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Abstract: Kinship inference based on short tandem repeat (STR) and single nucleotide polymorphism (SNP)
is widely used in population genetics, forensics and other fields, but there is no mature system that can realize
automatic batch processing of STR and SNP data. To fill this gap, a DNA pedigree inference system based
on STR and SNP data (named DNA Genealogy Analyzer Version 1.0, DGA v1.0) was developed, which can
use STR and SNP relationship prediction algorithms to calculate all kinships in the group of unknown rela—
tives. The core algorithm part of the system is implemented based on Python language, the front—end part is
written in HTML and CSS language, and the whole is developed using Python Flask framework. Compared
with the existing analysis methods, the system has 100% result consistency and its computing efficiency is
increased by more than 800%. The system would have important application value in population genetics
and other fields.
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batching; forensic genealogy inference
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(Life Science Research, 2022, 26(6): 515~521)
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Fig.1 The quantity distribution of each kinship degree among samples
(A) The kinship rank distribution of 253 SNP data; (B) The kinship rank distribution of 41 STR data.
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Fig.2 System function diagram
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R 1 ITO HEFM 41 ¥R STR HIEFRE X RAVERIE TR
Table 1 The prediction accuracy of kinship relationship of STR data from 41 samples by ITO algorithm

A Predicted kinship

Real kinship S ) T30 1C3) 20 6) AC CIA
1 10 100.0% 100.0%
2 7 32 8 68.1% 100.0%
3 6 10 9 40.0% 64.0%
4 7
5 1 3 75.0% 75.0%
6 1

E:AC A TERAE, P ERTMBARAEANMKALERE L AREOBE,; CIA AT B2 R R AHE, BF /A48 2 AR
FAMERLAEEREXLZG1IBERN, LREE TR LR KX ZHE,

Notes: AC represents the accuracy rate, that is, the probability of correctly predicting two related individuals as the degree of

their real kinship; CIA represents the accuracy rate of confidence interval, that is, the probability that two related individuals is

predicted to be within the 1st—degree range of their real kinship, and above 7th—degree or unknown relationship is not taken in—

]\IIBS

T T
S9  S10

S7

84

to consideration.
el % B B B -
201
10
0,
T T T T T T
SI S2 S3 S5 S6 S8
Kinship degree
B3 STR-IBS EXFNER

4r @/fé/}@%] Nips=22, TRV AR A FS X £ 69 B8,
Fig.3 STR-IBS algorithm prediction results

The red dotted line is Nps=22, which is the threshold for
judging the relationship between two individuals as FS.
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Fig.4 Comparison between the prediction results of the
SNP-IBS algorithm on the SNP data of 253 samples and
the real relationship

FH DGA v1.0 % 253 3 FEARY SNP 8 i#F 17564
KR, PRAFEL RS F . W 5 AlAl,
SR ESRSEA L, IBD BIkIE 1 90R%
I Z B T AERR 20T LA R 100%, T8 3 Hf 4
B L Z P T AE TR R AE 75% A b, 75 2 %
FGRZA P TIERREAE, RA 68%. [FIET,
FRATIHEE T IR0 2 R ) B X R 2R (] 5), 45
BN, IBD BIEAE 1 ] 5 i B A5 DX E] HE
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R N
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A A BOA [ 5505 1) STR Fil SNP A
AEHE, XT DGA v1.0 B FE 2% X 2 Tl st ] A1 A
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Kinship degree

5 IBD BiExt 253 A HF A SNP LRI T A # 1E

AC F s, Bp EAFAMAHAMRANMRAEEF B X F
A2 AR CIA Ror B A5 X MR 5, Bp A48 X AR
WIRMAEL A EF X RN 1 ZEE A, BREE TR
LR ARImk R oA,

Fig5 Prediction accuracy of IBD algorithm on the SNP
data of 253 samples

AC represents the accuracy rate, that is, the probability of
correctly predicting two related individuals as the degree of
their real kinship; CIA represents the accuracy rate of confi—
dence interval, that is, the probability that two related indi—
viduals is predicted to be within the 1st-degree range of their
real kinship, and above 7th—degree or unknown relationship

is not taken into consideration.
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B8 1m0 A HRRTH R B—OC & 1, AR 1, FIlr
ARG R, TINRCRM . WA 4l
Mot R 1TO AT [RIR T 4 FhoRZOC
FRI 1, FFHCAE TN, i AR (] B A ] WA — e
RGRR, fEm TR IImRCE ., s e
ISR R I REA BRI 5 1) 110 BT
1, B S TTO BB Y 3525 5% 2 TN S 38 A s
P, IrAS T 25 R AER R AL A 110 A A
T, 2588 T STR Kl 254 ¢ R R
w1,

XA 5L R AL SNP Bl A 0 EE g A
P RITRAN T STR & M A B e A PR ke . JEF
SNP Bs A PRI R IEAE TN 1 RS R A HER
RHARTTIA 100%, I H SNP-IBS B3 i8 1T LLFE 4
WEMER R AR T, X 1 FoEZ AP H FS . MZ
1 PO S R VEATIX 43T, AT LAY STR-IBS Hk
A PTT FIL MM 45 3 1T 2 BB uE . 5 HEF
STR 4l () A AH LA, SNP-TBS F3-1% RE A% Fit il
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Table 2 Comparison of time consumption between the system and manual prediction on STR data

DGA v1.0

Routine time

Routine DGA v1.0 Routine DGA v1.0

List Sample size (STR-IBS) time (STR-IBS) time (ITO) time (ITO) time (PTT) time (PTT)
1 1 2 min 0.1s 5 min 0.2s 7 min 0.2s
2 15 30 min 0.5s 75 min 0.8 s 105 min 0.8 s
3 30 58 min 0.7s 150 min 1.2 s 210 min 1.1s
4 41 75 min 12s 205 min 15s 287 min 1.8s
x3 EHT SNPHUIEM RSG5 A THNE E b
Table 3 Comparison of time consumption between the system and manual prediction on SNP data
List Sample size Routine time (SNP-IBS) DGA v1.0 time (SNP-IBS) Routine time (IBD) DGA v1.0 time (IBD)
1 1 8 min 50 s 5h 100 min
2 100 30 min 64 s 10 h 120 min
3 200 45 min 80 s 12 h 150 min
4 253 63 min 90 s 18 h 180 min
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