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Finding single nucleotide polymorphic microhaplotypes on the X chromosome and
their application to kinship tests.
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Microhaplotypes, which are haplotypes of several single nucleotide variants
arranged in a 200 bp range, have become a focus of attention as genetic markers for individual
identification and kinship test. In this study, we investigated the X chromosome, which has not been

reported yet, and established 10 new loci with high polymorphism. We also collected Japanese
population data (437 males and 236 females) and conducted a population genetic analysis.
Furthermore, a simulation study was performed for the kinship test of full-sister by the number of
shared alleles using the population data. It showed that the X chromosomal microhaplotypes were
useful in the sibship test in females without their parents.

DNA X



kX C-19, F-19-1, Z2-19 (@)

1. RS OE &=
(1) BHFOHIFICEBIT 2 HEA

KEZC BT 2 A GRA g E Tk, RIEES] (STR) 0V E— M —HEEZA (SNV)
DERE<——2 LTHHALTER (K1), L2L, STRIE IZRMICEABAGEDNE V) &
WO RV bBHEZN, [7—F 7727 MEbR&&— (AKXD 1EFEWE) BB hed
VW, EERE L MGERICFENECRTV] EWVWITA Yy bB3H 5B, —J5, SNV IZZERE
FRWDS, ZHRIENMEV, ZO1DZHOBMNEFANZRLERDHD, MEDIAZA NB2NE WD
TRXVY "D3H 5,
(2) L= -, 4 7anrak4 7

KMy — 27 2 ZFHIC X D, F—40Uk Ed SNVs 0% 7 VL pstEFES A Bz H 2 0% )
AL, NTaRATEERIET S ZEDAREICKED, ~4Z7unrvix47 (MH) W HL
WHEZRIBEXNTWS (B1), MH & 3~5fHld SNV 25 200bp LA T O#iFHIZ A 7ZHhE % LT
BD, SNV ZfHAGOETVE Z e b HBNEWZ RN 2R TE 2, 72 MH ND SNV [#
DHABZIIEHATE 2720, "N RATET7 VAL LTRS 2B TES, Lo CaEblk
MH O+t v b 8B ECEATENESHNUE, STR £ SNV DX Uy bEbhbERio~v—h—¥ L TG
HATx3rEZ 6Nz,

x1. BEEFTHV O S EIE~Y — 7 — O & R

<—%—  Short tandem Single nucleotide Microhaplotype
OFfEf  repeats (STR) variant (SNV) (MH)
T RE D —ATC ATC ATC- —A— -A—T-C—

o ~ATC ATC ATC ATC- —G— T CG—
7L DR LA R NTaRAT

3/4 A/G ATC/TCG
ZEME Ao W PRE
AR = &R B
2. Mo HW

MH ZEERAEETH D, HROKRDF—XBPEBI 205 2 RKNICH 20, X FafkT
372 BRI R AL 2 R LT ORIV, LTd o TARBIZED H IR g &~ —h —
CLTHELEMHZMRTE2BDTH S, ¥/, HAEFEEFHADOR Y 2L —> a3 vy 7 —2ZIUE
THILIWZED, v—H—2 LTOWEBM@NARETH 2 L EZ STz,

93, EmVEEERE T 5 X ffafk MH 2B L, HAEFEEMICBI 27T 0k 4 THEL
INET 3, EEZICBWTMEEEH O~ — 7 —OFEERE, BHFEOMESOMRE X O
MDOHESRIIHINT 2 7= DITRHEARRIRTH D, KifsEd Z0—ix#H> b DTH 5, MH IZBFD
RS TH 2 STR DR E X — 2R [SNP OZHHEDRE | 25 FEz2Hor Z2 shie,

iz, MH OIEE¥ZH<—h—r LTOWEZHL 2T %, BEAIEYITH 20 DEETH
B IN=F 4 T4 = o, HiEN~ —H — AL OREEICE X 2 EDIRETH 5 NHH
VA DR CICE DS MH OWEEBE T 5, KT —Z2E2HWIN—T4 T4 Y N=TF
BT, BT — X & AW BN O N 2 ¥ 21T 5. MEEEEICHE R MH OFEAL & v



FBLUHAEFEEFORE 2L —>ary7—XE2RNEKTZ2T, EEICHIARTESZHD
rEZoN,

3. RO FHIE
(1) BBAZ 7 57— &% W72 AL OEEE
AMFIHATOEBSHZEE L, MH O;ERIFHAEFERHZ NG LTIT5, MH OF
FIZH > T, WMREFMIIED — FEBTHABRIERDOE VDR Y h ARy M ERE, 200bp UA
12 3~5 D SNV 2 & &, "TuxAf TN IMELLLEDZEE Lz, N7 —2D 11000 7/ 4 )
EEND 100 NTOHAANT R R A T 7 — X TCERIUEARE 0.5 DL, Xsiczofiog—ay
2R, TRVAFETHRUEEE 0.4 I EOZRMEDR D 2 ETEEE Lz, REREOHE L,
TP B2 BN B - 72728, 3Mb M EOMIRET 16 #1 (FBAD) FEIRL, NREBLIEED -5
DHARLT T4 <2 —=%VER L7z,
(2) R¥alL—YarsF—xollE
ARNIAERZE-HARANEN 673 A (B 437 A, M 236 N) DMk > & L7z DNA %
Wiz, A4 & 2 BEfk 2RI L =X — 22 >% — (Ton GeneStudio S5) &5 4 75 VK,
WIEEYOER, Ty v — VK, —Fr YV IDIETEET 50, v~ =2 718 L FHERRIC
XBEMINEIRTEDZ AT v TDH D, AMETREIARAZRLT F4~v—FHNTY=2 7L T4
7' VEREITW, 8 PCR TEE%, #% (Ton Chef) XD TTFyFL— ML, >—Fr
B — DT Fze FENTICIIREES 7o 74 YRR L, =7 Y ARIERENI LTV 208G (B
U — F#10000 2L |, On target = 30% LAk, FIJERE 500 L 1), 7287V LD — FHOA
HEfTol, T 5B TIREREBRTHE2F v IV —r 3 =12k, ERDEMNEICTY
NOMEEZITV, RS — 7 o — DR T2 2 L 2R L 7=,
(3) #EE T — & OfFhT & G
BohElHT— 205, MHAGRAS MmGEE
WERTH 22 %2iHi$ 2720 DKEFWN 15 1.00-
EEREE U, X5 ICHERNGHE 21T 5 b T

BB Y I N—F 4 T4 o= &5 D 0.754
TRt A, BHEEOBELAZDOAER, MH MoHE
EHA T OEIEE NIz, XHIWHET—XEIT

i, MBEEHRAERELLZI P a—&ICk2 0-501
Yzl —YarEitv, BRMEFHEL 2.

T/, BEZEBECERR7—F 777 MiZD 0.25-
WTHRET L7z, RIS — 7 >3 —138 3% O
=TIV —NH B BHLNTED, 0.00-

Frequency

ZFDEO5KRT T 1T XBEBICIIEFELRZNY — é&ééugggg%gé

AN YN 2= N = . S QL L L O NNVY

R OREHRHENE DI OWTES LT, RN R R RN
Locus

4. mo%}?z% — + +4& 43 4 434+ ¥+ &

(1) R¥al—aryi—&xrZEsiEE ITTITIEN AN A NN

TERD 16 BRI D S5 B 10 B TRIFR T — & D

?%Fohf:o %_&Z:E@@{j@g%&f@i?‘/“—b‘.\/ 1. X é{ééﬁi?/f 713/\7013&/{ 7° 10 @{j@
YYTRBCEINL TXTX-PINC LB = oy gt TRAN GO % £ T
ryI Y IRISOMHEDEDLON, £z, REX

NTVWBEV T 7L YRT ) AT —REBADP =R LB VEMSFEL, Ea— FEBICBT 2
77 VYRT ) AT =R, FRCHBNEWHFAZORBEZANTFET 2 e BbhoTz, &
BT, MY 7 b OFEERHREIC & - T SNV OB ICHLEED A U 2 ATREM: SRS s, T D

2



BRUCIISMHE 2 I T2 e DNEBETH S Z e b o7,

10 BEALD 7 D VBHEE 3 2 X 1 WSR3, ZAMEDIEIMETH % effective number of alleles; Ae
DFEMEIZ 2.57, BEEEEIZ 0.61 THoTe (KR2)e N—T4 = T4 N=7FHiH 5 DIHED
EETH 5 Fer EIZ, Bayes #EIC X 2#EMEB LU Hz 20/ LR MED 2 2 AH L
B, WINDRKERFEEEE o7 (K2/k), £z, BEDE S EBALROEE A FHEORE IO
TH 2HOIEEMEZH M LD, KRERPFEEIIFEL R o7 (K246),

R 2. X Refafk 10 BEALICB T 2 2D FEEE.

EEf;  MHO04 MH024 MH034 MH048 MHO054 MHO084 MH098 MH104 MH116 MH129

Ae 2.61 2.26 2.34 2.23 2.51 2.55 2.81 2.34 2.83 3.22
Hz 0.617 0.557 0.573 0.551 0.602 0.607 0.644 0.573 0.646 0.689

Ae: effective number of alleles, Hz: Heterozygosity
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