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Mutation Rates of Autosomal Short Tandem Repeat
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Abstract: [Objective] To observe the mutation events of short tandem repeat (STR) loci in 10 000 parentage confirmed trio-
cases and obtain the mutation rates of STR loci. [ Methods] 15 STR loci of 10 000 parentage confirmed trio-cases were genotyped with
PowerPlex™16 system and the cases containing mutant STR loci were screened. The sources and steps of mutant alleles were
ascertained. The locus-specific, paternal or maternal specific and allele-specific mutation rates with the corresponding 95% Cls were
calculated, respectively. The characteristics of the mutations were analyzed. [Results] 368 mutant cases, a total of 379 mutation
events were observed in 10 000 trio-cases for these 15 STR loci. The incidence of mutant cases was 3.68%. The mutation rates of 15
STR loci were between 0.10 x 107 ~ 2.30 x 107, and the average mutation rate was 1.26 x 107. The paternal and maternal mutation
rates were 0.05 x 107 ~ 1.35 x 102 and 0.05 x 107 ~ 0.70 x 107, respectively. The allele-specific single-step mutation rates for
FGA, vWA and D18S51 were between 5.0 x 10~ ~ 40.0 x 107, 5.0 x 10 ~ 50.0 x 10 and 5.0 x 107 ~ 35.0 x 107, respectively.
The ratios of paternal to maternal mutant events for these 15 STR loci were between 1.3 : 1 ~ 17.0 : 1, and the average ratio was 3.57:
1. [Conclusion] STR mutation was commonly existed in paternity testing. The mutation rates of various loci, paternal and maternal
sources, and various alleles showed significant differences. It was necessary to obtain these data to accurately interpret the genotyping
results in paternity testing.
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10 000 7l 22 56 F X R M =R Rk A
LR 28k e 25 0 D P R IR 4 0 = 2005 4F 2
2011 4F H# TAER R, MM BHufiiiR . B&
(HEBHE) FK MMAHLE,

Sk (PEBERMF DNA E T X M) (GA/T
965-2011) 2 ABFFERTH 28 2+ 58 R PR HEBE
h. £ PowerPlex™ 16 2R 40114 15 /> STR & [ Jis
(D3S1358 THO1 .D21S11 .D18S51 Pentakl D5S818
D13S317 .D75820 .D16S539 .CSF1PO Penta D vWA |
D8S1179 . TPOX Fl FGA) K illl | /3l 2% B39 75 4
Rt L, H SR AUEE 2K (paternity index, PT)>
10 000, #7H B0 1~3 A FEPH s st A R , 28m
T STR JERAE, R & BT 103 B s % ML Y
PR A R 1 3 G A R ) S R BB HL N T 4,
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KH (EEERR: DNA 25 PR 2 ML) (GA/T
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JERSHE Lee 250 B34 PLAH ; AT G i1
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AR BG5S B AR B ST 55 PL (A, B
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BLS F R B A A RE PRI R ) | Ho v S5 467 e P 5 A8 2
K H m ;= p/ 100 HARLL w2 STR R 58 A8

G H0.002;n FAFRIIEIN 0 AL Y SR
B, M0 RN 2 B, m, = 0.002/10;5 %
AR j A n A me = 0.002/10 Ak 7 F T
GEARSFEALHE R R, HLE A R AL S B 2R RS
KA 3.5 4%, BN BEYR 58 AR 1Y S50 B PR 9%
FRETE AR AR W HERE R UL 3.5,
1.3 FUERRTREMRESHHEE

2% Brinkmann ZE508) 5 853 iR 2 D18S51
S 15 A J PR A 1 58 748 S0 B R A R T L3 FAR
SR AR AR L B PR, LA B R 22 B/ Y SRR
SR BE AR N S AR B IR 5 7 20 HORH 22 AR ] A 15
T, JUUAR A o A BT 1) 5 A AR RE R T 5 4 B
FEA A GEAE AR 15 MR R IR E , RAE
AP RCEN S AL BTN () BB D (—n) 25 TR
R sl 2 ] 25500 BE U H R AN
1.4 STRERERFMERRERNITE

R B RO H D18SS1 4§ 15 ANk [ s
FEPER S AL A ACPRABEIRAS AR SR 1k
PR T P AL S R IR 1) — PR B R 21 3 A
F R JAE 22 H M E Y2 (American Association
of Blood Banks, AABB)7147) 2L 1147 45 {37 ik IR i 53¢
PR g€ A8 % F A M Ak hup : //statpages.org/
confint.html ARG Z I 73 A 11158 DL 45 Rl g AR
Y 95% & 155 X 8] ( confidence interval , CI)
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10 000 ] 5 &+ K A2 B KR &
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B ZAE, 15 A STR &N ks th 2248, it 379
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A5 1 1(0.27% ) R = A FE R A R & AR R AR, 7
379 ASGEAR AR B B AC IR R AR SRR 246
M (64.91%) , BEIR 522 A 69 1~ (18.21%) , KI5
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Table 1 Mutation rates and 95% ClIs of 15 STR loci and the paternal/maternal source

Total Paternal Maternal
focus n°mutations/meioses Rates[ 95%CI](x107) n°mutations/meioses Rates[ 95%CI](x107) n°mutations/meioses Rates[ 95%Cl](x107)
D18S51 46/20 000 2.30[3.00,1.06 ] 27/19 990 1.35[1.89,0.82] 14/19 990 0.70[1.09,0.32 ]
vWA 41/20 000 2.05[2.71,1.40] 32/19 988 1.60[2.18,1.02] 3/19 988 0.15[0.33,0.029]
CSF1PO 40/20 000 2.00[2.65,1.35] 25/19 984 1.25[1.77,0.74 ] 7/19 984 0.35[0.62,0.077]
FGA 39/20 000 1.95[2.59,1,31] 28/19 994 1.40[1.95,0.86 8/19 994 0.40[0.69,0.11]
Penta E 36/20 000 1.80[2.42,1.18] 26/19 994 1.30[1.83,0.78] 7/19 994 0.35[0.62,0.077]
D21S11 33,20 000 1.65[2.24,1.06] 15/19 988 0.75[1.15,0.35] 12/19 988 0.60[0.96,0.24 ]
DSSII79  25/20 000 1.25[1.77,0.74] 16/19 986 0.80[1.21,0.39] 2/19986  0.10[0.25,0.046]
D3SI358  21/20 000 1.05[1.52,0.58] 14/19 990 0.70[1.09,0.32] 2/19990  0.10[0.25,0.046]
D13S317 21,20 000 1.05[1.52,0.58] 14/19 994 0.70[1.09,0.31] 4/19 994 0.20[0.41,0.006 ]
D7S820 1920 000 0.95[1.40,0.50] 17/19 998 0.85[1.28,0.43] 1/19 998 0.05[0.15,0.053 ]
D16S539 1920 000 0.95[1.40,0.50] 9/19 990 0.45[0.76,0.14] 5/19 990 0.25[0.48,0.02 ]
D5S818 18/20 000 0.90[1.34,0.46 ] 16/19 996 0.80[1.21,0.39] - -
Penta D 1320 000 0.65[1.02,0.28 ] 6/19 992 0.30[0.55,0.048] 3719992 0.15[0.33,0.029]
THO1 6,20 000 0.30[0.55,0.047] - - 1/19 990 0.05[0.15,0.053]
TPOX 2/20 000 0.10[0.25,0.046 1/19 998 0.05[0.15,0.053 ] - -

@

x 103 (% 1), H D18S51 vWA .CSF1PO 1 FGA
FE PR JRE [ 2R AR %‘32&[7 1M TPOX .THO1 #1 Penta D
JH PR JRE DUV IS . QIR 278 3R AR T 35 2 v R R

*F2 154 STR BERFEERRXIE/ BRI

Table 2 Ratio of paternal/maternal mutations observed
at the 15 STR loci

Lo Paternal /mate-  Indeterminate ~ Ratio of patemal/  Paternal proportion
rnal mutations mutations  maternal mutations [959%CI](%)
D75820 17/1 1 17.0 0.941,0.84]
VWA 32/3 6 10.7 91[1,0.82]
D8S1179 16/2 1 8.0 0.89(1,0.74]
D3S1358 14/2 5 7.0 0.881,0.71]
Penta E 26/7 3 37 0.79.[0.93,0.65]
CSFIPO 25/1 8 3.6 0.78 [0.92,0.64]
D138317 14/4 3 35 0.78 [0.97,0.59]
FGA 28/8 3 35 0.78 [0.91,0.64]
Penta D 6/3 4 20 0.670.97,0.36]
DI8S51 21/14 5 1.9 0.66[0.8,0.51]
D165539 9/5 5 1.8 0.64 [0.89,0.39]
D21811 15/12 6 13 0.56[0.74,0.37]
D5S818 16/- 2 All paternal All paternal
TPOX 1/- 1 All paternal All paternal
THO1 -/1 5 All maternal All maternal

“« »

. Mutation was not observed.

. Mutation was not observed. n°® means number of mutations.

(#22) ,{HAE D21S11 JEH A | A YE 5 1 5 258 A R
AHZEAK(0.75 x 107 1 0.60 x 107) , i 7E D7S820
SEDR A | AR 55 B 5 58 A SR I A7 50K 25 57 (0.85 x
10 #10.05 x 107)
23 STREREEMNEMERRT X

A FERE 7 578 R R 2 )15 0 g
B — R AR 2 1 = A D18S51 (41

W) FGA (36 ) Fl vWA (35 ¥ ) 4745 (v K [H %
ARFBIWIEARIT (G 3) , 45 2 s #5851 L DR ) 58

AR RAETE W] WA 22 5 AN EE D JBE VWA A 4537 BE
RAFFRIARAE (5.0 x 107°) S5 R{H (50.0 x 1075) 22
[EIAA2E 3T 10 1%

3 i #

3.1 STR BEFEEFRENRTEN ST

FH STR & [H] JAE (1) 58 A8 R K A 7E 0.1% ~
0.5%8), ARBFFEHY 15 4> STR HE [H JiE 58 28 K Ny
0.01% ~ 0.23%(%% 1), P RARRLA K 1.26 x 1073,
SR AR fe g WY A JE D18S51(2.30 x 107°) 5% fik
B 3 R HE TPOX (0.10 x 107%) Y R A8 R AH % 20 £

(~7.
Ho

BEELINT 5 084 il & A AR
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&3 FGA VWA D18S51 EEEREMEFERETRM 95% N ERFXE
Table 3 Allelic mutation rates and 95% ClIs for FGA, vWA and D18S51

FGA
Allele

vWA D18S51

n°mutations/meioses Rate[ 95%CI](x107°)  n°mutations/meioses Rates[95%CI](x107°) n°mutations/meioses Rates[95%CI](x107)

13
14
15

16 4/19 990
17 10719 990
18 9/19 990
19 7/19 990
20 4/19 990
1/19 990

21 1/19 988 5.0[0.1,27.9]
2 1/19 988 5.0[0.1,27.9]
23 8/19 988 40.0[17.3,78.8]
24 8/19 988 40.0[17.3,78.8
25 6/19 988 30.0[11.0,65.3]
26 3/19 988 15.0(3.1,43.9]
27 4/19 988 20.0[5.5,51.2]

3/19 994 15.0[3.1,43.8]
2/19 994 10.0[1.2,36.1]
2/19 994 10.0[1.2,36.1]
20.0[5.5,51.2] 6/19 994 30.0[11.0,65.3]
50.0[24.0,92.0]
45.0[20.6,85.4] 1/19 994 5.0(0.1,27.9]
35.0[14.1,72.1] 1/19 994 5.0(0.1,27.9]
20.0[5.5,51.2] 7/19 994 35.0[14.1,72.1]
5.0[0.1,27.9] 6/19 994 30.0[11.0,65.3]
5/19 994 25.0[8.1,58.3]
4/19 994 20.0[5.5,51.2]
1/19 994 5.0(0.1,27.9]
1/19 994 5.0(0.1,27.9]

n°means number of mutations

SRR R S R AT b, W 5% H]
PowerPlex™16 1 £ 14 15 % Je @ K STR A Jiz
I RAE RS 0.011% ~ 0.239% , SAWFIFEAH,
FWF5E B FEARE B AR XTSI
TN, AR5 58 A8 Al FL 30 T P ZE A Do)
1 013 fFlIARE 3 T K R E B 1E 1dentifiler™ R 40
(%) 15 /> STR PR v ARG HY 5 /4> e PR e & 2 28
A RARIRA 0.07% ~ 0.15% , X TFHF 58 BB
B HARXTRD GBI — 2 e 3 o3 Hb S L
IRIZEARTE DL, Mardini ZE0M X B P9 R S REAA 13 A4~
CODIS #% 0> 3 A 3 119 58 748 S (1) i A 0F 9% o
THO1 &[5 JAE () 98 A8 R i 1K, o4 4.6 x 107, 1] FGA
L DR JRE AR AR B 3K 2.4 <107 AN 578 R i
% Ry BE A JRE TPOX (0.10 x 1073) , i 5 19 4 Jit [
JE D18S51(2.30 x 107%), iX 2L #F 136 B A 7] STR 3
PRl i 22 (B 98 A8 3 B i k25 5, A Al g 2= AH
ZR EEAE, AW RS T T E
Jr UG N B STR JE DA JAE 1 58 48 232 [ N AR F
STR HE R 8 58 AR S A SR 0 s, AN [R) Bl 5 1l
IR A N FE 22 TR ] — STR HE A JAE (1) 2878 FRALAFEAE 25
jBT[lzfmjo
32 RBEFMBEHEFENERERTRNILE
E A KEIST S, STR #5848 2 3 1 5l
5, SRR AR R IR R AR 3 ~ 5 A% AR

W 9% 14 A U5 28 A8 5 B Y5 28 A8 (1) F- 35 H(E 20
3.57 = 1, BIR HRIARIVEE AT 45 R 3 R4
TR A 22 TRER SR AR, H 56 [ Il U 25 A 9%
7R ANTR] STR 36 BRI JE 14 AC U /A1 5 9878 2R U AE
eSS, AR 1.25 4%, WMif s ik 18.466
57, R 1A 2 RRT LUE H ACUR S8 A8 R e i
(R R J3E R vWA (1.60 x 107) , BF 5 575 2 ft 2 1)
FEPEE SN D18S51(0.70 x 1073) , A P /BRI 58 48 [,
1 5 R I RE A E R D7S820(17.0/1) , oAl fe /M
FEREE S}y D21S11(1.3/1),
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X H R IR R R B RAT &
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() STR JE R e % H 35 n, A6 Hh 58 A8 B4 1) AL
oW, EFEIIT I BE R I TG R
Identifiler™ if 52 PowerPlex™16™ =57 & 1% 15 4
Yok STR ZEKERI, BARARR M & AR
P 1.75%, ARWF5EHE 10 000 65 E B TR R
F) = IR AR 2 e Rt 368 1) Sk A S8 B R4 T
A 9 6l BRI SE PR A [R5 2% 1 661 Ry = A~ 3
DAL A [R) B 9 A% | G AR Z2 4 1) R A= 3R 20 3.68% , B
100 B BCGE T4 s vl il [ 2 ~ 4 ik E
A Rl —Z A B AS DA 1 35 PR e 2 A 1)
55 BUARX 0 DL AH A7 200
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