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Sex Determination by DN A Analysis

Koichi TANAKA
Department of Anesthesiology and Resuscitology,
Shinshu University School of Medicine
(Divector : Prof. Sefichi Krrono)

Sex determination in the human species normally depends on the presence or abserice of the Y chromo-
some.

DNA was extracted from 10 xl of one-year-old dried blood spots on paper, digested with restriction
enzyme, subjected to electrophoresis, transfer and hybridization. The human male Y-specific probe was
hybridized with Y-specific 3.5kb repetitive-DNA.

In order to make a comparison with DNA microextraction methods for the PCR (polymerase chain
reaction) template, many DNA samples were prepared from bloodstains and hairs with various methods, such
as phenol-microconcentrator, phenol-ethanol precipitation, Tween 20-treatment and boiling. PCR was carried
out at 95°C, 55°C and 72°C for 30 cycles using two pairs of primers (Y1,Y2 and X1, X2). The 170-bp amplifica-
tion product was detected in male DNA from 0.5~1.0 ul of three-year-old bloodstains extracted by either the
phenol-microconcentrator method or phenol-ethanol precipitation method. Although the same patterns of PCR
product were obtained for 1.1 6-month-old male bloodstains extracted by Tween 20-treatment, amplified DNA
was not detected in one-year or older bloodstains. In contrast, a relatively large amount of bloodstains was
required for sex determination of DNA extracted by the hoiling method, Amplified results were reobtained
from DNA of hair roots or the hair shaft (2cm) extracted by both. The phenol-microconcentrator method has
been successfully applied to DNA extracted from 2-year-old paraffin blocks.

For clinical application, PCR was performed to detect Y-specific DNA in abnormal Y-chromosomes.
These results obtained by PCR were consistent with those of Southern hybridization. This PCR method may
be very useful in neonatal screening for some genetic diseases and in forensic reseach for the analysis of
biological evidence. Shinshu Med. J., 40 : 61-70, 1992 (Received for publication September 27, 1991)
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B om oE —

BB RME 7 &CH Bicth, ZhbIRREhin BE
fr ST CRBITCE IR EENE L, LB,
SEEOHEET Loy, ERFEETHCH -
TG HERERAR R DT v A THBRIRERD X

5izte o T&E I,

DNA BHicAV-bhBHEL LT, O v A
VLA E—vaviE @QF v b F Vg -
a viE, @DNA HEFTRERE, D in silk ~17
Y& Af¥—va vk, G®PCR (polymerase chain
reaction) HEENAE TN, BEFORIE, @A, %2
REBR O NERE S oo fo, & 2AT, MBS
DA bR —le X OPEESERERBOAT Y b
DS, HRECEEOUNEHET 5 L 1E
Eehb, Z0kd BROMRKECY Rkl
B DNA 7 r — 72 AW ERHEBRA DR T
Xt Lal, fEkoyFv sey biERE el
DO DNA B2 MEEE L, 3 IcEEEE O fh b
R TR A B tosb b — 5 VIR & LTI
BEOBEGHEETE 22T

SEEE, Saiki B X - THIR S hi-fitEdE DNA #
) 47—l 7 PCR#GE R DNA #HIEL T
DNA ZWIciERT 5 & ThH D, HEERDODNA 7=
— TREATEYF AL TV EA K- a VIR
~EREDSERCH D, BEERMTREAG R T
MR L E b TEBR T 5, E 7, MERIE LY
A DNA B2 0 & dp & FEES HEAMB 0— 53 5
ELTHERCEERETH 5,

AHFGEC B E R 54 07 C DNA il
HOUMERIE B3R T, & SIRERIGH & L Uik
RERERBER L & OB ARE Ui,

I #EEEUHEE

A DNA HH%
1 7=/—n1HH - =& 7 —APERRE:

M 1k EDTA (ethylene diamine tetra acstate)
A b BZERME o, ~17eFa—Fic—ER
BOE LT, ¥io, MEOERE, ThZh—E&o
¥ 24, (Whatman 3MM) 123 20A & & 1218,
SRR G CTRE L 2o

i, Blood Lysis Buffer® (0.32M Sucrose, 5
mM MgCl,, 1% Triton X-100, 10mM Tris-HCI,
pH7.6) %USMEE13,000rpm T 54 MELL, HiEe
T foe T, 30ul @ buffer (0.1M Tris-HC],
0.1IM EDTA, 1M NaCl, pH8.0), 30kl ©10% SDS

62

(sodium dodecyl sulfate) iz Proteinase K (Fi&
BES0ug,/mb % A FRE S CHRE300.] & L60°C
T2 v~ — b LT,

RSk, SBD7 =/ — AR T - H300H
B LT Fof%, 13,000rpm € 5 4 MhE0 LAKE%
Wl reFa—7 Y, ROy arhl s
Mz, FEOBRELZEIEL A, ¥ 51, 13,000
pm C 5 AMERE L LAKBEH L=t 7 rFa—TIT
b, KEBOWS O 1 & 3MEERT Y v &
(pH5.2) ®¥RNOIL, 100%® =% 7 — A% 2 BRI
2B B L 72 @ B13,000rpm T107 FE L L 7o
FERRTIO% =5 s — A CEBMLAD
t, 13,000rpm TLOAEEG LA, EERHREL,
EZiis, TE buffer Q0mM  Tris-HCl, 1mM
EDTA, pH7.5) #i02 T4 CloTRIE L 1o

BRI 8 /- LK 2 BB LCHETL 7
#%, IMEOBE L FE L X 512 Proteinase K M,
FIROAI 21T » 72,0

MR R BB B O Turner FEREE (45,X0) @
Phenotype 54 (46,XX) @ mosaic (46,XY 747,
XYY) @ Supermale (47,XYY) & Phenotype Zrit:

(46,XY) 7o X DNA ¥R X b 7 = / —AfHH -
=4 ) — AR L o T b heERlT, EREX
(¥ BRI b5 EhiboR{EH
L7z,

2 7=/ —Adhi - BEREE

MER L CBERPHI 7 =/~ AfiH e =2 7 — 1
PEERER OS LEREI 7 = 2 — A E R TETE,
BB AT KBRS R IBAES (v bV a2y
30,7 2 = vil) wi L, TE buffer # 1 ml LT
2,000rpm TR Lice &1z TE buffer % 1
ml J02 C200 R, WEEEAE 1 miiiz, &
B2, 000rpm T30l TRREE 1272 % % CHlEER O L,

3 Tween 207k

MR 2 HIT L7z %, Blood Lysis Buffer %%
MU ERC T30 MEES L, 13,000rpm €104
S5 (a8 18 2 #8 C #z, Digestive Buffer (50mM
Tris-HCI, 1 mM EDTA, 0.5% Tween 20, pHS.5)
0.3ml #iM% T, 13,000rpm < 5 S0 Lig 2
EL, EREOEES 2 BV iEL, Proteinase K (&
1RBRES0ug, /ml) % &1 Digestive Buffer 301 0
27T, B0°CIT 2 EFHIRIG Lic, BB LAIER Bk
DIVATHEEOEL, X5BLOMEEEY 4°C
IZTREF L e
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DNA fBtIz & 2 MERIHIE

4 PR
Witt & Erickson®® B 8B 2 1F o foo %
T, MREIKOA o lc=1 7 w2 — 7D AHE A
KETMUERC T 2 EEEIBRE, KELHL
=4 2 BT 2 — FOIZHEL13, 000rpm C 54350
LEBRRE LI, Wi, MERBOA » R0~
17 5o — 7ORBEEEBEERYN:, BEEK
BrvAzeda— FOIEIL, Zh%13,000rpm
T5AHERL L EERIET, ZoMmB IRk 230
Mz T REIRELIE L 4 °Clo THRFE L 7o,
5 5374 VIR b R
A57 4 VIR (B~10um#BHD) il ml o
vvwhilz, 12,000rpm T3 SEOE EE g,
COBRER 2EMRDIE Lz, IRWT, 1mlo=2
- &M%, 12,000rpm T 3 SREEOER R AT,
COBRFR2EBRYIE L, T, 1mlo=x0
=%, 12,000rpm C 3 SRTELE FERieT,
FERROBRELITVREE L s, 30kl o buffer (0.1
M Tris-HCI, 0.1M EDTA, 1 M NaCl, pH8.0), 30
#1 ©10% SDS iz Proteinase K (8 #& ¥ BE250ug,/
ml) FW2EHAR I CHRE00L] & L60°CT5 L=E IV
EAvFa—t Lk, RIGHERED 7 = 7 — 120
Z, DARMEBEER (kv bV av 30) ¥EVC
FRUE & BT E 21T - 7o
B YHonaZ)F1E— a0k
7=/ =V e =2 0 — APRBRE I TR RS L
7 DNA B 2 HIfRRESR (Hae 1D 1o COINE, 0.8
UTH R —AF N ERACTETREI L7 g
TREHCREL, BEKRTHE -, 743 VIBET
Bl FAvvivIvy (Twe a8 o
DNAMTR #IEE L, » v 7 v v BRI CRE L,
AVIVVET AL TV EL -3 VIR
(6x8SC, 0.5% SDS, 5 xDenhardt’s solution, 0.1
mg,/ml of salmon sperm DNA) 265°CC 1 Bl
L, ¥P (111 TBq/mmol, NEN ##) 1= 8% L=
YREFBREMNDNAT v — 7 (HEEKR L b5
BTV 7Y F A - a VERIZINL, 65°CT5
~10BEf A~ A T X A E— 2 a v ERIET LY, £
%, v 7L vE@D2XSSC (0.15M NaCl, 15mM
citrate-Na) ¥ C1550fH 2 [, @ 2 xSSC, 0.1%
SDS R TL0HIG0. 1 X SSCHEH T104/, Fhr
hEdL, —80°CT1~3HRMXMY « L 2Bk L
1%
C PCR:%

No. 1, 1992

#£1 fs4v—@ﬁm.

X1:5- AAT CAT CAA ATG GAG ATT TG
X2:5- GTT CAG CTC TGT GAG TGA AA
Y1:5- ATG ATA GAA CGG AAA TAT G-
Y2:5- AGT AGA ATG CAA AGG GCT CC

LB U 72 DNA %, 5 xl o PCR A buffer

[500mM KCl, 100mM Tris-HCl pH8.4, 15mM
MgCl,, 0.01% (W,/V) 3%+, NONIDET P-
40 (SIGMA ) 0.2%], 8 ul ® ANTPs (ATP,
GTP, CTP, TTP £h Zh125mM), 751 ~=—%&2
#l (1 ng) %W % fo ¥z, Taq polymerase (5
units, ], FEE) 0.251 B 2 2B A500] & L,
& { ###% Light Mineral Oil (SIGMA #) REBL
o 77 A < - O EFI i« 1 wiR3, Thermal
Sequencer (Iwaki#t) #\~T, 95°CC 1 S EIL
BUR, #EMAT v 795°C. 150, 7=—1 v
7 AT v 7E5°C e 150, HEEARAT v 772°C
© 20 MT30 1 2 AT, REBIZTSC - 5 HERE
MUice PCR#ETH, 4°CRTHRELT,

BRUKEY (3 =0 7= ) v EIKED 1IL12% 4 v
TZINTIFFLEXT,”2 TBE buffer (8.9mM
Tris-HCl, 8.9mM boric acid, 0.25mM EDTA) %5
Wy, =F P U AT R P CHREEIN0bp (XLEE
FREAD L170bp (YHEMAERED 0 v F 2R
Lo 4 F&~— % — ik pBRI22 & #IfREES (Hae
D T Lz b 0 &Ry,

m % *

A BYNST) ST E— 5 51T L DMERE
FEARICATE Lotz DIER S 7 = 2 — A
=& /- A L - TDNA 2L, SRS
(Hae WD) TUIWitE, v a7V F 1 ¥ - 2
VIR L o THHISIE 21T - 7o 2P oS LA Y3
BEGREN 7 v — 7% FVT3.5kb @2 v F oA MmA
B L s b, 10ul OIE (B cLlird 14
B L e SR e RIS S TTRE T o f (1), —
73, OS2 5 133.5kb D3y F et s h
oo,
B PCR -4 2M3I%E
1 PCR RIE&E0iksT
WM (B mov =y -l =2 -1
EBGRI & - THEBRIR o4 oy DNA 288,
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H f = —

Z D DNA # T PCR © R G525 L 720
PCR RIGIC i Mg?HEEAEZETH H, 1.5mM,
2.5mM o Mg BETRIGLEEEY 1, Y2 75
1 = —TRBHIEREN170bp O~ v FaMkH Eh
; 7o (K2 A), LaLl, 2.5mM Tix170bp Motz <
3.5kb — e DIFFEAAV FBFEDBHh (M2A, v—v2),
P& o PCR RS2 idl . 5mM o Mg 4 & Fv o,
7 v 71—t DNA 0&2r%1t & #iE DNA 0%
HHRDOBRH2DOBECTHB, Y1 -Y2751=
—TI170bp D, F4X1 X275 1 ~<—TIF30
bp DEVAV R 2B B RAA, T 7 v — + DNA
DEEINT B - TR AV FRZ L b,
LichisT, v 71—+ DNA 21350ng L THE
HRETH B,
2 EHESES 5o DNA #iH
1 2 FRidE oo M 2RI TE ST, —EHHMREL
T MR B 4 I DO 75 © DNA ZHiH L, 5l
ey, HIE R R AT, DNA HHIIZD7 = 7 —f»;m{ﬁ .
Vov 1104 CBEE 1 GRS BRiEE, @7 =/ — Vi - =5 7 — AR, @
Vv 2 10p] (i) Tween 20715 b, @EREED 4 BEYH V2, 3
B U BHEOMEN D 7 = 2 — A - (Sl

1 MMEHH03.5kb (Y REKERR)

M 1 2 M 1 2 3 4 M 1 2 3 4

K2 PCRKIG&H (B DNA #EH)
A Mg*HEE I X 5170bp X v F DZ1L
v—v1:1.5mM, v—v 2 :2.5mM
B DNA &2 X 5170bp v F %1k
v—v1:. Ing, V—v 2 ! 10ng
v—v 3 :50ng, V—v 4 :100ng
C DNA Eiz X %130bp v F D%k
v—v11:. lng, V—v 2 ! 1l0ng
v—v3 :50ng, V—v 4 :100ng
v—v Mo FE<—H—
X1, X2794==:C
Y1, Y2794 =—iA, B
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DNA f#ffriz & 2 ERIHIE

M1 2 3 4 M 5 6

3 MREED S O ROk

A 7=/ — A - MEBEE
v—v1, 2 :0.5] (B
v—v3, 415 ul (B
v—v5, 65 ul (&

C Tween 20 AJbi:
v—v1, 2:1 4 (B
V—v3, 415 ul (B
v—v5, 6:5 ul (&)

15T DNA %ZiH L PCR #1772 & Z A170bp £130
bp v Rt I hic (M3 A), 7 =/ — Al
c =& 7 — AR T LI5S, 3ERAL]
pl L E o MR CHRHIE,NATRETH -7 (K3 B,
—%, 6 » AXMEOME Tk Tween 20A135/b3: Chl
HLEE, 1 pl U EOMECHERGETH - o2,
#16 » AUALRA L BB OHENTE R wic (T
3 Co VHHEIEIIHIEIZ < OB 2 EE & 150kl A
ET170bp D~ v FIREAFRETH 72 (K3 D),

No. 1, 1992

B 7=/—nr#it s =% — 2k

v—v1, 2:1 ul (B
v—v3, 4:5 ul (B
v—=v5, 6:5 ul (I
ol
v—v1, 2 :50ul (B
v—v3, 4 150l (ZhE)
v—vMitoTFE~—»
X1, X2754=—:
Y1, Y2 7514 =—:

[NCRT |

;3,5
, 4,6
2emDEETIL, 7=/ — LV« BEBEE &
Tween 200]¥&1LETI70bp D AN v F s H X hoie
(E4A, Co —KH, 7=/—nHiH =x2,—n
MEETIZ2mX W DEENDLETH -7 (H4
B)o BEOHERYELDIDONE2TH S,
5~10um D5 7 4 VHIFEK G 7 = 7 — 1
- EENEE T DNA 2hiH L, MRIHIE 23 %t
2ERB L EE L TRBALL R Y PR S,
HERHIE SRR TH o7 (F5),
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H %= —

M1 2 3 4

M123 45 6

C MIEAREERRL EDKRETE
MR R IR 4 ] & pure gonadal dysgenesis
1floER¥IES PCR AT L (K6), @
Turner FE{EEE (45, X0), @=+% 1 2~ (46, XY /47,
XYY), ® Phenotype (¥ male (46, XX), @ Super-
male (47, XYY), ® Phenotype ¥ female (pure
gonadal dysgenesis T 46, XY) o 5fEFIc2T
PCR 1T o & &5, XPEEKEETHHERXE
BEEEN, R YREEEYET 556 Y FREE
P&, AEDDNA 25 v 7L —1 &L
&, BHIND AV FOBREEIRDbhch -7,

NV & =

BEZLRIHEEEBOEELEMND 1 213, F
RENLFEECEE, MRS HEARHF - FE
FT5ZETHB,

TEfk D/t RE 75 s b OE AR, FEEOEE
PEULIEE, % RIEEROTEBRE I ED Tz L,
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MI 2 3 i M5 6

M4 ZBEHE»LoRMEMEE
A 7=/ - - BEBRREE
v—v1, 2 EE2m EH
v—v3, 4 :FEZ5m (B
v—v5, 6 FEE5m &P
B 7=x/—VHH s =% ) — LB
v—v1, 2 :FE22m (B
v—v3, 4 :FE5m (B
v—v5, 6 EE5wm &
C Tween 20 A5 ks
v—vl1, 2 :EElm EH
v—v3, 4 :FEE2em B
v—v5, 6 :FEE5m B
v—v7, 8 :FE5m (X
vV—vMESFE~—H—
X1, X2754=—1:1,
Y1, Y2754 =—: 2,

>

5
6

,5,7
6,8
EE DM AR TIER RN B 1o, FRHEOER
LREL B,

W - B s & OHEHIR < IBF S h A EEEBC IR
« IR e & s SR OHE S ETRE & e, {8
NP RS T E LD TEELEREES
ZENTE B, BB E THRENREIMTbh
TEH, ZOFEKIEOHSNEND, BL#ilz
175 d O CHE L cBERIATLHIE B B ERMEL D
Bo LIchioT, TRDLOREERIT 5 IDITHET
F I FERICA LB oI H]E S h T
Wh, Linl, Tk HRETIIEBREOFE i
DIKBREIRTHBZ ERNETH Y, BRENEE
DHTHIRRPEE 5 EOBEEW L b A EIEL < HE
T 5 EIIEE R LT,

MR ORFITRT R b, MR, WK, T2
e ERRAGTHRIRHET AL, FS5L4RT 4
7Y 7 v =F VicE OERERE O EFIET S
FEZEND HY9, Pearson b0, b b D23 DM
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DNA #ifTiz X 5 ERIHE

-130

M 1 2 3 4 M 1 2 3 4
5 2FEAULIAT 74 VHIE S OMERIHEIE
A BiEofEg B ZMEoEAR
v—v1, 2 :MEKR v—v1, 2 :ER
v—v3, 4 0EER v—v3, 4.0EEER

M 123456 7 8 910
6 PEREEEE OEFIEOMEREE

v—v1, 2 :Turner fEREE (45,X0)
v—v 3, 4 :Phenotype B (46,XX)
v—v5, 6 :mosaic (46,XY,47,XYY)

v—v 7, 8 :Supermale (47,XYY)

v —>9, 10 : Phenotype Z & (46,XY)
V—vMinFE~—2
X1, X27514=—

: 1+9
Y1, Y2594 =~

1,85

2,4,6,8,10
a2 ) ver g — NELEEA T, HCEMY
FCEET S & YROEOR OEAE A Bty
FL, BRIzl TR EE R F T B/AME L
LTEHEIhD L RE LI, —EoltRafkRE
EEZOFHEL, Y—7r=+ v IBHEEDO S OT
HYH, Y=/ r=7 Vv ERETEREZOMBITE
HROMEBTH B LHETHZ 2T 5, Bk
CETBY 7 r=5vOHBERIIREER T FY
RUFRETH D, TLEOEHIEI T Y7 r~

No. 1, 1992

V—vMi3HFE~—7H—
Xl, X2F74=—:1,3
Y1, Y2754~ 2,4

£2 KEMHEC L 5 YLROESRY
AV K (170bp) DRHER

mE|E £
Zx/ = e =2 — AP | 1.0x1 | Sem
7 =/ —VHIH - EBTEE 0.5¢1 | 2cm
Tween 20 " bk 1.0p1 | 2cm
O % 50ul | —

FVRRA A v P DAY 7% H S, TR
BE &S ITIEIT A ERAD B, ZDld, FF7

VY =RE— VEERBIZ L BY 7 v =5 VIRHIED,
LHOMBEXRELEBL T BY 7 v <5 VEERH
25T ERL > THETHANETT 5 1o®, HEBENEL D
M2 WL L, HERIHHIE AEHTEIE & 75,

Y fEAR L OBE T 1 M oR ek kb L
TXREELEYREBFCHNISDEIRTN S, B
oY LEMg EoRBEICIIKE DNA 2 BEL,
TTCCA DIEERF%EA L 5 5 HEDORIBE %
&1r3.5kb D2 DR LEF AT = ¥ —FEL, Th
LOBERFI LM SR, £oT, Btk
EWe YHREEODNAYEERHE T 510, Y§3RE
R R e R ERIT DR/t L ORI TR
B THe r DNA 7o — 7 %FAWT, 45 v o
TVEAE—a VLR T B HERD B, Ll
b, ZOHEOREIZEIDI . 5kb DAY F R
H3 B ezt & hic ' 2 & DNA 23 B2
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H

DA TSR TR B TRV X OBRET TR
SERE 2 M 5 o DNA ok oA OR
RMb b, ¥ IRERE DS bBEHERTHR R E
FET B o SR AR LB & e b — IR OREE T
5z LU ¢, X DI I EUBRIRHE 3 5 T
EHRATH B, B3R, McCabe b5 4 » B3R
LAIESOul M B4 F v~ 7V F AL L= 1 v
& - C3.5kb @1V P LT 523 REBD
B 1SRN < B L 2o 10u] DM b oY v FIRHTTRE
THBHE ERALIMZ LI,

SE4E, Saiki B3 2 FEE O oligonucleotide & KE
B O DNA polymerase I #AWT, BB LT3
DNA #f i DHEREF 2T 5 & & 23R RE7e PCR
HEwIE L, Lo L, Klenow Polymerase i3,
QU CLL L2 AE LT ABE AT v TIB W TEEL
CLE 5 Teth, &4 27 AT &z polymerase %iE0
FENENRDY, ThOTERELAETDH > L
Lishit, Mif#iE Tag polymerase RERT2Z LIC
I T, £#AF v 7 TO polymerase DEMONEE
¢ L, BERBIcT s ENTREE R, &
biz, 7=—) VI/REYERETREL Rofclc®d,
HERDITCHIBDBRE LT, 73 1 < — 2NER
TERIETI DL LGS T A D HREENEE Y, R
T REIF ORI R & o LR TEB L Do,

HREE S PCRILOBANTREE b, RET
RSO YREEBRI T 7 4 < — e Sh T
Bo Tod 23, Kogan b2, RIEEFIDYZ 17>
$ ) -0 1 B0 pHY100 3 b EcoR 1 BN %
Petelbdbp ¥ IET 5 7 5 1 = — (-TCC ACT
TTA TTC CAG GCC TGT CC, 5-TTG AAT GGA
ATG GGA ACG AAT GG) w W THRHIZE%T -
foo ¥ 7o Akane B'9I%, BHETIR2E, ZHETIRL
KAV KpMREEND T T4 < —HREL T 5,
B CHE W T 5 A = — ik v b » 2 7RO
T 5 ©T, 170bp & HEERERELE  PCR &
AitB L7 74 ~—Thb, i, Kogan bDOH
Wi A -k BBEHA L b b TDF (testis
determination factor)'"iZiT\VE W SFEEXFL T
%o

PCRE b THMEBER L b HELDNA %
BIERRE e TR T b, BEECH AMERE &
Zxbhd, WA ERHET B RDITIX, 0.5 OFFEE
Me7 =/ — A - EEHESR X 0 Tween 207]
Bk R HIE AR TH - o FEA A v IEFREE

68

g‘ig_.

MR B Tween 2013, Tagq polymerase {H &4l
HIL 7R\ ED b T < (EIEE SDS i X AIEFE R
T aEELEbRTWS, LnLiedih, 6 x AR
A U iE oBE Tween 2001 L% T AET
Bz b, oz LITEIEEEE ~e s m Y
DL PR, Lysis buffer UEO 2 Cldtit~%
7 e vEQERYHE - BRETERVRD, BFEL
#-EE M Tag polymerase ¥fHET 5 LE XL bN 5,

7= =R - =8 — AT, ~e e
v S OB Y HBRET B o L AAETRE TR
OB DNA #1182 = L 3 C& 525, BLRECHE
B DNA k2 BERH DD, Lrl, 7=
7 — A - BEEERE TR Y =/ — AHHIERMER
BEES (vv bV 2 vE) CRETSHDNAR
+EN T B & & 2T E BRERH B0, Lichd
~C, MOMHEL b b T ChFEEE LB,

PCR ¥:13, BB L 7-DNA LERBCTHY L& A
M DNA LT v 7 — b & LTCHEBTIRETH Do
DB FERD= AR Y Y — = v FEOSEOWE
B HoONd OH LI HETHB LE2bh D, M
EEPEM T B oL OFEMRHE Sh T
%, Witt & Erickson®i3, #if#7cIiR € H50ul B L
DETH D EHELTED, HOMHE-~RE R
B\, L Liehih, oRBRFTERRSRRED=
ARy Y ==Y/ EHREAT) 2 e wB 1 OEREL
T\ % e dBPBEOMK N3 5 BE2 <, 50wl
HMlogetnrige X 28EcHoths LELbh
B,

E£EprEdins DNABD B E AL GERLEBRE
ERsEEh T\ 5, BRI B EREEROEE
w&E b DNA Biwouv T, Hukkelhoven 523,
0.5ug Bi#%, Higuchi H®i30.20g AT T, EiRE%
B¢ k10ng AT EME LT3, BFFFETIE, BE
® DNA OKXERS> &S 1rE4R C170bp 130bp D~ v
FRHETTRETH - 1o, BREZERGEREOLD
BEET = /7 — AR« EIBREE & Tween 207
Ecm 2ol Ex BB e Uiz, 7, XBENAv
FoMHE, BE1anTHRETHY, TOL5RER
TEORS| oR{gLkoE - (X 5,000 copies®™, Y:
100 copies®) L BbDEE L BND,

Bt s 74 vHIE REW: DNA BB, w14 v
AREBSES TR T 2 LN CE HIEECEE
HAETH B, 7 74 VIR b0 PCREIILY
= /7 — VI EBEERIBRLERTH -7,

EMNERE Vol 40



DNA iz & % HEBHE

HERTORIR oM 2¥E-+5 = ki, KRB L
b e S IERIERE OB & Dl & TIE
ERERYEOLELLRS, T, QY FESD
Peakr Sk b BRI T IR ER R R HE T
e & 5 7 XX-male % XY-famale 2o\ C 3 DNA
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