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Fig. 1 The quantity distribution of each kinship degree among samples
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Table 1 The criteria for inference of kinship

Relationship @  Inference criteria Inference criteria
1 1
Mz P 93/2 0 <0.1
1 1 1
PO o Gy O <0.1
1 1 1 1
FS 4 (25/2 > 23/2) 7 (0.1,0.365)
1 1 1 1 1
2nd s G 5 03651
1 1 3 1 1
3rd 6 (W > ﬁ) 7 (1- YR 1- 25/2)
1 1 1 7 1 1
4th ) (W , W) < _ﬁ , ]_W)
1 1 1 15 1 1
5th a (W, 2“/2) T (1—27/2 , l_ﬁ)
1 1 1 31 1 1
6th 28 (215/2 > 213/2) B l_ﬁ R l_ﬁ)
1 1 1 63 1 1
7th 256 (217/2 > 215/2) 64 (1_2”/2 s —213/2)
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AV 5 A SRR R NS 7 X TN 455 SR e J R
1.4.3 BTG BER A

M TRk B R i B BRI | (o e b e b 45
T A SRR O, A T HRIE SNP AV A
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Table 2 The evaluation of the accuracy of genetic relationship prediction in 253 samples

Real kinship Predict kinship ACY/% CIAY/% FN¥/% FPY/%
MZ PO FS 2nd 3rd 4th Sth 6th 7th  >7th /UnK  UN

MZ 1 100 100 0

PO 212 100 100 0

FS 119 100 100 0

2nd 281 6 97.9 100 0

3rd 5 343 30 4 89.8 99.0 0

4th 27 364 134 8 1 1 68.0 98.1 0.2

Sth 1 65 345 264 85 46 38 40.9 79.9 4.5

6th 4 84 239 161 164 280 25.6 51.9 30.0

7th 13 87 145 157 470 16.6 26.6 53.9

UN 17 424 1536 3745 20 603 7.5

YAccuracy (AC): the probability of correctly predicting two related individuals as the degree of their real kinship;? Confidence interval accuracy

(CIA): the probability that two related individuals is predicted to be within the range of 1st of their real kinship, and above 7th degree or unknown

relationship is not taken into consideration;” False negative (FN): the probability of predicting two related individuals as unrelated;* False positive

(FP): the probability of predicting two unrelated individuals as within 7th degree.
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Fig.2 The distribution map of kinship coefficient of each kinship degree

Table 3 The distribution range of kinship coefficient of each kinship degree

Real kinship Kinship coefficient
Inference criteria Minimum Max Mean Standard deviation

Mz >0.354 0.499 9 0.499 9 0.499 9 0
PO [0.177,0.354] 0.243 3 0.256 4 0.250 4 0.002
FS [0.177, 0.354] 0.203 2 0.2879 0.248 5 0.0191
2nd [0.088 4, 0.177) 0.0453 0.1739 0.122 8 0.016 4
3rd [0.044 2, 0.088 4) 0.0158 0.097 0.059 7 0.0129
4th [0.022 1, 0.044 2) 0 0.067 7 0.028 4 0.009 7
Sth [0.011 05, 0.022 1) -0.007 8 0.0457 0.0115 0.007 2
6th [0.005 52, 0.011 05) -0.014 3 0.0229 0.003 3 0.0059
7th [0.002 76, 0.005 52) -0.014 2 0.0189 -0.000 5 0.005 2
UN <0 -0.023 7 0.016 6 -0.003 5 0.004 5
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Table 4 The predictive accuracy of locus combinations screened by different R*—values
Real R=0.1 (107 644 SNPs) R?=0.125 (123 813 SNPs) R’=0.15 (138 034 SNPs)
kinship
AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/%
MZ 100 100 0 100 100 0 100 100 0
PO 100 100 0 100 100 0 100 100 0
FS 100 100 0 100 100 0 100 100 0
2nd 97.9 100 0 97.9 100 0 97.9 100 0
3rd 90.6 99.5 0 91.4 99.5 0 92.1 99.5 0
4th 72.0 98.9 0.2 73.8 99.1 0 73.1 99.1 0
5th 493 84.0 2.0 51.3 85.5 2.0 50.9 86.4 1.7
6th 345 68.1 16.7 35.4 72.6 14.1 352 7.2 14.6
7th 19.8 37.7 36.7 17.4 39.6 325 21.0 45.9 28.8
UN 103 11.1 11.8
Real R’=0.175 (151 186 SNPs) R’=0.2 (163 577 SNPs) R?=0.225 (175 188 SNPs)
kinship
AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/%
MZ 100 100 0 100 100 0 100 100 0
PO 100 100 0 100 100 0 100 100 0
FS 100 100 0 100 100 0 100 100 0
2nd 97.9 100 0 97.9 100 0 97.9 100 0
3rd 91.9 99.5 0 92.4 99.5 0 92.4 99.5 0
4th 74.4 99.3 0 75.7 99.4 0 76.6 99.4 0
5th 52.1 87.2 1.5 53.1 87.8 1.3 56.0 90.9 0.9
6th 372 71.6 13.1 383 745 11.5 39.0 753 10.2
7th 22.4 46.7 27.9 23.9 47.1 26.3 22.2 45.8 26.3
UN 12.1 13.0 12.8
Real R’=0.25 (186 749 SNPs) R’=0.275 (197 505 SNPs) R’=0.3 (208 153 SNPs)
kinship
AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/% AC/%  CIA/%  FN/%  FP/%
MZ 100 100 0 100 100 0 100 100 0
PO 100 100 0 100 100 0 100 100 0
FS 100 100 0 100 100 0 100 100 0
2nd 97.9 100 0 97.9 100 0 97.9 100 0
3rd 92.4 99.5 0 92.1 99.5 0 91.9 99.7 0
4th 75.7 99.4 0 76.6 99.6 0 76.8 99.6 0
5th 55.1 91.6 1.1 55.0 91.8 0.9 56.8 91.9 0.6
6th 383 75.2 10.0 38.4 76.1 9.5 39.7 76.1 8.7
7th 23.2 46.6 28.3 24.1 46.3 26.9 26.1 47.4 26.0
UN 12.6 12.8 12.2
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Fig.3 The predictive accuracy of locus combinations screened by different R’ values

Table 5 The predictive accuracy of locus combinations screened by different MAF—-values

Real MAF=0.000 1 (514 962 SNPs)
kinship  (The result is consistent with the original data) MAF=0.01 (465 131 SNPs) MAF=0.05 (374 980 SNPs)
AC/% CIA/% FN/% FP/% AC/%  CIA/%  FN/% FP/% AC/%  CIA/%  FN/% FP/%
MZ 100 100 0 100 100 0 100 100 0
PO 100 100 0 100 100 0 100 100 0
FS 100 100 0 100 100 0 100 100 0
2nd 97.9 100 0 97.9 100 0 97.9 100 0
3rd 89.8 99.0 0 89.5 99.2 0 89.5 99.2 0
4th 68.0 98.1 0.2 67.1 98.1 0 65.0 97.4 0
5th 40.9 79.9 4.5 41.0 81.0 43 38.9 77.5 5.0
6th 25.6 51.9 30.0 26.7 522 30.2 25.1 52.7 315
7th 16.6 26.6 53.9 16.6 273 53.7 14.6 25.6 54.8
UN 7.5 7.4 7.1
Real kinship MAF=0.1 (312 985 SNPs) MAF=0.2 (222 770 SNPs)
AC/% CIA/% FN/% FP/% AC/% CIA/% FN/% FP/%
MZ 100 100 0 100 100 0
PO 100 100 0 100 100 0
FS 100 100 0 100 100 0
2nd 97.9 100 0 97.9 100 0
3rd 89.5 99.2 0 88.7 99.2 0
4th 64.9 96.8 0 63.7 95.9 0
5th 37.9 77.3 5.1 36.6 72.7 9.2
6th 25.0 52.3 314 22.8 49.5 345
7th 15.8 26.7 54.8 11.9 24.1 58.0

UN 7.3 9.7
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Table 6 The predictive accuracy of random screening of different number of locus combinations

Real kinship 400 000 SNPs 50 000 SNPs
AC/% CIA/% FN/% FP/% AC/% CIA/% FN/% FP/%
MZ 100 100 0 100 100 0
PO 100 100 0 100 100 0
FS 100 100 0 100 100 0
2nd 97.9 99.9+0.13 0 97.3+0.30 99.3+1.09 0
3rd 89.3+0.68 99.3+0.21 0 85.4+1.71 99.1+0.31 0
4th 66.8+0.99 97.8+0.46 0.1£0.14 58.9+3.06 93.0+1.34 0.5+0.30
Sth 40.3+0.86 79.0+1.24 4.6+0.59 35.142.95 68.443.78 14.2+4.63
6th 25.1+1.48 52.0+1.56 30.8+1.79 20.0+1.91 44.8+3.92 41.6+4.43
7th 15.0+1.27 26.3+1.58 54.6+1.39 11.2+1.30 23.4+4.53 56.6+7.06
UN 8.6+0.48 16.7+2.37
Real kinship 10 000 SNPs 5000 SNPs
AC/% CIA/% FN/% FP/% AC/% CIA/% FN/% FP/%
MZ 100 100 0 100 100 0
PO 100 100 0 100 100 0
FS 100 100 0 100 100 0
2nd 95.3+1.32 99.6+0.28 0 91.5+1.17 99.6+0.42 0
3rd 74.6+3.68 97.0+0.73 0.5+0.61 63.9+4.32 92.7+1.97 1.1+0.67
4th 47.0+4.28 82.245.01 4.96+2.21 35.7£2.56 71.6+4.41 12.9+2.86
Sth 26.7+3.76 57.3+7.40 27.8+6.10 19.542.25 48.7+4.49 38.844.67
6th 13.4+1.51 37.4+5.31 49.4+7.23 10.1£0.90 29.7+3.79 55.3+4.70
7th 7.0+1.34 18.6+3.07 61.0+£8.10 4.5+0.96 12.9+1.88 63.2+4.68
UN 23.8+3.21 27.8+3.74
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Accuracy Research on The Kinship Relationship Prediction by IBS Algorithm”
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Abstract Objective To evaluate the accuracy of predicting the kinship relationship between individuals based
on the identity-by-state (IBS) algorithm. Methods The Illumina GSA chip was used to perform whole-genome
detection on 253 samples. Based on high-density single nucleotide polymorphism (SNP) data, the IBS sharing
statistics between two individuals was calculated to predict the kinship relationship. Filtering SNP by different
conditional parameters to evaluate the influence of the number of sites on the accuracy of the algorithm’s
prediction. Results The prediction accuracy rate of 1st-4th degree of relatives proved to be as high as 99%, with
a paired difference of 1st degree and no false positive. Decrease in the number of SNPs has no significant impact
on the accuracy of prediction, and the algorithm still achieves a higher accuracy rate even in the lower density of
SNP markers. Conclusion The IBS algorithm provides an effective method for forensic genealogy inference,

which has good application value for forensic on-site inspection materials with trace degradation.

Key words IBS algorithm, single nucleotide polymorphism, identity-by-state, degree of relatedness, forensic
genetics, forensic genealogy inference
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