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2. DNA vltblfJ
~j}trfn.'~ -")v ,'"( 'j: 0.5 mt =§~fj:=§~~10 mm :a:-"

'* t:.~*IB~*4 ~ L '"( rfn.~{tlfjJ~it J1 5 x 5 mm" =§
~~ 10 mm" A it 20 mg :a:-.:tn-t'nfflv ,'"( " Wako

t±~DNA Extractor FM Kit --z:~{t~~'~1JE-0'"( DNA

:a:-tIEtH L t:. o tIE tH L t:. DNA 'j:.:r.. ~ / ~JL,tt~" )It

~1~" TE *~1Jfi11t~~m~I;Lt:. o DNA i!t~fj:I?&J't~it

--Z:YEil L" ~i!t~:a:- 2 nglJlI '~WM~ L t:. o

3. peR Jl!l1Ii
1) primer Vi!l!f

::J /'e~~~T'~~~~A (Genbank) :a:-t ~ ~~"

1:: !'&am*~O) mtDNA O)~*:a:-!:t~ L" NADH

dehydrogenase -lj-:l.::z..~ ';I !' 0) ND4 fjJ{~,~.:t3~tg 1::
!' !fif!\1¥J ft.jj[£~c~tjfjJ{~'~ primer :a:-a~YEL t:. (Table

1) 0 '* t:. mtDNA rWJ~!\fjJ{~ (D-Ioop) HV-l & a
HV-2 O);fr primer :a:- Table 1 ,~~ L t:. o fiij" 1:: !' & a
;frfil1J~O) ND4 primer pair (LI1233/HI1570) fj~~O)

jj[£~c~lj:a:- Table 2 ,~~ L t:. o

Table 1 Primers usedfor amplification ofND4 and D-loop regions in mtDNA

primer

ND4

Ll1233

Hl1570

HV-I

Ll5997

Ll6159

HI 6236

HI 6401

HV-2
L29

Ll72

H285

H408

nucleotide sequence

5'-tcccctactcatcgcactaatttacact-3'

5' -taattatgcctcatagggatagtacaagga-3'

5'-caccattagcacccaaagct-3 '

5'-tacttgaccacctgtagtac-3 '

5' -ctttggagttgcagttgatg-3 '

5' -tgatttcacggaggatggtg-3'

5'-ggtctatcaccctattaaccac-3 '

5' -attatttatcgcacctacgt-3 '

5' -ggggtttggtggaaatttttttg-3'

5' -ctgttaaaagtgcataccgcca-3'

primer pairs

HV-I:

HV-l-l: L15997/H16236

HV-I-2: L16159/H16401

HV-2:

HV-2-1: L29/H285

HV-2-2: L172/H408

multiplex-PeR

HV-I-IIND4

HV-I-2IND4

HV-2-1IND4

HV-2-2IND4



Table 2 Nucleotide sequences ofthe regionsfor Ll1233/Hl1570 primer pair in human and various animals

Human (NCOO 1807)
Chimpanzee (NCOOI643)
Gorilla (NCOOI64S)
Monkey (NC002764)
Pig (NC00084S)
Cow (NCOO IS67)
Dog (NC002008)
Chicken (NC001323)
Rat (XI4848)

-tcccctactcatcgcactaatttacact ~ tgtactatccctatgaggcataatta-
-c--------------------c--t--c ~ ca----g---t-------t-----c--
-c--------t------t----cc----- ~ c-cc-----tt----g--t-----c--
-a---t-g--t--tat-----gcc----c ~ -a----------------------c--
-a--a--g--ag-a------g----t-tc ~ ca-g--t---a-------------c--
-t------t-ag-------------t-tc ~ -a----c--------------------
-c--a--c--ag-a--t--cc----t-tc ~ aa--t-g--t--------------c--
----------ag--t-ca-cc-c---ct- ~ cacc---g----------tgccc-a--
-c--a--ct-a--t--c--c-------a- ~ ca-c--c--at----------------. . ... .

Ll1233

2) 1NJf1Jj!ffI
a) ND4 primer ro l:: f #JffIJJfJMrolNliE

i} fj lb~ 1fu. ~15Z ip G tm /:±1 L t~ DNA ~ Jtl v\ --C "

Ll1233/Hl1570 primer pair C' ND4 fragment (J) PCR~

~i~1TV\" i}fj~';::Jo~tQ~~igg~(J)lf~';:~v\--C

~~iELt~o *t~" lb~S:l* DNA ~~*-+C: Lt~~~

(J) HV-1 &..lJ HV-2 ';::Jo ~t Q ~~igg~(J)lf~ ,;:~ v\

--C t~iM L t~o Btr,t~15Z(J)*JlPX:'j:" 10 x PCR buffer S Jll"

dNTPs (2.S mM) 1 Jll" primer (20 pM) i} O.S Jll"

template DNA (2 ng!ll1) 1 ilL TaKaRa EX Taq (S VIIl1)

O.S III C: L" ttUi SO III C'Btr,t ~ itt~o PCR Btr,t'j:"

9cT ND4 fragment 'j: initial denaturation 9SoC 3 min"

denaturation 9SoC 30 sec" annealing 60°C 40 sec"

extension 72°C 1 min ~ 40 cycle" final extension 72°C

7 min C'1T'0 t~o*t~ D-loop ~:f!!X'j: initial denaturation

9SoC 3 min" denaturation 9SoC 30 sec" annealing SSoC

30 sec" extension 72°C 1 min ~ 40 cycle" final

extension 72°C 7 min C'1T'0 t~o

b) tflilJit$!fI:::/OIj"Q ND4 fragment.& [flD-loop f!liJ.gf

roPCR JfJM

multiplex-PCR ~~i~1T '5 ,;:;bt~ VJ " 9cTi}fj~f.!¥:

~*-+&.. lJM! 18 ~*-+ ~ Jtl v\--C" ND4 fragment &.. lJi}

D-loop ~:f!!X(J) single-PCR ~~i~1TV \" ~~igg~(J)lf

~ C: .-c (J)~/:±1~JJt';: ~v\--C~~iE L t~o

c) multiplex-PCR JfJM

multiplex PCR ~~i(J) primer (J)*JlJj.~;bit'j:"

HV-l-l/ND4" HV-I-2/ND4" HV-2-1/ND4 &.. lJ

HV-2-2/ND4 (J) 4 fj~ (Table I) C: L" .-c;tt.;p;tt(J)

*JlJj.~;bit';:~v\--C 1:: r~f!¥:1fu.ipG1~t~ DNA ~~

*-+ C: L --C PCR ~itf:~~JE L t~o ®'Ev \ --C 1:: r ~lJ';:lb

~ (J) i} fj ~ *-+ ip G tm /:±1 L t~ DNA ~ Jtl v \ --C

multiplex-PCR ~~i ~ 1Tv\" 1~ G;tt t~~*,;:~v\--C

H11570

single-PCR ~ ~i (J) ~ * C: Jt ~ ~ iM L t~ °

multiplex-PCR ~ ~i ';::Jo ~t Q Btr,t~15Z (J) *JlPX: 'j: 10 x

PCR buffer S Jll" dNTPs (2.S mM) 1 ilL ND4 primer (20

pM) i} 0.3 ilL D-loop primer (20 pM) i} 0.7 ~Ll"

template DNA (2 ng!ll1) 1 Ill" TaKaRa EX Taq (S VIIl1)

O.S III C: L" ~:itso III C'Btr,t~itt~o PCRBtr,t'j:"

initial denaturation 9SoC 3 min" denaturation 9SoC 30

sec" annealing 60°C 40 sec" extension 72°C 1 min ~

40 cycle" final extension 72°C 7 min C'1T '0 t~o

4. ~--7"~~~!/

multiplex-PCR ~ ~i gg ~ ~ MiniElute™ PCR
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TPOX~,THOl~,FI3AOl~,FESFPS~,vWA ~(J)

~t 6 fj~ ,;:~v\--C" DNA:it lOng C'mit? ,:::: .:::L 7' Iv

';:VE'0 --C PCR ~~i Lt~o m~t7klb,j:S.S%~f!PAGE

C'1TV\" ~.LH41:~ L--C/"/' F~~/:±1 Lt~o

J/fJl!:'&[fl~Ki

1. ND4 primer (Ll1233/Hl1570)

1:: r ~f.!¥:1fu.ip Gtm/:±1 L t~ DNA ~~*-+ C: L --c" 4

@J~~JE L t~ ND4 primer C' § I¥J~J1 (J) PCR ~~i~1T

'0t~c: =-6" 340bpMf!t(J)~lIJjtftY/'!7"lv/"/'F~



~Tit~iJ!l~ ~1~t~o =- O)it~iJ!l~ ,:.~ It' -C ~J:y

Jr / A M fJT ~ 1T It',, 1:: r mtDNA NADH

dehydrogenase -tj-:l;:r..;::. '/ r ND4 :::z - F~~O)j.i[£

~~~Ij ~ -ik L -Clt'Q =- ~ ~it~ Lt~o 7c =- -C" ~fj

11J~1fn.r~t,pGflBte Lt~ DNA ~ ffllt'-C ND4 fragment

(J) PCR it~i ~1Tlt '" 1:: r *fAl¥Jit~iiJ)~ffig-C lb Q t,p

,:.~lt'-C~~L t~ ~ =- 0" ~*~~-@;6l)4'§J~~iEL

t~~-C(J)I1J~~*3}iJ'G~J: ND4 fragment (J)it~i~~

<~,g6l)f\ 1:: r DNA O)Jj.~it~iTQrWJlt'*fAi1:~

~ Lk (Fig. 1) 0 fi1ij" ~t~1fn.031 .. (J)~f-+" fIP~=£~"

~1131fn.*" ~113=£~&VA'ffiJ'GflBte Lt~ DNA ,:.

~lt'-C t~fJiJ-c ND4 fragment (J)it~iiJ)~ffig-Clb0

t~ (T-?'~~T) 0

M 1 2 3 4 5 6 7 8 9 10 11 12 NC

Fig.l Amplification ofthe mtDNA ND4 fragment using DNA
from human and various animals. M: 100 bp ladder marker,
lane 1: human, 2: chimpanzee, 3: gorilla, 4: Japanese monkey,
5: crab-eating monkey, 6: pig, 7: cow, 8: dog, 9: goat, 10:
chicken, 11: rat, 12: tuna, NC: negative control (no template
DNA was added)

2. 1!J/fg/itJ61/~;Jo'"ltQ D-Ioop PJi1J£{/} PCR JIIJ/188/fg
~fjl1J~ DNA ~~*3}~ L -C" 4'§Jffllt't~ mtDNA

D-Ioop ~~ ~ 0) HV-l (L15997/H16236, L16159/

H1640J) &V HV-2 (L29/H285, L172/H408) 0) PCR

HV-l

M 1 2 3 4 5 6 7 8 9 10 11 12 NC

HV-l-l (L15997/H16236)

M 1 2 3 4 5 6 7 8 9 10 11 12 NC

HV-I-2 (L16159/H1640l)

it~i~1T It , " 1:: r ~*3}031.. -c (J) it~iJ!l~0)if1!tH:.~

It'-C~~iE Lt~o 7c0)~*" Fig. 2 ,:.~~nQ J:: 5 ,:."
~<(J)1tJ~~*3}iJ' G 1:: r ~ ~ -tj- -{ ;(O)it~iJ!l~iJ)~

te ~n" *f':. HV-2 -c~J:~*~031.. (J)ItJ~~f-+iJ' G

t 1:: r ~ ~-tj- -{ ;(O)it~iJ!l~iJ)~te ~ nt~o 4'§JJtl

It ,t~ primer ~ Afet Q~~':'~JE ~ nt~ t 0) ~ ffllt 'n

~i'~lt'~J:~0t~~*~fet0t~iJ't Lnfetlt'iJ)" ;pxk
O)~~~*iJ' G ~J:" D-Ioop ~~~(J)Jj.~ PCR it~i L-C

7cO)itl~iJ!l~iJ)f1iJ;t1~ Gnt~ ~ L -C t" ffllt ,t~~*3}

10).':' 1:: r ,:. S:Bt~TQ t O)iJ':aiJ'(J)*lJ,*~J:BSI.-C lb

Q ~~;t Gnt~o

3. multiplex-PCR JIIJ/18
1:: r&V~fjllJ~1fn.r~iJ'GflBte Lt~ DNA ~~*3}

~ L -C" ND4 primer ~ HV-l ~lt '~J: HV-2 primer (J)

*1I.Jj.~b1t (~t 4 *11.) ~:. J:: Q multiplex-PCR it~i~

h0ko 7c(J)~*"Wn(J)mJj.~b1t-clb0-Ct"

1::r~M(J)~~" §1¥J-tj-~X~-ikTQ~~~2*

(J)/'\ / F" fIP ~J:j]~:. 1:: r I±n,f~~~T ND4 fragment"

Tj]~:.~ D-Ioop ~~~(J)/'\ / FiJ)~te ~ nt~ (Fig. 3) 0

- j]lIJ~~*3} -c ~J:" ~ <it~i J!l~ ~~,g 6l) fet It' 10'

(HV-l-l/ND4, HV-I-2/ND4) " ~lt'~J: D-Ioop ~~~~:.

1::r~~-tj-~XO)#*fAl¥Jit~J!l~~~6l)k

(HV-2-1/ND4, HV-2-2/ND4) 0 lIJ~ DNA ~~*3} ~

L t~ D-Ioop~~~(J) single-PCR 0)~*;0'G t ~ G iJ,fet

J:: 5 ~:." D-Ioop ~~(J) PCR lXPt--C~J: 1:: r £)31·(J)~*3}

10' Git~iJ!l~iJ)~te ~ n~Tlt '{Ej{~ ':.lb Q ~ ~;t G

n" =- n *-cO) J:: 5 ,:. D-Ioop ~~~(J)Jj.~ PCR it~i

HV-2

M 1 2 3 4 5 6 7 8 9 10 11 12 NC

HV-2-1 (L29/H285)

M 1 2 3 4 5 6 7 8 9 10 11 12 NC

HV-2-2 (L172/H408)

Fig. 2 Amplification products of the HV-1 and HV-2 using DNA from human and various animals. M: 100 bp ladder marker,
lane 1: human, 2: chimpanzee, 3: gorilla, 4: Japanese monkey, 5: crab-eating monkey, 6: pig, 7: cow, 8: dog, 9: goat, 10: chicken,
11: rat, 12: tuna, NC: negative control (no template DNA was added)



M I 2 3 4 5 6 7 8 9 10 II 12 NC

HV-I-I/ND4

M I 2 3 4 5 6 7 8 9 10 II 12 NC

HV-I-2/ND4

M I 2 3 4 5 6 7 8 9 10 II 12 NC

HV-2-I/ND4

M I 2 3 4 5 6 7 8 9 10 II 12 NC

HV2-2/ND4

Fig. 3 Multiplex-PCR amplification using DNA from human and various animals. M: 100 bp ladder marker, lane 1: human, 2:
chimpanzee, 3: gorilla, 4: Japanese monkey, 5: crab-eating monkey, 6: pig, 7: cow, 8: dog, 9: goat, 10: chicken, 11: rat, 12: tuna,
NC: negative control (no template DNA was added.

L --C -{-O)ft~Mgg~;Oq~ Gnt~ ~ L --C t, -{-n;O~Jn;:

1:: }-~;: 03 *T0 t O)zp:azpO)il53IHifEl.C' lb 0 ;O~,

*r!~;: J:: n~i' ND4 fragment O)~~~;: J:: '0 --C 1:: }-~

*3t;O~O)il53rJ;O~l:tJfJlgC'lb'0 t~o *t~4"@], AJtk~53IJffl

0) ND4 fragment O)ft~M-tj--1 A'~r«-J 340 bp ~;:~JE L

t~;O~, =.n~i1lJ)df&53rJ~ § I¥J ~ T 0 D-Ioop ~~jEJGO)ft

~M-tj- -1 A';Oql~t 250 bp IvN~C' lb 0 t~ bi), -{-n J:: ~ t
*bi)O)ft~M-tj--1 A'C'lb 0 ND4 fragment ~~I±lT 0

=. ~ C', D-loop ~jEJG ~ft~MT 0 t~ bi) ~;:~,~f~ 1:: }

DNA ;O~j~ff L --Cl,t\ 0 ~ O)mfJ~;: t f~ 0 ~ ~ *- Gn

0 0

Single-PCR

M I 234 567

MEl,t\--C, 1:: }-~i*lfn.tpGtml±l Lt~ DNA ~ 1024

pg/tube zp G 0.25 pg/tube O).t!IIDC'~~;ffl-~L t~ t 0)

~~*3t~ L --C multiplex-PCR ft~M ~1Tl,t \, *r!O)ft
~M~l!t~ ~~iE L t~o Fig. 4 ~;:~ ~ n 0 J:: 5 ~;:, ;fr

multiplex-PCR ft~MC'~i 4-16 pg 0) DNA ;O~ lbn~i' 2

*O)ft~i DNA 1m-J1 ~ L --C1it~~T 0 =. ~ C'~ t~o

single-PCR ft~MC'~i, ND4 fragment ;O~ 1-4 pg, D-loop

lJ~jEJGlm-J1;O~ 1-16 pg 0) DNA iJ~ Gft~Ml:tJfJlgC' (Fig. 4) ,

multiplex-PCR ~ T 0 =. ~ C'~ 1±l~J3t O)f.~ r ~i~~ ~"

~~bi) Gnf\ *r!O)~J3t~i~JfLJ:+5t~;:rWJl,t \ ~ ~ *
Gnt~o

Mu Itiplex-PCR

ND4 - -- -- -
MI 234567

HV-I-I

HV-I-2

HV-I-I/ND4

HV-I-2/ND4 -

- ND4
Ll5997/
H16236

ND4
Ll6159/
H16401

HV-2-1

HV-2-2

- ---

- ----

HV-2-I/ND4

HV-2-2/ND4 - - ---

ND4
L29/H285

ND4

Ll72/H408

Fig. 4 Comparison ofsensitivity in single-PCR and multiplex-PCR using four-fold serial dilution ofhuman DNA. M: 100 ladder
marker, lane 1: 1024 pg/tube ofhuman DNA, 2: 256pg/tube, 3: 64 pg/tube, 4: 16 pg/tube, 5: 4 pg/tube, 6: 1 pg/tube, 7: 0.25 pg/tube.



ti:~~, ~IB~*4--c:0) multiplex-PCR jf~i~~./)"'-C

~~ L t:'-o)leT 20 1=F*I~ L t:.-.rfn.~&V~~$ipG1~

t:.- DNA ~ ffl " '-C~~ L t:.- (: =- is, ~f~J --c: § I¥J l*J1
O)jf~i;O~PJ~--c:lb"':) t:.- (Fig. 5) 0 [PJ~~~, 13-251=F

i*1¥ L -C lb"':) t:'-A 1f;O~ G:fiE te L t:.- DNA ~ ffl" ,t:.

multiplex-PCR jf~i~~:jO" '-C t, ~fJrJ--c:jf~ii!1i~O)~

te;O~PJIm --c: lb"':) t:.- (Fig. 6) 0 -t-" =- --c:, [RJ - A~ J:: V)

1~t:.-.rfn.~&V~~~t-t* 3 fjiH~./)"'-C, -t-"n.:cn4
*liO) primer O)*liJj.-g.:bit~~ J:: 0 multiplex-PCR jf~i

--c:1~ G;h t:.-jf~ii!1i~~~./)'" -C ?l-1 v:7 r"/~-7 /' A
MfJT~1T"':) t:.- o -t-"O)~*, *y~t~ J::"':) -C1~ G;ht:.-jf

M 1 2 3 4 5 6 7 8 9 10

~ii!1i~;O~ G D-Ioop ~~~O) "/~-7 /' AMfJT;O~PJIm--c:

lb 0 =- (: ;O~1it~£ ~;h (Fig. 7) , '* t:.- single-PCR jf~i

--C:1~t:.- 00 k 0) D-Ioop ~~~O)"/~ -7 /' A MfJT (: ,
multiplex-PCR jf~ii!1i~O)MfJT~* (: ;O~~f~J--C:-f5c

L-C"'t:.- o NPi::J, =-;h'*--C:O)mtDNA D-Ioop~~~O)

PCR jf~iBtr,t-¥jI~ ~fPT G~.:t 0 =- (: f,t. <, *y~t~ J::

"':) -C~*40) AIX~5jIJ ~ [PJn~~~1T 5 =- (: ;O~PJIm--c: lb"':)

t:.- o '* t:.-, ~[ill~JE L t:.- ND4 fragment ~iT /' /" /':;

~ ~~i 1:60 (: T 0 rWJ~~*iJi--c: tjf~i ~;hf,t." 't:.-60,

[RJ~~~ ~m~ (: T 0 =- (: --c:f.ij 60 -C rWJ ",~~ --c: A ~i!i

5jIJ;O~ PJIm (: f,t."':) t:.- o

M 1 2 3 4 5 6 7 8 9 10

a

b

a

b

~-------_ .... ~.--------- ..... _---
--- - - - _ .... -~- - -..... _ w _

HV-I-I/ND4

M 1 2 3 4 5 6 7 8 9 10

..-,--_ ...----~--------..- ..... ---

- ---------- -

HV-I-2/ND4

ND4

Ll5997/
Hl6236

ND4

Ll6159/
Hl6401

a

b

a

b

-
--=-==-====

- -- -- ~- -,...--.... .. "'''" -

HV2-I/ND4

M 1 2 3 4 5 6 7 8 9 10

- --,....--------------..--- ........ ---
-

~_ 4 ....... ~~.--- . ,. - "" --

HV-2-2/ND4

ND4
L29/H285

ND4

Ll72/H408

Fig. 5 Multiplex-PCR amplification from human bloodstain and hairshaft at room temperature for 20 years. a: bloodstain, b: hair
shaft. Lane 1-5: male subjects, lane 6-10: female subjects, M: 100 bp ladder marker.

HV-l

M 1 2 3 4 5

HV-I-I/ND4

ND4

Ll5997/
H16236

HV-2

M 1 2 3 4 5

HV-2-I/ND4

ND4
L29/H285

M 2 3 4 5 M 2 345

HV-I-2/ND4

ND4

Ll6159/
Hl6401

HV-2-2/ND4

ND4

Ll72/H408

Fig. 6 Multiplex-PCR amplification from human bone stored at room temperature for 13-25 years. M: 100 bp ladder marker.
Lane 1: 13years, 2: 13 years, 3: 25 years, 4: 25 years, 5: 25 years.



fGTA<; TACATAAAAACCCAATCCACATCAAAACCCCCTeCCCATGCTT "'AAG CAAGTACAGCAATeAACCT TCUC TATe AC ACA TeUCTG CHC TeC HAG ANAliItNNN
140 150 160 170 18 190 780 210 779 39 7.

HV-l-l: L15997/H16236
:ATTTACCG TACATAGCACA TTACAGTCAU TeC cn eTCGCC CCCAT GG ATGACCC CCCT CAGAT AGG GGTe CCT TGACCACCATeerC CG TG AUTeAAM NNNNNNNNN~

140 150 169 178 188 1 780 718 228 238 49 7!

HV-I-2: L16159/H16401
AT TACAGGCGAACATACTTACTAUGTGTGTTHTT AATTAAT GCTTGTAGGACAT AATAAT AACU TTGUTGTCT GCACAGCCGCTTTCCACACAG AC ATCATAACAAAUA

140 150 160 179 111 1 780 71 770 730 740 750

HV-2-1: L29/H285
GCCACAGCAC TTAHCACATCT CT (,CCAUC CCCAAU ACAAA GU(C CTAAC AceA GCO Hce AGATTTe AUT TT TATe TTT TG Ge GGT ATGCA C TT THAC AGMA NN
140 150 169 171il 1119 1qlil 709 719 7711 730 740 751

HV-2-2: L172/H408

Fig. 7 Sequencing of multiplex-PeR amplification products from ancient human hair shaft. Sequencing of the multiplex-PeR
amplification product from male subject (sample No.1), forward reading.
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Table 3 Amplification results ofmtDNA D-loop regions and STR in ancient samples

bloodstain hair bone

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 abc d e

HV-l-l/ND4 ++++++++++ ++++++++++ +++++
HV-I-2/ND4 ++++++++++ ++++++++++ +++++

mtDNA
HV-2-1/ND4 ++++++++++ ++++++++++ +++++
HV-2-2/ND4 ++++++++++ ++++++++++ +++++

CTT

FFV

THOI
TPOX
CSFIPO

vWA
FESFPS
F13AOI

++++++++++ ---------- +---
++-+-+++++ ---------- -----
---+--+--- ---------- -----

++++++++++ ---------- +----

Bloodstain and hair samples stored at room temperature for 20 years. Lane 1-5: male subjects, lane 6-10: female subjects. Bone
samples stored at room temperature for 13-25 years. Lane a-e: one unidentified individual, each.
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