip lex PCR Ma ster Mix (Qia gen), 1 ml mie szan iny
14 sta rter ów o ostat ecznym stê¿e niu ka¿de go równym
0,3 mM oraz 3 ml H2O. Re akc je am plif ika cji pro wad zono
przy u¿y ciu apar atu Ge neA mp 9700 (Ap plied  Biosys -
tems), sto suj¹c nas têpuj¹cy pro fil tem per atu rowy: 95oC
przez 15 min (1 cykl), a nastêpnie 30 cy kli: 94°C przez
30 s, 57oC przez 90 s, 72oC przez 90 s i wyd³u¿anie
koñcowe – 72oC przez 10 min. Po re akc ji am plif ika cji
me tod¹ mul tip leks PCR nie wyk orz ysta ne star tery oraz

nu kleo tydy usuw ano me tod¹ en zym aty czn¹. W tym celu
1,4 ml mie szan iny enz ymów Exo-SAP z³o¿o nej z eg zon u -
kl eazy I (Exo I, 0,4 U/ml, Fer ment as) oraz al kal icznej fos -
fat azy (SAP, 0,2 U/ml, Fer ment as) po³¹czo nych w sto -
sun ku 1:10 do dano do 4 ml pro duktu PCR. Pró bki kró tko
mie szano i in kub owa no w tem per atu rze 37oC przez 30 min,
a nastêpnie w tem per atu rze 80oC przez 15 min w celu in -
akt ywa cji en zym ów. 

5. Mi nis ekw encjo nowa nie

Mul tip leksow¹ rea kcjê wyd³u¿a nia star tera  prowa dzo no 
w ca³ko wit ej ob jêt oœci mie szan iny re akc yjnej 5 ml sk³a -
daj¹cej siê z 1,5 ml od czynn ika ABI Prism® SNaP sh ot™

 Multiplex Re ady Re act ion Mix (Ap plied Bio syst ems),
2,5 ml wody, 0,5 ml pro duktu PCR i 0,5 ml wyj œcio wej
mie szan iny sta rter ów wyd³u¿aj¹cych z³o¿o nej za wier a -
j¹cej star tery o doœw iad czalnie do bran ych st ê¿en iach (ta -
bela I). Re akc je wyd³u¿ ania star tera pro wad zono w na -
stê puj¹cych wa runk ach tem per atu row ych: 25 cy kli – 96oC
przez 10 s, 57oC przez 5 s i 60oC przez 30 s. Nad miar zna -
kow any ch flu ores cency jnie did eoks ynukl eoty dów  usu -
wano, do daj¹c 0,4 ml SAP (1 U/ml). Pr óbki po kr ótkim
wi row aniu in kub owa no w tem per atu rze 37oC przez 60 min,
a nastêpnie w tem per atu rze 80oC przez 15 min.

6. Elekt rofo reza

1 ml pro duktu wyd³u¿a nia star tera oczyszc zone go za
po moc¹ en zymu SAP roz puszc zano w 10 ml for mam idu 
(Hi-Di™ for mam ide) oraz 0,4 ml wew nêt rzn ego stan -
dardu d³ugoœ ci GS 120 LIZ (Ap plied Bio syst ems) i po
de nat ura cji ciepl nej pod daw ano roz dzia³owi elekt rofo -
ret ycz nemu z za stos owa niem anal iza tora ge net yczne go
3130 (Ap plied Bio syst ems) z fil trem E5. Pró bki pod -
lega³y elekt roki net ycz nej in iekc ji przez 4 s przy napiêciu
1 kV. Roz dzia³ pro wad zono przez 20 min przy u¿yciu ze -
stawu ka pil ar o d³ug oœci 36 cm i ¿elu POP-4™ (Ap plied
Bio syst ems). Po elekt rofo rez ie anal izo wano dane, u¿y -
wa j¹c pro gramu Ge neM apper ID v. 3.2 so ftware (Ap -
plied Bio syst ems).

7. Anal iza da nych 

Uzys kane dane anal izo wano z za stos owa niem pro -
gramu Po werS tats v 1.2 [6]. Si³ê ró ¿nic uj¹c¹ (PD)  obli -
cza no wed³ug Jo nesa [7] i wy tyczn ych za wart ych w Na -
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tio nal Re sea rch Co unc il Re port II (1996). Si³ê wy kluc za -
j¹c¹ (PE) ob lic zano wed³ug We ira [13], Fun ga i in. [3].
Wspó³czyn nik zawa rtoœci po lim orfi zmu (PIC) ob lic zano
wed³ug Bot stei na i in. [1]. Ods têps two od sta nu rów -
nowagi Har dy’ ego-We inb erga (HWE) ba dano za po mo c¹ 
te stu c2. W ob lic zeni ach uw zgl êdni ono ró wni e¿ cz êst oœci 
al leli, pr awd opodobieñstwo zg odn oœci (MP), ob serw o -
wan¹ he tero zyg otycznoœæ (Ho), oczek iwan¹ heter ozy -
gotycznoœæ (He) oraz warto œci p.

8. Wy niki i dys kus ja

Wszyst kie wspó³czyn niki istotne dla celów s¹do wych,
cz êstoœci al leli i ge not ypów oraz dane na te mat he te -
rozygotycznoœci ob serw owa nej i oczek iwa nej (HWE)
przed staw iono w ta beli II. W ¿a dnym z ba dan ych loci nie
stwier dzono odstêp stwa od sta nu rów nowagi Har dy’ -
ego-We inb erga (P > 0.05). Uzys kano nast êpuj¹ce wy niki 
he ter ozygotycznoœci anal izo wan ych mark erów: rs2013526
(60,4%), rs730249 (55,3%), rs1063739 (49,1%), rs727206
(48,4%), rs643788 (46,5%), rs999842 (46,5%), rs877228
(43,4%). Si³a ró¿nicuj¹ca pa nelu mul tip lekso wego z³o¿o -
nego z 7 loci typu SNP PDto tal = 0.998.

£¹czna si³a wy kluc zenia dla oprac owa nego te stu
PEto tal = 0.778. Wy niki uzys kane dla wszyst kich ob lic zo -
ny ch wspó³cz ynn ików s¹do wych (he terozygotycznoœæ,
PD, PIC, PE) po twierd zi³y in format ywnoœæ ba dan ych
ma rke rów ge net yczny ch, wska zuj¹c na ich u¿yt ecznoœæ
w pro fil owa niu DNA w kry min ali sty ce, anal izie spor -
nego oj cos twa oraz ba dan iach po pul acy jnych. Obecn ie
w ba dan iach me dyczno s¹do wych po wszechn ie sto sow a -
ne s¹ mar kery typu STR (ang. short tan dem re pea ts). Za -
lety ba dan ia ma rke rów typu SNP w ge net yce s¹do wej s¹
ró wnie¿ zna ne i nal e¿y do nich mo¿ liwoœæ wiê kszego
wy boru plat form anal ity cznych o du¿ej prze pus towoœ ci,
ni¿s ze tem po mu tac ji, mniej sze roz miary  amplifikowa -
nych fr agme ntów DNA i wi êksze mo ¿liw oœci anal izy
prób ek nara ¿on ych na du¿¹ degr ada cjê. Mar kery typu
SNP uznaje siê wiêc jako po tenc jalnie u¿ ytec zne w ba -
dan iach ident yfi kac yjn ych cz³owieka pro wad zony ch dla
cel ów s¹do wych [2, 8, 9, 10, 11, 12]. Na le¿y za uwa¿yæ,
¿e za cyt owa ne pra ce sta nowi¹ za led wie nie wielki u³amek 
pu blik acji po œwiê con ych zna czen iu po lim orfi zmu SNP
w ge net yce s¹do wej. Wszyst kie zwra caj¹ uwagê na  u¿y -
tecznoœæ anal izy po lim orfi zmu SNP do s¹do wych ba dañ
ident yfi kac yjn ych. Przed staw iony nowy test do  jedno -
czesnej anal izy sied miu po zyc ji typu SNP mo¿e st ano wiæ 
po mocn¹ al ternatywê w sy tua cji, gdy ba dan ia ma rke rów
typu STR ko ñcz¹ siê wy nik iem ne gat ywnym, zw³asz cza
w przy padku prób ek szcz egól nie wy mag aj¹cych, jak koœ -
ci, zêby lub sil nie zde grad owa ne tkan ki, czês to bêd¹ce
przed miot em badañ w spra wach ka tas trof z du¿¹ liczb¹
ofiar.     
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