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622 ERAFTERFRME H104% H5E5 622-636 (1995)

PCR I X AEEEBRE S OM: Ik L O°
ABO = M ¥ & ¥ &

SRA¥EFBHEERE (EF S HED
ZZS ¥ "

ERPEHCHST 2RERBIBEBEBETHS 5 210, RRABLrAEBEOREN LV LIL2NESS D10
DNA 2MESFIL LR T, £0DHFI° ABO RiMmEIHIEIEELY - TEB S8 v, 25 LEFEYy SR+ 57
D, EE X PCR B2 AV, Bx0BEEZMRBIC O THFIE ABO ANKHOBETFHLELRESWTRT L, 3,
FEHICHEE L B L HRAEBON, HF, BRBLNKY, BRIEHEOERET T, £44°C, 22CE3TCRT 4 BEK
BEL, »2VIZA—DHFIBEFL100C, 150C E£200CTHE 4, 48, 53 LU IBFMMBT 5 = & © DNA #ESTFLE it
BERRICIFR L, BE, BES I UMBOWERNLEN PCREGIZE X 5 B8P RE L. %7, FEA4BER LR AL
=V VTEELLY, &L= ) vCEER T 7 VICEE L TEERE L-HRRE O, IF, & RO 2881 nT
LERICERE Lz, TORR, EHHECSW TR, BERAHFTCE MZRBRVThd 4B CERCYETETSH -
RH, BEEGTORPHITRRED LR - THETTRE M L 8 Lz, mBEENC oW Ti2, 1007C NS Ti it 125
B, B & BRGII2ARE, MKIR36RATE T, FI50CMATIIRE 206/, BRI & MEIS 3R, BRI 4m T,
2 BHIZ200 CHNE TR RN & B AR IR0, SFH], B & M 2 BER E THBIHIE AN RTEETA 0, ABO RMMBEM OB EF Iz o
W, MEEERRHTI00CHNB TIZ126FM, 150CHBTIE 1 BER, 200CMBTIR0. 5B E CE LS HE R Az, F70, &
=) vEERBB IUCEEESF 7 4 VEELERBTIE, WThINIISE, ABO ANKBEHOEETFIIZIE E CHE
TR, EOTATS FH T A LIIER LCIBRTIE, 1 EIEROL/4 (8 05x2.0em) #AVWTLHHRE L HMER AL
2, ABO XMBHOEEFRHZIEN L @ AVCTOTAETD 72, Fie, 743 =9 AR TRBICIER L 158ue
PHRHEE T, PCRECHIIRERCHES . ThALOEBNRIRRCES Y, SEEB TEEERINS MELWH
oAl L ABO Rl EHE RS 5B LT h-om ERRIE A7 £ OFIBFAIL0FIE DT h, HIIHIERE RIS T
BEHRIAEAORHE—KLTEY, ¥4 ABO RMKHOREFHOWTh, MEEIC L5 ABO R OXE
HEFBELIE» 0. IHLTHEARJKNE - FRY A /7VEREKTRESAL, 1300682 EALE 9ED I 1 3R (X
A4 Z8BLMRI A5 14F) T, #ill L7z DNA BRGORMYDOEE T, 0¥ % Ti2 DNA BiERKEARTET
BHotoledd, 25 =vkRETHAL 450 Py T DNA BRI HICBE L, 5%, PCRIBERFOME M43 2 B
TY YIMET 7 3 v (bovine serum albumin, BSA) % PCR RIGHEFICMLzc& = 5, PCR K% 50u iz BSA
20~50ng A ICHE TR RO DNA HERRIMEDh. VT, ZORIB&ET TG &L ABO KM 0 EE TR E
TR, SHOMA I 4 SONELOBEICESIHINL, PCRICLDHERHREE - LT, Bh 1 AORA
A FEDWTRARFTRCES CHE (ZH) 2BUELTETARELSE L. £/, FRIBEOLD, E OB T b4
AHEPRATREL 2HORA 115 & LEDPR 451200 Th, PCRETHWIFRLEMHEEHE LY. S5, ABO RXim
BHOBETFHREC ORI ED BOBMEHELIh, ZORKRIL, &40 1 4 5 DEEREH 5EME B~ ABO R
MEMORHE (BH) LB —HK LT, ThbbAWRIC L), BREECRBEREDOLL LT, N#, ri~<) vEE
BIURTF7 4 vEELEDOE A DBEMIC L » T TIESF(E L7 DNA #FHTd, PCR ¥®BIC X » THBI L ABO R
BRHES+H RIS Z RSN, 7o, 1300EAYRA L AFEFRIC X THRER $ 1 5OMF & ABO R
DEEFEICOWTHZ D PCR ETHLNETHZ LN TER,

Key words ¥EEIMEY:, DNA %7, PCR, HFI¥IE, ABO XMy =

BREFEBTRME, B8, B, Fh 0, Hic MMEBOBRETHETE 52, HROPEHTHVME, mE

BRILERIZOWT, ThABICHE LIOhEHE LTS BE, B, W, HEDREBA, BBV IEROEEPR
fed (BAGHG), HHPmMBOERLEECEDRENER BOEL  UBROMEF EOBIP AR LIE 4 O M FIHIER
ShTwB. TiebbEGRTEOWINL, £ OBE, A - 1, BERRTHERERS 2 ST HRENELCTL . ¥

SRR T 8 A28H AT, PR T410H 9 HEE

Abbreviations: ab, absorption elution test; bp, base pair; BSA, bovine serum albumin; dNTP,
deoxynucleoside triphosphate; DTT, dithiothreitol; TBE, tris-borate-ethylenediaminetetraacetic acid; TE,
tris-ethylenediaminetetraacetic acid ; TNE, tris-sodium-ethylenediaminetetraacetic acid.




PCR ¥ X %51 E ABO RIm¥EEHE

=, 19004F1c ABO R M E A Landsteineric X h ER EhT
L3k, MOCBEA LY PO EOEEURSBRIA TS
3, ThETOREEZEA LVBRENBRIGCES SRR
HOBRETH D, BETFHOEENBREITIE TS .

B, SFEMFORSFC L > TEEEETERETES &
Bcte b, #Z Saiki B2k D HEENTDNAZBELETD
BETAZEDTES PCR EAERALIhTHLLIL, BAH®
£® DNA %\ T DNA OHEREZORENTE LR -TH
h, EEE, ANEECERREOBEVWHTFRIEAIATY
Z’!)~G)'

EEZIZ BT, RENSR L LHERBNIZ L OBE, HE
TEMNICE R R ZT A0, PCR R OMEY R T
BENRERE LTEBRBIGHE IR TE T2, L
L, B & e AAROTERE LR« DREE&M (BHSMEB
7t b)) OFET, BREFNC DNA RMECESFLEh, BRHE
CEEEY E I THEH DI TN,

AR FNT, EE 1 DNA DO HEEZEEZHREA~
HECIHAT A1, RERFEORE, BE, W, s1<)
VEBRIVOZ 7 4 VAR YD PCR RS T 52 HER
BIOYLENES Y EBHCRA L. W Tthie&Sg,
A5 FPHFALOIEMOKRE ABO ROBRBOBETFHY
ZEAICHIE L, AE({LFEACHEIEATe & OFBRER, LT
1300 L, LB LI 9D I 14 SERBHC O WT, EFHEE

Table 1.
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ABO RMEHOBGFHHELT 7. ¥, ARDOGER
BT, BEEOMTIR LU ABO XK OB ETHORK
ERALIC.

HHEEIUHE

I.# %

1. BELEEOHEC >\ TORE

eI R Lo B (T4, ERBAE.E Y 2 v 2) D
BB O, K, BRGLOBEEE 4, H 100g XX
100m! I L, BELEFTAF » 7RBICAKL BERET
ET3), £4, AT, 2CLIICTHREL, N, EELERBRH
wowTi, 1EME, 2BEE, 38ME L 4EMBEAR
B D BRIFRRERHROHS 2D 0.03g %, FMmETOW
T4 0.03ml % DNA mHBARR & LTI L. £/, ERED
BB OWT, EXBVv - VEREE ERBET L
T3), LROBETRE L TRRCHRRR L.

2. hn#Elet

ERL. THAVWEBEOHBRRAB LA LY, ¥, BBH
&4 2g LW 2ml A REREIC AN TERL, ERETI0CT
1, 2, 3, 6, 12, 24, 488/, HH\2150CTL, 2,
3, 4, SR, %723200C 154, 304, 1, 2, 3EERD
#MmL, TO%, M, EFEEFRHCOVWTIZE 4 0.03g %, @
Wz oWThE, BT X h mg A BRI iS5z, B L

Profiles of medico-legal autopsy cases
Case profile Cause of Time after Specimens
P death death P

A corpse was found being hanged on a Hanging 34 Bone
tree using a belt. The head and a lower months marrow
part of the body were nearly skeletonized.
A corpse was found in the sea. The head Drowning 0.5-1 Bone
and a lower part of body were nearly month marrow
skeletonized.
An almost skeletonized corpse was Drowning 2-4 Bone
found at the seaside. months marrow
An almost skeletonized corpse without Drowning 0.5 Bone
the head was found at the seaside. month marrow
A skeletonized corpse was found in the Drowning 1-2 Bone
sea. months marrow
A skeletonized corpse with only a lower Drowning 2-3 Bone
part of the body was found in the sea. months marrow
A severely destructed corpse was Death due 2 days Liver*
found in a car which had been burned to fire
down by fire.
A severely destructed corpse was Death due 1 day Liver*
found in a car which had been burned to fire
down by fire.
A corpse was found in a carport, and Undetermined 0.5 Hair,
the skin of the corpse was dried and month Skin
mummified.
Putrefied human right foot was found Undetermined  3-4 Bone
at the seaside. manths marrow

* The specimens were collected from the carbonized surface layer, the layer right before
carbonization, and the center portion with normal appearance of the liver, respectively.
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0.03g &M E LR LK.

3. kA=) vEEER
LYHEOHERB D > H10%FEE -~V ~ (pH 3.8) T
0.5%, 1, 2, 3,4,5,6, 7, 8, 9,10, IMHETE
L Haet (&« oBEEHE>W B, o4 1 EiE,
STo4fk) OB, FTRE, s B O £ 0.03g M LTEREL
I,

4. %57 5 vIERS

HRERI L I0% FFEE A=) v (pH3B) Tl A ABEZE LI
®, ~574. vCEHEL, 0.5, 1, 2, 3, 4, 5, 6,
7, 8, 9,10, I56EMEER CREINLHBERS (&4 OREF
oW T B, oA LA, 5h2atk) o, B, & B
BEETw Y 270:5&4 0.03g 2FEL, FBE L.

5. R

#HlE ABO RABHIFEHO e P DIElE, HBiEiA 54
VAT AT ESR 3B CERINCIBMZER L, BBE L.
Tt AREICIER Lz, 743 = v AR cHEY BT L
/R DWTHERR L Lie.

6. BEOTEELCEEREL 5 HIRER
YHETHR LABLEECEERARMER Y, BETIR
MBI & ABO Rifn g E ¥ E 2N R 8 e S FIET 1081 o Tt
BRI LA (1), 06I0ONRITEE{LITE 6 6, SEHERAE
H2fl, 1AL LHA, e P EROZDORBLHITH-
7z,

7. 3453

14 FIR1912F I B AR L ERAFRFROE —+-HkET
BERENFRBES, TEFBEBVA SVEBERO LT 7 v
THRELRE LBRCRRE Lo b0 T, RERTERELRIE
BYECFEIATWS, PA7 > YHERERBEFRER
16mm LMD TAL, BERIRKBLAOCUEDOAA I HALLE
Lt A REDERT CH L. BEIhHHIZ, AR
BIVERNOEIFRLE X 0 REERKRY Ex 7H#4K) 0%
EEDOLDTHAHEHEIR, LT I1 3124551300
EMOEEEDOL FThHAH> LHEIh.

IhBEDIAFIILHTIBTHD, >LARMENLAT
SHAMA, 1EBINPRTHoT. MAIA FIIEGHEELS
LCEY, FHERMTIZRBAGEL, -HERIEECE

=l

Fig.1. One of the mummies (No. 5) discovered at Takla-
makan desert in Turfan in Hsinchiang Uyghur, China in
1912.

BR TSI RARD ORI (K1), 9D 3B 6 thogi
34 OB EN BRI M- THRREFE L b#E sy
P, BOD2HBEORAIAFL LEONR S 1 5 OMiH
ETEEP k. BRAIAZLOERE, BT, KELE
Z, MEIATHOREEEMBELYBRERBE LTERLE
(R2). i, BESERRBL LTHEIISRET, ABO RinwH
DO|EFHN PCR ECHRBINCARADERE, BRY, &
BEIUCHELERL, BENBRESIEORBZ ST
DNA #HBOBEREZERA L.

8. EREHWHE
FRAZEREWRA (BHRALUT »oRFEE 1B
P00 BEETHOMBEH b I hic DNA #RE L L
fo. BRI, BAB (Fv v o—RIUv a7 T340,
B 1ETO)F4H, BEF [~V itee, =kv¥a, 3
=ZAYN, THSFALRMHES IETD, $ FVFALIE
(MEFUREA)] 11, BREFE (7y4 ~F v MRL 1H, v
ARy <) VHELE FIHE, REFR 4752 (BHFR
B BLO'mEv vy S () £ 1HE GF2EHTHA.

I. REsE"
BAETHIEEIRYRACER L CHEL O CER 2
e, &4 0.5mm ORI L 3AORBRE 1 AFTOA
nietk, HA, HIBOELHHLVZF v &2 ORBREIC 11
FTOMELTL4CTTIBEEL, 4 COAEBERREKT4ERSE
LTI a2 EE L. ST, £BEMAEK L B2
55C TL04fH), BERBEEA LGB L. RiETHE
FELRER, NIETHERTAMEROO. SR FERE 150 i
T, ERCAOHSHMREE L, FORKBEOFELHE L.
M. EEH5O DNA B I OESR

1. BRORTAE
FHHBRERSE & T o mBEh IR RTAE T, BE
DNA #itH&fT o7z, &~ ) VEIERRHIKEK T | 8Kk
#%, DNA =LA, 575 vF ey 7 NERBNL E FH
74 vk, KEKTLIBKEL, KOBRFLCB 2. 254
FHSARCHEIhLERZ, BEKRKTESBBE ®
Imm?) TR ER - TRBE Lic. BE{LIEARBEIE 4 bR
L7cBBHIRTALE R, DNA HilHEfTo7. £ 314 3120
TLEELOKR, BB 003g, BEE 05cm?, B 0.03g 2L
L, 1%SDS, 50mM #{t+ + ¥ % & & 10mM EDTA %4t
10mMTris-HCl &% (pH 8.0) (Tris-sodium-EDTA, TNE) T
104/, 2E%H L.

2. DNA it

1) $ERL

EEGERERC DT, DNA fhiHigE% TH 31 E#E PCRK

Fig. 2. The samples collected from mummy No. 5. a, hair ;
b, muscle; ¢, skin.
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RN Z THE S 5 5¥k &, DNA HitHE % PCR RIGHE W in
2 CHIBTA DRI A HETERET- .

2) BAERHHE?

ZRABEMEE, 2%SDS, 0.04M CF A P LA b —
(dithiothreitol, DTT) & 200pg/ml "= 73— K (Boehring-
er, Mannheim, Germany) &ty TNE &#% 0.5ml iz,
50C DARIB A C2005H, BBetos v BR+SRSBL, B
DT =/ —A—FEakALEIZLD DNA 2HHL, =%
J—NEMs CiHkBEXei DNA 2P EZERLALHE, ImM
EDTA # %% 10mMTris-HCl 2 % (pH 8.0) (Tris-EDTA,
TE) CBME L T—80C CHAF L.

3. #hH DNA oREHl

4 SDEE, BRG, HERIUEMLHE LA DNA B
BIIABRLE, B3 VWIZBEBYE L), EFLY5E
RLIAEVATARHAVCVTRERE L., ZOAL VAT A12H
BT BE bR L DNA BRPREETH 2 5= VEEY
BRETHLDTHEEINIZLDT, 2 F=vHTHhOA v F—
NRH T LD F L Pkt L THEVWERAMEET S 2

ERFIFALT, DNA BRI DA 5= vBRETHI LB TE
5.

V. PCR &

1. HHSSA~<—

HRHERO 754 = —i% Witt 5 2R#M& L, XL@Ek
4 R 13085 25t (base pair, bp) OEKELBIET S X,
X754~ =7 &, YREMIEERN 170bp O IR 551E
TE Y Ya 734 =—_72HEHA L. 7 ABO Mk
HERDT 1 =—i%, tEa RS2 #HE L, ABO AMmEH
EHEEOBEBEEY = — VT 58EF cDNA &2\ T,
T D258FHDEH A ST 96bp o DNA Wik HIET S 1,
Ir 7’54 =—=7 &, T00%&EOEFH a1 181bp © DNA ¥
FaWiETS 3, 3r 54 =—RTERFEH L. ELIA5D
BETI, ABO AMKHOBETHHEFEREWRT A0,
258F Bl ESY ST 139bp © DNA WA 2 HEE T 5 1,
GAIT 754 = —=7, w793 B D% &t 124bp @
DNA Wi &g+ 5 GA07T, GAI2 'S4 ~—-_7HFHL
fo. £754 < — (EilEE, B oBERFIIR2CRLE.

Table 2. Primers and their indication in the PCR

Primer Sequences Denaturation Annealing  Extension
X, 5-AATCATCAAATGGAGATTTG-3' 94T, 56°C, 72¢C,
Xz 5-GTTCAGCTCTGTGAGTGAAA-Y 40sec 30sec 1min
Yu 5-ATGATAGAAACGGAAATATG-3 94T, 56C, 72¢C,
Ya 5-AGTAGAATGCAAAGGGCTC-¥ 40sec 30sec Imin
f 5-TGACACCGTGGAGGATGTCCTGGT-3 96T, 62C, 72C,
Ir 5-TGAACTGCTCGTTGAGGATGTCGA-3 24sec 30sec 1.5min
3f 5-CGCATGGAGATGATCAGTGACTTC-3 96T, 62T, 72C,
3r 5-GCTCGTAGGTGAAGGCCTCCC-3 24sec 30sec 1.5min
1f 5-TGACACCGTGGAGGATGTCCTGGT-3 95T, 61C, 72¢C,
GAlT 5-TGATGGCAAACACAGTTAACCC-3 24sec Imin Imin
GAO07 5'-AGCCGGGAGGCCTTCACCTA-Y 94T, 62T, 72T,
GA12 5-TGAGCCGCTGCACCTCTTGCA-3 Imin 1min 2min

Table 3. Restriction enzymes used for the gene detection in ABO blood group system

Conditions for

DNA fragment size (base pair) of productions of

Restriction Recognition optimum reaction Gene primers after digested by restriction enzymes
enzyme site
Time (hr) Temperature (TC) H+1r 3f+3r H+GAIT GAQT+GAI12
Kpn-1 GGTAIC 1 37 O 89,21 e * 110, 28 oo
CICATG A, B % 0 139 e
Msp-1 CICGG 1 37 0,A - 140, 22, 19 =m0 eeeees
GGCiC B - 189, 22 e e
Alu-l AGICT 1 37 0,A - 181 e e
ACIGA B - 181, 140, 41 e e
Bstp-1 GIGTNACC 1 60 0 9% e 138 e
CCANTGIG AB 69, 27 - 110, 20 -
Mva-1 cc|® o 1 37 0.A - 123,588 - 45, 40, 39
G (Hlcc R 123, 58 84, 40

* The digestion by restriction enzyme was not performed.



626

2. PCR 0%

o MmiE7 V7 3 v (bovine serum albumin, BSA) (Ortho
diagnostic systems, Raritan, USA) 2' 3 1 SE¥D PCR &
2 5By BT 5%, PCR KIGIKIC BSA #& 4+, 1) &
on, 2) 10ug, 3) 20ug, 4) 50¢g, 5) 100ug, 6) 200ug fn
X CHERIGET-7%. PCR IGHKIZ, 10mM V) 2 —iEER
pH 8.0, 50mM #E{k» Vv 4, 1.5mM k= %xv v A, &
100uM FA %~ X 7 U+ F F =8 (deoxynucleotide-tripho-
sphate, dNTP), 20ug @ BSA, 0.01% + V + v X-100, 2.5Bfr
Taq (Thermus aquaticus) DNA RV 2 55—+ (E2fE), &
LM OF 54 < —inbish, EbWEH4AD PCR fiF=—7
1, HEBH L Lic DNA 88 5ul (fe?2L, 14 S 0%EE
B DZIZ 10p]) 22T, BEKTRAEES 50u WBEL
. 754 v —DOEEET B L OREEBIIE 2R L.

V. BIEEHORE

1. HARE

PCR RIGH DB D 104 ##fEE L, 50mM Tris-HCI (pH
8.2), 50mM &, ImM EDTA BRHKEIEE K (Tris-Boric
acid-EDTA, TBE) # B8\, 8%¥KV 72 VAT 3 FH¥FATE
BIE 300V, A0 MELKE Lic. £0%, 05ug/ml D=5
vavrwA P&t TBE £HHE T, YA R405HREL,
RE®, BART VST THRE - v RRELL.

2. ABO Am&EsE

FIERLEESK, 754 =— 1, Ir ¥ ALIBEOEIRE
EM 10 w5 B OHIBEEE Kpn-1 #7210 Bstp-l &0z
T, Kpn-l O3FAIE37C, Bstp-l TIRE0C T 1 BERE S
to. =, 754 <=— 31 3r OHIBES 10u WX 5 BED
Msp-1 % ik Alu-l inxC, 37CT1RE, RIGZ &7,
BCTRIGE DY 154 & v, TBE BEHEL B, 12% R

Table 4.

The criterions for ABO blood genotyping

V72 UAT I FYATERRE 350V T T 1R, ES%KEL
To. kEHEE, SEetiE LikE xR LK.

3. BHEn

BEREBED X NV 250% =% 7 —N/12% BB O KBH T10
SHEEEL, BENTIOR =& —N/5 YEBED KB T104
B, SE¥E Liz. K&, 3.4mM B2 = AE/3.2mM R
54y, X 51 12mM REERSR KIS I T30 e L8k, %9
KT24M0, 3EEEHRL, 0.28M REEF + U ¥ 4/0.018%
A=Y VOKBEICR LTREILT.

V. ER¥E

1. ¥3HE
HAHEDOEREL LT, £4DRBEO2WTT 54 ~~ X,
X, DEHHEH 130bp DAV FE, 54 == Yy, Yadr b
170bp DA v FOFEFBBRE I W BT HE%, X, X. DEY
A5 130bp DAY FOLREH EH, Ld Y, Ya DEH:
LAV IFRBRH IR VBRI L HE L.

2. ABO RMmKEHOREFEHE
RICRLIIOIE, FF4 =— If, Ir DHEEESHICOWT
X, Kpn-l & Bstp-l @ X 55)Wf % — vicESHCOREF
DEEXTN, i, 754 <=— 31, 3r OMWIBEHD Msp-1 &
Alu-l WX BEH~ % — vieESWT, BEGTORELHE
L. Thbd, ThbIZoD 754 = — 7 EHDEN<
2 — VOB EPRIESE, ABO RMEEOEE T 23¥)
EINhK (F). ILRCHER I VHEECT AR, 54
<~ 1f, GA1T DEH D Kpn-1 12 & 2 7MW & — vicgk-SuT
OBEFOHEELRIL, T 7 54 =— GAOT, GAI2 D
BEYD Mva-l 2L 58828 — VIZESWICBEEFDEH
EXRN, THhLEEE—vOEAESHEI L 5 TH ABO
RIMBEHOBETFHNFE LD L 3 HEIRE.

Restriction
enzyme

Primer
pair

Base pair

Determination of genotyping

BB

BO AB AA AO 00

{+1r Kpn-1 96
69

27

Bstp-1 96

69

27

3f+3r Msp-1 159
140

22

19

Alu-1 181

140

41

1{+GA1T7 Kpn-1 139
110
29
GAOT+GA12 Mva-1 84
45

40

39

+ 4+ 4+

++

+ +

+H++ 4+
+ +

+ +

+ o+ 4+
+ 4+

+ A+ + A+ 4
+ 4+

+
+++

R T s T e o
++

+++ +
+++
+++
+++

+, expected band after digest by restriction enzymes.
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FhFhd B CHHRHETE A, 22CEI BT

8 & LRET, BN, BRGS OO 20 CHETE ., —

. #A¥ECHT I RELBEORE F, STCE PN EEIZ2BET, ERAGB IO MBI 1B

ARBORERERE S IR L. BEERETCHES L ¥ CHIMEATETH - 108, B2 1EE T CItERe
BRI OWTIE, 4 CRB NN, KFE, BRER IOMNK EThHoT.

Table 5. Effect of temperature and humidity to sex determination on human specimens by PCR

Sex determination

8;55: T(e{:n)p. Primer Humid condition for Dry condition for
w 2w 3w 4w 1w 2w 3w iw
Brain 37 X - - - — + + + +
Y - - - - + -+ + +
22 X + - - - + + + +
Y + - - - + + + +
4 X + + + + + + + +
Y + + + + + + + +
Skin 37 X + + — - + + + +
Y + + - - + + + +
22 X + + - - + + -+ +
Y + + - - + + + +
4 X + + + + + + + +
Y + + + + -+ + + +
Muscle 37 X + +/— - — -+ + + +
Y + +/— - - + + —+ +
22 X + + - - + + + +
Y + + - - + + + +
4 X + + + + + + -+ =+
Y + + + + + + + +
Blood 37 X + +/= - - + + + +
Y + +/— - - + + + +
22 X + + +/=  +/- + + + +
Y + + +/= /- + + + +
4 X + + + + + + + +
Y + + + + + + -+ +
+, correctly detected ; —, not detected; +/—, a constant result was not obtained ; w, week (s).

Table 6. Sex determination on human specimens by PCR at 100T

Sex determination

Qrgan Primer Heating time (hr)
tissue
1 2 3 6 12 24 36 48
Brain X + + + + + +/~ - -
Y + - + + + - - -
Skin X + + + + + + /= =
Y + + + + + + - -
Muscle X + + + + + + +/- -
Y + + + + + + - -
Blood X + + + -+ + + + -
Y -+ + + + + + + —

+, correctly detected; —, not detected ; +/—, a constant result was not obtained.
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ERBECE MM, EF, FRHRICORZEE LR
BEfIc, WThd 4 BE CHIMESRTETH - 0.

I. mEREOBRE

*6, BTRIUESRLAL LS, 100C M, MIZ
1286, M & BREIT24RHE, MEKiT36hF ¥ CHE Rk E R
T, 150CHINSTIZRNE 2 BefE, R 4B, BRI L 0K
23K E CHERTETH -7, 200CHBTIZ, RHEBR
VL0 5RER, K S ML 2R CHEL A

¥z, 200CHBEOBRGXIRCT, 26N X Rtk
BAV PO Y REGERA Y FORECH~T, @
IHEBERFL ot

ABO RMEE OBEFHB{EZ OWTIE, BRI S
H L7z DNA 238 & Lica, 100C B TIR1285/], 150C
Tt 1 BRI, 200C TR0 Rl TERETFR AR X
hi.

I. wKiL=wUBEEREORE

hwaw ) VEERESE LB icoh T DNA ESFL
L, 120 EERE L DIRESF DNA A X ED T,
DNA DL A EH 200bp LITOES FA K> TW . L
HListith, ZOESF{ELic DNA 2 ERB L THBIHEY
fTolcbZ A, 0.5%, 1~10E8ICIEMEE LM, FF
B, s IOEBOVWThr2bbERREELLAE. —F,
ABO A M&H O#EETEIXEE 3 E£HIUTORE 2 52 HE
THETH D, 4E5FEORLLIbLTHCHEBERBDBN
2%, 6ELEEE LR DIZHERETH - .

V. X574 L 88HOKE

ISER BB LR E, 0.548, 1, 58 XUN0EREEL
7et3 7 4 VEERCRW TRV EO HERE W DNA ¥
FHEEh T, i DNA % PCR CHlE LR, 154
BHRAE LB, FFBE, s X OBEROV-Tha b LG
HIBRTTETH - 7edd, —F, ABO XMmEROEEFHIE 3
EMRFE CORNTORYE L X 7.

V. EICHTIRE

WAIE DB E T, —EEOLE (# 2.0x2.0cm), 1/2
(#9 1.0X2.0cm) 38 X T°1/4 (05X 2.0cm) ¥R &k h, Zhr
—@ESORERR L LT PCR ExAVWTRETS L, WTTh

Table 7. Sex determination on human specimens by

PCR at 150C

Sex determination

Organ  Primer Heating time (hr)

tissue

1 2 3 4 5
Brain X + + - - -
Y + + - - -
Skin X + + + + -
Y + + + + -
Muscle X + + + +/—- -
Y + + + - -
Blood X + + + +/— -
Y + + + - -

+, correctly detected; —, not detected; +/—, a

constant result was not obtained.

DRFITH, BHETRXEYDAV Y, T TIIXDAY o
ABBOLNI. RS FHSALDIEMET A =9 afhk
TRELT, BPREEZE L, o L5 k—Eoisios
], 1/2%2i131/4%8 & L n, PCR T DNA »H#I1E L7k
B, WThoBATLERTIRXEY, XlETRXDAY i
FRIATRE IR (K 3).

ABO KINFEHOBETHHEOBETIE, —@igHiy—@
SORBELTHELLEZS, 2RBIZOWT, 7514 <=
1, Ir DEMHH 513 96bp O DNA Wi DHIER, ¥4 T4
= — 31, 3r DEMH 51k 181bp @ DNA MiF DHIBEAEE L h
fo. 754 =— I, Ir DEHEHIRESE Kpn-1 12 & H L8 mm
TH&, BETFEHMN AO 3, BO Mokihko DNA #HigE
#Ti% 96bp & 69bp D 2 ADA Y FRBBEI iz, 00 B,
BB #+ AB Bl o#siilkko DNA HIEEH TH 96bp &
69bp D 2 KD AV FRED LA, T 54 < — 3, 3r DEYD
HIREEE Msp-1 W X W IMFALET 5 &, BETFED AB #,
BO B oigkifsk® DNA HEIFEH T 159bp & 140bp @ 2
EOAV FRER IR, 00 , AA B, AO HoDigkh
3k DNA HEEH T 159bp & 140bp D 2 KD A v FRT

Table 8. Sex determination on human specimens by

PCR at 200T

Sex determination

Organ  Primer Heating time (hr)

tissue
0.25 0.5 1 2 3
Brain X + + +/- — -
Y + + - - -
Skin X + + + + +/-
Y + + + +  +/-
Muscle X + + + - -
Y + + - - -
Blood X + + + + +/-
Y + -+ + + -
-+, correctly detected; —, not detected; +/—, a

constant result was not obtained.

Fig.3. The results of sex determination from fingerprints.
In the photograph, the odd lanes are PCR products
amplified using X, and X, primérs, and even lanes are PCR
products amplified using Y and Y primers. Lanes 1 and
2, amplification using the 1/2 of one fingerprint from
male; lanes 3 and 4, amplification using the 1/2 of one
fingerprint from female ; lanes 5 and 6, amplification using
the 1/4 of one fingerprint from male; lanes 7 and 8§,
amplification using the 1/4 of one fingerprint from
female; lane M, DNA molecular size marker; bp, base
pairs.
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Table 9. Sex determination and ABO blood grouping on the specimens from medico-legal

autopsy cases by PCR

Determination by PCR

Case Sex* Sample Phenotype by
profile tested Sex ABO-genotype Ab. method
Skeletonized Male Bone marrow Male AB AB
Skeletonized Male Bone marrow Male AO A
Skeletonized Male Bone marrow Male BO B
Skeletonized Male Bone marrow Male AO A
Skeletonized Male Bone marrow Male 00 0
Skeletonized Male Bone marrow Male AQ A
Burned Male Liver Male BO B
Burned Male Liver Male AB AB
Mummified Male Hair, Skin Male BO B
Right foot Female Bone marrow Female AO A

* Sex was determined by external appearance; Ab., absorption-elution test.

Table 10. Effect of BSA on PCR amplification in hair
samples of four mummies

PCR amplification

Mumm
numbe? Amount of BSA (1g/50 4l r.m.)
0 10 20 50 100 200
1 - - + + + _
2 + + + + - _
5 + + + + + —
6 + + + + + -
+, amplified; —, not amplified; r.m. PCR reaction
mixture.

Table 11. Sex determination on nine mummies by

PCR

Sex determination

Mummy External

number appearance Sample

Hair Muscle Skin Bone

1 M M M M N.S.
2 M M M M N.S.
3 M M M M N.S.
4 F F F N.S. N.S.
5 F F F F N.S.
6 4] M* M* N.S. M*
7 M N.S. M N.S.
8 M M M N.S.
9 U N.S. N.S. M M

* *¥k

, inconsistent with the sex by external appearance; *¥,
child mummy; N,S., no sample; M, male; F, female;
U, unknown.

Fig.4. The results of sex determination from the skin
specimens for three mummies whose sexes have not been

judged only from their external appearance. In the
photograph, the odd lanes are PCR products amplified
using X, and X, primers, and even lanes are PCR products
amplified using Yu and Yz primers. Lanes 1 and 2,

control male DNA; lanes 3 and 4, control female DNA;
lanes 5 and 6, No. 7 mummy ; lanes 7 and 8, mummy No.
8; lanes 9 and 10, mummy No. 9; lane M, DNA molecular
size marker; bp, base pairs.

Fig.5. The electrophoresis patterns of digested DNA
amplified by PCR for ABO genotyping from the skin
specimens for mummies, and the restriction enzyme Kpn-1
and Msp-1 were used for digesting the amplified DNA. In
the photograph, lanes 1 to 6 are PCR products amplified
using 1f and 1r primers, followed by the digestion with
Kpn-1, and lanes 1’ to 6" are PCR products amplified using
3f and 3r primers, followed by the digestion with Msp-1.
Lanes 1 and 1, mummy No. 1; lanes 2 and 2, mummy
No. 5: lanes 3 and 3, mummy No. 9; lanes 4 and 4', BB
genotype control; lanes 5 and 5, OO genotype control;
lanes 6 and 6, AB genotype control; lane' M, DNA
molecular size marker ; bp, base pairs.
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Dbhte. Licdis T, AERKHETIX, PCR &Ex A 7oibi
oD ABO XMBEOBETFHHBILITE o1,

V. BEOITEETILRILEEEL SRR E

FKOWWRL LI, 10FAOHBRERD > LE®ITOF, &
HIZ 1 FEHEE N, &6, FTHHABOHRUE DML —5
Lic. #f, ABO MEE >\ Tix, PCREIC X h¥EL
e TOEGEFHNAEET IIEYRE & L @E B 50

RRBEEFE Lish -1,

VI. 34 SORE

1. #hil DNA ok & PCR #iC & 2 HEiE

14 FDRE, BRE, HESIU0E»S5D DNA il
Ak, BBV LIZEBECER LTV . 0 DNA g
% PCR RUSHICE#EIN 2 THIBRINE 1T - 7244, DNA 0
BRRDShigholz. ZOER LA DNA HBlE%E ALY

Table 12. ABO blood genotyping on nine mummies by PCR

ABO blood genotyping

Mummy Sex determined Phenotype by
number by PCR Skin Muscle Hair Bone Ab. method***

1 M BO BO BO BO B

2 M BO BO BO N.S. B

3 M N.D. N.D. BO N.S. B

4 F BO BO BO BO B

5 F BO N.D. BO BO B

6 M* N.S. N.D. BO BO B

7 M** BO N.S. BO N.S. B

8 M** BO BO BO BO B

9 M** BO N.S. N.S. BO N.S.

*, The sex determination was inconsistent with the sex by external appearance ; **, The sex can
not be estimated by external appearance; ***, absorption-elution test; N.D., ABO blood genotype

was not determined ; N.S., no sample.

Table 13.  Amplification results of primate DNA using human sex- or ABO blood- specific primers by

PCR

DNA fragment

* amplified

DNA fragment amplified***(base pair)

Vernacular name Sex 1f41r%* 3f+3r**
X Y Kpn-1 Alu-1 Msp-1 Mva-1
Pongid
Hominidae
Chimpanzee e -+ + 96 181 159, 22 82, 58, 41
Hylobatidae 2 + + 96 181 159, 22 82, 58, 41
White-hand gibbon & + + 9, 69 140, 41 159, 22 123, 58
2 + + 96, 69 140, 41 159, 22 123, 58
Catarrhini
Hamadryas baboon & + + 96, 69 181 159, 22 123, 58
2 + + 96, 69 181 159, 22 123, 58
Japanese monkey I + + 96, 69 181 159, 22 123, 58
2 + + 9, 69 181 159, 22 123, 58
Crab-eating monkey e + + 96, 69 181 159, 22 123, 58
¢ + + 96, 69 181 159, 22 123, 58
Rhesus monkey J + - 96, 69 181 159, 22 123, 58
2 - - 96, 69 181 159, 22 123, 58
Green monkey (1) U - - 9%, 69 181 159, 22 73, 58, 50
(2) U - - 96, 69 181 159, 22 73, 58, 50
3) U - - 9, 69 181 159, 22 73, 58, 50
Platyrrhini
Tufted capuchin 4 - - 96, 69 181 159, 22 123, 58
monkey ¢ - - 96, 69 181 159, 22 123, 58
Cotton-headed e - - 9, 69 181 159, 22 123, 58
tamarin
Prosimiae
Grand galago U — - 96, 69 181 159, 22 123, 58
Common tupaia 2 - - 96, 69 181 159, 22 123, 58

*, The sex was determined by external appearance; **, primers and restriction enzymes for ABO
genotyping of human (Ref. Table 3); ***, length of DNA fragment of amplification production after

digested by restriction; U, unknown;

amplification was not obtained.

-+, Specific amplification was

obtained ; Specific
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SACELT, RrBRELLEZSD, #TLFDAL F—
o Py liBtaic W LEGRREEL, #5 2% FEB LA DNA
HEREET LB BRI/ - 7. 20 DNA A%
HELEZS, RESOBRRNSILEE TS5 DNA BiA 2
BRI NI

LinLichil, A VAT ATHE LY DNA BB TLEWN
L+% DNA BB sl (245 No. 1 DFER
B b ot LTI T, DNA BRFOTRHY (PCR RIGEHIE
+THRAT) OEAEM L b7, PCR RIGHHIC BSA &inx
TEH LI, RIOCRLKL I S1IL, 504 ORIGHEC BSA %20
HHWE 50ug ML B E, WThb ERYET5 DNA BiAH
BEI N,

2. 34 FOMBHEE

£ 3145 DOUFHEDKREEINCRLL. 9E0 5 LHEF
P E EOHREEREBIC X hHEEIhs 6 BB\ T, No.
1~5 (B¥ 3 th & 1otk 2 6) K OWTIE DNA W L 5 HERREE
"ELOHEEN—F L. Lnl, No. 6 i34t Laks#E
Thih, B8, BRGLE, b I DNA ¥ AVAR
HREBETIY, BRERNT AV FARE I, BEIHEL
fo. =7, HRBHAELSIHETE L >R IBDIA 7T
3, WThH BB E L XREEERNLA Y FEYREER
Rigie A v FOMAIRE S h, 3HELLBHEHELL (K
4).

3. $1450 ABO RMEHMOEETFHRE

9D I A FITDOWT, Z4DEE, BREG, KEHEFRE
FROWTRE L. 754 =— 1f, Ir X HVTHEIE LLER,
£3%T 96bp D DNA BiA OBV HER I, 7547~
3f, 3r DEYTIL, £ 181bp @ DNA Wi DREIEA D
bhic. 754 <— 1, Ir DEH%Z Kpn-l X h T2 &,
94D I 1 SHEEXDTNTD DNA HBIEEY T 96bp & 69bp
D2EDAV PR ER., 51 ~— 3 3r DEH%
Msp-l Lk bEI¥iT5&, ST TOBIEEY T 159%p &
140bp D 2AKD AV FREE IR (B5). ZOZEhb, 9

Fig.6. The electrophoresis patterns of the PCR amplified
products of primate DNA using human specific primer 31,
3r after the digestion with Mva-1. The Chimpanzee and
Green monkey showed different patterns from those of
human and other primates. Lanes 1 and 2, Human; lane
3, Common tupaias; lane 4, Grand galago; lane 5,
Cotton-headed tamarin; lanes 6 and 7, Tufted capuchin
monkey ; lanes 8, 9 and 10, Green monkey; lanes 11 and
12, Rhesus monkey ; lanes 13 and 14, Crab-eating monke-
y; lanes 15 and 16, Japanese monkey; lanes 17 and 18,
Hamadryas baboon; lanes 19 and 20, White-hand gibbon ;
lanes 21 and 22, Chimpanzee ; lane M, DNA molecular size
marker ; bp, base pairs.

thD $ 4 50 ABO RMEHOEETFHIILHF BOTWTHS &
HMEL. TR0 1 50RE T, &6, 7514 =—
11, GAIT DEM% Kpn-l THIK$% & 110bp & 28bp, 77
4 = — GAOT, GAI2 D EHH % Mva-l TEI¥T5 &, 84bp,
45bp, 40bp & 39bp DAV FHED LA, @ UL BO&RTH2
EHIELI., 30605, EERRERIM LA 86D 3
1 12T, BEEET ABO RnBMoORFAR+RE L L
ZAh, WFhdBHEThh, BEETFHEFE Liah-2(R12).

V. ZRESHHORERR (E13)

FURY D —pb =R VL E TOECRE O LR VT
#HD DNA HRHT BT, HAERA e DNA B A 2R 2 h
b0, HHEOFIKERLL, 751 ~— X, Xe 0L 3D
130bp DAV K&, 754 7— Yy, Yal2 X5 170bp DAV F
DEZEDOEENRD bhicizd, HHHEITE el ot &
=7 AFLLTOERETIE, ABoMFHERZ 71 < -1
HEEAY 7 DNA B i3iE S hich o 7.

—%, LEEH20HOLHHY TR, 774~ 1f, Ir T 74
< — 3f, 3r DEHTHSH ABO RINWEH I RA T DNA BT A
NEE XN, 754 <— I, Ir DEY% Kpn-l TYETT5
L, 2HEOF Vv —LE 96bp D1 EADAVFR, MOE
EXTI 96bp & 69bp D2 AD AV FRKRH IR, 54
<~ — 31, 3r DEHT Msp-1 THHT 2L, WThOBERETD
159bp & 22bp D2 AD AV Pk &, Alu-l TUETS
L2BHDOveFFFAFALY Mbp DAV Y, FuivP—
LD EEKETIT 181bp AR I K. F, F54 <— 3
3r DESY Mva-l TENITAE, 2HOF VSO —L& D
82bp, 58bp & 4lbp D 3ADA Y FAS, 3TD § FUFA TR
73bp, 58bp & 50bp D 3 AD v FZ@EH LI, & b OB
#)Ci% 123bp & 58bp D 2 AD A v FAKE I hic (K6). L
fodiT, DNA B DMt 2 — v OEMBEZIE, BB L
L 2B0F Vv —D ABO RAMEMOFEEFEIIL b D
AA FizEQIL, 2Eo Y rFFF A0 ABO RMmEH O
BEFHTe PO AO BITEUL Ty, i, fioBRER
DWTIRHETRETH - .

% =

HAHIETERY:, EE%, ARERIC R 2 EELRH
HEO—DIE-TWw5d., Thbb, EERCEGTIMEAR
BlORTEESEINY R LTH), BEHETRRME LA
B L5y O I E BV 5 O ke < MR D@ T BB E S
F. FHRABEFEEWTh, WERBOUNATHOBE
iz, AR - ELs OBE TREOROBEKRY T5ICiX
MW TE e, 20X 5 AeE i b AN JUHIEE? 2 EH
IR TERA, I PCR BIZEI MFIHEELED TH
BRRARLBRETESL L, 180ECHRE IR TY LK, BAK
EFERABANOIGARRL DR TV,

BHRER, 7Aarf=vEiREhdBEFAREEIN, #
FPHEBIEBEERTETWE®®, 72es = VBREFIEIX SR
Bk s YREEOFACHFETHBRETT, YREHFEOLD
XREEEorhi hbEL, PCREC I VREVWXEES
f3k D DNA Wi LBV Y REGHED DNA K% [ RHCHE
BTAZENTES., ZOFER—ED S5 ~—% BT
ZETBEOL, XRE4E EOERIIMN BT HE
EEO L S IHEEIh, EHEBERB TR YEE
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EORRWTALLHEEIND 0T, TheBnbsolitlbh
HHHEDOEEE L —BEO LI REZLNTES,

FPRTEALLFEREL, YREBCERWIEETFEL
DYZ3 L XHEHSERN L EETEMYHEETS 0TS
5. DYZZB RYREBHORERBERITH D, H100= -0 RKE
EFPEESTIDOD7 7 I V—%WRLTWEHDT, XT
BEOBEHIA 50002 ¥ — DO REEFIN 1 2D7 5 3
V—RBERLTW5Y, —RCEEMEEET 5 KEE 5 % 1iE
THZER, 7Au5=vD )5 hE—RI0EEFHICHE
NTHIE LT, BT L7 DNA DHIgc & B HaE -
Bbhs, i, XORVYIFRBRLLIBECER IR LD,
EREBEOHE SODILHE LTS DNA kb T L%
Tt EDFE EORMBES, PCR HIGEFOMIERFOHFEER
Lo THIERIGAHEI A S EDMENR, Z2OXDOAv FD
FERI->THREINRS. Thbd, XEYOHAY FAEE
THELIEEME, XOXicbiixl, WHEbBADLAKLTH
VERBRIF L ORIEES DNA BIEOREL WS Z Eicie b, ¥
Y DRJIEFICE S THET B FEC N CTEREENE
T5. MICEEZRERTIZ, B0 DNA OFELD O
HEETLWFEIDTL 20T, ZOREERTOBA 2B
ETATERERROSERBORKRCERLE LS.

—77, ABO R IEGERIVEMTHYENRE L,
L b ERCEBF LB S LT B, B AKE
HECBCTRELIGHAIhTE D, MENYBE DKL
R COEIL, FRHEOBE TR Jieon s 0His
AR TLB™®, Lx L, ABO RMEHESERE + 5+
SEEBER - 3NT2FAFS 2 14§ VEBES (A
EBER) L ad—3¥5 7 — 2 EBER (BERED)] 0
B BE{LAEETh\V®, ABO RMEHOEEF v <
TOWRIZ, TOEEMRK b LTI E Ty, Ef
THoic.

19904, Clausen 5™ 3 XU Yamamoto 5% |85 %
BRTHAEEBERD cDNA #7 r—=v L, FOEER
FIRBELMZ L. TR LD, ABBEEY 2 — F1+58E
F (ABEF) © cDNA DEHEFEFINBERERY 2~ F 15
EETF (BRIET) © cDNA DOIEHETIE 7 BT OE R TR
L, BURTF VDT 3/ BEIEI76, 235, 266+ 268FHIC
HMERECLTCWBILEABAIAL. 24, OBEFO
cDNA ZABEF D cDNA &L BIFA—DOHEY*HTH LD D,
H2BEEHD I HEARBLT VB LD IV —A v T [ TRY
L, BHEARYMH T A EEBBROEENTEL k-
TWBZ ERBLMTIn T,

ZORERICESE, Lee 5% 12 PCR 2 AVWTABET
cDNA DE28BIEE A KA L ARDOBETFLHEL, F0E
Y% Kpnel TUIB L CORGEFOHEEHN Lz, 4, A
&F cDNA DHEK L BEGTFOFIITBTERE OEFHEINE
CRizh (ABBEFRI77=v, BEGFR7F=v), z0g
700% B DEFE A LR OBET #IBIE L, Alu-1 12 XL 5 500
DEZETBERTFOREREN Lic. Zhi#ic, L ABO
AR OREFEICEETHPFEAHE TR TE T 5999,

LA L7edih, ABO R HEEFRE— oY —-Th Bk
o, PCRETHIETSHBE, —BEOMBEACIRT v 7 v — 14
—DOLMFELEWI ERRY, TTRESFELTLE 5
DNA % PCR ¥k THIBT 51012, BROMIEL T +2 7

TA - ERBEORHAESERE NS, DNA 2MESHF(
Licser, PCR EETIEVEIA OHAHBIE LT\ L ofa
BH BB, HEX ABO RMEH OBEE OBREICILE 4
RBEYREE L7z 98bp & 181bp #IMIET 2T 5 1 ~ —4fim
L, ZARIMACT=50 v a7 mvl FREL DREDE &
B DR 7.

EEESF{L L7 DNA ORB L ERINCIFR L, 20
E{w &5 PCR HE~NOPELYHH Lich, BERIOEE
DYECOWTUL, EREECEINCESIEE Sy
Fie vy, BERECRE LRBROEMIIEE S s
RV, PCRIC X BB TTREDHAMIAE e e, F 7, fnsk
AR TRMABOBRENRE e bicoh DNA AHIERTAER:
HRDES ot FMEBICRE &L, BE L 4EEOR
BTIL, KEDO DNA KNI OV ELBEIRBEEL bR, —
B, Ar=) VEEDRBCOWTIR, BED? ILh R 2%
10%+A1< ) vERTHBERMN L 3» AMBEE L, kamss
B 2500574 vEEREYEGT, KET2EHGRE
LicBB A bE LWHIPHIER T oz, H-EE LY 1285 L
RieD 754 =%\, 0%hA~) vEBERTIEBREEL
BRI 5 ABO RMBEHOEEFHIAKETETHD LR E
LTWb2s, EEOKRE TIX, BHMO&L=Y voET
DNA 1IB LA EESFLLic b DD, HBPHIEIZ 2\ TIH
LR, IEMBEELAZDDE2WTLE L HETE
. L Leas, ABO RMBEMOBEFHIC > W TRESE
DRI ELUP OB DO KR B THETETH D, 47\ L54E
HEED b DIXERBH & - CHEMMERB A LD - 7228, 64
DAEDBERTIZHERTETH o 7c. ZHIREERE kL
<V VEEEIFERE TH T, HAWET S v —2'5
HE LR~ T W eedEELBRD. ¥, wA~) VEE
BT vVEBELAERETCIR, IEEEREEORBIZOW
THMFIHERTTE TS - 7228, ABO RMEH O & EFHH
TEL 3EMBRFORRE TE LS HEZ i,

WARL™IZAS A FH I A LD 1 BOIEEE Aotk e
ERELTCE2, EEIIHERDL/20 3% BV THJIHE R
THETHD Z ERRL, IHEH BHEREIE LA o (8 A3
DIDORE D FRIZTV S 2AEELR L. 5K, 74
$= Y AR THRE LIERS 5 S HIPKENTTETSH D, =
DZENL, FEREBDIFROTELHEL, 3| &6\ TN
OUFHERT > LIc k), BEDOERERC KELRLT
ZE7ed, LrbRREEE FEELRTN S D LIRS A EES
BRER, EEERGEEABNOEEEL I ELETELO
LEZBRB.

FEARBY X PCR B THEMICDOWT ABO RmuEH @z
FHIHETETCHAEHEL TS, EERESLA—DF
ETRIVELBRYRLCLDD, 00 e b 0igtrsy AOK
X BO #iz, ¥7c AB #lv } 058 AO H=o BO #Micz¥
ET Bl RDI. Zhidighito DNA 1B < HET, Lx
b ABO KMEHEETRE-EIIOEEFTHH DT
PR DF v — & LTHERATESD DNA O EA Dl
Wit ESSEHEEELLRB. Tebd PCR BT
DNA #HiET2 L &, FH2XI0'DHEET I A<y FHET
2¥0DT, FvF U~ DNA EdTcvwE s A=y FI2 L5
EHRIENINCE LD, BoTHEIRBLIRDHDHD
EEZDRAD.
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FOTUEDEANBREICESE, EBROHRAR~DIEH
EOWTHRE Li-. W& L Liz106id, RO HEENTE
BOLEBECHBELLDOR6HB D, ZhbOFEMETIZER
ST TIMED B VIIEECEL - BRIELTWVW B LD, —
BOBEBEFRD DNA KoL TOREIIRITETHS DD,
B OELTOBCEHZ R LEF & ABO R 0ERE
FHAERELIEZA, WTROEEIZOWTHERIHEL
rte. TOZER, BEBROFRETH-Th, BFHOL %
ERBCEARTFIL TR OEENHVABL AV L
T, DNA HFHFIC L 5 BERAETHD ZEERLTWD. ¥
o 2 FIOREFHRIEA Tk, FHERORBER (RILEBD) » 5
87 DNA BHEIh, FHE &E&, 3RERS) (8B
(HIRIIER 7ifsr) 225787 DNA 12 PCR i CHfig s h
7z, Tsuji ¥ LhuE, FROHETIEEIZ215C, $FEI12135
T, EEIZI00CTH h, ZORRET, ERMICIER LB
Baxdg s Lic DNA HiBREREL—FH LTV 5.

B, EFXI00FELD LB L4 0B & ABO
ARMBHOBETHOYELrRAS. 11 R bEH L
DNA i ARfiM a2, HiETI PCR RGIIAIEEhTLE -
fo. T X 5iciEa, Pasbo B IIEEBED Tag DNA £V £
7 — ¥ (12.5847) ¥ Ve dd. FRRRNcEY L S BICHIE X
MBEWSIREANEHINTVWSY., Zoksd, EZRAYV
H5 2% AT DNA #REH L2, 13L A £ DNA B
HHEME TS DNA i 2BRINCHEBEShTwb 2 L XD,
HFULEB S L DNA AROBEHIIZ, ALYV H T Ak
BENBECEY I —HETED LBbhb.

—H, AEVHFATERLTL $ 15 No. | OEEZRRH
%D DNA TREBRGHEI bish-kd, Z0HE, R
W BSA %% 5Z & T DNA pEIEXIhic. HL,
BSA DENETED LBMBREIEIEIh3BELHHDT
£HVTAREDONTINL D BSA OBYBELTALERDS
LEXOND. EEDEETIZ, 50u @ PCR KIHGHEKIZ20H 5
Wik 50ug @ BSA Nz 3 ERVERAB LN,

$ 4 5 OWFPHIE T, SR LEOHBRBENSREIC X D HERIN
HEEIhA 64 (B3 4L k3% D5b, 14 No6)D
PCR ¥ X 2BHERIA R LOHERR LK Lich -
fo. TOBEHELT, ZO6HD A FEICOWTDIAED
LOWRIMEEEL, TR, ToHILLO TR, HZ
OFNZDONTUIHEFT REER LB HEE B S BN THE
LREZ TV oTeb DT, PCR B X BHEIHED A
ELL, BECEALDEELS. Tichb, No. 6 1220 T
%, B2, BRG, B0 3208 L b PCRETERLHES
hicz b, s LA ELLOHEIRE - T D b0 L
Bbhsn.

1450 ABO RMEHOEETFIHETIR, FEELID
BDHIDIC28FEDEEXFOHOBEAL LT, =&
BORKLT7FA=—_T7EAvk. SlEERCOVWTL,
258% B DR A &t O BIBES T Kpn-l & Bstp-l,
700% B o E Y UM OHBEDICIT Alu-l & Mspl, T
7t %, F— PCR EMTH LT _EREDOIMHNA DR 5 Hl
BEERYHFHELTRELLEZA, WThIEVKFETHRE
RIBohT, A—0HRESEL. ik, A—EEOEELR
BETHMBEORRLE D TNT—HLTWBHDT, $15K
DWTO ABO RMmEHOBETFHABHERITTHCEHRTE

5HDEFEbhb.

B, BEYE, ABEHREELMEY D54, R
DHEZRAVDED, £Y#EboPCe FERDEZTHHE
AE, BleF v v —iie } EOENNEETH -, &
Fide + ORFELERD ABO XMBHIFCERNILT I A
= —%AWCTEBEEEE DNA OREY R, EMABE I
WTRTLT 54— BRI HEAM O DNA 2AHEEI L
(HEREDOEABTL YREGERW A Y FRARDLAL) O
D, FURYT—Le TR, ABBOSSA -3 L 3D
HBIREYD Mva-l 12 X 5025 — VA RTc o Tie, 208
F—vZFvive—0 ABOKXMEBRAFEYHETAHEED
BERIEET cDNA OMEHEFI L FHEIND 2 -V EF
BLISh-7DT, ZORERCESSHEEFIVRALTDE P E
FYRYO-DEFOTERETRELTWS.

® e

1. DNA ##ic & » THRPHIEZ T > B4, BERER
HRTERRECBE MW EBEHOFR I DB LT, ol
L, BERECTHERRESE (4 C) RE&FEIh s, 4:8H
EFCHHREIHERTETH - 0.

2. 100C T1285ME, 150°C T 2 B, 200C T30 M D% HT
T#E R RBHZ oW T, PCR ik B e P HBIHEIR
B2 DNA EEOBEATETH 1.

3. BifAL <) VEERAN T VEIEHT T 4 vE
HET 8B X b DNA MBS F{L L7, DNA S X%
B DWTIIAEE L 158 % T, ABO RMEHOEE
FRMEIITE LS SEFTARTH- 7.

4. DNA BROFEX BT, EEREK LORK, Lt
EB B LT EREEEET G LW BT 5T I ESFFb L
BB < WEDORBHCOWTh, HFlE ABO RmgH o
EFHIHBHES L.

5. A¥VHSALEHEVCERREM LN L DNA BEKPIZSE
FROAMBERETHILERTHY, #BO2AT=vE
SHLEEZLEBRRZET TR, AT VRIREAEGAT
WicWEREE L BRB L bt Lz DNA B H O B
£T2BRLEDTH 7. Ei2, BSA it DNA BHEHD
PCR [IERFOERAHA2 5@ERH 5D, FARCE 4D
HBHzx+5 BSA DERBEXETLERD .

6. PCREERFATAHZ & LD, 13004 LG LIcH
4 ZRRIEOWT S, HAHEL ABO KMo BETFH
MBI BT Lz,

E: 33

AR B Hc D, HEN, ERMYED T LBRAE B
CHERLLHEYELET, TSR TOFROBELTED ELALER
KELESE, HYEETAFNTEXTHEEECREHBLET.
fo, MEY, ST EEE LASRAFEENEREEREORRER
B#E, EERAHEMECCHE EEFCR BB LT RRC
EERYFEFTHCHID, BB ¥ LB RE SR E RN
DEEELET.

feds, BER I A FSREYREL TS WichEARITE - KE
ER KRR BEANE BEHE L PEXELAKIEEYHED T <,
WO RELREREHYRS L RE L OO RV RBAEERENR
oMd EHRECERBHRLET.

AR R A B SRR WA b O 1995 B FAPT 5B B (FrFfl
EEIKE B 2T, TIERLTHERXRLET.
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Abstract

Medico-legally practical specimens are generally very small in amount and adversely affected by different physical
and/or chemical conditions, thus meaning that the DNA extracted from these specimens is minute and has already become
fragmentary to low molecular weight DNA. Therefore, there are not a few cases in which the determination of sex and/or
ABO blood group by DNA analysis has become rather difficult. To overcome these problems in forensic practice, the author
systematically investigated sex determination and ABO genotyping using the polymerase chain reaction (PCR) method on
different forensic specimens. First of all, the effect of such physical conditions as temperature, humidity and heating on PCR
was examined with experimentally prepared samples. The samples (brain, skin, skeletal muscle and blood), which had been
collected from a male cadaver (postmortem interval: 36 hours) of known ABO type, were experimentally left in dried or
humid condition at each constant temperature (4,22 and 37°C) for 4 weeks, or heated at 100, 150, and 200°C for 48, 5 and 3
hours, respectively, for DNA fragmentation. Moreover, the effect of formalin-fixation and paraffin-embedding on PCR was
examined using the extracted DNA from the organ tissue samples (brain, liver, lung and pancreas) fixed with formalin
(within 24 hours after death) and also from the paraffin-embedded tissue samples stored at room temperature. Although sex
was correctly determined within 4 weeks for each sample under the dried condition, the sex detectable period for each sample
under the humid condition became shorter as the temperature rose. On the heated samples at 100°C, sex could be determined
using the brain tissue heated for 12 hours, the skin and skeletal muscle for 24 hours, and the blood for 36 hours. As for the
samples heated at 150°C, sex could be determined using the brain tissue heated for 2 hours, the skeletal muscle and blood for
3 hours, and the skin for 4 hours. The sex of the heated samples at 200°C was determined even using the brain tissue and
skeletal muscle for 0.5 hour, the skin and blood for 2 hours. ABO genotype was correctly determined just using the blood
heated for 12 hours at 100°C, 1 hour at 150°C and 0.5 hour at 200°C, respectively. With the organ tissue, both after formalin-
fixation and after paraffin-embedding, the sex and ABO genotype could be determined in them even after 15 years and 3
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years, respectively. Sex was detectable on 1/4 part (ca. 0.5X2.0 cm) of a single fingerprint experimentally made on a slide
glass, although ABO genotyping, however, could not be performed even using a whole single fingerprint. Sex was also
correctly detected by PCR after the morphological detection of a finger print with aluminum powder. Based on these
fundamental results, the author attempted sex determination and ABO genotyping using PCR in 10 such autopsy cases as
skeletonized or severely burned cadavers with the difficulties of sex- and ABO genotype- determination by using
conventional methods, and the results were that the sex of each case, using PCR, was consistent with that after personal
identification and that none of the ABO genotypes was inconsistent with ABO phenotype by absorption-elution test. In
addition, sex determination and ABO genotyping were performed by PCR on 9 mummies of 8 adults and 1 child who had
been buried in Hsinchiang Uyghur, China, for more than 1300 years. Since some impurities in the DNA extracted from the
mummies' specimens interfered with DNA amplification by PCR, spin-column (Bio-Gel P,) to remove melanin was used for
further DNA purification. After this purification of DNA solution, bovine serum albumin (BSA) was added to the PCR
reaction mixture to further suppress some inhibitors. Addition of 20-50 « g BSA to 50 21 PCR reaction mixture gave the
best result for DNA amplification. The investigation under these conditions disclosed that the sex of 5 adult mummies
determined by external appearance was consistent with that by PCR and that the other 1 adult mummy having incorrectly
appeared to be female was determined to be male according to the definite PCR data. Furthermore, all the other three
mummies (2 adults and 1 child), whose sex could not be estimated on the external appearance due to postmortem destruction,
were determined to be males according to the PCR results. Furthermore, ABO genotype could be determined as BO for all 9
mummies, and these results obtained were well consistent with ABO phenotyping (B) by absorption-elution test using the
hair specimens. The results of the present study demonstrate that sex determination and ABO genotyping by PCR are
possible using fragmented DNA, being obtained from those specimens that had been adversely affected with such different
conditions as heating, formalin-fixation and paraffin-embedding as well as dried or humid condition. And, ABO genotype of
anthropologically valuable mummies of more than 1300-year-old could be definitely determined by this PCR method.




