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Fig. 1 The distribution of survey kinship degree
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Fig. 2 The SVM training and test data set
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Algorithm: IBD algorithm analysis process
Data: plink data U: bed, bi, fam
Result: predict kinship degree

1 We filter plink data U and convert U to vcf format V;

2 We phase data V and get phased data VP; then we convert
phased VP to plink data Ul;

3 We impute plink data Ul with genetic diactanc and get plink
data U2; then, we set IBD length threshold L;

4 fori€L do

5 Minimum IBD length: i;

6 Infer pairwise IBD segment from plink data U2;

7 Estimate kinship degree by IBD segment;

8 End

9 Finally, select optimal minimum IBD length i and use SVM to optimize
the prediction kinship degree.

Fig. 3 1IBD algorithm analysis process
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Table 1 Accuracy statistics of IBD algorithm in predicting kinship degree of 253 samples

Survey Predict Kinship AC/% CIA/% FN/% FP/%
kinship Ist 2nd 3rd 4th Sth 6th 7th 8th 9th UN
Ist 331 1 99.70 99.70 0.00
2nd 2 162 122 1 56.45 99.65 0.00
3rd 346 33 3 90.58 99.21 0.00
4th 12 433 91 80.78 100.00 0.00
5th 58 539 224 20 4 63.79 97.16 0.00
6th 96 433 294 76 16 20 46.31 88.02 2.14
7th 6 100 302 228 114 123 34.59 72.16 14.09
8th 12 58 117 97 196 24.38 56.67 40.83
9th 3 28 48 167 19.51 30.89 67.89
>9th 3 10 57 574 89.13
UN 1 10 74 372 25861 1.74

PC/% 100 100 100 100 100 99.87 98.41 86.25 44.09

AC: the probability of correctly predicting two related individuals as the degree of their survey kinship; CIA: the probability that two related
individuals is predicted to be within the range of Ist of their survey kinship, and above 7th degree or unknown relationship is not taken into

consideration; FN: the probability of predicting two related individuals as unrelated; FP: the probability of predicting two unrelated individuals as
within 7th degree.
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Fig. 4 Accuracy evaluation of different IBD fragments threshold
(a—e) corresponding to AC, CIA, PC, FN, FP in different IBD fragments threshold.
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Table 2 Accuracy statistics of SVM IBD algorithm in predicting Kinship degree of 253 samples

9 0.43%, 79 FN HALALETAY 14.09% [F4 7.10%.
it — VAl SVMARAL S B M fE , 48 X0 iR %
I TE PR 5 2.2.0 R AR TR T L (B1S),
g WoR SVMALAL G #8  TiEsE 4% (6~94%) X

Survey Predict Kinship AC/% CIA/% FN/% FP/%
kinship Ist 2nd 3rd 4th Sth 6th 7th 8th 9th UN
Ist 331 1 99.70 99.70 0
2nd 2 161 123 1 56.10 99.65 0
3rd 346 33 3 90.58 99.21 0
4th 12 434 90 80.97 100 0
Sth 61 537 224 19 4 63.55 97.28 0
6th 96 436 292 82 25 4 46.63 88.13 0.43
7th 6 101 303 240 161 62 34.71 73.77 7.10
8th 12 58 125 152 133 26.04 69.79 27.71
9th 3 32 77 134 31.30 44.31 54.47
>9th 3 14 117 510 79.19
UN 1 10 254 931 25122 4.54
PC/% 100 100 100 100 100 99.87 98.55 66.18 36.36
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Fig.5 Accuracy evaluation before and after SVM optimization
(a) AC/CIA/FN rate before and after SVM. (b) PC rate before and after SVM.
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Fig. 6 1IBD fragment length statistics for each actual Kinship degree of 253 samples
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Accuracy Research on The Distant Kinship Relationship Prediction by
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Abstract Objective To construct an analysis process for identity-by-descent (IBD) algorithm to predict distant
relatives and evaluate the prediction accuracy. Methods 253 family samples were detected by using high-

density whole genome single nucleotide polymorphism (SNP) chip. IBD algorithm was used to predict the genetic
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relationship between pairs of individuals, and the prediction accuracy was evaluated. The number of SNPs was
randomly reduced to evaluate the effect of SNP numbers on the accuracy of the algorithm prediction.
Results Among 1-7th kinship degree, the average confidence interval accuracy of IBD algorithm was 94.72%,
and the prediction credibility was 99.77%. The false negative of IBD algorithm was found when kinship degree is
6 or higher. When the number of SNPs decreases, the prediction accuracy will decline to a certain extent.
Conclusion The IBD algorithm can accurately predict the genetic relationship within the seventh kinship degree,

and it has important application value in population genetics, forensic genealogy inference and other fields.
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