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BEZEZNRBEAAERENERL, ERIEETEIIMNILGTHTRE
B, NEFLREA STR. Y-STR K& Mk DNA R R R. X REekENE
Reafk, BHAME X ROEEHEER RS (X-chromosomal Short Tandem
Repeat , X-STR) 2 BB BAFE, REENEREPHI, HHERELZIL,
AL X-STR ZEREM 1 MEAEESHESMR. b TXRE0EE,
X-STR EREFNEE (WRDIGEMAKIAK. AXRBHEHEIAE. B
AR B REATEERMRSE. HTREFES X-STR £H
B AR REE LB P R R, ARBY T AR5 X-STR EEER
BV KR, REVTEIE 827 MEXRME. 252 FIZPEFHRR, PR
HRMEAEZEE, EHAHMN, MBI X-STR ZHE B AR AL TR AR
X-STR HUiE S e 2.

1. RAEHEGTHERNEL

WIBT YR BEKA, # DXS6803. DXS981 i DXS6809 3 AMEH MR
FAM 172 ($f8); DXS6789 fl DXS7132 2 M EHEEF HEX I5id (£6) &
MEAY MR, A ABI prism 3100 A& 247 (X B3k M GeneMapper 3.1 K #3%
T4 R 7 . GeneScan-500 LIZ™ R#RMT i BEK/S, Al K562, 9948 A1 9947A
FAE DNA RE E S B E B (Ladder). S EEERMME 1~2 MM
BRIt — R AE B AL B 4 Ladder. A B )% 67 2 50 Ladder TSR ER AL,



PRAME

ARMARNEEEY 8 5 X-STR REE, L7, FkEL. RE,
REER., BOET. 250 1T MERTER DNA BERHEY 0.250g, 5
HWiREXE 10~20ng B, BHBABELER.

2. 54 X-STR ZEENL AN

HABIAF RN ST MER AL 827 L P AKX RN 4.5 X-STR
RAEHBBEMER. DXS6803 HEMEILHRH 13 4MSMER, AEfTE
BERSMER, FBRKAD97~1280p » HPHERFHEMERE 11.3. DXS981
FBAFNER, GEFTLETEMEE, FBRADMA 178~202bp, SHER
HHSAEE N 14, DXS6809 H 12 MEMEEA, FBK/ANK 239-279bp, &
frEE 33 B R DXS6789 F 12 MEMEE, HERADNE 150~194bp, F
fr R 16 % 5 #.DXS7132 f th 8 MEALEE 11~18, i BLK /A 276~304bp,
L EE 14 MR H . DXS6803, DXS981. DXS6809 . DXS6789 Hl DXS7132
Z£HEREE (PIC) 4513 0.7163. 0.8123. 0.7992. 0.7473. 0.7004; BHA
fRiRGI%E (PDy) £3)% 0.7270. 0.8405. 0.8248. 0.7901. 0.7644; LAk
REIE (PDp) 43314 09125, 0.9554. 0.9460. 0.9134. 0.9009; =BkEIER
HERR % (PEr) 4151% 0.7153. 0.8218. 0.8018. 0.7471. 0.7210, —BtikIEHE
Bx#% (PEp) 234 05795, 0.7125, 0.6850, 0.6167. 0.5854. iX 5 PMEHE
RAEREEHARMEAZIE, Ko DXS981 BEELHERR.

DXS6803. DXS981, DXS6809 . DXS6789 fl DXS7132 5 MEEEFAr
HEAGEBLALTHEER. EPEBK 500 BTXBEHFRILTEER] 449
FBER, 41 PR EE— (f 82.2%), BERAEHRIEN 0.9994.
Bl s, 5 MEEEYAS Hardy-Weinberg F. RAXARRN 294
B=BE (-2 F1271 FIZBE (B-F) K38 FIRZE, H DXS6803
251, DXS6809 2 ], DXS6789 1%, DXS7132 3 . ¥l 252 FIEANETH
%, SN X-STREFEILRA S3HEA.



@ BUAEEEEEAY: S XSTREEBRAT AT RERNRIREER

3. BE¥NH

M3 MR EFIRN AP R —PRIET X5 M X-STR EFEHNBH L AR
EMERGIE, PR X-STR EEEERTRER + KR RS,

giR: ZHAR 1) BT 1 A-GREIER, FARH DXS6803.
DXS981. DXS6809. DXS6789 1 DXS7132 5 4 X-STR REH R, A#t—H R
FEAREE AT MEETEM. 2) KBFEEAR S I X-STR EEEH
SAERME. REUHE, ZEYNRASHERER., 3) AERHERRONM
RME, BREAEEFEFNEEPEEHHRARMLENE.,

XRia: XREHEREER (X-STR) , RAEATH, £5#
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ABSTRACT

Autosomal STR (AS STR) and Y-STR polymorphisms have been used for
evaluation in forensic medicine. They are widely applied in stain analysis and
kinship determination. In forensic practice, X-chromosomal STR markers were used
limited. As the development of forensic and the complication of cases, AS STR and
Y-STR were not enough for forensic use and kinship determination, especially in
complex cases of kinship test. However, Chr-X STRs are very useful in deficiency
paternity cases, such as paternity determination of alleged half-sisters versus the
father in the absence of mother. Chr-X STR is believed to be a potentially
complementary maker to other genetic markers (AS-STR, Y-STR and mtDNA). We
developed a convenient procedure to amplify a pentaplex systems with Chr-X STR
loci (DXS6803, DXS981, DXS6809, DXS6789, DXS7132)for forensic casework
and increased the pool of relevant data for allele distribution and frequency in Chr-X
STR. 827 individuals (500 males and 327 females) , as well as 252 families with
multiple children were tested in Chinese population. And that provided an
opportunity to create reference databases in the population.

1. Development of multiplex PCR system

The primers of three X-STR loci (DXS6803, DXS981, and DXS6809) were
labeled with fluorochrome 6-FAM. DXS6789 and DXS7132 were labeled with HEX,
A fluorescent multiplex PCR for amplifying five X-STR loci in the same PCR
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reaction was set up. PCR products were analyzed using capillary electrophoresis and
ABI PRISM 3100 Genetic Analyzer, with GeneMapper Analysis Software. The
K562 , 9947A and 9948 (Promega, Madison, WI) cell line DNA were typed for
calibrating allelic ladder. Some common alleles were also sequenced to help in allele
typing. Allele typing was based on in-house allelic ladder.

We described a convenient procedure for amplifying five X-linked STRs
(DXS6803, DXS981, DX$6809, DXS6789 and DXS7132) in a single reaction with
satisfactory results. No stutter bands were detected. About 20 ng DNA was routinely
used, although 0.25 ng DNA was sufficient for allele typing.

2. Polymorphism of the five X-STR loci

Samples from 500 male and 327 female individuals of Han population in China
were tested, 13,13,12,12 and 8 alleles were detected for DXS6803, DXS981,
DXS6809 ,DXS6789 and DXS7132 respectively. Thirteen alleles were identified at
locus DXS6803, from allele 7 to 14, including incomplete repeats. The most
common alleles are 11.3. DXS981 has thirteen alleles from allele 11 to 17 and
including incomplete repeats. The most common alleles was 14. Twelve alleles,
ranging from 28 to 38, were found in Chinese population at locus DXS6809.
DXS6789 has also twelve alleles, from 13 to 24. Eight alleles were identified at
DXS7132 locus, ranging from allele 11 to 18. Forensic efficiency statistical
parametets were calculated for each locus. Polymorphism information content(PIC)
was 0.7163, 0.8123, 0.7992, 0.7473 and 0.7004 for DXS6803, DXS981, DXS6809,
DXS6789 and DXS7132, respectively. The results show the pentaplex X-STR
system had high forensic efficiency. The DXS981 locus is highly polymorph, with
the highest power of discrimination and probability of paternity exclusion among the
five loci studied.

No significant differences were observed between males and females at five
Joci. Hardy-Weinberg equilibrium (HWE) was performed on female samples, and the

genotype distributions did not deviate from HWE at the five loci. 500 male samples
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were investigated by haplotype analysis and for linkage disequilibrium. 449
haplotypes were found, and more than 82.2% of haplotypes were unique. The
hapiotype diversity reached 0.9994. In our study, linkage disequilibrium among loci
was not detected in all pair wise locus comparisons by the exact test.

Investigation in 294 family trios in which the child was female and 271 families
with mother and son, eight case of mutations were found, 2 at the DXS6803 locus, 2
at DXS6809, 1 at DXS6789 and 3 at DXS7132. Mutations were not found at the
DXS981. 53 cases of recombination were found in 252 families with mmltiple

children in which families with mutations were excluded.

3. Forensic applications

Three examples of the practical application in complex kinship testing show
that the five loci of the multiplex system provide high polymorphism information for
forensic identification and patemnity testing, particularly for difficult paternity

deficient cases.

In Conclusion, the pentaplex ChrX-STR systems for simultaneous analysis of
Ioci (DXS6803, DXS981, DXS6809, DXS6789, and DXS7132) have been
developed and may be used to create database of population for forensic analysis.
This might provide an opportunity to develop multiplex PCR by using more loci. We
reviewed the population genetic properties and forensic utility of the five X-STR.
ChrX genotyping can complement the analysis of AS-STR and Y-STR very
efficiently, especially in complex cases of kinship testing.

KeyWords: X-STR, Fluorescent multiplex PCR, Polymorphism
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WM IE DNA R F L2 90 M™Y. EE LM 27 bp, HAEENBK
XA 400bp AT, B LA NS B & B E & FF51(Short Tandem Repeat, STR).
KA ERSMBERLF B, PCR VB RBER, EATHRA. BR. M
BMEMEE, HREGEL RREATHBESREHLA LR STR EEE,
B, BRBEESZNATEE L. REAEEREAEGENP)RMM DNA A
BEME, BREESUERNRBIFEL. B, 7TURMERKN—BH M
STR 1 R#Z:E ¥ b {# Fl (7 DNA B{E47E.,

FNEERFEVELENEEALZ —. ALRTHS, KEFFERLE
LMER B REKEERCRER. BRET-BIBALESEREBHHRE, )
HEREARD AR UHRFNXR. Fit, EEREE THEERRBXERRH
BAERNZER & DNAMDNA)#£HRIE, Y $fafk STR 0 mtDNA S8BT
BRRRXFZMNBRXROMAFREE?Y, T X-STR EHEEFXFNARD.

1.1 X o kit

X pEfkR_EREEK, FERNLERT—X X 04k TEHEREF & X §
5, KEMBE N 46XX, BHMEEY 46XY. Bk, X REARFRIER STR
EANEE L, BHERE 4%, WU —SF&H. ERETES,
BEN X OB LUEER LILBTT LRSS LT, TRFEN X LEARE
WSl TEN_% X REAKERREY, EREIRIBYSERAEK—
BT RAEES.

SR X REAUBERHEAFERBARSRSES, BRRESAL
JL, ERRRFFEMBKE X R4 STR XRE LE 1| MIBBSMER, 7
T X REAREESR 1| MENERGLHEBHRA. X $EEXHBRENBRES
X, 8 X REFEEFCERNEESPRARRONAME. £ BIRHK
KHEEED, WBEKEE. ARXAFAOLEKIAE. BRAES, FHEERE
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it £ e HE DL AR AR

12X BBk STRIARE %

Xgvea kBt s ixic B OB M FRIUEE S, a4 R Xg M 4 gy 1Y
G6PD. XZ+f5 {4 b % R D>VNTR(variable number of tandem repeat) £ K i 713,
g L RANSD. EREKSTRERREAA, Xk EthEH TSTR"
41, HumARAFHPRTB(hypoxanthine phosphoribosyl transferase)2 & 2 FlFEE
2 [MIX Yo 5 4545 5 1ESTR(X-chromosome specific STR, X-STRZEE & 517, 1999
$EEdelmannFSzibor PR IEDXS6807H £ A2 /5, XX-STREBFFIA#HE.
FACEHEH AN TEE¥REMX-STREFE. £EA, SEUFERE
DXS6799. DXS6804, DXS7132/IDXS10687", BHEEZHHAEDXSI01MEE
HLE, XX-STREFRBERNIHEE.

1.3 %A X-STR £HE

HX-STREFIF, EERRBRE. BAFSHE THHX-STREEEH %
EXNANE. FRMX-STRERES WEF. 58 BHKRE. BRI ER
HERELFFIREL-1HEL-2, HA, ARAR—IMEHMHRANEEE, |
Szibor¥ A M ARAK F R FIN W £, BT REEBOMESETHIFEX,
ETHRB LS, B AN EEDNARRNAGE, RUFEFENZESR
i A,

* 111 HEZLEBH X-STR ERERE R
Table 1-1 Information of X-STR loci used in forensic practise

b 475 Elk 27 KBkE  HUERN  #E P

Locus Primer sequence Size (bp) Nurmher Population  Reference

ARA TCCAGAATCTGTTCCAGAGCGTGC 255327 27 Japanese 1
GCTGTGAAGGTTGCTGTTCCTCAT

HPRTB ATGCCACAGATAATACACATCCCC 259-303 14 Chinese 9
CTCTCCAGAATAGTTAGATGTAGG

HPRTB ATGCCACAGATAATACACATCCCC 199-223 7 Korean ‘7

CTGTCTCTATTTCCATCTCTGTCTCC
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DXS6807 GAGCAATGATCTCATTTGCA 251275 7 Germans ™1
AAGTAAACATGTATAGGAAAAAGCT

DX56807 GAGCAATGATCTCATTTGCATTTTTAC  258-286 8 Korean 27
GACTTTATCATAAGTAAACATGTATAG

DXS9898 CGAGCACACCTACAAAAGCT 189-214 7 Germaps ™
TCGATTAGGTTCAGTTCCCA

DXS10011 GGAGTGAACTCTGAAAAAAAA 137257 36 Japanese
TGAAATCATCTATCTTTCTTTC

DXS101 ACTCTAAATCAGTCCAAATATCT 179-233 13 Germans I
AAATCACTCCATGGCACATGTAT

DXS6789 GTTGGTACTTAATAAACCCTCTTT 154-198 12 Germans ™1
AAGAAGTTATTTGATGTCCTATTGT

DXS7132 AGCCCATTTTCATAATAAATCC 272-304 9 Korean 7
AATCAGTGCTTTCTGTACTATTGG

DXS6800 GTGGGACCTTGTGATTGTGT 190-222 7 Korean 21
CTGGCTGACACTTAGGGAAA

DXS8378 CACAGGAGGTTTGACCTGTT 195211 5 Korean 27
AACTGAGATGGTGCCACTGA

DXS8378 TTAGGCAACCCGGTGGTCC 110-134 7 Germans 4
ACAAGAACGAAACTCCAACTC

DXS9895 GGGAGTCCAATTCAAGATGA 162-186 7 Korean 1
CCTGGCTCAAGGAATTACAA

DXS9895 TTGGGTGGGGACACAGAG 139-161 9 Germans ¥
CCTGGCTCAAGGAATTACAA

DXS6810 GACTACCTAACAGAAAACCTTTTGGG  219-243 7 Korean "D
GCCACCATACCCAGCCCTGAATATTA

DXS981 TCAGAGGAAAAGAAGTAGACATACT  178-202 12 Koreen &
TTCTCTCCACTTTTCAGAGTCA

DXS6797 TTCCCTCTCTCCCTCTGTCT 245-281 ] Korean 7
ACACACACCCAAAACCAGAT

GATA172D05 TAGTGGTGATGGTTGCACAG 108-136 8 Germans  ©2
ATAATTGAAAGCCCGGATTC

GATA165B12  TATGTATCATCAATCATCTATCCG 117-141 6 Korean ™7
TTAAAATCATTTTCACTGTGTATGC

GATA31E0B  AGGGGAGAAGGCTAGAATGA 224-260 9 Korean 7
CAGCTGACAGAGCACAGAGA

DXS8377 CACTTCATGGCTTACCACAG 210-264 20 Korean &7
GACCTTTGGAAAGCTAGTGT

DX$7423 GTCTTCCTGTCATCTCCCAAC 175-195 5 Koreen ™1
TAGCTTAGCGCCTGGCACATA

DXS6803 GAAATGTGCTTTGACAGGAA 105-128 9 Germans ¥
CAAAAAGGGACATATGCTACTT

DXS7130 CTGCAAGCCATTTGGAATAT 168-203 10 Germans "1

TCCTAGGACTGGGAAAGGAC




F1¥ @"

DXS6809 CTAGATTATGTAGGAATTTGG 200-244 12 Germans Y
GCAAAATTGGATTCTCCAGA

DXS6809 TGAACCTTCCTAGCTCAGGA 239283 12 Chinese 7
TCTGGAGAATCCAATTTTGC

DX57133 AGCTTCCTTAGATGGCATTCA 106-130 6 Germans U2
CTTCCAGAATCAGAAGICTCC

DXS7424 CTG CTT GAGTCC AGG AATTCA A 147-180 8 Germans B4
GAACAC GCACAT TTG AGA ACATA

DXS6801 CATTTCCTCTAACAAGTCTCC 113137 6 Germans 7
CAGAGAGTCAGAATCAGTAG

DXS6804 CCCAGATATTTTGACCACCA 177201 6 Chinese "%
GGCATGTGGTTGCTATAACC

DXS6854 AGCACTTCTCCTACAACCCTC 93-125 8 Chinese ™
CAGCCTGGGCAGTAGAGACT

DXS6799 ATGAATTCAGAATTATCCTCATACC 236-260 7 Chinese '
GAACCAACCTGCTTTTCTGA

DXS$9902 TGGAGTCTCTGGGTGAAGAG 152-176 7 Korean '
CAGGAGTATGGGATCACCAG

% 122 XSTREHNRNERFIIGH
Table 1-2 Core sequence of X-STR locus

ZRE BRI &M 2% 30

Locus Core sequence Reference

ARA ~{(GCT)s..{GCT,-.. ui

HPRTB (AGAT), 2

DXS6807 (GATA),GTAATGA(GATA),GAC(GATA), i

DXS9898 (TATC){(ATCNTATC), %)
(TATC){ATCXTATCYATCXTATC).

DXS10011 (GAAA),GAAGGAAA(GGAA)(AGAA) )
GAAAGA(GAAA)GAGA(GAAA)GAAGGAAA(GGAA)(AGAA),

DXS10} (CTDW(ATT), “

DXS6789 (TATCXTATG),(TATC), 42

DXS$7132 (TCTA), o

DXS6800 (TAGA),CA(GATA)GAT(GATA),GG(TAGA),TC(GATA), eq

DXS8378 (CTAT), o2

DXS9895 (AGAT),A(AGAT), &1
(AGAT),AT(AGAT),A(AGAT);

DXS6810 (CTGT){(CTAT)ACTGTH{CTAT),CAT{CTAT), un

DXS981 TTNs|(TATC), @
A(TT)Ng(TATC)(ATCYTATC),

DXS6757 (ATCT) N ATCT),
GATA172D05  (TAGA),
GATAI6SBI2  (AGAT),

§ 88§
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GATA31E08  (AGAT), 21
DXS8377 (AGA),(GGAAGA),(AGA){GGAXAGA); “z)
DXS7423 (TCCA)TCTGTCCT(TCCA), 32)
DXS6803 (TCTA),{CTAXTCTA), 1)
DX57130 (TATC), )
(TATC)sATC(TATC)n
DXS6809 (CTAT)(ATCT);N{(TATC)(ATCT),N:o(ATCT), 39
DXS7133 (ATAG), 2
DXS7424 (TAA), 24
DXS6801 {ATCT),NAATCT), =7
DXS6804 (TATC) 1046 )
DXS6854 (TATC) 445 )
DXS6799 (TATC) 4.4 10)
DX59902 (GATA), aq
14X Bef{k STR 1EH

LT A — gtk LR e pRin, BARERI T MM ERIEYRT
95, BEEFRE AR E FEES, o LLEil 2 E 4 5 /8 (genome mapping) K T #% .
ERAEERMTER:

(1) i#4%E&(Genetic mapping), B X3 B Fi(cross-breeding) L, 4
IR L[ Rl (pedigree)] %, #Ti#{EEH(genetic linkage) KB fE A, MR
Rt B R BER S FFIRFEE R A LA B () E(map). BEEEREERBERIZZ
i) fr) 388 £% 25 B (genetic distance), 3L % /B B (centi-Morgan, ¢M), FTRFAAH#
AR CZ R E100R BB RP RE—IRELMER.

(2) ¥ 1k B (Physical Mapping), ‘&M AZZ 341, PCRESTFHEYERAR
HESHDNALG T, MEEBRIMEMFFRTEN, WERETRER. B3k
EEZEFRA A FRE. WEERT EREABE PR 0 B Y I B (physical
distance), A7 Hbp(base pair).

—BRERTF, A MRERIEZ A/ F25MOE, IMbIREEHST 1M
PR, ERYFIERABRGERZ B MR HAH, BERDENS TR
i i A RIRAE, BEALHEHE, WERM. EWEEITR
Rk,

BRI EERERET HEERCELTRESE, MR AER



®IE Wy

(chromosome mapping), X k{EE RHIMIEMMEEH EZ—.
TR EAER S, B DUE R A4S S KM B R e bR i e ek b
IR B, BE% FEA X RAk STR BERCHREATEAT S5 M.

http://www.chrx-str.org/.

#£ 1-3 X-STR F AR 15 F € 6L
Table 1-3 Physical Localisation and Genetic Localisation of the X-STR loci

Physical Localisation Physical Localisation Genetic Chromosome

Locus [bps] (Celera? [bps] (NCBD) Localisation  Location
start stop start stop [cM]
ARA 65549086 66549559 Xqli.2ql2
HPRTB 133340405 133340567 Xq26
DXS6807 4603118 4603 384 4.39 Xp2232
DXS9898 87592564 87612756 Xq21.31
DXS10011 150858594 150858986 Xq28
DXS101 100298583 100298776 101219161 101219387 Xg22.1
DXS6789 92323063 92323207 95255559 95255699 103.56 Xq21.33
DXS$7132 64428357 64448643 83.3 Xql2
DXS6800 TR486555 78486748 93.17 Xq21.1
DXS8378 101494531 10149660 9179962 9180165 Xp22.31-222
DXS9895 8208533 8208678 7236843 7236 989 8.76 Xp22.2-22.3
DXS86810 43879009 43879225 42674944 42675164 63.59 Xpl1.3-11.4
DXS981 68302370 68302558 67980380 67980566 Xql3.1
DX86797 104945941 104946197 107287210 107287478 112.89 Xq22.3
GATA172D05 112970738 112990856 116.17 Xq23
GATA!65B12 118547676 118547812 120603503 120603631 133.2 Xq25
GATA3IEO8 138803502 138803741 139959775 139960022 154.29 Xq27.1
DXS8377 147232725 147232985 149237039 149237284 Xq28
DX$7423 147375183 147375365 149237039 149237284 Xq28
DXS6803 87001142 87001258 86227315 86247427 94.26 Xq21.31
DXS7130 115947961 115948136 117982050 117982225 Xq23-24
DXS6809 94744298 94744556 102.28 Xqg21.33
DXS87133 106532604 106532717 108837688 108857808 Xq23
DXS7424 99497185 99497352 100424961 100425128 Xqg22.1
DXS86801 89419024 89419153 92307317 92327445 99.73 Xq21.32
DXS6804 109598134 109598326 111918852 111919036 116.17 Xq23
DXS6854 128414433 128414541 Xq25
DXS6799 97185059 97185318 107.42 Xq21.33
DXS9902 16084327 16084494 15083273 15083444 22.04 Xp222
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BL R 3 (htp://www.chrx-strorg) ) B ®f, £ % http://www.nebi.nlm.nih. gov/mapview .
http://www.ensembl.org/Homo_sapiens/index.html o

http://research marshfieldclinic. org/genetics/Map Markers/maps/IndexMapFrames.html B 3C#k
(53] (34) g 7 o

BE, AEHAA. SRR FE. AR5/ E SO0 84E 5 3%
PR RARTE~B. B, X PEEHERCHREAERBTRER—F
34 06, 4m DXS7130, Edelmann ! Szibor ** WK & r F458, 7 NCBI U Efr
FrE.

1.5 X-STR EH R W& 5 EH A T&

MEBTARERCRBES REEA, AERENRERCEBMISM
BX, BEEUSE—EMNEERICE, BAYEDF(linkage group). Szibor Z“)
BT 182 MR- E K ERHIE, LB K LOD fA(maximum LOD score)ff] BI{E
# 2.0, ¥iEE LR X-STR EEEA K 4 MEYE.

FBEHBAEEE: DXS6807. DXS9895. DXS7130. DXS8378. DXS9902.
DXS6795.

FEMBAEERE: DXS7132. ARA. DXS981. DXS6800. DXS6803,
DXS9898. DXS9905. DXS6801, DXS6809. DXS6789, DXS7424, DXS101.
DXS7133. GATA172D05.

B=EBBNERRE: HPRT MR AH—F, BT GATA172D05 HiEH.

2 DYE B A E R R : DXS9908., DXS7433, DXS7423, DXS8377. DXS10011..

FAEEZNAP, FEEREMEREREZ AIRESATERE. HREMN
72 K & 2 (6] H A — 8 FEE S A F 45 ((linkage disequilibrium, LDE), iX7F
X-STR FRIUB HMA. Szibor EY B M BN KRLERRY, BR X e
A STR G TR—REafk b, BEEER—EUHN, BALH X-STR EHEZ
EHREERAFE, REOBEEELAHEREHATE.

FRFFAM 5 N XSTR ZEEHMNTFE-_BHA, LA 11,
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Linkage group |

Linkage group 2

| Linkage group 3

Linkage group |

B 1-1 ZE LEAHM X-STR BERERAME (28 hup/www.chrx-str.org/)
Fig 1-1 Localization of X-STR loci used in forensic practise

1.6 X-STR RHER & 14

STR HEEMNA I ERHT B BKE L &M 5 H(amplified fragment
lengthen polymorphism, Amp-FLP) H A, B¥INBEFET M. EH STR
B—REERY, FRPHSMEREANT HABRKENARR. Bk, ## STR
HEBHT BABRKEERNER, TUH/L, STR BEFRERNEETE, 4
regge Rl —oE Bk T, RE STR 48U,

STR MR &V WY LR AR R EH . X-STR e LUABLE RS
¥ 184k 7. 01 DXS7132-DXS6804 H A1 1 % 4. DXS6799-DXS6804-DXS6854
BAYMAL%E., L o0 FR, ATRERNAE, FHEIESHER



D FUAEHEEZER L 54 X-STR EHEELE AT WEENR TR EH1

B, STR H&T #FH XKL, DNA BAEMTICRK. BEiLaR
Wik, T XSTR, CHEAPEAT HAR, N_EZLETHES. 5—
BERGER Y RESHEEST HERML, BR X-STR RATHOEEERK
Bo—i, ERHTFHS X-STR HEEHER, HERFHRENHELE.
HAKEH X-STR MEST HXRARNIFCIUHNER, BEEAREL
. BET, FTRERRIEIRCTY X-STR RET MEZARS:
(1) ZEHA4¥ H(triplex PCR)

DXS6800-DXS101-DXS8377 4
DXS6809-DXS6789-DX$6801“7)

DXS$6803-DXS981-DXS68095%
(2) MEH &+ #¥(quadruplex)

DXS101- DXS8377-HPRTB-STRX-1 "
DXS9898-DXS6809-DXS10011%}
GATA172D05- HPRTB- DXS8377- DXS101%%
DXS$101-DXS8377-HPRTB-DXS981 “

(3) AEHE&F H(pentaplex)
HPRTB-DXS101-ARA-DXS7423-DX5§8377 1
DXS101- DXS8377- HPRTB- DXS981- DXS6789 1“8
DXS9898-DXS6807- HPRTB-DXS101-ARA !
DX$7133-DXS10011-DXS$7424-DXS8377-DXS8378 !

(4 LEX &Y H¥(heptaplex)
DXS6789- HUMARA-DXS10011-DXS7423-HPRTB-DXS6807-DXS101 54



BIE WY

1.7 W9 X-STR I EH

X-STR B KK A E7ET Bk — Lo BRI DR LR R B ER. T
DFBROFNETERR, FEFERN L =RAER ZKIERMAEFH# &R
A RN EAT., Bk, FUERAESHH X-STR EEE, WEEEL
FIA TG HERANRA:

(1) FHATEARGRESEME. SERBEERRORETRSCERREH;S
A, BT X-STR K5 BUEE SRR KT, BEATHNBEENEEE
.

(2) BYEZMEATHAL. XSTR RET HERENAS, BT EERE
B BET MRS, THEEBIEHXR. EARNRMETTREERL
ARRNEEE, Fr iR EEdnERE, FNTREEEATEHNER
B, Fit, BYFRNEAT AR, ERREERPITUFHI S TR E
#RARFIRRRTR.

(3) EATHEEEE, SIRREBT—HELAR, TERRRSATRIAH,
FHRE—ENRELREABRHPHTEE, Bil, BRCHFLHBRR
X-STR 5% #:f.4 STR WS EMEMF, BHIFLRER, FEEELHRE.

(4) it EAE. X-STRAUTH-FEGL, FEMBEOMR, FEEA
HTTRERE. M TFRIVE SRR, BEPREASTAHRRIKRERANZW,
EHNOXRER, TRERSE X-STR ZEEZ FHEHEFRENFN
BEHA—H. AEE X-STR ZAHEARM TIFHERNXARRER.

BLEFTARM, X-STR WNAER BN, B+ EARMRETE D,
HTREFLBEHT. 2HHEBHN X-STR XHE, FratEEELRFKRE
FIFER, AHEMET S A X-STR REBRAE ST BER, HETRE
BEHEEETEARFORERELHE: FELIRRMTFARZEMNEL.

10



P PUKEEESORT 5P X-STREFERAN AT MERNR TR 5

B2EF SPMXSREEERASATEERNET

BY STR WEET MARER TRAERINE. DXS6803. DXS981,
DXS6809, DXS6789 fl DXS7132 5 4~ X-STR XA T X RefathkB -4
EHHD, EN2EHXER. X 5 N X-STR MEREESH, fEp—4
STR ZEHE SHEREFAR - REST MY ROHRED 2, BRER
FRSAMERBEE ST BGME. RESERLIX 5 4 X-STR EEHEMR AL
HEEETBER.

2.1 FRATTE

2.1.1 DNA Bk

MBERFHOFEROFEHEAERERE; =/ HHEEE DNA:
9947A,9948 3 B Powerplex® 16 Kit (Promega, Madison, USA); K562 3 H FFFL
kit (Promega, Madison, WI)

2.1.2

3%
(D
(2)
3)
4)
(5)
(6)
(7

2%
n

F RN

BESAELH  S5417c

PCR 81X Primus 96 Plus
ABI PRISM 3100 38 £ 4-#71{X
ABLEKHL

Vortex-Genie 2 M IERB S &
10ul, 100ul, 1000ul B I 2%
FR KX

Chelex-100

11

(Eppendorf)

(MWGAG, #H)
(ABI, %)
(Milipore)

(Eppendorf)
(Bio-Rad, %[)

(Bio-Rad, ¥H)



2% 5 XSTRERSEILH AT HAERMEY

(2) Tirs

(3) BorisAcid

(4) EDTA

(5) Acrylamide

(6) Bis-arcylamide

(7) Aps

(8) TEMED

(9) 4™

(10) W&

(11) AgNO;

(12) N2,CO;

(13) YkEEER

(14) dANTP

(15) 10X Buffer

(16) MgCh

(17) Taq Plus DNA E4K
(18) HS—Taq DNA B4
(19) Taq Gold® DNA Polymerase
(20) GS500 LIzZ™

(21) =HFHFBME

(22) HIDFragmentAnalysis36_POP4_1
(23) Buffer(10X) with EDTA

2.1.3 DNAE

MR F M A Chelex-100 2B DNA.
M7 DNA $#£5%:

(Sigma, USA)
(Sigma, USA)
(Sigma, USA)
(Promega, USA)
(Promega, USA)
(Sigma, USA)
(Sigma, USA)
(T EEER)
(A EF)
UML)

TR

T MLERA)
(Promega, £H)
(ABI, *H)
(ABI, %E)

(RBEMZER AR, FRIER)
(MEEWERAF, PEHIEKE)

(PE, USA)
(ABI, %B])
(ABIL, XH)
(ABI, ()
(ABI, %H)

(1) B 2mmX2mm mZ2EF 0.5 ml Ep F;
(2) 0 500u1 KE#84i7K2H 10min, 9000rpm B.L 6min, F3% bi;

(3) EXPE Q)

12



P PUKFFLFELX: 54 XSTRERSRAEAT NAENRIRESH

(4)
(5)
(6)
D

MABE L 5% Chelex-100 % 200ul;

56°C UL

100°C 10min, 3&% 5~10sec;

12000rpm EL» 2min, EiFHEI % DNA BRI, 4°C (R7F, £H.

B GBI DNA 8L
B 20pl ik i BF 0.5ml  EP BH. KRS BFEMMRER (2)~ (7).,

214 DNA EH

DNA SE B RAIBBREL MTI: BE Az (M Azsof8; 18 Azso/Asso
{EfditH DNA 2L R H A 5 DNA KB (ug/pb) .

2.1.5

514

DXS6803. DXS981. DXS6809 1 DXS7132 4 MEEBES YK A GDB

(htip://www.gdb.org);

DXS6789 R F 5|45 M Hering S #iEPT , ¥

LHEZREYIRERAAEGR, FEABERALR 2-1 K 2-2.

R 2151F5. RAFCEREHELL
T able 2-1 Sequence and lable of primer and chromosome localization

E RN B REEEM KRR 5955

Locus Localization Lable Primer sequence
DXS6803 Xq21 FAM F: 5’- GAAATG TGC TTT GAC AGG AA-3’-3’
R: 5’- CAAAAA GGG ACATATGCTACTT-3’
DXS981  Xql3 FAM F: 5’-TCAGAG GAAAAGAAG TAGACATACT-3’
R: §-TTC TCTCCACTTTTICAGAGTCA -3’
DXS6809 Xg21.33 FAM F: 5°-TGAACCTTC CTA GCT CAG GA -3’
R: 5-TCTGGAGAATCCAATTITGC -3’
DXS6789 Xq22.3 HEX F: 5-GTTGTTACTTAATAAACCCTCTTT-3'
R: 5-AAGAAGTTATTTGATGTCCTATTGT-3’
DXS87132 Xql2 HEX F: 5°- AGC CCATTT TCA TAA TAAATC C-¥
F:

5’-AAT CAG TGC TTT CTG TAC TAT TGC-3’

13



$2# SAXSTREEERAE ST MAERNRL

R 2254 X-STR ZEFHEE B RA MLk DNA HREGR
Table 2-2 Information of five X-STR loci and results of allele typing of standard cell line DNA

HE g SMRENE HFBRKE@Ep) HHEETER SNKDONA 55 (Typing of cell line DNA)

Locus Allele number Size (bp) Allele rang K562 9947A 9948
DXS6803 13 97~125 7~14 9 1,11 12
DXS$981 13 178~202 11~17 13.3 133,143 143
DXS86809 12 239-279 28~38 M 31,34 1
DXS6789 12 150~194 13~24 21 21,22 20
DXS7132 8 276~304 11~18 13 12,12 13

2.1.6 FHBERRFH

BB 250 , A 10-20 ng K DNA, 200umoVL dNTP, 1.5mmol/L
MgCL(ABI, USA), 1XBuffer(ABI, USA) , 1.5U TagDNA E &8 (OGold
Taq DNA E4&8; @ Tagpluis DNA EA58: @ HS-Taqg DNA K&K,
DXS6803 . DXS981. DXS6809. DXS6789 F1 DXS7132 5| ¥4 %l %
0.47pmoVL. 0.40 pmol/L. 0.43 pmol/L. 0.49 pmol/L. 0.54 pmoVL .

7 Primus 96 plus  PCR §38{X Ly 18, &£H4WTF:
f8 Tag-plus DNA T A 8= HS-Tag DNA R &85 :

94°C  Smin

94°C  45sec

60°C  45sec 30 MEEF
72°C  45sec

72°C  Smin

{# Gold Taq DNA B4 8.

95°C  1imin

94°C  45sec

60°C  45sec 30 M B
72°C  45sec

72°C  Smin

14



@ PUAEEELRRY: S X-STREEERRE AT WEENR IR EHH

2.1.7 PCRPEYHMSHH

X URAE BB Rk o B

(1) M 6%IERH
30% Arc: Bis (29: 1) 8mi
5XTBE 8ml
TEMED 20yl
10%APS 200ul
DDH,0 24 ml

(2) BER

(3)  E#: W2uPCRE=Y5 EREMHRSE LE.

(4) k. {EE 450V, {HiE 20C, Bk 3h.

(5) EBff: 10%ZEEE 10min—ZFBAKE 1 R—~1%HNO, B 1~
2min—~ZEKEE 1 K—0.012moVL AgNO; 5 15min—~ 18K 2 1Kk
—+30%Na,CO; ZEFH I DNA £~ 10%KEREE~HEREE
ERGRBAL, KESCCRAET.

ABI PRISM 3100 #i {54 i (X 2 8

(1) FFbl:: FRRBEBFE—-THEE GEA Win2000 R4) —~FH
3100 EHAEPE (EEHNHEIRE) /B335 3100 DATA Collection
R

(2) RBHE: EPBERAREGCENSE. TAE. Buffer BERT,

gk, BT, ER: EFSEENMILEEN POP4 K, #
H %5, Buffer # B4 1| X Buffer ¥ #. Wi Run 3100 Data
CollectionVersion2.0 ¥ — R i X L= P Wizards— s i Fill
Capillary wizards, X EHEHK—-EHE AR RE).
(3)  HAEE:
GeneScan™-500LIZ™ size standard  0.3pl
LR PR 0.7l J
BYEHRHEC, SEM 1000 BEY, M PCR =4 1.0ul, BHE

15



F2E SAXSTR ERERAR &S MARNORL

Are 95°C ZEHE Amin, WEKEPAH 3 min, B 10.0u1 FHEFHIHF A
HEBE 96 JLAERIR, FEA 3100 BAESHSOGHT K.

(4)  ®ik&H: 14.7kV, 130pA, 14.8mW.

(5) 4345 GeneMapperIDv3.1 ¥ 1.

2.1.8 ZEFABE (Ladder) M1%l%&

HENEEBARRSAEEHIERR QT DT E, HE 6%IEEH
BRABRR: Lk, B, 2%FTF 20001 EP Bh, b1 100p HEBA
AKEHIR, B 1.oul EiERHIEHER DNA, BRIELAESY 1, BEE%SM
EEY, Eh&EERER Ladder, (1) UEHEE Ladder HEIRALE
B E Wy, BAT HA=YE % 5 MEEEE S 8K Ladder; (2)
1RAE & R H P Ladder ZEJERE RN BMAE I Ik £ HI5859, LB &
LK & Ladder 4, B 2.0pl fEME4R DNA # 2.1.6 &4, FHA 54
HF B Ladder. -20°C - HF 4.

2.1.9 FFlaHr

B ERREMHEARFRATWF.

22 4R

2.2.1 ARS8

HEFEEY ¥A Tag-plus DNA 48, PCR =YWHBRRERN, 54
X-STR BHEH B ISR BEM AT, CENERMT EHFRKELTRAREIE
HEneERE. AREERFASMER L Ladder SR RLE 2-1, 2-2, 23,
2-4 {1 2-5,



@ AL L 54 XSTR EFERAEAY RAFNR IR S 58

| St —
:‘f — = .
- —— -t Ladder: 7" 13.3
—— B
- =
Bl ™ =
3
I T 7.3 9 10 111232 .313.31

B 2-1. DXS6803 %[5 % %47 %M & Ladder(L: Ladder)
Fig 2-1. Figure of allele and ladder at the locus DXS6803, (L: Ladder)

E-ﬂ-‘-“”‘.-‘a } Ladder: 11717

I 1212313 13. 014 14.31315.3 16 13

A 2-2. DXS981 e £ %4y K K Ladder (L: Ladder)
Fig 2-2. Figure of allele and ladder for the locus DXS$981 (L: Ladder)

Ladder: 28° 38

H

I. 2R 29 30 31 32 33 34 35 3637 38 1

# 2-3. DXS6809 HHEE L St H W X Ladder (L: Ladder)
Fig2-3. Figure of allele and ladder for the locus DXS6809 (L: Ladder)

E H : Ladder: 13717, 19723
[ — 3 '
. -
.
|

Lo13 4 16 16 17 19 202 22 23

24, DXS6789 M ES{r R K Ladder (L: Ladder)
Fig2-4. Figure of allele and ladder for the locus DXS6789 (L: Ladder)

l.--""'"l et

L 111213 14 15 16 17 L

B 2-5. DXS7132 E[HEE & S5 H & Ladder (L: Ladder)
Fig 2-5, Figure of allele and ladder of the locus DXS7132 (L: Ladder)

17



F2E 54 X-STR EEER AR MERNR Y

222 RAFLTIVHET M

(1) FHAFILT Y Ladder &5 R
FHENE Ladder AFAE AT BIKRY 6, 7R ABI 3100 #1557
Xk, 4RIAE 2.

[ BEEE =

EFT_ _'l [ — - S— ]
] 1 (] i I 1% b =

‘ #me M i

IL'J (| G Gl o G e 5 | B ]

s [l e &+ hal Bl Bl oA
Aok BEX =
[ —— - o m -
- ' | 1
- |1H| “l" LA |

K 26. 54 X-STRZEE Ladder (ABI 3100 FiK )
Fig 2-6. Figure of ladder of the five X-STR loci on ABI 3100

(2) 7 Tag DNA R &M H L
LR AA T 35 Tag DNA E &8 (DGold Tag DNA K £ 85: @ Tag-plus
DNA R &% @ HS-TaqDNA B &8, WaTLIBHENELE. RE2-7. B
2-8. T Tagplus DNA REMMNEER, REER, SEENUTLRAR
8.
(3) REELN
L K562 AR, 4RERINYTEIEKREIEEN 0.25n0g, WE 29,
(4) HREPME DNA 4R
ISR R A R AR RIS AT, LA 2-10. @ 2-11; Bt
% H DNA K562, 9947A, 9948 ¥R R MK 2-12, HREMH, HBARLE
o Ladder 7> B R AL .

18



61

aseruwijod yNQG bel samp Suisn £q wNT W[ [[20 796 Jo weidowioydonods YL /-7 S
MBI HECENOH YNARE LTH

g 2 8 @
7T YO —— ,_‘4 = e
| ﬁ e oot
L 1

(mnd o
a_ L : I i
_# | ] 7 8 _ e
| xeot s ey i 0 w00
5 5 5 &
| g A—.I .ﬂ | | .

H.ﬂmmm..mn__ EEEEMH“&!mMH

-4
&
1
i
t
-4
g
.

i

t

BEEYTBREHM AP EHANMF ALSX 4§ " ARW&T ML T oy



asesowiljod yNQ bel, sonp Suisn Aq VNI 9U1 {192 V Lb66 Jo werdopaoydonosss ayJ §-z "84
R VLV66 R A4S BHWO¥ VNA e 8T

in LA ¥ bl 1 bl ¥ v v
LI I « i Il Lt
= N - S R — |

K e (i | xon (o

[ m g v n Tom g 0V
5 % THE. 5
1 A 1 3
ﬁ& ] [ m W. m “ Kl 3 m m m m m m m m m m ﬁ
& o fing PdYu B o ]
bs obs [ gy s obs =y g nha)

TRUFURM LG EHLHATALSX LS BTH



(8u §~8ugz'0 VNG 2eidwaL) Ananrsuss jo wesdoproydondssrd 3yl (V) 6T

1z

(8ug~3ugz'0 VNA M¥) MEE®wY (V6T &

_H.._...q -~ ...”.n. " - & £ o ()
___ _ n ¥ e _‘ T
e e i gy (g
u o [ [ | Ttee L]
_m_”q i ) ) {0 L]
“._ d . Bills T -
T gy e QS S e T e e mp e
B T B [ ] o iy
) ) if : - @ _M-H_ ,._.mlq .
[ ] 4 . T %
i L = T e T
[ ] ] Gugerny [ | Toee ]
= ; - i T L
T e R gy v gy
] oo e oo | | T Owr dirt
b1 obs . oy g b3 obs ~ o i

RYZUTRUEH WSO EWXTOFALSX L § TRULTILY TR oy



(8u 0g~-8uQT :YNQ 2edwaL) Anantsuas jo wesdoloydonsep syl (d) 6T 3id
(38 05~3u0T VN Wigh) WHEBEY (8) 6CH

N . T - £a 8 Y
| | __ I - i | JE-
" -E e — T — ]
Fo Lo ] | | Te0e L]
I ; _= : 8
| | L i I _ s
= H-E & - qr..iliﬂl.l}:llﬁn " ==t |
IO L] b1 Py
T SRS CHIPICE S B ] C .
_ _ | e TN % [ o
= " a-E " "~ E}ﬂlﬁ N e | |
e L | e Ll
a ] = 5 8 .
| q 3 T q T -
"l < Y S=ERalia " e[ M s )
| | TE0e Pmpny u TeeE o
bs abs -y g oy bs ebs L] oyl

TRHEHHACEULHAT IS L S BT E



174

ATiurey orn ul wIsAs Y LE- XD xojdeiuad jo wreaoaoydosyos)o syl 01-7 4

BHACEYHUTHA=IFT O-ZH

Lol LT _._.nm.n-

= [

.._..H.ﬂ_ | | __:.

L Ll L. . ﬂui i i i [ ] :
M % B %_ 5:__ M-
L -t r4I. ez . i) ) - - m = - ]
ELL - B £ L]
_ i . =N Mmu . |k..._l. _ - _mn mm.n ..ﬂ_ ||||| .M|_|||_“i.
SEE= TR e
Y g .._..I&._. L .._..u_"...__:.
| T T | ul | | (T
R T ————=" " ——
S s —— e
= = === 0

REFTTERWH VM LSS ENLWETALS-X L § XA LT Wl Y T

@



URIP]IYO USAIS YIIM BUIWSNS SYI WY Wwa1sAs Y 1.S-X D xo[dejuad jo mesSowsoydonoaja sy (¥) 11-7 "9id
B ACEYHTHEELELEL L (V) 1itH

i T _ [<] ] .
T P i -
S e g mer ar mr w_ e e

| | Toan e n e g
i M
) . = | = L)
_ ] I Jo _ Hilki | fos
| ] Taan Iy n free Lp——
||I1.-.ﬁr."..,.“,. -1 e ag mm_u AL
| - i -
R ———— al Ef—N-llm “ - _.lllli_]lLIEI " ==Y’
— R - : e
- ] ﬂ u q - lu. m w " B i - _.l.ll.lli " I.... B - m u ﬂ
b oba "~y ) oyl Bi abi Lad |al..l...

TBMNERM FOENEHT YIS X L § HTE



UIP[IYO UDASS M BUIUIIS 9Y) UT wi9lsAs Y 1.§-X D x3ideuad jo uresFolasoydonasie syl (4) 11-¢ 314
B ESEYHTHEELLHEL L (D 1TH

L
A m IC]

" § - i1,..h,+7.- —— w"..:
| | xeen It v
B =
T

[ ] Tawe [

(i

] =
Y ! -

- L] En_ ,
_ ' I 9%
il

1 i o

|.||..+..-..4|1l|l.l —_— I:|.-«m,1||. . — F

u e, (Omt——

4=
42
=3
b 1

_.!Ill|i_t|i|llii Bl e )
i

] 0 N ooy

RS | T d _l_

PIFTTENEAM LG BEHAHATULSX L § X RUHT WAV Ml oy



Wa1sAS Y LS-XYD xojdeiuad ynm poasteue £q wN( [07u00 Jo weidowpioydonsap ayy, 7i1-Z 3y
B Ry 49 & BB G B R B TI-T

l_l Iﬂmlﬂln&ﬂ._ﬂ-m!mwﬂ

-—:j[::.]

== iy
i
-i=
——-:{il
¥ & j@
i

-

& (.
|
—(E
_._:.IE
——’
1

TEEEYHSLEWLHNIT QISKL S HTE




D GUKEFEEELL: 54 X-STRENERET AT MERNE LR EHH

223 SMERAFER

e B B P BEA UGS TN S0 ZREATFF 447, WFFERE S A A
2-13~@ 2-19, 5 X-STR BREEBAHE > S ERERWT:
DXS6803 12.3 £5# 5 Prao-Nig-[TCTAL1-{TCA}- [TCTA]-Ns-Pra2
DXS981 14 %324 Pras-Ns-TT-Ng;-[TATC14-Pra
DXS981 14.3 45434 Pras-Ng-ATT-Ngs-[TATC)y3-[ATCHTATC]-Pra;

DXS6809 32 % Prso-Nir[CTAT)s[ATCT]s-No-[ TATC]:-[ATCT]s-Nyo-[ATCT]12-N3;-Przo

DXS6809 32.1 B Prog-N37- [ CTAT)o-[ ATCT)3-No-[TATCls-f ATCT]6-No-T-[ ATCT}1-N31-Prao
DXS6789 20 % ¥328 Prys-TATC-[TATG]10- [TATCJs- Nao-Pros
DXS7132 15 £5#0°4 Ppaz-Nio-{TCTA)15-Ni67-Pras

23 g

231 HEVHMERBEREE

D)

2

ARRELEFERARL GV MO ER R, RETUTANTHEEK:

ML TR —EFA: A TR—REENERE, HR%EEHENRE
RS SEEEWNLG TR —MESBZA, EEHRE, ETUAEY
MEL AN, BIE Szibor HH/EE, DXS6803. DXS981. DXS6809.

DXS7132 F1 DXS6789 BN TR 9B, MBEY#E.

BTHH: BiX 5 MEEES, TRIBARINEERET AT X
PEEE_ESRAMERE, W ARA. DXS6800. DXS7424, DXS101,
GATA172D05 % . (BEREFBT MER KA, XEXRBHT MEEE—
BEE, FRTHOEDRD, BHTR EEANEESY =Y,
1 DXS101; FHRESHIAESRRNE (WPTFH), I DXS7424; M
Ef B DNA HRE; FOMERNAENZEHERRS,

Chelex-100 iERE MR M & 2~3 RZGE#E FH ¥k 2h. i DXS6803.
DXS981. DXS6809. DXS7132 M DXS6789 iX 5 MHEESR T . £
BEHPHAMR=ARLEEHTHER =BT ST 4R, H5RD, BE

27



B2E 5PN XSTREBEFOLEST WERMEL

(3)

(4)

Yo, GEREW, FSREHRS. MBRFRETRES TV ¥, UK
FHERERITEET H.

F=mrREERES: RATHEERERBRAPMIZEENKT 30
bp, SEEBNSNERZEASISREES, THSE. DXS6803 £
B 8 e A B B Sk 97~125 bp, DXS981 2§ 178~202bp, DXS6809
% 239~279bp. DXS6803 5 DXS981 13 53 bp , DXS981 5 DXS6809
#2237 bp , HUX 3 AN EEES WA R —FK L E 6-FAM #5id. DXS6789
R WY B BACTE A 150~194bp, DXS7132 3 276~304bp, #EH
% 82bp, X2 MHEREESIMAR—FKXFE HEX #7id.

31U AT 5 R AL . MMEE R, RAERESIWORE, FEEEZFK
FHSNBATERS. WM GATA172D05 EE &R, DXS6803 314
¥R IK, T DXS6809 REMBI M, BT FEHETIMWHRE. Rin
GATA172D05 B RER, &3|MAIKE S TRE, KANFRERET
WS R, BURFE GATA172D05.

232 HAVH&40ERE

(D

(2

BT HEREHE, ALREFRHRTUTILA ST EERMEE:

IR ERLLA]: LR RIS IPNRESERIRER —ENXR, K
BORERARR, SIREER. LEBOREES (10~30ng), &3/1MK
fegsnt, GRWEW; BXERKERMN, DXS6803 HBREY H.
MR LREE 2501 {K %, IR DNA 4 10~20ng, 1% 2.1.6 R4-¥ 1861
EBMER.

Taq DNA B&8: TFAM Tag DNARER, HVBAENRRHERETE
S8, XA AT B DNA B 55§, .48 Tag- plus DNA K48 . HS-Tag
DNA E& 85 Gold Tag DNA B4 8. 34 DNA WKL H] 10~30ng B, X
3 7 DNA RAMITABEMML R . Tag-plus DNA REMREAHR
1 0.25ng; HS-Taq DNA B&ERIEEHR A 0. Sng. BT Gold Taq DNA
BAMERNE, LA Gold Tag DNA BRAKKH, 4£REW, LR
¥ T/, E2 Gold Tag DNA RAMY WU EHFEE®, BH

28



@ BUKEFAZERT 54 X-STRERERER AT MEENRIREEHR

BRI, EMAERE, FUSMCEERMERERFER. FLRE
B XH Taq-plus DNA B &8, BB EREAIEDIGE, B,

(3) Buffer: B EH# PCR 1 Buffer, £&R &I ABI 2 10xBuffer &P
EMgCLEBRBTEAT MEBHBRENE M BEREN 1.5mmol/L,

(4) iR DNA: 5 ¥ F ERFERER DNA kMR, RIERLR
MZ2%, 1 E 5 ERMRHERR Chelex-100 H:1RE DNA f:18 B 145
B. KT 5 EREEHARA AR DNA & £84F, Chelex-100 83|
MEREREMOFT. FEHgn. £K. NIARMELA Chelex-100 &
R DNA, HREBIEWNSER. RBXAT AT BEREEATELR
MR

233 defe R

S H B ch B A JEA i B Fe Sk e RO X
(1) Forgeries. Ridfes P LRl PCR MM RB A RS, 3
BB LR TR, BAMERRES it iR eh b e F it 69T e e
Bl IXEP N JORFE R A e KO R AT B o B A e 4 F(charged dye
molecules), BB PCR P=HIHE A\ B4 B T tHELFe 6 5ok (dye blobs)™,
AWARREREREEEARTRE D, HIAEL 100bp £HK
DXS6803 EFEELHA. WHEIETE, BHHHA. SHEBKEKL,
WESTRESH, WE 2-9 E HEHFERRENYRE R MR
SR F AR, SRS 5 SRS S IC AR, R S R B,
(2) R 3I403RpE R AR DNA W fRRE, DXS7132 5 HIME (B
i), BLRTRC IR, Rk PCR MAFF &M, BIATREG:.

234 EHAEENE

ALRAKFE S EERFE R RIRE DNA K562, 9947A F1 9948 Jxt B4
K %A R Ladder, [ GeneMapper RN R E{rHH.
(1) S XSTREEBERFFINEH
DXS6803. DXS981. DXS6809. DXS6789 1 DXS7132 AN HFRESH
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F2& 54 XSTR EEE AT WERNRL

5. DXS6803 Fil DXS981 XHBHFERERK, ERASELEETFNER.
DXS6803 REENBHMETEERE, &M% Pro-Nis-[TCTA]-Ns-Pra2, F5E2E
BERBMEEL N Pro-Nis-[TCTAl[TCA]- [TCTA]-N5-Praz. DXS6809 28 3¢
me #8EZ£RE, § 4 ~TEK, 8K
Pr20-N37-[CTAT ][ ATCT]5-No-[TATClo-[ ATCT]-Nio-[ATCT]-N31-Prao»  EANE
KESEREEEFFIZHHY. XFIRA DXS6809 F 1 MARFNER
321, MFEREFERE—ANTEX[ATCT)y fHEAN 1| MHE T, 58
Pr2o-Nar-[CTATJo-[ATCT]3-No-[TATCls-[ATCT)6-Nio-T-[ATCT]11-N3-Prao .
DXS6789 4 #3H Ppay-TATC[TATGlnr {TATCly- Nag-Pres, 8 Pras- [TATGlnr
[TATCly- Nyg-Prose DXS7132 RELIULEFMEFTEEE, BOFFIH([TCTA),
Y534 Praa-Nig-[TCTA)-Nig7-Prass

DXS981 HE BN H K& £ HFHEFEME TT MEARBRK T HHES,
FEEERX LN 83bp bFFRIBE TT RAARANEGSRE-ANAESFIFH
— AL THESY, I EFSA TATC ¥kt T /M ATC. EF AR
SRMEMNER, SHAH(TATO-(ATO)-(TATC) . BEXMENNSMER, £
EEFAHIUARKE 56 LBEAHEAA T BXQATDHEEHHK, A
(TATC)-(ATC-(TATC), EEEMEMX R, RERZL2EHEATLEERZMA
LZ 1bp, W 14 A 143 KFFIHHA Prs-Na-TT-Ngy-[TATClia-Praz :
Pras-N4-ATT-Ng;-[TATC}13-[ATC){TATC]-Prz, 3% 55 Tabbada Z“i¥ i — (R
% 2-3). HHIX— i Tabbada E“VEH Wit T 5I4IEH Pr: 5-GTT TCC TCC
TGC AAA ATA CAG C-3°, RESR5|MREMR. K514 PCR =R/
B39 86 bp, BSAIEE 13.1 BHERM 1339, HAb2HE, EAMRRRT
ERRFIRKENRKL, FREPEFFIMRERBEANLEE.

3o



QD PUATELEERN: 54 X-STR ENBRARAT BEEOR IR EER

% 2-3 DXS981 MEMEENERFIIZH
Table 2-3 Allele and repeat sequence of DXS981 locus

FhrEA HEF7 FEBKMH Size
Allele Repeat Sequence (bp)
11 Pras-TCTC-TT-Ngi-(TATC)1-Prn 178
11.3 Pr2s-TCTC -A (TT)-Ng1-(TATC);0-(ATC)-(TATC)1. Praz 179
12 Pr2s-TCTC-TT-Ngi-(TATC)12-Praa 182
12.3 Prs-TCTC -A (TT)-Ngi-(TATC)11-(ATC)-(TATC)1. Praz 183
13 Prs-TCTC-TT-Ngi-(TATC), 1-Proz 186
13.3 Pg25-TCTC -A (TT)-Ngi-(TATC)12(ATC)-(TATC)1- Praz i87
14 Ppas-TCTC-TT-Ng-(TATC)14-Pra2 190
14.3 Pg2s-TCTC -A (TT)-Ngi-(TATC)13-{ ATC)-(TATC)y. Pr22 17N
15 Pras-TCTC-TT-Ngi(TATC)y5-Praa 194
15.3 Pg2s-TCTC -A (TT)-Ngi-(TATC)14-(ATC)-(TATC)s- Praz 195
16 Pr2s-TCTC-TT-Ng -(TATC)16-Pra2 198
163  Pgs-TCTC -A (TT)-Ng-(TATC)15-(ATC)-(TATC);- Praz 199
17 P2s-TCTC-TT-Ng -(TATC)y7-Proz 202

A(TD: EERFIRIENS TR EDR-B4H - BHFR TT X

(2) FREHwE
SUERGL, BTERBOEXTR, REBEERBEHTATR, ¥

HEASLERRAMRERTHE M EFRAMER. DXS98] HEE, X
AT MERGS TESRBNRFFIN ST 1T gk, ERAA
EESHANBEERUREBMNEMERAHE 1bp, B3 |95 HEETLEN
REFFIMGRe, EREATEEHERXMES LM ATENSAEEHE 3bp,
AE5BIREE. STH]ER, Szibor S™ @i E P DR IIRE
DNA #E4 28, LUKIE Ladder FEMEFEMIGSE, AREFARSTHEREA
HAthtk. AkRBIRAE DNA K562, 9947A F1 9948 KR IF &7 2K Ladder, LR
iF & BHATE B LS IE R
B K562, 9947A F19948 M fkk DNA A Y, K562 H1 9948 IR
Szibor RIE™H—B. 9947 A #& 4 MEEESFRY Szibor —F: DXS981
(13.3/14.3). DXS6809(31/34). DXS6789(21/22). DXS7132(12/12). {H 9947A
FE5h DXS6803 4+ 8 5 Szibor M1 A —H . A LR A =B (EERAEDNNEM
Ni)b 1 9947A F 5 DXS6803 4+ KU1 10.3/11, DXS6803 HLEEFREY 1 9947A
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F2E S XSTREFERRE ST BRRNRTL

AR RS 103/11, T Szibor RIEAIHA 11/11. 9947A F£ 5 DXS6803 4855
Szibor M3 BUAFA—BREE AT R, Szibor HIEIE BT fERMANE RIKE. B
TF 9947A # 5 DXS6803 £ % 10.3/11, XLl RN BRI BikEHE AN
SUEREWAEIR, Bit, TEESHFEMTEFFISH,

24 G

(1) EERAFUHTERE 5 4 X-STR ERESA T X RAKE ZEHHA, 5T
T, BHMF.

QALK FPBESH PCR BASHFHERITRILE
B L RF i REER. ERMS, W ER.

Q)VEFIAMBUIME ST HERNAT 2HRAE, YEYELZEAEE S
¥ BE T H.
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o>
.

I :,.'-. : .'Iu". '. i 'I" -I' .I " :
! '1-;__,'_lu‘._:_uJAx',j“i_rilh.’.!_l'l!l;.!-uJI‘IJ-irIJ-:I.J-.l

f 2-13 DXS6803 ZFEBEM EH 12.3 FF5Ei# (A: EFFR; B: REAFF)
Fig 2-13 Sequences of allele 12.3 at the locus DXS6803 (A: forward , B: reverse)
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B2E ST XSTREFREREOT MERNB L

Ve xn ® - s ™ "
b G T A T (PR e g LN s A
i [\
LTI
i
T i = @ - )
TCADADQA A A ADAAQDTADAC ATACTI TCTC T FQITICCIC O ITAC A AAATACAD T A A A NS TIOO A ATOA
1
. | i |
- . ,
1'a I -'” II Ao AAfL 1 I|' | |'-- '-r rl] |
11 3 e ) | s a AL : i y
Ll IR | | U A AL ll. AL A III|| ||
"o - 1 ne = [
FATATATS Tata TOTATAGADA AT EAle TATTTAT S T T TATATD TATE TATS TATS Tal
)
i ll' "I AL ﬂ l'|| i i il e e i lr'-'."""l-‘n,'- .
'lfJ1:|.11'Jl|!"'|£ -t.JleI'I A T T W et

1]

2-14, DX$981 BEEBESMEE 14 FFFEE (A: E@RFF: B: RIGFF)D
Fig 2-14 Sequences of allele 14 at DXS981 (A: forward , B: reverse)

]
'Il|l1t|1.' '\l||‘|'||"l||.'.'l -in“plq \
.'|!p|]',|
! ¥

lqrql’“--qlq !Ilil"ll.lF1|.1llfII.t '
Lllrll |||!|I.||.H .rrl. ||1I |'I | |I |||I I| |||Ir|h| I'

©
CTTOQAATIATA

QI T C T CCTOC AAAATACADC TAAAMA

B 2-15 DXS981 REBF M EE 143 FFE#H (A: ERFF: B: RAFFD
Fig 2-15 Sequences of allele 14.3 at DXS981 (A: forward , B: reverse)
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1] X n & k] L] n
CTA DDA TTT OO TATCTAT CTAT CTAT ETAT CTAT CTAT CTAT CTATAT CTATC TATCTATCATCTAT

i\ J
AARRA AR AR A AL AR A
1.1

’l",:'l-l |Ii|'.'l I'|'|'.' -.:.*I*I"I'-I"l'lﬁl_",.ll' AN | f Al [
f"'i Mr“uh.m.n’,.u VUV VYV VOV Y VU UV TR

AV AR

[ (] ] I!I 1] (] m FL
TCTATCTATCTATCTATCTATCCTE TATCTETT TCCTCACATCAQCCTAAADCAAAATTOOAT TCTCCADAA

n x a X @
T RAA T T T CTAOC T CADDAATACTOADDOC ATOAC TAGATTATATAGOAATTTAOOCTATC TATC TAT

|II
1

| I TR IR Y !1 TN Ihi 1k
_Ii' “ | i\“ l' !!'III I'|I’I": |'II r_lﬁlllnf'l '|Il:..' Ii'||'|:=-ll!ll|'“"| ’|’||.'i ||l “\.I | |Ir'| Il

II5 I [ 'l_“.l I h'fl'-

@ I Im L) X0
TCTAT E TATTATC TATC ATC TATC TATC TATC TATC TATC TATC TATC TATC TATC TATC TAT

2-16 DXS6809 BHE SR 32 A& (A: EMFF; B: REFFD
Fig 2-16 Sequences of allele 32 at the locus DXS6809 (A: forward , B: reverse)
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H n n €O <] 1) ™
OTAdOAT I TO OO AT O TAT O TAT C AT O AT O TAT O TAT CTATC TATAT CIATCTAT CTATCATCTAT Y
i ] "
'I.:"L:.'llal paaltadheAltarg *.1'-.!'_:!-
FR'h I
I\}H\k_.ll Id__'hiil_lil-'Ir|ln-‘-i]lrrlll 11._L-||j.'-l_.ll _._.]_uh,- [
= &« g 140 ] b o] L]
ATSTA ATCA TATCTA T A TATCTATCATCTATCTATOTATC T TaTE ATCT
} Vo " Ll ' i i | '
[\h el I'I":I'-‘l'r' --'r‘ ""'IFI"||"'rII thl ”"'ll,'l.',-iill' =|'| II'||"| |1 I|||'I
| 1 | |
I11'|I11_|]1]’j;|__|!|l_|._r!.__'_iL| I-|_I|.I_JI'|I|||I! tLluia.illr'; tlln_{lnl ;J._L'L:I ‘1|..4
1% & % | 1 m I
ATCTAT TATCTA TATCTATC S TETATCTET TCCTOACATCAQCCTAAAD AAAATTOOATTCTCCAGA
[

,".' \ '._!II-I". .i'II qul .I iiill.. [ -‘. I-I "
[N

W k] x &£ » L] =
T CTAOCTCAGBAATACTOAQOOCATOAC TAQAT TATOTAQOAATTITOOOE TAT CTATETAT

L] w v (1 {r 1] L8] L]
TATCTATCTATCTAT ATCTATA TA TATCTA & TATTATC TATCTATCATCTAT A TA
- |
(] I\
“I'I"'ll""un ,“'\ haaha i At AR pad o M A AR A AT A
| | I
1|II |I f |.P|' | |r||| Illll i | |||1 II"{I:III I|||||||! | II 1kl
| )
13 1 m m|m = m il
ATCTA ATCATE TATCTATCTATO TATC TATC TATC TA ATCTATCTA ATCTATED TC
|i

YT Y 'I .u al ks
A ey

11'"'! Vit

2-17. DXS6809 ¥HEF A EE 32.1 FFIEE (A: ERFFF); B: RAFF
Fig 2-17 Sequences of allele 32.1 at the locus DXS6809 (A: forward , B: reverse)
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0 1 i 4 ki L n
O TAT OTAT BTAT OTAT GTAT QTAT CTAT CTAT O TAT CTAT CTATCTATCTATCTATCTACCATCTATCT

ey T

et eV RO AV AV AN ARV

] 0 100 110 120 13
e TATTOOTTCT BT CCCTCTAGO AT CCC TOACTAATACKATAGOACATCAAATAACTICTT

0 ] n 4 b1 L] L]
OTTOOTACT TAATAAAC CCTCTTTTATCTATOTATOGTATOTATOTATOTATOTATOTATATA

f 2-18. DXS6789 RREEA 51 20 FFIE# (A: ERFEF; B: REFFD
Fig 2-18 Sequences of allele 20 at the locus DXS6789 (A: forward , B: reverse)
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PLE SAXSTRENEREGST MAERMNEY

] n n - k. L] =

R TIE TAT C AT AT C AT C A T e AT AT FA T TAT ETAT C TAT CEAT CTATC O TAT TODTIOY

= L] (1] (1] i (& -]
QI I ICTO0ADAAT O TOACTAATADADT TTOOCACCAOAATTOOT TOTATADAAATAAAAT TT TAs QA

A f Mn |

i .1;'.'
L VYUY

ACCCATTTTICATAATAAAT C

3 = o m = ] p ] ng
TAATADABT TTEOCACCAOOAOTOOT TCTAT ADAAATALAAAT TITAADAATOADT TTTOTAAATTOOTETT

B 2-19. DXS7132 BRI S ER 15 FAIB i (A: EEFF: B: REFFD
Fig 2-19 Sequences of allele 15 at the locus DXS7132 (A: forward , B: reverse)
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@ BUAZEEARY. 54 X-STREBERER AT WEENR YR EEN

H3E S5NMX-STREAEMNZ M

R X fefofk STR E/FEETAEEHHER, L Y-STR # mtDNA —#
5¥ vtk STR BEA N A TEEZLR5). X-STR 5% e 4k STR HHA H
FEEMFES": e P RN X e LUREA ILBILTE, TRE
X Rtk AR EA L BT X-STR NELH MR REESR, WHEER
FBREEBEN; —B X-STR HFEHHERE, £ X-STR BEMFEEHTR.
HIRFLLEURN X-STR ZERENBIHAREERHREBEALE
B0l kB AL B KRR E A 7 KB DXS6803. DXS981. DXS6809.
DXS6789 1 DXS7132 54 X-STR £, B BEIUKHHEAERMEMA
HRFEEER: RERERAARPER, EdRXRAREAMTRELZNEMN; K
B BIUR R R .

3.1 MR

3.1.1 BEASKE K DNA /1

PENELRAE 827 & (B 500 B, LHE327 8), ENMBTHRR 252
Bl QAMEF207H; 3NMETFISH: aNET 6B SABET3IH: THMEFI
), RRFHIRXBHFBFBELRRA MG Bl EHAEYR GRELRE 2001 F£F
2006 FHHEBE. H Chelex-100 {EIREX DNA.

312PCRY MR R 44
1% 2.1.6 Brid, BERNAZRSERKD 12,50, A Tag-plus DNA KA.
3.1.3 PCR =H1#) W

PCR F=#JK ABI PRISM 3100 #f& 73 474 3k & GeneMapper 3.1 KA 1T
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43%, F GeneScan-500 LIZ™ RWEFKERB XD, FEHEMERE Ladder #1T
2975 gt

3.14 K FESH

F%k {4 Arlequin 1.1 (http:/Igb.unige.chvarlequin) 5347 % 0 5 B 40 . B 45 B4

., BHAKMEMN AL (linkage disequilibrium, LDE) KA %K GDA
( http://lewis.eeb.uconn.edu/lewishome/software html) {E IE A& 5 38 (exact test) B 4T

L HE A ) Hardy-Weinberg #4447, 28 Desmarais 4R #E. AKX 3-1D
HE BHAEIRBIZE (Power of Discrimination in males, PDy); 23, (3-2) it
LA AIRRIZE (Power of Discrimination in females, PDp); AR (3-3) #H#
B AERLEE (Haplotype Diversity, HD); 23R (3-4) iHH =B (-8
-4y AESCHEBR R (PED; HHE B (R-%) FERHBRE (PEp) HAR (3-5)

W, pic=1-3p -5 Sop’p) HHEEBEBEE (Polymorphism

i=1 iml jmitl

Information Content, PIC). n 3t Bt S EH %, pi.pj%%&§ﬁ$o

PD, =1 -Z r’ (3-1)
PD, =1—2(§pf)’ +§p,‘ (3-2)
HD=1x—"—-% p? (-3)
a1 &
PE=1—;:,p,’ +§;p,‘ —(:le,.’)’ (3-4)
PE=1- 2(% 27) +Z. p} (3-5)
324 %



@ BUAZBHLEELL 54 X-STREFSERARAFNEZNR IR SHHE

321 5P X-STREFBEBMEEHE

B 827 HikENELRXAMEG H B 327 Hlit), DXS6803.
DXS981, DXS6809. DXS6789 fl DXS7132 EFE A4y BI# S 13, 13, 12, 12,
SAMEMER, SUERRFBEKPLE I,

3154 X-STREFBSMEAR B KR
Table 3-1 Allele and size of the five X-STR loci

DXS6803 DXS981 DXS6809 DXS6789 DXS7132
Allele Size(bp) Allele Size(bp) Allele Size(bp) Allele Size(bp) Allele Size(bp)
7 97 11 178 28 239 13 150 11 276

7.3 100 11.3 179 29 243 14 154 12 280
9 105 12 182 30 247 15 158 13 284
93 108 123 183 31 251 16 162 14 288
10 109 13 186 32 25 17 166 15 292
103 112 13.3 187 321 256 18 170 16 296
11 113 14 190 33 2% 19 174 17 300
11.3 116 143 191 34 263 20 178 18 304
12 117 15 194 5 267 21 182

123 120 153 195 36 271 22 186

13 121 16 198 37 275 23 190

133 124 163 199 38 279 24 194

14 125 17 202

xF 2o 4 B 4 BUEGE FR 3 GDA(Lewis, P. O., and Zaykin, D. 2001. Genetic
Data Analysis: Computer program for the analysis of allelic data. Version 1.0
(d16c). hitp://lewis.ecb.uconn.edu/lewishome/software.html) 1€ TF & £ % , # 1T
Hardy-Weinberg #7447, &RAEK 3-2 .

#32 54 X-STR E[FE Hardy-Weinberg FH# KR 4 R
Table 3-2 Results of p values for the Hardy-Weinberg equilibrium at the five X-STR loci

HEEE DXS6803  DXS981 DXS6809 DXS6789 DXS7132
pla 0.0001 0.0053 0.6688 0.7944 0.3541

AHHHESB. MES A X-STR RERSA L REE, AX KRR, £+HH
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FIE S XSTR EBEEHEENE

KB EBUAN S LM AT EUER 4 ZREAHTER P E>0.05),
T LLE 3B LIRS AT B RS U EE R E ML . 5 1 X-STR ZEEF
ERAERE T EZHNE 33,

AL EHM M BUE, AR GDA BHTEMTE o, SRR 3-4.

#34 EUTESNpE
Table 3-4 Results of p values for test of linkage disequilibrium

REAEAE B &t
DXS6803/DXS981/DXS6809/DXS6789/DXS7132 0.0038  0.0047

BT 54 STR £EEMNTFR—EHHZ N, ERETEPEEENMNY
Rifite. Bk, FUEHEXS ) X-STR REEHAERIHR, £ 500 L5
MERILE Y 449 FHELAER, B 411 MRMERRME—MI(L 82.2%), HILBREH
BRI R 11.3/13/33/16/15, & 500 AMEPRHA 5 K OF 1%), HEKHN
11.3/14/33/15/14 1 11.3/13.3/31/16/15 S 4 1K (5 0.8%), H 6 FHRER LI
3, F2OMRERMIM 2K, SHEMMERIIED 09994, BERVRELE
3-5.
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H3F 54 X-STR EEEHEEY

#3-5 5/ X-STR EHE(DXS6803/DXS981/DXS6809/DXS6789/DXS7132)
7 o [ 55 A o i) B4 B 4122 (N=500)
Table3-5 Haplotype frequencies of DXS6803, DXS981, DXS6809, DXS6789 and
DXS7132 in male of Han Population in China (N=500)

5 RER W R ST EER B R RSaERN m %
No. Haplotype Frequency No. Haplotype Frequency No. Haplotype Frequency
1 1L3/13/33/16/15 0.010 151 13.3/12.3/35/t7/14 0.002 301 10/13.3/37/20/14  0.002
2 11.3/14/33/15/14 0.008 152 11/13.3/31/16/16  0.002 302 11.3/15/36/16/13  0.002
3 11.3/13.3/31/16/15 0.008 153 10/14.3/33/16/13 0.002 303 11/14/29/15/14 0.002
4 11.3/14/34/20/14 0.006 154 11/13.3/32/20/15 0.002 304 12.3/14/32/21/14 0.002
5 11.3/13/32/16/15 0.006 155 11.3/14/35/20/12 0.002 305 11.3/17/3021/13  0.002
6  11.3/14/35/20114 0.006 156 11.3/14/30/15/15 0.002 306 12.3/14/33/20/16  0.002
7 11.3/13/33/21/14  0.006 157 10.3/14/35/15/14  0.002 307 11.3/15/36/22/13  0.002
8 10/14/34/16/14  0.006 158 11.3/13.3/32/16/14 0.002 308 13/15/33/23/15 0.002
9  11.3/12.3/34/16/14 0.006 159 11.3/16/34721/13 0.002 309 11/12/32/20/12 0.002
10 11.3/13.3/31/21/14 0.004 160 11.3/14/33/17/13 0.002 310 11.3/12/32/20/12  0.002
11 11.3/14/31/16/15  0.004 161 11.3/15/32/16/15 0.002 311 10/14/35/20/14 0.002
12 11.3/14/34/16/15 0.004 162 9.3/15/32/20/15 0002 312 11/14/33/16/16 0.002
13 11/13.3/32/17/15  0.004 163 11/14/32/22/12 0.002 313 11.3/11/33/15/12 0002
14 10/13.3/32/15/13 0.004 164 11.3/13/36/15/14 0.002 314 11.3/12.3/33/20/13 0.002
15 11.3/15/31/20/15 0.004 165 10/13/33/19/15 0.002 315 10.3/14/32/15/16  0.002
16  11.3/13.3/34/16/16 0.004 166 11.3/12.3/36/16/13 0002 316 11.3/15/32/21/15  0.002
17  11.3/13.3/31/17/13 0.004 167 10/14.3/30/16/14 0,002 317 11.3/15/32/15/12  0.002
18  11.3/14/3216/15 0.004 168 10/15/31/16/14 0.002 318 11.3/14.3/31/15/15 0.002
19 1014373121715 0.004 169 12.3/14/34/16/13  0.002 319 11.3/16/34/15/15 0.002
20 11.3/13.3/34/16/12 0.004 170 11.3/12.3/34/22/12 0.002 320 11.3/13/31/16/14  0.002
21  11.3/14/33/21/15  0.004 171 1214.3/33/16/14 0002 321 11.3/12/32/16/13  0.002
22 11.3/14/34/16/13  0.004 172 1L.3/13/31/16/15  0.002 322 11/15/31/16/14 0.002
23 11.3/14/35/16/14 0.004 173 9.3/16.3/3222/14 0.002 323 12.3/13.3/31/21/16 0.002
24 11.3/13.3/33/20/14 0.004 174 11.3/13/3320/15 0.002 324 11/14/35/16/13 0.002
25 11.3/13.3/34/16/15 0.004 175 11.3/14.3/34/16/15 0.002 325 10.3/15/33/16/15  0.002
26 11.3/12.3/33/15/16 0.004 176 12.3/13/3321/14  0.002 326 11.3/13/31/15/12  0.002
27  11.314/33/20114 0.004 177 11.3/12.3/34/23/13 0.002 327 10.3/13/33/20/13  0.002
28 11/14/33/15/14  0.004 178 11.3/1429/16/12  0.002 328 13/14/35/20/14 0.002
29 11.3114/33/21/14 0.004 179 11/15/31/21114 0.002 329 11.3/15/34/21/15 0.002
30 11.3/14/33/16/14  0.004 180 12.3/12.3/29/16/16 0.002 330 11.3/11/34/15/14  (.002
31 1113.3/32/21/13  0.004 181 11.3/14/34/21/15 0.002 331 9/13.3/34/15/14  0.002
32 11.3/13.3/34/20/15 0.004 182 12.3/15.3/34/16/12 0.002 332 9/13.3/36/16/14  0.002
33 10/13/33/22/14  0.004 183 12.3/13/33/16/15 0.002 333 10.3/12.3/32722/15 0.002
34 11.3/15/35/20/14 0.004 184 10/14/32/16/13 0.002 334 11.3/13/36/17/15  0.002
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35
36
37
38
39

41
42
43

45

47
483
49
50
5
52
53

55
56
57
58
59

61
62
63

65
66
67
68
69
70
7
7
73
74
75
76

11.3/14/34/16/17 0.004
11.3/13.3/33/20/13 0.004
11.3/14/34/15/15 0.004
11/14.3/32/20/15 0.004
11.3/15.3/36/20/15 0.002
11.3/15/31/22/13  0.002
12/13.3/32/21/15  0.002
11.3/13/32/15/13  0.002
11/14/34/21/13  0.002
12.3/14/34/15/16 0.002
10.3/13.3/33/21/15 0.002
7.3/13/34/20/15  0.002
11/13/31/21/14  0.002
12/15/32/19/13  0.002
11.3/13.3/33/15/15 0.002
10/14/29/22/17  0.002
12/14.3/33/17/13  0.002
10/15/37/20/14  0.002
10/13/32/15/13  0.002
11.3/14/32/22/13  0.002
11/12.3/33/20/15  0.002
10/14.3/31/21/13  0.002
7/16/34/20/12 0.002
11.3/15/33/15/14  0.002
13/14/33/22/13  0.002
11.3/14.3/34/21/17 0.002
11.3/14/38/15/14  0.002
11.3/15/34/15/18  0.002
11.3/12.3/35/20/14 0.002
10.3/13.3/31/20/16 0.002
11.3/13/33/15/12  0.002
11.3/13/34/21/12  0.002
12/14.3/32/20/14  0.002
11/14/35/20/14  0.002
10.3/13.3/33/16/14 0.002
11/13/34/16/12  0.002
11114/31/16/14  0.002
11.3/13/38/20/14  0.002
10.3/14/31/20/15  0.002
10/12/35/22/13  0.002
10.3/12/33/15/14  0.002
10.3/14/32/21/15  0.002

185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
22
223
224
225
226

11/14/34/21/15
12.3/14/31/15/15
11.3/15/31/16/14
11.3/14/36/17/15
12/14/33/16/16
11.3/13/35/16/12
12/14/32/21113
12/14/35/20/13
11/14/34/16/13
12.3/15/34/16/11
13.3/14.3/31/17/16
11.3/14/31/20/14
11.3/14/31/16/13
11/13/32/16/14
11/12/34/16/15
11.3/11/34/16/13
12.3/14.3/35/16/12
10/13.3/35/15/12
10/14.3/30/20/14
9.3/12.3/34/20/14
11/12/36/16/14
11.3/12.3/35/22/13
10.3/15/31/16/13
11/13.3/35/17/15
10.3/12.3/33/20/15
10/14/32/20/14
11.3/15.3/36/17/16
11/14/32/21/15
11.3/13.3/32/21/14
10.3/12.3/34/15/13
9/15/34/16/14
11/15/33/1712
10/12/33/15/14
10/13/34/16/14
11/15/35/17114
11.3/15/30/15/14
11.3/12.3/33/16/15
11/14/32/21/13
10/15/34/16/14
13/13.3/33/15/12
11.3/13.3/34/16/14
10.3/13.3/34/15/13

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

335
336
337
338
339
340
341
342
343
34
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
mn
in
3
374
375
376

11.3/14/34/15/12
14/14.3/34/16/14
11/14.3/35/16/14
14/14/32/16/14
12/13/33/19/16
12/13.3/32/16/13
10/14.3/34/16/16
12/12.3/33/16/14
12/15.3/35/21/15
13/14/32/16/15
10/12.3/33/20/12
9/12.3/32/16/14
10.3/12/32/21/15
10.3/14/36/23/15
11/13.3/34/16/13
11.3/13/34/16/14
12.3/13/33/21/15
11.31231/16/15
11.3/13/33/16/13
12.3113/33/19/14
11.3/12.3/34/20114
10.3/16/32120/15
11.3/14/34/16/12
12.3/13.3/33/16/16
12/16/3221/16
11.3/13.3/31/20117
11.3/15.3/33/20/14
9.3/12.3/33/15/15
12.3/14/31/15/14
10.3/14/33/2213
11.3/13.3/35/22/14
11/12.3/35/22/14
11.3/15.3/33/21/15
11.3/15.3/31/16/15
11/14/35/20/15
12.3/13/36/19/13
11.3/14/30/16/14
10/14/33/20/15
11.3/14/33/16/13
12.3/14/32/16/14
11.3/13/34/15/15
11.3/15.3/36/16/15

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
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77
78
79
80
81
82
83

85
86
87
88
89

91
92
93

95

97
98

100
101
102
103
104
105
106
107
108
109
110
1
112
113
114
115
116
117
118

11/13.3/35/16/13
11/13/35/20/13

11/11/34/16/14

11/12/35/15/14

11/14/31/21/14

10/14.3/33/15/14  0.002
11/14.3/35/20/15  0.002
11.3/13.3/33/17/14 0.002
11/13.3/32116/12  0.002
11.3/13.3/36/22/14 0.002
11.3/13/32/16/16  0.002
11.3/12.3/33/16/14 0.002
11.3/13/33/16/16  0.002
11.3/13.3/33/22/13 0.002
11.3/14/33/22/16  0.002
11.3/13/35/19/13  0.002
10.3/13/34/20/13  0.002
10.3/14.3/35/20/15 0.002
11.3/13/33/20/12  0.002
11.3/13.3/34/20/12 0.002
11/14/33/22/15  0.002
11.3/13/31/15/14  0.002
10/14/32/23/13  0.002
11.3/13/35/16/13  0.002
10/17/32/16/14  0.002
10/14.3/35/20/14 0,002
11.3/13/3121/11  0.002
11.3/12/32/20/16 0.002
12/15/35/15/16  0.002
10/13/33/16/12  0.002
11.3/14/36/21/16  0.002
11.3/13/33/22/14 0.002
11.3/15.3/34/16/16 0.002
11/15/34/21/13  0.002
11.3/16/31/15/12  0.002
11.3/15/33/17/15  0.002
12.3/14.3/31/16/14 0.002
11.3/14/34/16/14 0.002
12.3/16/31/16/13  0.002

0.002
0.002
0.002
0,002
0.002

11/13/32/17/14  0.002
11.3/14.3/33/16/16 0.002
10/16/34/20/14  0.002

227
228
229
230
23t
232
233
234
235
236
237
238
239
240
241
242
243
24
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268

10/13/34/15/14
10.3/13/36/14/14
11.3/15/34/20/117
11.3/13/34/22/12
11.3/14/34/17/12
11.3/15.3/32/21/13
12.3/13/34/20/15
11.3/14/32/21/12
12/12.3/34/17/15
11.3/15/34/16/16
11/13/34/15/15
11/15/32/20/14
12/16/36/16/15
10/13/32/17/14
10/16/34/22/15
11.3/14/32/21/15
11.3/13/35/15/15
11.3/13.3/30/16/12
10/16/33/15/13
10/13.3/29/16/15
13/15/30/17/14
11.3/14.3/35/20/13
10/13.3/35/16/13
12/14.3/34/16/17
11.3/15/31/20/14
11.3/14/34/22/12
11.3/13.3/34/21/15
10.3/14/35/20/15
11/14.3/32/20/14
10.3/14/35/20/12
12.3/15.3/33/16/12
11.3/15/32/21/16
11.3/14/35/21/15
11.3/15/34/16/15
11.3/14.3/33/22/13
11.3/14/32/22/14
12.3/16/36/20/13
11.3/14.3/35/15/15
11.3/14.3/34/15/13
12/14/31/20/12
11.3/13.3/35/16/14
10/13.3/35/15/13

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002

3n
378
3719
330
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399

401
402
403

405

407
408

410
41
412
413
414
415
416
417
418

11.3/12.3/31/21/12
10.3/14/31/15113
12.3/13/35/20/15
11.3/14/31/15/15
11.3/14/3117/15
12.3/14/34/20/12
9/14/32/20/14
12.3/14/34/16/16
10/13/34/16/15
11/14.3/33/16/15
11.3/12.3/33/17/15
11.3/13/33/20/14
12.3/14/33/20/14
7/13.3/34/16/13
12.3/13.3/31/22/14
7/12.3/31/15/14
11.3/15/35/20/13
10/13/31/16/13
10/13.3/35/20/14
13.3/14.3/35/16/13
11.3/13.3/31/21/16
12/12.3/3121/15
11.3/13/31/16/13
11.3/12/34/16/14
11/12/30/16/12
11/12/31/16/14
11.3/14.3/32/15/12
10/15.3/32/16/14
11.3/13.3/33/22/15
11.3/14.3/34/20/15
11.3/14/37/16/13
12.3/13/32/21/14
9.3/15/33/15/17
9.3/13/32/20/16
12.3/15/35/16/16
11.3/15/34/22/14
12.3/13/34/22/15
9.3/12/34/15/14
11.3/15/34/15/13
10/13/33/17/15
10/13/34/22/14
11.3/16/35/21115

0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.002
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119 11.3/14/32/15114  0.002 269 11.3/14/28/16/15 0.002 419 11/14/35/16/14  0.002
120 12/15.3/35/20/14  0.002 270 11.3/13.3/33/18/16 0,002 420 11/14/36/15/14  0.002
121 11.3/16/33/15/14 0.002 271 12.3/13.3/32/15/15 0002 421 11.3/12.3/32/16/14 0.002
122 11/13/34/15/11  0.002 272 10/15/38/21/12  0.002 422 11/12.3/31/16/15  0.002
123 11.3/14/34/15/14  0.002 273 10/13.3/34/16/13  0.002 423 10.3/15.3/33/21/13 0.002
124 10/12.3/34/15/13  0.002 274 12/15/36/17/14  0.002 424 10/13.3/31/2212  0.002
125 11.3/14/35/20/13  0.002 275 12/14.3/34/16/15  0.002 425 11.3/15/34/15/14  0.002
126 11.3/13.3/33/22/16 0.002 276 10/13/32/16/14  0.002 426 13.3/17/34/22/14  0.002
127 11/13.3/34/17/14  0.002 277 12/13.3/35/17/13  0.002 427 12.3/14/35/22/14  0.002
128 11/14/33/1713  0.002 278 11.3/14/34/20/12  0.002 428 13.3/15/35/16/16  0.002
129 11.3/12.3/34/21/15 0.002 279 10.3/15/34/20/14  0.002 429 11.3/12/31/16/16  0.002
130 11/13.3/32/1713  0.002 280 12.3/14/32/16/12  0.002 430 11.3/12/32/16/14  0.002
131 11.3/14/33/21/13  0.002 281 11.3/15/32/16/16 0.002 431 11.3/13/35/17/15 0.002
132 11.3/15/31/15/12  0.002 282 12.3/14/34/1512  0.002 432 123/12/31/16/14  0.002
133 11.3/15/312114  0.002 283 10/14/33/20/14  0.002 433 11/15/31/15/15 0.002
134 1111/32/16/11  0.002 284 11/14/3216/13 0.002 434 11/15/36/16/14 0.002
135 10/15/33/16/13  0.002 285 107147331716 0002 435 10.3/13.3/32/20114 0.002
136 11.3/13.3/35/20/13 0.002 286 12/12.3/32/23/14 0.002 436 11.3/14/32.1/20/15 0.002
137 11/12.3/33/16/12  0.002 287 11/13.3/33/24/14 0.002 437 11.3/14/31/16/14  0.002
138 11/12.3/33/22/14  0.002 288 11/13.3/34/20/13 0002 438 10/14/34/22/14  0.002
139 10/12/33/20/114  0.002 289 12/14/32/20/13 0002 439 11.3/11/32/20/14  0.002
140 11.3/14/35/16/13 0.002 290 11.3/13.3/33/16/15 0.002 440 10/13/36/21/16  0.002
141 10.3/14/35/16/13 0.002 291 11.3/12.3/32/21/13 0.002 441 11.3/12.3/34/21/14 0.002
142 10/12/31/16/14  0.002 292 11.3/14.3/33/22/12 0.002 442 12.3/14.3/33/16/13 0.002
143 13.3/13/30/21/15 0.002 293 10.3/14/31/16/12  0.002 443 1V15/31/17/14  0.002
144 10/13.3/34/22/13  0.002 294 11.3/13/34/15/13  0.002 444 9.3/14/32/20/14  0.002
145 12.3/13.3/32/16/14 0.002 295 13/14/33/16/13  0.002 445 11.3/12/34/16/12  0.002
146 12/14/35/17/13  0.002 296 11.3/13.3/33/16/16 0.002 446 11.3/14/33/16/15  0.002
147 10/17/30/15/13  0.002 297 11.3/12.3/32/16/15 0.002 447 12.3/12/3516/15  0.002
148 10/12.3/31/21/15 0.002 298 11.3/13.3/29/16/15 0.002 448 11/15/31/16/15 0.002
149 11.3/11/3111517  0.002 299 11/14/33/15/15  0.002 449 11.3/14/32/16/14  0.002
150 10/13.3/35/16/15 0.002 300 12.3/14/32/15/14  0.002

BEHAEIRNE (Haplotype diversity) 0.9994

322 SAEEEEEHERFAARDOLE

() FRIE S B A BRI

DXS6803. DXS981. DXS6809. DXS6789 1 DXS7132 5 MEEEETE 363
ZI"RIUELRME (181 BB, 182 4&ctk) R49EH 13, 13, 12, 9. 7
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BIE S XSTRARBH T 1

MNEAERE, 122 £ HUELXAME (46 BB, 76 HutE) $H5RR
11, 11, 9, 8, 8 MEAERA, ZUEEMELHERENASHALER 3-6.
B XRY, ENRSCAABTERERN S A X-STR ZABHSUERIHER
BEZHERE L (P>0.05).

#3-6 TRIMANEA 5 A X-STR ERES M EEMEREEENASH
Table 3-6 Allele frequencies and forensic efficiency statistics of the five X-STR loci

in the GuangDong and GuangXi Han population

DXS6803 %

DXS981

mE

DXS6868  MiXR

DXS86789

S

DXS87132

s

SUERACER A OBUERASR SH OSMERSK A OBCEESR SR OSCRESKR SR

7 0.00180.004% 11  0.00920.0099 28 0.00370.0000 13 0.00i80.0000 11  9.00740.0099
73  0.00180.0000 113 0.00370.0000 29 0.00920.0146 14 0.00000.0000 12 0.16110.0832
9 0.01100.0198 12 0.05510.0346 30  0.02940.0247 15 0.13600.1908 13 0.17460.2013
93  0.01290.0051 123 0.07170.0787 31 0.14710.1615 16 0369503873 14 0.35660.3439
W 0141501522 13 0267303178 32 0.18380.1714 17 0053300692 15 0.25550.2540
10.3 0.06250.0639 13.3 0.17280.2538 32.01 0.060180.0000 18 0.00000.0000 16 0.08640.0783
11 0.14340.1673 14 0275702256 33 0.23900.2445 19 0.01470.0196 17 0.01840.0245
1.3 0.44850.4157 143 0079001028 34 0.21870.1869 20 0.19850.1862 18  0.00000.0049
12 0.06070.0342 15 0.10480.1181 35 0.10850.1228 21  0.15260.1028
123 0.08460.1123 15.3 0.02940.0293 36 0.04230.0688 22  0.06430.0441
13 0.02020.0099 16 0.02570.0196 37 0.01100.0049 23  0.00920.0000
133 0.00730.0148 163 0.001800000 38  0.00550.0000
14 0003700000 17  0.00370.0097
PDy  0.71230.8043 0.83440.8535 0.82590.8289 0.80330.7665 0.77310.7212
PDy 091710.9010 0.95620.9483 0.94450.9457 0.9094 0.9076 0.89760.9098
PE; 0.78410.7888 0.84670.8447 0.83230.8358 0.7961 0.7864 0.78050.7828
PEp 0.58250.5966 0.71120.7077 0.68480.6909 0.61480.5955 0.58690.5921
PDw: BYEAGFIABIE: PDr: RHEAERSIE, PErn SR (R-B-20) #2

HEPR#E; PEp: KA (R-Z) ETHBR#E: Np5=363(181 Bk, 182 &t); N
ra=122 (46 B, 76 &)
) PENEARSEEARNSEARHOLE
DXS6803, DXS6809. DXS981 @ % i HEMEN K ENHEAR
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@  PUALHLEERL: 5 XSTREEEFLA ST WRENR TR EEE

SEEAMBEABFMLERAR 3-7, X3 MEEBESARERESHEFEEA
HSEEANSEARTHIHERSH A ERX (P<.05).

# 3-7 DXS6803.DXS981 I DXS6809 #1FAr &K 7E HiX e S EEARMEEA
vagiilizlea:d
Table 3-7 Allele frequencies of the three X-STR loci (DXS6803, DXS6809, DXS981)

in Chinese Han, German and Korean population

DXS6803 kA DXS6809 HE DXS981 siE
SR EE PENE ERAPHEEASY SR SRNE EEACGRA SraE P EE SRAAEEAD

Allele  ChinesesHanGerman Korean  Allele  Chinese HanGerman Korean  Allele  Chinese HinGermian Korean

7 ¢.0061 0 0 27 0 00193 0 9.3 0 0.0063 0

7.3 0.0026 0 0 28 0.0026 00400 O 11 00095 O 0.008
8 0 0 0 29 0.0104 0.0171 0.007 11.3 0.0017 0.0063 0.004
9 00121 00024 0 30 0.026 0.0400 0.020 12 00485 0.0250 0.035
9.3 00130 © 0 31 0.1499  0.1455 0.180 12.3 0.0815 0.0500 0.073
10 0.1360 00356 0 32 0.1776  0.1463  0.156 13 0.1508 0.1938 0.197
103 00589 O 0 321 0.0017 © 0 13.3 0.1872 0225 0.125
11 0.1352 02331 0.1166 33 0.2426 02773 0.293 14 02721  0.2000 0.278
11.3 04558 0 0.1401 34 0.2132  0.1878 0.176 143 0.0797 0.1063 0.038

12 0.0607 02626 0.1000 35 0.1161  0.0766 0.176 15 0.1057 01375 0.172

121 0 0 0.0066 36 0.0459 00380 0.053 153 00295 0.0250 0.010
123 00910 0.1252 05600 37 0.0087 0.0082 0004 16 0.0260 0.0188 0.052
13 00156 0.193% 0 38 0.0052 00040 0004 163 00009 © 0

133 00095 0.094 00766 39 0 0 0 17 0.0069  0.0063  0.008
14 0.0035 00294 0.0034 40 0 0 0.002

143 0 00184 0

RAakg1154 815 534 Rtk 1154 1031 450 Rt 1154 160 582
X 95645 63684 X' 8412 2101 X*{H 2214 5498
P& <0.0001 <0.0001 P{& <0005 <005 P& <0.05  <0.005

(3) DXS6789 B P EINEA RS M 7 MR
DXS6789 BN EEMENIMATEHNKARS LM 7 ABEANELEILE
3.8, & X*HRRPEIKEARE DXS6789 N EF S AL T HEEE. HEBE.
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H3H 54 X-STR XEBEMEFN

SEA. mEA, BHTA. BETFANBEANE T IMEANI B ERBERT
2E X (P<0.05).

% 3-8 DXS6789 HFEEEEHENKAR S 7 MR EFMHLR
Table 3-8 Allele frequencies in Chinese compare with that in other population at DXS6789
SR AA B T EEE GRS SEATEEA B A HEHT A BN

Allele  chinese Han Chinese Hui Chinese TibetanKorean German Spanish Portugal  Japanese

1 0.001
13 0.000% 0.0040  0.0000 0.001
14 0.0017 0.0071 0.0010 0.0063 0.010 0.006
15 0.1603 0.0064 0.0213 0.1510  0.0563 0.041 0.0519 0.134
16 0.3648 0.2309 0.0568 0.2820 0.0375 0.013 0.0231 0.327
17 0.0537 0.2368 0.2128 0.0410 0.0000 0.003 0.047

18 0.0009 0.0321 0.1062 0.0000 0.0000 0.004
19 0.0121 0.0000 0.0141 0.0380 0.0438 0.036 0.0202 0.021
20 0.1993 0.0512 0.1135 0.1850 04000 0.382 0.4352 0.13

21 0.1326  0.2055 0.2484 0.2000 0.2875 0263  0.2305 0.234
2 0.0641  0.1795 0.1487 0.0750 0.0875 0.156 0.1354 0.068
23 0.0078  0.0641 0.0638 0.0160 0.0563 0.066 0.0536 0.025
24 0.0017 0.0050 0.0250 0.024 0.0144 0.008
25 0.0010 0.0029

26 0.0029

Bk %1154 158 144 582 160 912 347 471
X 198.45 273.33 4227 16521 653.52 295.30 49.57
P <0.005 <0.005 <0.005 <0.005 <0.0001 <0.0001  <0.005

(4) DXS7132 RS HNEA R 53 8 M RM LR

DXS7132 FEFH S AT EREARS M 8 MRENEERLE 39, £
XHRAEPEURABSBREENEEARDXSIN SNERAS T EREH
S+ & X (P>0.05); DXST132 EFEUKAFSTEEK. HHEFA. HEF
A BFHA. BEAREEAS 6 MRHESUERAMAZERBERTFEN
(P<0.05).
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@ FUAFFLLUBT. 54 X-STR ERERAR AT WERNR IR EHHE

& 3-9 DXS7132 EEB AT BIUKR AR SHAL 8§ MEERI LR

Table 3-9 Allele frequencies in Chinese compare with that in other population at DXS7132 locus

SRR S EBUK P BRI FE R S5 E A BT AT AT TR RN EA
Allele Chinese Han Chinese Hui  Tibetan Korean Spanish Portuga! Hungarian Japanese American

6 0.002

] 0.0027
9 0.001

10 0.00% 0.0028
1 0.0069  0.0256 0.006% 0.008 0.018  0.0202 0.002 0.0187
12 0.097%  0.1537 0.0977 0.114 0.114  0.1009 0.122 0.076%
13 01750 0.1731 0.2232 0.236 0.289 0.2911 0.262 0.199 0.2228

14 03492  0.2936 0.2661 0.328 0326 0.3545 0.359 0326  0.3530
15 0.2686  0.2888 0.3222 0.225 0.190¢ 0.2017 0.193 0300 02179
16 0.0841  0.0639 0.076% 0.070 0.005 0.0288 0.051 0.101 0.0849
17 0.0173  0.0000 0.0069 0.015 0.006  0.0029. 0.007 0.011 0.0212

18 0.0009 0.001 0.002

19 0.001 0.002

Retrihd 1154 158 144 582 912 347 549 573 377
X 14.20 6.54 13.78 12217 4294 39.77 6571  18.66
P <0.05 >0.05 3005 <0005 <0.005  <0.005  <0.005 <0.05

323 SAXSTREEERTFNEABR

WE294ZBE (-B-20) FRANBIZB& (B-F) K&, LKA
#IZEE, HhDXS6803 . DXS6809%2%, DXS6789 14, DXS7132 3. £H
REFXRBRFEMFAER, BAMNBHEI M ERAWEERE, SEEE
SHUEREEFGRAEI-10. 22HBMEFHIFRRAPRUSFEL, HRHERL
#3-11.

51



S35 SPX-STR REEFH L5

#3-10 SAMX-STREHERETEMR
Table 3-10 Mutation information of five X-STR loci

H

e 1750 E BE N fEiEH R Fig %)
DXS6803 12 10.3-11.3 11.3-13 -1 RZ60)  0.23%
DXS6803 133 11.3-12.311.3-123 R-%& A2(29)

DXS$981 0%
DXS6809 32 33-33  32-34 B % #(33) 023%
DXS6809 3233 M ®-F (23)
DXS6789 15 1620  14-20 R-K (36 0.12%
DXS7132 15 13-15  13-14 -k 22(26)  0.35%
DXS7132 14 1212 12-13 R-%& A2(31)
DXS7132 16 14-15  14-17 R-%& (39)

i BAERRBTESMER: S65MFR QuaBIS--4&,: 271818-1)

311 SIFEHMHHSHERE

Table3-11 Typing results of recombined loci for the fifty-three families

WS ERS H: 04 (locus)
No.  Family DXS6803 DXS981  DXS6809 DXS6789 DXS7132
1 F2 F 11.3 15 31 2 13
M 11.3-113  13-14 34-35 16-21 14-15
Ci() 113113 1415 31-34 16-22 13-15
c2H 11.3-11.3  13-15 31-34 16-22 13-15
2 F4 F 113 13 2 15 13
M 11.3-113  123-14 3536 16-20 13-14
CI(f) 11.3-113 12313 32-36 15.20 13-13
2 113113  13-14 32-36 15-20 13-14
3 F6 F 10 12 33 15 14
M 12-12 15-16 3436 17-20 12-14
C1( 10-12 12-15 33.34 15-20 14-14
2 10-12 12-16 33-34 15-17 12-14
C3m) 12 15 36 17 14
4 F11 F 73 13 34 20 15
M 10-10.3  13-15 34-35 20-21 14-14
Clm) 103 15 34 20 14
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10

11

12

13

14

Fi7

F19

F20

F26

F33

F43

F47

F48

F50

F58

C2(f)

C3()
F

M
Cl(m)
C2(H

Ci(f)
C2(m)

C1(m)
C2(f)

C1(f)
C2(H)

Cl(d)
C2(m)

Cl{m)
C2(m)

Ci(H)
C2(H)

Ci1(®
C2(H)

Ci(H
Cx(H)

Cl(m)
C2(m)

7.3-10.3
7.3-10
10
11-11.3

11.3-12.3
113
10-11.3
7

12-13
7-12
712
113
11-11.3
11-11.3

1.3

10
11.3-12.3
11.3

12.3

11
10.3-11.3
11-11.3
11-11.3
11
10-11.3
10-11
10-11
10.3
12.3-12.3
10.3-12.3
10.3-12.3
11.3
10-11.3
11.3

11.3

13-13
13-13
14
13-14
14
14-14
143
13.3-14
14-14.3
13.3

15
13.3-14
14
133-15
16
14-14.3
14-16
14.3-16
14
12.3-15.3
14-15.3
123

15
13.3-15
15

13.3

13
12.3-14
12.3-13
12.3-13
14
14-15
14-14
14-14
14
13.3-13.3
133-14
133-14
15.3
12-13
12

12

34-34
34-35
29
33-33
33
29-33
33
3233
31.33
3
37
33-34
33
33-37
34
31-34
34-34
31-34
38
31-32
32-38
32
38
34-36

20-20
20-21
22
15-20
15
15-22
17
15-24
17-24
24
20
20-21
21
20-20
20
16-20
16-20
20-20
15
15-16
15-16
16
21
16-16
16
16
16
16-16
16-16
16-16
16
15-15
15-16
15-16
20
20-21
20-20
20-21
21
20-20
20
20

14-15
14-15
17
14-14
14
14-17
13
13-14
13-13
14
14
14-16
14
14-14
12
15-16
12-15
12-15
14
15-15
14-15
15
12
1213
13
12
12
14-15
12-14
12-14
14
12-14
12-14
12-14
15
14-15
14-15
15-15
13
12-14
12
12
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15

16

17

18

19

20

21

22

23

F63

F6s

F67

F68

F70

F73

F75

F97

F101

Ci(m)
C2(m)

C1(f)

C2(H
C3(m)

Cl(m)
C2(m)
C3(m)
C4(m)
C5(m)

Ci(H
C2(m)

C1H
c2(f)
C3(9

Ci(d
C2(H

C1(D
C2(f)
C3(m)
C4(m)

C1(H)
C2(m)
C3(m)
F

11
11.3-11.3
11.3

11.3

10.3
11.3-11.3
10.3-11.3
10.3-11.3
11.3

11
11.3-11.3
11.3

113

11.3

11.3

11.3

11
11.3-11.3
11-11.3
113

11

9-11.3
11-11.3
9-11
11-11.3
11.3
11.3-11.3
11.3-11.3
11.3-11.3
11.3
11.3-11.3
11.3-11.3
11.3-11.3
11.3

113

11.3
9-10
9-11.3

9

9

11.3
11-14

13
11-13

12.3-16
13-16
13-16
12.3

12
13.3-15

13.3-15.3
13.3-14.3
133-14.3
13.3-14.3
133
14-15
13.3-14
133-14
13
15.3-16
13-16
13-16

16

16

133
13.3-15
13.3-133
133

13.3

13
14.3-15

35
3334
33
34
36
33-36
36-36
33-36
33
35
32-33
32
32
32
£7)
33
31
32-33
31-32
32
35
34-36
34-35
35-36
34-35
36
32-34
4.36
32-36
32
3334
32.33
3233
34
34
34
34-36
34-34
34

33
34-35

20
15-15
15
15
14
20-20
14-20
14-20
20
15
15-21
21
21
21
21
15
21
14-15
15-21
15
20
16-21
20-21
16-20
20-21
22
21-22
22-22
21-22
16
15-20
16-20
16-20

13
12-13
12
13
14
13-15
13-14
13-14
13
14
15-15
15
15
15
15
15
14
12-14
14-14
12
15
14-15
15-15
15-15
15-15
14
14-14
14-14
14-14
16
15-15
15-16
15-16
15
15
12
14-14
12-14
14
14
14
14-15
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@ BUREHELERT: S X-STREFERARAT WARHR IR SER

25

26

27

28

29

30

k)|

32

33

F103

Fl12

F143

F149

F156

F160

Fi67

F181

Fi183

F185

Ci{m)
C(f)
C3(m)
F

M
Ci(H)

C2(H
F

M
C1(®

C2(f)
F

M
Cl(m)
C2(m)

Ci(®
C2(H)

C1(9)
C2(m)

Ci(f)
C2(m)

Ci(H
C2(m)

CiH)
C2(m)

C1(p)
C2(f)

C1(H

14
11113
u

11.3
12-12
113-12
11.3-12
10
9-11.3
9-10
9.10
11.3
11-11.3
11.3
i

11.3
10-11
10-11.3
10-11.3
11.3
11-11.3
11.3-11.3
13
11.3
10.3-10.3
10.3-11.3
103

1
11-11.3
11-11.3
113

12
7-10
7-12

7

10
7-12
7-10
7-10
10
11-12.3
10-11

143
13-14.3
14.3

13
13.3-14
13.13.3
13-14

13
13.3-14
13-14
13-13.3
14
12.3-13.3
13.3

23

13.3
14-14.3
13.3-14.3
13.3-14
12.3
13-15
12.3-15
13

15
13.3-14
14-15

14

12.3
13-14
12.3-14
14

14
13.3-14
13.3-14
13.3

12.3
12.3-13
12.3-12.3
12.3-13
13.3
13-133
13.3-133

32-33
32-33
32-33

31-34
31-34

31
31-32
31-32
31
33
31-35
33-35
31
35
33-34
33-35

3

31-35
31-31
31-31
35

31-31
31-35

16
16-21
16
16
16-21
16
16
16
16-20
16-16
16-20
15
16-22
2
2
2
16-17
16-22
16-22
21
15-16
16-21
15
15
15-16
15-16
15
2
15-17
15-22
17
17
16-16
16-17
16
21
15-21
15-21
15-21
16
20-21
16-20

14
14-14
14

13
14-14
13-14
13-14
12
15-17
12-15
12-17
14
14-14
14

14

16
14-14
14-16
14-16
15
13-15
13-14*
15

12
13-16
12-13
13

14
15-16
14-15
15

13
13-15
13-13
13

15
14-14
14-15
14-15
15
13-13
13-15
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35

36

37

38

39

41

42

43

F186

F190

F191

F193

F194

F196

F200

F206

F209

F211

F212

C2(D)
F

M
Cl{m)
C2(f)
F

M
Cl(f)
C2(H
F

M
CI(f)
C2(m)
F

M
Cl(m)
C2(H
F

M
Cl(m)
C2(f)
F

M
Ci(®
C2(m)
F

M
Cl(m)
C2(m)
F

M
C1(H)
C2(m)

Cl(m)
C2(m)

C1(m)
C2(m)

10-12.3
133
11.3-12.3
11.3
113-133
11.3
11.3-11.3
11.3-11.3
11.3-11.3
10
10.3-11.3
10-11.3
113

113
11.3-12.3
11.3
11.3-123
113
11.3-11.3
11.3
11.3-11.3
113
11-11
11-11.3
1

11.3
10-10

10

10

10
10-11.3
10-10
11.3

9.3
9.3-10.3
93

9.3

103
11.3-12.3
11.3

12.3

1.3

13-13.3
123
12.3-13.3
133
12.3-12.3
14
13-14.3
14-143
13-14
14.3
13-13.3
13-14.3
133

14
13-13
13
13-14
14
12-14
12
12-14
14
12-14
12-14
12

14
13-15.3
15.3
13

14
13-15
14-15
13

15
13-15
15

13

15
13.15
15

13

13

31-35
35
30-34
30
34.35
35
32-34
34.35
34.35
3
31-33
3333
31

35
31-33
31
31-34*
33
33-34
34
33.33
30
31-32
30-32
31

33
32-32
32

34
32-36
34-36
32
32
32-33
313
32
35
34-34

34
36

16-20
17
16-20
20
16-17
20
15-16
16-20
16-20
16
15-21
15-16
21
20
16-16
16
16-20
21
15-16
16
15-21
15
16-20
15-20
16
15
16-21
16
16
16
16-16
16-16
16
20
15-20
15
20
21
15-22
2
22
15

13-15
14
15-15
15
14-15
14
12-15
14-15
12-14
13
14-16
13-14
16
12
13-14
13
12-13
15
14-15
14
14-15
15
14-15
15-15
14
14
14-14
14
14
14
14-15
14-15
15
15
16-17
17
16
13
14-15
14
15
14

56



D PUAZHELERRT sXSTRENERAE ATV MHENRTESEY

45

47

48

49

50

51

52

53

F215

F219

F226

F228

F231

F243

F249

M
Cl(m)
C2(m)
F

M
Cl(m)
CxD
F

M
Cl(m)
C2(m)

CiH
C2(D

CiH
CAf)

C1(H)
C2(m)
Ci(m)

Ci®
()

Ci(f)
Cc2(f)
C3(m)

Cl{m)
C2(f)

Cio)
CxDH
C3(f)

9.3-11.3
9.3

113

10
10.3-11.3
1.3
10-11.3
11.3
11-11.3
13

11

113
11.3-11.3
11.3-11.3
11.3-11.3
12.3
10-11.3
11.3-12.3
10-12.3
1.3
11.3-11.3
11.3-11.3
1.3

113

10
11.3-11.3
10-11.3
10-11.3
11
10-11.3
11-11.3
11-11.3
10

11.3
10.3-12.3
12.3
11.3-12.3
113
10.3-11.3
11.3-11.3
11.3-11.3
10.3-11.3

12-15
12

15

143
13-16
16
14.3-16
12.3
14-14.3
14

14

15
14-15
15-15
14-15
13
13.3-14
13-13.3
13-14
143
12-13.3
12-14.3
12
133
14
12.3-15
12.3-14
14-15
14
13-13
13-14
13-14
13

14
12.3-13
12.3
12.3-14
14
15-16
14-15
14-15
14-16

32-34
34
M
30

35.35
35
30-35
34
33.35
33
35
34
30-31
31-34
31-34
13
31-37
33-37
31-33
33
31-33
31-33
31
3
32
32-38
32-38
32-38

35-36
3435
34-35
36
33
32-36
32
33.36
32
33-35
3235
32-33
32-35

15-20

15-20
16-20
16-20
21
15-22
15-21
21-22
22
15-16
16-22
16
16
16
16-21
16-16
16-16
21
20-21
20-21
20-21
21
16
20-20
20
16-20
21
20-20
20-21
20-21
20-21

13-14
14
13
14
13-15
15
14-15
12
14-15
14
14
15
14-15
14-15
14-15
14
12-14
14-14
14-14
13
15-16
13-16
16
15
13
12-14
12-13
13-14
15
15-16
15-15
15-16
16
16
12-13
12
12-16
13
13-15
13-13
13-13
13-15
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Hi3E SAHXSTREESHEHN

(103 113-113  14-15 32-33 20-21 13-13
Cs5() 11.3-113 1415 32-33 20-21 13-13
Com) 113 15 33 20 13

c 10.3-11.3 1416 3235 20-21 13-15

i TRIRMSMEFRAEHER: *: AREFULNH

3.3 itig

331 5P XSTREFEENEZEHESH

AL IR R 827 1 TE5AMECH 500 B, & 327 B, 5 A FEBE(DXS6803.
DXS981. DXS6809. DXS6789 fl DXS7132) £&HB&E (PIC) 4 0.7004~
0.8123, BHEMEIHEIZE (PDw) ¥ 0.7270~0.8405, LHEANMEHFIE (PDp) K
0.9009~0.9554, =B:ikIETHRBRE (PEy) K 0.7153~0.8218, HEikIELHERR
F (PEp) ¥ 0.5795~0.7125.

DXS6803 R E KN 13 MEUER (7~14), BEARLEESFUER,
SR A 113 SRR RN 0.4558. FHAERFBXADNY 97~125 bp, HPIC
PDum- PDr. PEr# PEp 4514 0.7163. 0.7270. 0.9125, 0.7153. 0.5795, &4
EAERRNERE,

DXS981 HEBER Y 13 MEMREE (11~-17), BEAZEEREMCER,
SRR 14 FRER R 02721, HRERFBKRADSH 178~202bp. FEF HIK
ABf PIC. PDy~ PDg. PEr#1 PEp 43524 0.8123, 0.8405. 0.9554. 0.8218 0
0.7125, B—AEAEIRHEFRERHRENZRE, &R T DXs981 &
L AHRET.

DXS6809 Ky 12 M43 (28~38), SArEE 33 ME KM N 0.2426. A
Bk 239~279bp. HEFHKT DXS981, PIC, PDy. PDf. PEr M PEp
43 %% 0.7992. 0.8248. 0.9460. 0.8018 FI 0.6850.

DXS6789 kit 12 MELLEE, 2474 13~24, SES 754 0.0009~0.3648,
ZprEHE 16 MERA A 0.3648. FALEE B XD 150~194bp, PIC. PDu.
PDg, PEr#l PEpZ+3I34 0.7473. 0.7901, 0.9134, 0.7471. 0.6167. RIMFEH4
R EEE.

DXS7132 RH 8 NMEMER (11~18), TSN 0.0009~0.3492. FL K
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@ BUAETEZERL: 54 X-STREBERANST WERNEIREER

BRBANA276~304 bp. BEAXURRPEHHREOEEE. BHPICTAT
0.7000, RN ZAHMEEFIIEERE. H PDu. PDy. PEy #l PEp 7514 0.7644.
0.9009. 0.7210. 0.5854.,

L HEHEAE, DXS6803 K1 DXS981 B EE R Hardy-Weinberg FH# K% p
EIATF 0.05. HEXMHFER, FTHREDTEASEMNER TERRELOREME
B, FREEFEEES M.

BEMEYTE, RSEMRENEN, CXHERENEW. EE8TE
R, 54 X-STR B &R p H, BRBHNLHEREZR, BEX
EREREFNOERGCE. ERHENS, BRAFHEEEZFE p EXT 0.05
MREHATE, BREEHSNERBRERM, X p EEENED, REEEHR
BENERTTFEEWMRK, 55 X-STR # FR—EMB WENRETE
Gl R

Hardy-Weinberg F##Y R AEH FEAREY, EEFRFP, URFERK
BEHRIHE X-STR FRNEEFREFN SR, TREEEEN.

332 S X-STR EEEFMERFARSGEFRAABPHER

AR EHZ 5 4 X-STR £ FH BB (DXS6803. DXS981.DXS6809. DXS6789.
DXS7132) ZEFES K. ITAAFPEMERSHREER, B5 MRS
BEESMABAER. XETRRI R, | AMSRY, FEOHESH. H
CEENPRERATAARZ EOERENSMERAREEERYD, X
S5# 3 AKERCELN, AREREHSUERTR, EARRARLZRZERF
AR, XRFEEE 50 o BB IRIE A R Bk k0,

333 EFBREASH

FRFTAE29NZBR AR RR27IH B FF R, SLRASHIRER, RER
7£0.0012~0.0036 2 (8], L5Szibor “HiShin ZPHRIEMHHESAL, HLERA
ASTRIGTFHREEERHE, HEMETSon% “IiRil.

7 252 BIZPAETHRXERETE 53 PIRAEELH, DXS6803 . DXS981.
DXS6809. DXS6789 ! DXS7132 HEREHE 5S4 0.043. 0.091. 0.063.
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#1318 54 X-STR REEHNLHE

0.048 F10.040, it Bt 3L P JRE B SE BB 15 1Y .

34 /P&

AERN 5 A X-STR ZEHE (DXS6803. DXS981. DXS6809. DXS6789.
DXS7TI32) EMNEFAR S, AARFERRRERER, REYMAREBNLEME,
HAERIANEINBIRIEE 0.9994, 5 4 X-STR HEBEMEFR S MESR AP
AR, RAXLERBEERFER, BB G ABYR R EZ N R R4t
ERBHERENEE.
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FT4E XYk STREEEFEPHINA

¥Rk STR I Y-STR B ZNA TRE %2R EHT>> " 8T
X-STR R fe45tE, X-STR BEFEN B B4k STR B V-STR 9H A 7E, 5512
FEHTFH L), ENFRAEFAMAKAE. ARREHEHKIAFE. B
RINESHHEDER: PURHFNEXROFENET (M2 M FRURXERFERR),
B X-STR EXFEAHRE, FENHHREIT X-STR ERHEREPHNA.

41 ERBNA

411 FH 1 GHEKAER

HEBA (FR—HE=) BREXKSFRNEE, TRETSZHEHITHE
1 AR M EREAERAALMA (BRZ). B TRIEK=RERAKFENFLHE,
EREENERE.

412 M2 (BEABPR)

07 F 3 AGEETRE—RXEEH, HEH—BT. AKX TERERE
RISEERIAP, BERSFEEDHE, XEE L bRETEY, TREXERRTE
mzh14y, AISEMEMA 14, BEREEREFTRMKE.

413 EH 3 (HFEHBEKREFE

I XRAHEF | M BE, ERELPEARBIIGREILT, FHPEYF
F4.

42 RREBEFC

3 A EFIH Powerplex™ 16 system (Promaga, USA) FIZEBFS 5 X-STR
EHEEE ST BERAN; SRS 2 MM T FFFLKit (Promaga, USA),
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EAJ STRType-10 Rfl& (BHE, FH) Mkhik HVI K#FF: 6 3 mAlT
FFFLKit (Promaga, USA).

43 HREWHe

43.1 E#1

HREESTR HRERLER 41, XSTR A BER ALK 4-2, 2R E LA 4-1.
MF 42 TR (BF—5BEZ) DXS6803 . DXS981, DXS6809. DXS6789
FIDXS7132 SARXEBFESNMEFEZLE | MHRAFHER. wTEESA (K
=) B—2 6 s A EEEPRHE | MEEETHRSMERE, 5% _2mE 3
MEEETHASMEE, UHEEHR=5F—HBE _FEHERXR.
Powerplex™ 16 system & RBIEL TX—FiL.

x4l FO1EREMASTRELEHE
Table 4-1 Result of the case 1 at the fifteen AS-STRs
D3S81358 THO1 D21511 D18S51 Penta E D5S818 D13S317

Br— 18 7,9 29,30 13,15 11,12 10,11 9,10
Br— 18 7 30,31 15,19 11,12 10,11 9,11
= 15 79 28,32.2 14 14,16 9,11 11,13
ol o
D75820 DI16S539 CSFIPQ PentaD WA D8SI1179 TPOX  FGA
B— 12 10,12 12,13 9,14 14,17 12 8,11 18,19
- 12 10,11 10,12 14,15 1417 12,15 8 19212
= 1113 10,13 9,10 10 14,19 13 8,11 19,23

k42 EHM1 SAHXSTREFESRILZERE
Table 4-2 Result of the case 1 at the five X-STR loci

DXS6803 DXS981 DXS6809 DXS56789 DXS7132

F— 11.3,12.3 14.3,15.3 32,34 16,20 15,16
BE— 11.3,12.3 133,143 32,33 16 14,16
BE= 10,10.3 12.3,13.3 31,33 15,21 13

HREl, WM X-STR K EMEEEEK (HF—RKE=) BERFBEAHED
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Q@  FLKEBLFGR Y, S XSTREFERELAT MARNRTE S50

TR, BFAEK2 ABRERZRRHE, HET X% RES STR 47

LARECHRR RIS B (B RA R E Hk 2 AREFMRA, SS58 M ARE
SRIASERS, Rk STR A LI R, AT X-STR HREHMIENRS. BT
X Remridtah: BAOX RAGRRNEERPEE, DaGIE

A, ReeBES L, BRI EMNBKE X-STR ZE & EH —MEFE
MEMER,

gl M _ rea 1go 19
ettty wx )
S - T e —m——a  w
pIRUIRTT I A, |
[l 3] ba] ]
[P0} 3
Eacter Ty IRX .
e w e, o o
< BLHTTT 1) T
J._;":;"]_FTl ||I1 ] ]1;_“
sty BRRE .

3] 03
Tarnphe Huna Punal Qo Qg
Ebeibomn 1 | L1} kA -

| 18418 il A |
i e i)
T
Bhebar(l) BRERX [}
v B o o T e
ela "".I-—L"' —— S LY, Vi . S—
L TR
e ez H

T a1 ]

Ma-1 EH1 5MXSTREAEEEY HE
Fig. 4-1 The electrophoretogram of pentaplex ChrX-STR system case 1
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E4H XPEEESTREEEETHNR

43.2 E#H2

62 E g STR AR R WK 43, XSTR ARERREK 44, 4
REWE 4-2. SREHVIXYFLERNT:
F#: 16223T, 16235G, 16269G, 16271C
#IH: 16223T, 16235G, 16269G, 16271C

£43 EH2ELEESTREFESHER
Table 4-3 Result of the case 2 at AS-STR loci

D351358 D5S818 D7S820 D8S1179 DI38317 D168539 Di18s51 D21S11

& 15, 16 1,12 11,12 10, 15 812 11,12 13,14 31,31
i 15,16 1,12 11,12 10, 15 88 12,12 13,17 31,31

g rx
CSFIPO FGA THOL TPOX VWA  PentaE PentaD FI3A01
wE 10,10 23,23 7,10 8,12 15,16 13,15 9,11 6,6
HEH 10,10 23,23 7,10 812 15,19 13,15 9,11 6,6
gtx
FI3B  FESFPS LPL DI18S1364 DI25391  Di138325  D6S1043
E 9,10 11,13 10, 12 13,14 19,19 20,21 19,19
M\ 9,10 11,13 10,12 13,14 19,21 20, 21 13,19
g r&
D2S1772 D1152368 D22-GATA198B05 D8S1132 D753048
% 20,21 18,21 19,22 19,22 19,22
#HH 20,21 18, 21 21,22 19,22 20,22
®44 EH2 SANXSTREEEFRLR
Table 44 Result of the case 2 at the five X-STR loci
DXS6803 DXS981 DXS6809 DXS6789 DXS7132
wE 11.3 13 31 16 15
k| 11.3 13,133 31,35 16,22 13,15

A 28 NG5 6 STR #14 B 4 R A mtDNA JF 4 REIFREMT F L
HHBAFSLFARFEZ. B Familias ##f(hap//www.nr.no/familias), % 28 /% B
5.4k STR BV L (Likelihood ratio , LRY[EIE 2.4416x10"7,

AR 44 TTHBTEN S X-STR B[R AEFE R 11.3/13/31/16/15, BEM
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P FUAEHLEARL: S X-STR EREEAE AT MERNRT R EHM

HERTHERPIRE, RRTHRNOSEAFTHAEY. ATAEFLRBTE
500 MEXRMEP R RIEER 11.3/13/31/16/15, FLHEHZE<0.002.
LR=0.5/f (f A AERME), M LR>250, #t— ST F# A1k STR # mDNA
SRMLR. T RIX S A X-STR ERXRBRAMFENE T PRANERA. 4R,
HTHBZ ALV HBARNEEY, YEAZ AREHRMEER
i, BARHRESXR.

== = ~--
P — e B . o ) m
o n |
A T i i
Berdhn max "
mmm T —w e —w = =
1A i l | - ‘
i (wl a
Sl Bome Fend 100 1
it EERE .

- _L = . [y [
w DR m e e
= 81111111

B42 FH2 SHXSTRRAEST HE
Fig. 4-2 The electrophoretogram of pentaplex ChrX-STR system of case 2

43.3 EH3I

63 HREESTR A RER AL 45, XSTRAHER L 46, HEE
WA 4-3. ME 4-5 T[414 Powerplex™ 16 system H FFFL R 7| &4 W 45 R
ARG PEZRE 6 MERERR LB RBEAE, MRS DMEZAE 194
EREML STR BEESNE | MEERE (PentaD) B R ZE/RGEEHME. HM
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F4E X REAMKSTR EEEFTHINA

£ 4-6 TEMARKAHZDEES/NEH DXS6803. DXS6809. DXS6789 Fi
DXS7132 4 4 X-STR RREEiH R & @ /R ERS, dibhd—SiELT A%
ABPSAMENEAEESESARHERE.

% 4-5 Powerplex™ 16 system F! FFFL A R 3 R4E R

Table 4-5 Results of the case 1 by using Powerplex™ 16 systern and FFFL system

D3S81358 THO1 D21S11 D18S51 PemaE D5S818 DI13S317 D78820 D168539
LE 16,17 79 31,322 1316 515 10,11 8.9 10,12 911

BFE 1617 79 2932 1517 17 10,11 8 1,12 9,12
AEO1617 69 2930 1516 17,20 11,12 8 1,12 9,11
grx

CSFIPO PentaD vWA D8S1179 TPOX FGA FI13A01 F13B FES/FPS LPL

RXFE 1,12 10,15 1617 11,14 89 2324 326 9 12 iz
Bx 8,12 814 17,18 11,14 1 2225 45 10 10,12 10,12
NN 10,12 10,11 14,17 11,13 8,11 2223 48 10 10 10

#4-6 FRFI3 X-STREFENSHLELR
Table 46 Result of the case 3 at the X-STR loci
DXS56803 DXS981 DXS6809  DXS6789  DXS7132

e 103,12 13.3,143 33, 34 15, 16 14
;3 113 14.3 35 20 15
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Fample N Famal - _:nqn l_q.
Mt REX B
e — e R — W
o SETIITTT7( R 111 1T " l
fum nx B
R e e, = m
e M) 1111 DN 1] NN L
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b BRRX ]
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43 £6]3 5MXSTREXEST HE
Fig. 4-3 The electrophoretogram of pentaplex ChrX-STR system in case 3

B2 T LRI 4b, B4R 200 B Powerplex™ 16 system A EH ELE
KEAMEGmEE, 8 1 6 5 X-STR(DXS6803 .DXS981,DXS6809. DXS6789
1 DXS7132) RHEETHEMEEEEAKEZEDH | MIFREMER. B8
20 {7} Powerplex™ 16 system 75 & X F ) =Bk A (-8 -&), BHINE 2 MU ER
PR B i R R R

AL RGI7E5 B/RT X-STR EZEEZFHINAME. hT X-STR A5# 4§
B, ERR AR TR R R R 5
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gk
AT KB U F 4R

1. HIKESL DXS6803-DXS981-DXS6809-DXS6789-DXS7132 5 4 X-STR
EFERSYBIER, SREW, REES. ALY,

2. HHAFEEEEHATREEME. BMORBENRIEXHERE.

3. KEBPENEAB DXS6803.DXS981,DXS6809.DXS6789 F1 DXS7132
ERBNESMERHERAEREE, - SHEREFHRAREE
0 R R L R V) .

4. BREBPENEANE 5 A XSTR ZEEHRER, HASAIETH
TRERMTEEEBRHIELER.

5. X Refatk STR AR LRHARPAUFEROGERNLRANE.

FEREMREE

1. BT DXS6303 HHME /T B/, BIKNAERATCIH, SHEIRDNA
REERNTRSTRASE.

2. hEPERBERD, FERAES X-STR RREMNEET HER.
3. AZAEKR, #—PRIEFMEARE.

4. AEEEBHRN X-STR ZHEHIERE.
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M =
Mi% 1: 4R AR
RXEG YL HRICAFR
STR Short tandem repeat MEKER
DP Power of discrimination MMEIRF
PD: Power of discrimination in females THENMEIHRIE
PDy Power of discrimination in males B EIRGIE
GD Gene Diversity EREZHMH
HD Haplotype diversity BEREZRME
PE Power of paternity exclusion E| %z 174
PEr Power of paternity exclusion for X-STR in =Bk IEATHRR R
trios involving daughters
PEp Power of paternity exclusion for X-STR in —JkAIEACHERS £
duos cases (father/daughter)
PIC Polymorphism information contents TEHRETR
HWE Hardy-Weinberg equilibrium Hardy-Weinberg -
LDE Linkage disequilibrium EA T
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&2 54 X-STR EFEEHSSMEEEFH

DXS6803 (12.3) 120bp  Prao-Nio-(TCTA)11-(TCA)-(TCTA)1-Ns-Pr22
1  gaaatgtgct ttpacaggaa aaacaatata cacagaatg! clatctatct atctatciat ctatctatct
71 atctatctat ctatcatcta tcgagataaa gtageatatg tecctttitg

DXS981 (14) 190bp Pr2s-TCTC-TT-N3i«TATC)14-Pr22

1  tcagaggaaa agaagtagac atacttctet tgittccice tgeaaaatac agetaaaaac ttggaatgat
71  atacatctat atctgtatag agaactatct atitatcttt tafatctate tatctatcta tctatctate

141 tatctatcta tetaictate tatctatetg actctgaaaa gtggagapaa

DXS081 (14.3) 191bp  Pg:s-TCTC- Ng «(TATC)13-(ATC)-(TATC); -Pr22

1 tcagaggaaa agaagtagac atacttcteg titectectg caaaatacag ctaaaaactt ggaatgatat
71 acatctatat ctgtatagag aactatctat ttatctttta fatctatcta fctatctaic tatctatcta

141 teratctate tatctateta teatctatet gactetgaaa agtggagaga a

DXS6809 (32) 255bp

Proo-N37-(CTAT)o-(ATCT)3-Ng-(TAT C)3-(ATCT)s-Nio-(ATCT h2-Na1-Pr2o

1  tgaaccttcc tagctcagga atactgageg catgactaga ttatgtagga attigggeta fetatetate
71  tatctatcta tctaictaic tatatetaic tatctatcat ctattateta tetatcatet atctatctat

141 ctatctatta tetatcatet afctatetat ctatctatct atctatctat ctatctatet atetatecte

211 tatctctice tcacatcage ctaaagcaaa attggatict ccaga

DXS6809 (32.1) 256bp

Prag-N37-(CTAT)o{ATCT)3-No-(TAT C)3-(ATCT)s-Nio-T-(ATCT)11-N31-Przo

1  tgaacctice tagcteagpa atactgaggg catgactaga ttatgtagga atttgggcra fetatctate
71 tatctarcta (ctatctatc tatatctate tatfctatcat ctattaicta tcrateatct atctatctat

141 ctatctatet atcatctate talctatcta tctatctate tatctateta (ctatetate tatctatect

211 ctatctette ctcacatcag cctaaageaa aattggatte tecaga

DXS56789 (20) 178bp Pi2s-TATC-(TATG)10-( TATC)e-Nyo-Pras

1 gitggtactt aataaaccet cttttatcta igtatgtatg tatgtatgta igtalglalg talgtatgta
T\ tctatetate tatctatcta  tetatcfate tatctaceat ctatetecta ttggttetgt cectetaggg
141 atccctgact aatacaatag gacatcaaat aacttctt

DXS7132 (15) 292bp  Prxn-Nig-(TCTA)is-Nigr-Pras

1 agcccatttt cataataaat cccetcteat ctatctgact gictatetat ctatctaict atctatctat
71 ctatctatct atctatetat ctatctatct atectattgg tictgttict ctggagaacg ttgactaata
141 gittggea ccaggagtge tictatagaa ataaaatitt aagaatgagt ttigtaaatt ggttttggaa
211 titttaga actggcictc taatgtcatc acacttaaaa atgctaagga cictatttce aatagtacag
281 agcactgatt

#E: TRIZAFUFS: B R%ORFT
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