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Bifi 5 75 32 [ B R R 4 MM R F (“golden state killer” )
BN ARG N TS W, 15 R R 2B A S — Rk
Wit AR T2 BN 2 6. EHEARER Science 247
Ly 2018 4E+ KB F 2 —.

2018 4 4 H, 72 % B AN R B2 28K 2
% (Joseph James DeAngelo) #7155 7E 1974~1986 4 HA [R50
T2 50 RIRATARM 12 WIERZE, B 30 Z4E, AT
B X A 1 & TF-45 2 07 % (https://www.nytimes.com/2018/
04/25/us/gol den-state-killer-serial.html). )74 E7ET AW
7 DNA %045 b 1% 2 @k Ak i 22 H 4048 %2 GEDmatch, U
B B LR R INIL R, @ R JFEH TR R R, AN EMRE
DX T AV R S AN R — A, SO AR T Y
ik, WERT —& 4 1987 FERET XM ERMERREA
A4 X1 F- (https://www .sciencenews.org/article/genetic-sleuthing-
murder-suspect-cold-case-talbott). % £ P 2 4 4 [H 22 19 Ak
AR, ARk B2 R 2 BRI B9 T 3. 76 2018 4F
4~8 1, MM 4 A H, BA 13 80 AR B B3R Y
Z. NP B AR A S P R T K e R A O AR
Ty U BRI Me, X IR LA T .

o T G b R R TE s A o B TP AR A A s L T4
MR, PR (] J2 008 2% 06 2 I AR 22 J] 3 =2 17 [m] i
(identity-by-descent, IBD) Bt EAR[E. #ldn, Hp4
PRI 2Lz IBD Jr BUKBEER T 700 oM B, BRSO A7 7E
— IR BRI LA RGO R, M 35 IBD Bk JE
KT 100 cM B, PRI OC R W BT 353 T =R Rl
TR EZ RN =Ml (triangulation) 5 A HE 12 H
T 28U, W2 B ELG A W . 2004 4R, 5
& 22 KR - BRTER(Bill Hurst) 5l A“mfe =~
(“genetic triangulation”)HES, F TR A AP A2 4
CREE S E Y e AR 1 H 5 Y 4 (short tandem
repeat, STR) B ZE A {4« DNA A A By 5 k21 s, &%
ARk DNA 193 IBD HBIHEE, %AW T
RGN, A =AW 3 AR, R A A
DNA; B: PERCAIZR FAYMEEREA; C: 5 A il B PIEEAH
= IBD F B = A, FIHIZ 0T LLE DNA SR 1E

© 2019 (PEPHY) Ak

R FEIEERE, KT
ZAABFERAB#I R, 25
P R Y N
5. EAEZEFEY DNA £ A
RBEEFNA T ERGEER
B.OEESRABRAE, KR
%G B Wk T REREKH
EFEHTT FIHRE, NEX
MG dE R HE R E AL
WA T Bk, & I CCK-8 B A Hk, MK 3h kE &,
REMBEIR, AR RR DM, EvEMILR E#% X Th 4058
FHEFETER. FEZXBAEAS—EL 17, %%
2 7.

TR B Z A B FIFEA C, R Z il =M™, 45
BENEMMGR, AR IMEAR A B RIEN
(https://www.familytreemagazine.com/premium/triple-play-
dna-matches-triangulation/).

AR R R A TR A R, (R R R RS
HEWrL SR Bk B AR R E AL, BAE 2006 4, Science
FEME 2 HIE TS VLR DNA KB AL IR HSE A
MR AEPERL 2016 4F 8 H, AR A A H R AR E B R A
S, IERE X Y Q@ fk DNA (R R, 5
FIRER LD, B2 LR AINIR. SEni i 205,
A FH 2% 2 4 00 40 98 6 S . — AR T — = AR i a2,
BRI AR Y Gy RN S B R E . AR R
TR, IR R0 TR R BE N B AL RN RE R =
LA R FRECCR WA 1 FiR), MRS AR KR,
B RLIRMEEN. X EWRE, WA DNA Blls b A A0
TR BE N )RR B H RGO R TR R, WA A] AE PR
BlUE LR IREE .
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Figure 1 (Color online) Family tree for “golden state killer”

B S H $% (Colleen Fitzpatrick)$2& tH 1, A2 912 T i i
R ARG KRR PIFHR T By, 7k %410 AT T
W2 E N E X (https://www.forensicmag.com/article/
2016/12/forensic-genealogy-real-story). 514t & i%2#AH [,
PIEH LT DNA B e v i 5 DR L RRR DG AR ke tF
FORGRFR, FAEZFh DNA K IUE A 1 @57 1 DNA it
AR BIZIRE. WE AR ZAET, RE RS54
AT R G O R e bR e, A e AL R VA S .
WAL G Z il 7, R R 2] LLTE 22 Ml T T 4
HZTH.

MR e sg i Y, < UM iR B fih, 6237 A
B, ATARAU R BL I A0 0 SR 2 a8t B 5 0 R i e AN A G A
YR, B2 R L TR BN, R SERAL R AT O e
Wos B T ikez Tk, HAY, BTS2 50R G B R & Xy
KRR, B BT LRI A DNAMR R, B
DNA $dli ek = 208 A GUBIR(S B, Bz L i
AN, FTUATCE AR BUL AR B sE N R 1 SRR, RARARE
M3 BE DNA B 2 i+ R R, IR,
H2 5 FE A OSBRI L, 5S8R Tevk ik 2R
MaTm . SR, A0 AR HEE A Y DNA S e 48 5
WA BAEVCHC L), mT LA R B Rk e ok, R
Al INET PR - PN P S SR idil
N S IR SN LR [ 3 NI 5 27 N L VAL E B
TCEER S F0ATH S & FEBLA DNA B8 2 45 1Ak BE.

B TINE SR IR EEE AN LIAh, 12 Rl 2L T N TT
s ILE . FHREREE A S, 454 BTk E
“EEANLHRERG /K LE DNA BHRE", AT
RO S22k B LB AR R AR SCRe. B BE RIS K
WK IZ AN T HA 5 R A DG 2 1, B an Bip B 54

K

e
8 010

RERRYI AR . BEATIRURIAE . B ER D7 A AN AR,

2 WL RiGEN LS
2.1 #E7% DNA Sl %R s g

H AP [ ) DNA $0 4 B8 i — 2 B, 4 2 dal
590 Z1~:EE DNA 90005, 4 DNA B B P ey &
G2 RGN, TE AT A T R e B S E ) DNA
BUYE N AR & (http://www.mps.gov.cn/n2254098/n4904352/
€6312936/content.html). % B4 >k U5 A1 H 3% 7] DL 43 R i
#l DNA . Bl DNA $0dli 5 . K14 & DNA %
W PE B\ PR B DNA B 122 FILRE DNA Bodg 2P0 B
fdi & [ B g R MR DNA BOs ER R, X PE R
M9 3E50, DNA B R 5 R A B, HRTE A 1
DNA B4 B 4 & 1915 B 225k 1A 8 98 BT RR A A 148,
I, AR RTRF B B EE Y DNA HE XA SRR XERL. VR =
RG-S IT A P — RS FTHF T e, A% T BRI
JO AR e A B — WA, (R4 R B L o M R
fe, RN T SR AL IR B A AT A

22 WRDEBCER, RIERITFESYBAGEERE
AT o7 25 31 o 0 A0 TR e S A\ 1A AT — 2 A
KRR, BER, HEARANRCER ST E A, Xt
FIAEHEIL DNA AR CHIESEA TR I, I 22 14 30 4 3 1
Tt ) DNA 43 BU 25 H 5 80E FE ) DNA 23 RUHEAT LU
FrAVCEL T, 485 8 H 2% B R R B S R e
N BT KBS HE A, DAY & PR AT BE DT I A9 A0 5 B e N
FIFH 2 Rk 2 s, B3I DNA A L I 36
JOTEBeEE A RS, R IR 1T DAk J5 5 19 O AR 15
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He, HAINEIA. 2018 4 Science 2435 Fe i R R EHRESE
THER, DAY 8 A5 15 5 09 DNA S0 1 R 6], 4 %08 1%
IR K2 300 J7 MY DNA B (M S804 iz
FERLAE N R 2%), Wz AL 9% A H#f AT LA7E
Hodl 2R Ve e E) 2 b — A = AEERSE, B 65%M AT L
TE 8 PR R DT e 3 2 /b — A AR e BRI ST
W s 1L 15 5o ), BRAEA AT S % . i DNA %L
o R B RS BB i, =2 32k R R E R B, R
A DNA IR AN WA, Wik y &)
DNA ¥ P i H i

KR HE A T BERE B KR 0 ) BRI, (R  BE AL 2
BRI SER, JEHfEHEA SR, RIFMMEERE—H
gz, JEAE B SE AN AR T REEE XUim ik, BrdtHELr, WM&
HEONRE S . A, KBUBLHELS &) 51 AT SR, ¥
Wil JE PR RE AR P A 06 . 25 TR R RIS FH AR M R F B, iR
BN GERCR A R, BESR T R B AR T AR,
A Ja AR R — KR 2.

2.3 HEELTRUEREN PLACAY ) &R

FIR Y L6 /& DNA BB LR M5 A K R 2 BRiE
TR SRR B, aneH R FAR 3R R NS T
W, EEFAT Y BBl RmE AR R, HEMA
Y Jefifhk DNA S22 BRI 55—, JCIRMHEe A 57 5
P, AR AL TR e A AR E R S, MR T
WY, Y Qe ik b BB E AR IC B A R, HX R
FHRTEAL; 55 =, ¥ Y YOk L isinic 8%,
M5 KA AR b (RHERR, 2R 3 R0 i ;28 0Y,
BT AL R, HEik AR H Y Yok STR 3 i
ARG i TR Y STR. TE“& MR T Rt 4k il o 72
o, EBFERCARIR Y JeERAR, iR R R G R i
B TR EE N BRI — AL PEIE R MH AR — 15
PRI SE, ME W20 AR e BE A, R SScs 12E v i et
1 DNA FU30 76 28 7 9 T 3R o 31 28 ¢ E 22 4R H.

WJE K- B E(Yaniv Erlich)5E A T 1 48 i 1] 14 2%
#F (direct to customer, DTC)H G {o 4 e PRSI0 45 4 12 v )
128 FAAARHE Yefafk DNA BT TR RILE ST
SR, BT IRNE R B R, BRBA T B 2 ] Y SR 4 6
ZMAT. R TEAE AT DNA DCEC R R rh, B T AN
VR B VC eI . 45 5% R 7E DTC $d@ 18, MFEE A
B BEIRS] 100 M KU BB, K2 60% M HEATT DL 3
HASEPCEC. 55 g R T SR VT L B = AR LA P 4 552K
1, PEEC 100 cM B RIE B B BE R K P s 2940 2 T4 =
RIGESE T MBS R, TR VCHEL B A 2R 32 =5 1 A
Y L5k DNA B UL ECSCR.

GABEREENHNZME, AR RS
ARIEATH G AR B R AW LIRE N Y JL ik DNA #E

2276

Wi A< AR IA R, LA S e Akt 8 A R R E N

3 WA RG]
3.1 R

AR, HEEELRE BT 2l ikr) DNA 15
FE, 0 23andMe, FHTHBIHIF 08T DNA, SR 00050
A XS PEA ; Ancestry 52 GEDMatch Y 4 iR TS HE T R ul, A
FH T #5 Bh 3-8 515 2 3% 5k I (https: //www. sci encenews. org/
article/genetic-geneal ogy-forensics-top-science-stories-2018-
yir). @it 1200 J7 93 E A TS R AT 9
B ER RE AR 2% 5] 23andMe B, Ancestry JXFERY A,
BETT LT SRR RS, R R F A IR (https://www.science-
news.org/article/family-dna-ancestry-tests-review-comparison).
E &2 DNA BIAA, ol PR A O RgRm a5 1) 1%
BN ICRAE I, VUBCR [T 2 w9 DNA %, DLE
FHRWUBEEEZLRWAN. M RT R 082 R
F GEDMatch H#) DNA udla #E47 DU, A8t s S0 4R e
BEN.

B IZ SRR, kB RIS A R S DNA $iis
Y1 FH I 5| & A48 PR n) fBUBE 22 1T 3K (https://www.geek.com/
tech/golden-state-killer-dnasearch-raises-major-data-privacy-
concerns-1739868/). 4 [E it 1 2 K 18 H 15 Je 44
X RREARTEH R TN, R H R
HAAREE N, IR BE RG] LA C AR (5 R
2R R AR R, AT X S ok JE O ok A JETE R |3k
FEHOK DNA &M ER. R, —MAPBACH
DNA #dis b A% =E b, WIEEIRE 5% P AFTE s f%
FHICHE R 8 B4 DNA 5 BRPATF. EFRI TS
AT DATERZ ARFIIFOL T, X0 AR HEE KRS 14 B HH ¢
R B IEAT IR A, X 2L 2K R AU B RL 2 1 79 B R DR, kst
2 H AT IS i JF Hix 2t DNA Bt & 7 AR
BALE R, A AT RE M E2 AR R B AR IR IS 15 B, %
BORWIR ], W L AC B, Bl L ARG Z A2
Y ) L.

3.2 fEWiEGLE

M T BE RGN ], 26 EE I TE i I T
MEE, ZHEARWPFR B Bt g, R4
A& FRXZ A A AR PR T R R R H Al
R A T Y e /R DNA, 38R H BRI 5 300
AT REYE. B0, ST RIS AT, 7E—IK
ZrEmmh, T Y Y@k STR ASHRILE, JEM R 41k
AL & 7 W2k 4 4F Z K (http:/twinnocenceproject.org/
CaseDetail.php?Caseld=18). 7EMITIEFEICE ML FEH, H
FRERRM A E RE X RN S AL 2K G, &
PRV, — AR 1000 DPURERE, 0 AR LN £k
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BT P2 0 e FE AR, A T RE S BOZ AR (14 Ry HE AR 25
R & 5 0 4R FHEON 56 35 1 500 DA S R AR A 8, (R
U SR S5 L Al 8 5 R VR s BRI R, O] 2 7 A 5 A R 1 4
. DNA Bdii 2 b i B (R an e BRI Bk, s plk
P50, RN, I H DNA B B A S 5 MR
P R A L BN, AN AR R 4 75 Ik AL B DNA %L
PaIE T AL DNA $dia (5 8., A T RESR B AS [A) 70 A,
Z MR ) DNA K ilbRe, & SRR 2 5] ki) DNA
K a5 RAFAE 2 5. PO AR 0 X DNA s 1
BIFLSLE . Ve RIER R I T A R

4 PRI B o i st e 2

JUETL PR RS2 456 DNA Bl 28 17k B2 2 i FH 457
e 22 48 P R] BRI ) KU 19 38, (ELIR X S8 IF AR BE
TRCFAE PR E R B B, TG 43, AT R 3 B 22 14 7 X
SR, L RN ARAE, FE5R T B KU

5, NIt — L WA R G VS, A e
X DNA Bl 2R B s AR X437 0] BE Y BLA#E Hh S A

A 15 SRk

S LASMHEIRT, LUK T AR5 I B B 2 B ol
VAR BAEAT BB S ASLIE, AORIP RS BB
b, FEAR XTI AR AE N S A I 7 SN B3 A5

FOR, HH DNA Bl e e ge 5 R Rk 6| ik
B i A NIRRT AE A A S A9 N 8 1 XA A, LBy i
AR A RHAE AR .t nT A % 92 [ FBI 1) DNA 4%
JEAE BRALSE , M R o U R 5 95 F DNA {5 8., T
FHE A N TR 5 00 {5 SRR A7 725N, I 2L 22 [ i 3B
PIRRE S, TG 22 PSR T IR VR T, SRR R v
TR A, R T PO B KU

PR, G 58— B LT 12 2 0 2 41 W 2 2 A 45 T 2
TOPRHERLIE, 388 S Ak BR AR 33 2 5K T2 LR A Bl 22 1) D
Bl %THREZ R BATEBR, HTEEREE
SO TS I8 255 FEAS [ B S8 A% 75 55 B RO W), 36 4 0 #fE T 30k
BEATIRAEAUAL, LA £ DT I A B 4

B, ST NI PR R R A A W R A A A,
AT S Al E B 1 5847 M A o 18 DA 5 12 1 %l B
Jrik, MT4/NEIFHEAIE I, o8 7 24 DNA R,

FRARIEBE R N AT RAFAE S, filtn: nTREss
T RE TR NTEREE G B TR 2o R rh i S iy AR
RS, A PR M T BE A A B A R AR IIE; X
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New genetic sleuthing tool: Forensic genealogy
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Recently, a new genetic sleuthing tool, forensic genealogy, was used to track down Joseph James DeAngelo suspected of
being the “golden state killer” in the US. Since then, decades-old cold cases and some fresh crimes have been solved af-
ter genetic genealogy searches. While the description of the genomic analysis steps taken to find DeAngelo appeared to
be the latest groundbreaking technology, investigators found genetic relatives could link even distant relatives accurately
by locating identity-by-descent (IBD) segments after querying direct-to-customer (DTC) genomic database. In addition,
in order to solve those cases, powerful triangulation techniques combined with some traditional genealogical methods in
forensic genealogy were used to identify shared segments for validating the links, and the details were introduced.

Forensic genealogy is the study of identification and kinship in legal contexts including finding family references for
DNA identification, identifying missing persons, locating heirs for probate matters and more. The advantages for the fo-
rensic genetics community of introducing the new technology were discussed. Such as, improving the effectiveness of
the existing DNA database to identify suspects in crime, reducing the impact of “innocent” individuals due to the inves-
tigation and protect security of case information, and possessing higher success rates than with surname inference from
the Y chromosome.

Also, the ethical issues and risks of false identification should be taken into account. Legal and privacy experts worry
that genetic genealogy searchers will put numerous people under police scrutiny and will never guarantee total privacy of
their DNA information. Although the detailed linking information available in a DTC genealogy database is private to
those directly concerned, which is guaranteed by the companies, they also warn that legal processes may force them to
reveal personal information. Meanwhile, using this approach to uncover relatives may not be that simple if the relation-
ship is more distant, the number of familial relationships increases exponentially witha number of generations, and only a
small proportion of them will be available on any given DNA database.

There remain implementation issues that would need to be debated by the public and ultimately resolved by govern-
ment. First of all, to make laws to strictly control access to genomic data for privacy protection of relevant personnel.
Secondly, to avoid using phenotypic markers, such as the markers in relation to hair color, stature and different human
diseases, in creating the DNA database. Thirdly, to normalize the formulas and parameters for linking distant relatives to
prevent mismatches caused by subjective misjudgments of forensic genealogists. Finally, to apply the technology as an
auxiliary tool for other identification methods at present, due to its complexity.

Even though the use of forensic genealogy will bring many ethical issues and risks of miscalculation, it is not the rea-
son to abandon the application of this new technology. More standards and policies should be put in place.

forensic genealogy, golden state Killer, DNA database, ethnics

doi: 10.1360/N972019-00266
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