-

P
brought to you by i CORE

View metadata, citation and similar papers at core.ac.uk

provided by Tokushima University Institutional Repository

0000 Mooo Mo JUNEMOOIMo oo

O Oogbobbooooobobooood

DHPLCO Denaturing High Performance Liquid Chromatography(] [

oooooon

0O O O OO0 ooo o oo o
0 O oO°0 O O O oO°O0 0
“0pO000000000000000000000

"0000000D0000000
gbomboomooobo

cooboooooocoobooooooooooboooon

0o0o0ooooono Xgoooyooooooooad
00000000 U00o0oooooooooooooo
PCROODDODDOODOOOODOOODDODODOXDOOO
OvyOOOUOODOOOOOOOOOOOOO PCROO
Joooooooooobobobobobboboooood
0000000000000 00O0o0oo0oooaO PCR
0000000 0O00oOoOopPCROODOOOODODODOO
0000000000000 0o0o00oooooooo
0O 0O O O O Denaturing High Performance Liquid Chro-
matography0 DHPLCO OO 000000000000
godoooboobooboooooobooooooa
PCROOOOWbpOOOOOOOOOOOODOODOO
Joooooooooooooboboboobooooon
00000o0o00o0ooo0oooooooooooo
Joooooooooobobobobbbooobooogg

gogbooobobooboobbooboooboon
gbooooooobooboboboooooooobogoDo
ooooboooooobooobOoboPepCcROOOO
O000o00oooooooooooooeseoooo
OooOoDooooogpPCcROOOODODODOCOO
goobboooooobobbooPCROODDOOOOO
oobooboobboDbNAUOOOOOOLODbDOOoO
oo0oobo0oobo0o Xboob yoooboooo
ggoboobobooobbbbobooooobb Xooo
gbo0opPCROODOOODOODODOOOOO PCROODO
0000000000000 000000000R
oooobooobooboobo Xooooyboooo
o000 pPCROOOODOOOOOODODODOODOO

O o0 O 0O oogio

0
0 0°

gdoooOoOoOoOoOoOoOUOOOOOUODUOUODOOoOoO
000 PCROODODOOODDDODDOOOOOODOOO
O0oO0OoOoo DNAOOOOOOODODDOOOODoOO
0000000 00OooOopPCROODOOOODODODOO
gdoooOoOoOoOoOOoOOOOOOUODUOUODOOOoO
googd

0 O Denaturing High Performance Liquid Chroma-
tographyO DHPLCO O O OO OO OOOOOO0OO
HPLCOOOODOODODODOODODODOODOOOO
000000000 0 OJsingle nucleotide polymorphism
gdoooOoOoOoOoOoOoOoOoOOOOUODUOUODOOoOoO

PCREMA PCREMB

PCREMA PCREYB AFATF1TLYIR

I
B7=—UVY

BEHMETRETHSLE
EoT-DNASF D58k

ooobHPLCOOOOO0OO00O0O0O00O00000000O0
DHPLCOOOOOODOOOOOOOOOO0OO0D0OO0O0OO00000

PCROO AOBOOOOOOOOOOOOOOOOOOOG-A

PCROO AOBOOOOOOOOOOOOCODOODOO DNADO
goooooooooooomobooooboooDbOoPCRODO
Al BOOOOOOOOOOOODOOCOOOOOCOOOOCOO
goooooobooOoooOoO0oOoO0ooDNAOOOOOOOOO
OPCROOAOBOOOOOOOOOOOOOODOOOOOO
goboooooooooooooooooooobooOoooooo
goooooobOOoO0O0ODNAOODODOOOOOOOOOODOD

O0DNAOOOOOOOOOOOOOOOOOAWPLCOOOOO

DNAOOOOOOOOOOOOODoOoOO bHPLCOOOOO


https://core.ac.uk/display/197208216?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

M

O00oooooooeim
coooooooOoocoobooooooooooooo

O0000000bOO0DbO bHPLCOOODODODOOO

coobooooooocoooOoooboooboooooooo
oono

gooooan

gbob DNAODOD
D000 O0DoOoMmooooOoOoobDoOOn Maniatis
OFOo0o0000ooggbNAOOOOOO

PCROODODODOOOOOOOOOODOODOD
OngO0O0OO0OODNAOODOOOOMMM MgChOM
mM TrisHCI-buffel pHIIIITOmMKCIIO O] w/vO
gelatin0 OOOmM ANTPO OO pM OO0 0O O O0MMU
TaqGoldDNApolymerase O 0 0 OO0 OO0 O OO0
0000000 ooMmoooooooooooooog
000 oMmo oMo bMmobMoooooooaoao
0000000 mOo0MoooMoooooomPCrR
000MooooooooOooODOoDmMoo0mooaono
O000000ooooooooooooooooon

bHPLCOOOOOOOOOODOOOOO

DHPLCO OO O OOooooooooooano
UnderhilOODOOOOOOOOOOOODOOOOO
OO 0000000000000 00000D0 PCR
oooOuWOO0OO0ODOOODOODOOO0O0O0O0O0 WAVEDODO
oooooobooboooooobooooooo
goobooooooocoooooboooooooooo
O000OC0O0OO0OODDODDO WAVEMmMaker verImm

00 O00o

goboooobogo

goboobogoo

NakahorPlO OO O OO OO PCROOOOOOOO
gobooboobboobboobuooboboooboo
oboooooooogood

O 0

oofomoooomoobooooooooooooo
ooooboooooboooooobooooobooboooobooooo
cooboooobooooooooooOobocOoobooooo
ooOooO0ooboooXboboooooyboooooao
cooboooooooooobooooobocOooobooooo
ooooboooOoobooooboo Xoooyoo
oooobOopPCROOOOOOCOCOODOOODOOCOO
ooooooooooooboooboboooooDo
coobOobooOooobooboobHPLCOOOODOOO
O000O0ObHPLCODOOOODDODOOODDODO AMET
OAMEIODOOODOOOOOAMEINIO OO O OCOIOO
coobooooobooooobooooboboooobooooo
cbooooobooobOoboboooooooogprCrRO
coobooooooooobooooboboooobooooo
coobobooobooooooboooooboooobooooo
coobooooooooobooooboboooobooooo
cobooboboooboooooomooooooooooo
oooboooobooooooooooboooon

a 0

goboobbooboobbooboobboon

00 000000000000000 XO000yOOOooooooooooooooo pPcROO

ooooooog ooogo

ooaoao

PCROOOOO XOyvyOOOooooooooo

O bpO poOooobopPCcROOODOO
AME I Forward : Amel A# 5-CCCTGGGCTCTGTAAAGAATAGTG X106 gooooooo
Reverse:: Amel B#  5-ATCAGAGCTTAAACTGGGAAGCTG Y 112 gooog
AME I Forward : Amel NS1 5-CCCCTTTGAAGTGGTACCAG X:81 oooooogo
Reverse: Amel NS2  5-GCATGCCTAATATTTTCAGGG Y :84 gooog
AMEII Forward : Amel NF  5-CTTGCCTCCTAGCATATAAG X:45 ooooo
Reverse: AmelNR  5-CCATCACACACATTCTTCATC Y : 45

#00000 Amel AD BOOODDOODOOO0OO00ODOOOOMX



DHPLCO Denaturing High Performance Liquid ChromatographyO OO0 000000 N

OO0 ssCcpO00 DHPLCOOOOOODO

oooooood

ODODODNADDD _Cliogoo ooooooooog ooo
DHPLCO OO0 DNAOOOO OhbpO0O mooo ooooooon
oooooon 0oooooog
SscPO 000 DNA 0000 bpOO o 0mo 0oooooooo
. Fdfw=47 FAMEL 0000oDoODObOO0OO00o0oooOoOoPCRODOODOOO
0000000000000 O00oOoUUOoOggeLe
T goooooooboooboboooobobooon
EH_ OooopobobODHPLCOOODODOODHPLCOOOO
N & _jL_ O000D0000000000DNADOOOOODOO
(TE Wi Fo e 0000000000 high performance liquid chroma-
.-n ' 2 1 ) . tographyD HPLCO OO ODOOOOODOOOOOODO

i [ ]
T4 ¥=23 FAMER

L1 il W
? : II | "‘n____ ﬁ:'!'l.: f‘, ] ek
- .I
e ok et s b e IAIAE Tet o |
\“-——__ux_.J‘“ —
A 1 .'.'_“ El a y
R ]
To g =25 b AMIEIE
hl" | {
i I\ |I TS T !
Ly — e d——‘
i. = I'. h 1'\..,.-"
1 15 |'.. '|_\_,_\_,..-\_| -ﬂ"-\_.-'.k_ll |
I 1| = x\"“-—____,_ﬂ-ﬂ""’f' H\“'— ity f
L} rd 1 L 1 k P

T vy

goobHPLCOOOOOOOO0OO0O
000o0ooooooooooooooOooopooooooo
00000000D00O0O0AMEIOOOOOODOOOOOOOO
0000000000 O0DAMENIDOOOOOOOOOOOOOO
O00D000O00D0O0AMENIOOOOOOOOOO0OODOOO
gooooooooooocoOoooo0oOooOooO0oOooOooOoooo
00000000000 bDNAOOOOOO0O0O000O0

goboobooboobboobuooboboooboo
gboooooooobobooooooog
oo00oooO0oOoboooboOoOooboPCcROOOOOO
gb00oo00oooooo0obOobo DNADODDOODOODO
godobooooooobbbo Xooooooobooo

O0P™I O O O U single nucleotide polymorphisni SNPO
Joooooooooobooboboboobobobooood
O0o000ooooooOoRgoooooooooon
oo oogogoaa
single strand conformation polymorphismO SSCPO O O
Joodood bDNADOOODODDDODDOOOoOoooOoooa
gdooooOoOoOoUoOoOO0OOOoDOUooUoOo™
godddoooooooooooooooooon
000000000000 XOoooyooooooo
00o0oDooObOOoOoOoPCROODOOOODODODOOO
gdoooOoOoOoOoOOUOUOOOOOUOOUOUODOOoOoO
0o0oopoooobOoPCROODODDODOOODDODOOO
0000000000000 Xpopoooyooooo
00oooooObOOooooOo pPCROOOODDODOOO
go00OO0oOoOoOoOoOoo bHPLCOOOODOOODOO
Joooooooooobooobobobooboooooa
00000 PCROODODOUOOCODOOODOODOOOCODO
0000o0ooOdombpd0OODOODOODO PCRO
gdoooOoOoOoOoOoOoUOOoOOOoOUODUOUODOOoOoO
Joooooooooobooboboboooboooooa
gdoooOoOoOoOoOoOoUOOoOOOoOUODUOUODOOoOoO
googogo
O0O00o0o0o0o0oooooooooogooooog
0000000 DHPLCOOOOODDOODOOOOO
gdooooOoOoOoOoOoUOOOOOOUOOUOUODOoOO
Jooooooooooboobobbbooboooooa
goooOoOoOoOoOopooopooooo



g 0

ooooOooobOooDbHPLCOOOOOOODOO
gboooooooboboboooooooooobgoDbo
goboobooboobboobuooboooboo
gooooooobooboo

cobooooboboOoOoboooooboobooboooo
oono

g 0

0O O Nakahori, Y. Hamano, K. Iwaya, M. Nakagome, Y.:
Sex ldentification by Polymerase Chain Reaction
Using X-Y Homologous Primer. Am. J. Med. Genet,,
MoOo oo

0 O Mannuci, A. Sullivan, KM. lvanov, PL and Gill, P.:
Forensic application of a rapid and quantitative DNA
sex test by amplification of the X-Y homologous gene
amelogenin. Int. J. Legal Med. TN O3 OO

O Mannuci, A. Sullivan, KM. Ivanov, PL. and Gill, P.:
Forensic application of a rapid and quantitative DNA
sex test by amplification of the X-Y homologous gene
amelogenin. Int. J. Legal Med. TN O3 IO

0 O Sullivan, K. Mannuci, A. Kimpton, CP. and Gill, P.: A rapid
and quantitative DNA sex test : fluorescence-based
PCR analysis of X-Y homologous gene amelogenin.
BiotechniquesII O T3} O

00 O00o

O O Nakahori, Y. TakenekalT] O. Nakagome, Y.: A human X-Y

homologous region encodes "amelogenin”. Genomics[T]
00O 0mer

O O Underhill, PA. Jin, L. Zemans, R. Oefner, PA. et al.:
A pre-Columbian human Y chromosome-specific C to
T transition and its implications for human
evolution. Proc. Natl. Acad. Sci. USATDOOTH
OO

O O Underhill, PA. Jin, L. Lin, AL. Mehdi, SQ, et al.: De-
tection of numerous Y chromosome biallelic poly-
morphisms by denaturing high performance liquid
chromatography. Genome. Res,, 0013 (T

O O Wagner, TMU. Hirtenlehner, K. Shen, P.: Global se-
quence diversity of BRCADDO Analysis of [T breast
cancer famillies and[1J control individuals of world-
wide populations. Hum. Mol. GenetI OO OO
RN

O O Wagner, T. Stoppa-Lyonnet, D. Fleischmann, E. Muhr,
D. et al.: Denaturing high performance liquid chro-
matography (DHPLC) detects reliably BRCAD and
BRCAO mutations. GenomicsID O} (T T b

M0 Maniatis, T. Fritsch, E and Sambrook, J. : Molecular
cloning : a laboratory manuallTTT]

[0 Beraud-Colomb, E. Roubin, R. Martin, J. Maroc, N. et
al.: Human beta-globin gene polymorphisms char-
acterized in DNA extracted from ancient bones
(@ years old. Am. J. Hum. Genet., (MO TH
OO



DHPLCO Denaturing High Performance Liquid ChromatographyO O 0000000 N

A Novel Method for Sex Identification by Analysis of a heteroduplex using Denaturing
High Performance Liquid Chromatography (DHPLC)

Toshikatsu Shinka", Takushi Naroda"", Takamichi Tamura”, Yukiko Unemi”, Keiko Tsuji”,

Kenji Sasahara” and Yutaka Nakahori"

U Department of Public Health, and ©* Department of Urology, The University of Tokushima School of Medicine, Tokushima,
Japan

(Director : Prof. Yutaka Nakahori)

SUMMARY

A novel method for sex identification using a denaturing high performance liquid chro-
matography (DHPLC) system is described. Among many methods for identifying sex, the
most popular and credible system has been the polymerase chain reaction (PCR) method
using the nucleotide primer sets of the amelogenin gene, which is shared on both the X and
Y chromosomes. In this conventional method, the judgment depends on the detection of
the size difference between the PCR products derived from the X and Y chromosomes. In
this study, we adopted DHPLC to detect the difference by checking heteroduplex formation
between the products, which enabled us to shorten the PCR products down to 45 bp and the
separation time within 8 minutes. This new system may have a wide application in many
different fields such as forensic medicine, prenatal diagnosis, inbreeding of animals and an-
thropology.

Key Words : Sex idetification, amelogenin, heteloduplex, DHPLC



