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Table 1 Bioinformatic methods for inferring genetic relatednesss in ancient DNA

WARES FRE R 2 Fpe i o AR RSO RSN AR SR
Plink \ — B YRS PLINK Purcell % A% Chang2015™
lcMLkin 2X — B =Y RSk PLINK+VCF Lipatov 45 A'®
ngsRelate 1X — B =YOR% VCF/BCF KorneliussenFIMoltke!"”!
READ 0.05(v1); 0.3X(v2) — B YRS TPED+TFAM Monroy KuhnZ§ A Alagamli% A 21
BREADR 0.04X — B G Eigenstrat Rohrlach% A 2
Kln 0.05X — YR BAM PopliZE A1)
ancIBD 0.25X — BN VCF Ringbauerd§ A 24

a) BLAbTI RS2 B N384 SR G AT vk, B D7 60 ) IR B PR 4L e 5 5 i SCR 283, FITAT I (R 5% R A5



A& WAL A5 FHIEE LORSHERE 2 AR MR . RS
HEFER.

PR N o N B RRE R %, i an-E-4%
5581 BE IR, 2 A5 LA AR AR B AR IS L )
ST AR AR VE SIS, T DNAARE: T8 i
] E B E . A BT SURKSEDNA SRS T
SO B s N R 644 2548 B 3, HETHIEH
PR P XU, R3S A A SO TRl Sl R, e
PRI, B AR B 178 2UX Sy DNAHEWT — s {4
FLEPRXE)F (&) FhAER)H k)R ). [, %k
SR IRHICSE T L BEFE S BRI R, TR SN
RS M R A VR A B S S B B A . r DA ok
Wi . il 5 NG LR R G 5 AURAIE, 5
ST T RN DS Y 4 T 20, R EERE - RS
SIS A E R, AR NS S LU A AT
R,

AHREHD, HRHE T DNAX 58 & Hhist L AL SRR I R
NRTT T2 %02 RO & 55 NS B gE = . B,
IFil— iy SCA AR [l gt b P A S ZE AL R R A Y A5
KT 6~ R A AR S I 22 S0 fk,  (H IR L AR TR
DAL 2R ARty 3 s ik A R BB A R 5 PR e
TR NBEAREY, s R R R A S L RIES

(a)

08 [) ek

Ot 0 SREINEEHREVEEE
| SHERREREHBROREHA

10}

\

EHEDNAK B2
M@%ﬂ ﬁmuﬁ?&

@D q

1l

BR

[l

FREGX

AR BEEDIIESE. 25 1, 7E505% RSP il DNA
Bt MRS SRR S SIS, il 5 A 4R
BT R, W 2R R S A0E, DNATE
R AR A 18 1 22 5 5 SO L8l 0 NSO s
PASSAIESFR IE, MmBE— a7 1Tt A2 47 0 St
S,

3 HWDNAHARHIRANIAEZAT A

WA T DNA S 7 14 15 O 38 DA SR BE Ry B A AR R
TERM—Es, TR EM—R, KRR SR T
JRRE R AL ST —FRE. M55 MR R 52
EEZEIEE, W ABIEE . BEETTSELEAE, AL
B A2 AT R . i, W?Eﬁﬁﬁﬁ&%ﬁéﬂﬁ’]ﬁ]ﬁ
WHERZEEARAME, R REANE SRR 5 A3 T A
SERPY. MTE62004F Fy Y 72 2 iV KA FLZEST AP A7 e
AR, KU S QR . 5 L RS AR B
Fe—ARF A T AR T e 5 028 KB A SSIER). i
WARZEIRZERIA S, FRATHELIB X RER S A 217 R,
e A TORI3 223 22 Koszyceigt i FLEZEYTH, 2AFHIBJR T —
BESET A RTCR B NRBE, $87R T RMEERLFE b B
M2 R AR S B b 27 A P [WIRE, Ri%as
hkrh, BLEEBUPR R R MRS, BWEIZHARTT

(b)

I

=
BIERIR \g I:I
gak
ERAEX
E7AVAv

Bl 1 of UG R i &1

B RPR R R BRG R BHIE . (a) ZIRIE 5 gt (5)
HLAERRIIEDNA J B ROH, JLRESIS BB IN 4] b Sl g b B, (b) FREOCRPUNIE

B8R/ EIRE
e C Z8E
R z(ﬁ?& ¢
ZRRE
=R
MFsES AR =8 Ba
— @) @h) 1R5E4E
AR |
W CFEs gl
N B3ERQ 2366 AR
INBEE M [E) REHE e
NEFEZ I
BRA
8 el ; =R
) zN 19#%% R/
8. #. E/%%{El‘ MR BEMM
Q3 fic? 2 %, B, 3, -
FL’ = : E B8 AR5
2
near g BE, S E

BRI PR L2~ B & 1BD, 2k H 4L [H]
EZvs34]

Figure 1 Intergenerational transmission of genetic information and kinship degree inference in a six-generation family pedigree. (a) Inheritance of
genetic information through generations in a family pedigree. IBD: Homologous DNA segments shared by individuals that are inherited from a common
ancestor; ROH: continuous stretches of identical DNA sequences within an individual’s genome, often indicative of a consanguineous union.
(b) Kinship Degree Inference Guidance Chart
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Figure 2 Schematic diagrams of ancient patrilinear and matrilinear
community, and various marital practices. (a) Illustration of patrilineal
and matrilineal families; (b) illustration of exogamy marriage;
(c) illustration of endogamy marriage and the distribution of Runs of
Homozygosity (ROH) genomic segments in the offspring from
consanguineous unions

BRI 25, BN O S b IS IR AN S . 7
RRGIED, FWRCRMGIE S W ok %50 ot 5 5
RO, HINA ALK (patriline), HUF— RZ 95
PER B B AAHR Y L R SRS AL, Bhn, 1k EH A4 Gurgy
BEHETE 5 R -C A A R AR AR TSR W 2 5 R R — B
BIG2amy B, [FIRTDNASHRFE AR R M iy ob:
PARTC R LI R IE H oMK BN A Y s A b B (A R
{E, patrilocality).

W H NN AR A, SAl k2 1T B YA,
XA g BRI AR R SR B O R TR I, A& il (patriline-
ality) 2 At STEA. Sk AFAHRMEFHRECEZBONA R
KRB F SR AERICS N, I BT S K I 1] 1A R G



ARE SR, A AR AR A A 2 rh, R AL Rl S R
RIEE R LAY, (X > 5 (bilateral practices)HH
(54

SR ZRMGIE T LR RN AR R il E s, TR At
rf S 1 5L R 2R SR AT (matrilocality)). BRI FE A 7E I
RASHN/D I, T DNATESZER S AR RS F YRR AR
X B 2R R AR IS, AT 1k 1 Rl — S AR B 2 A
BT H RIS i _E IR R ARG S Tt LA i F B 3R
RGOS, K GITFALF M, FE %I R AN ] gk R
FIRESE SRR 5 5 B by 5000 H A i ARE R
MR — 13T, EL&& 0 B I sl vk 538 1 2 RO,

Pt S A LU R A A A S8 E 24k, Al
ot 2 i i BRI A 23 B8 U5 4 L ) S5 T 5 A s AR
(22 JZ R, N, 6~9th£0 2% S A Y 4 BT L2 Tl OB i
AR TR ML LA AR I I 5 3 8 B3 b 2o A1 4 U T,
E A7 &b i 355 DX 35 ) 7 P42 R DGR AE 45 1 B 1 2% 79 A2 & [
BRI TN AR AL RS, A EEZ M EEHREZES, IF
L5578 B O X AR W QAP A B VI G e R, ARG
2o AT RE SRS DAL T ELAE BT FLR ZR W R P i AR
LR S FE T R m R ZE S, AT IBD M 45
AEZE5HMNMWER, ZEEFFRMAT S 5805 5 B 4
R At AR Jekt A g, A AR I AR S
SRAGFRAE (1) DB FIRE (AR G, 7ERT FOR AR WA Rt 2,
ANSFAR SE AR A Lo P AR B 2R 0 1 2% A8 2R Ja A3 1 2 b A,
LI R 25 FEAN () UL 25 V5 B A7 7 A ) A 22 R A4 2R Sl %
A BIG T, St 75 SRR BB Blah A R, B
AR IO S AR 2RIk, BB E RIS E h— Rt L
SR, A BT8R SRR s R =X, LRz
(B A B M AN SE 3. LA BL/RBH A i, RO FE 4232 AR 0
WEPCCAR R IR, oIS T 2R A PR, 30T T B 2R A A v
55 M R BARIC R IUAR AR, HASMBON R —, T
PR SE B ALA RO IR B i 17 Y HL B 2 oc 1, s — B4
AT SRS IR E S WG, G R # e ik

JREAE LGS OME B 2% S AP A B, WA A
BESCIL A2 M P EB BE AT ML LS, SRR
HBIX 5 L (P S U B A T A 2 A RO PR B —, B
ST i A T M 2 S 2 2o ),

5 k5

£ LR, 1DNARY 346 E PS04 T2 m O
WA, TR T R AR . TR
BE TR I 0 220 2R, 3 — S T s i AR 2ol
RS B R B TR, TR M T R ML 25K %
BEME, UL BRI R T OISRV E D2 AR 24
GUYIT OSBRI, WA 1A 5 e 2 Je T8I 25 1
WS, B SCWIE T, A AL e AR T
TR A R B RSB, B AU 45
BOHUR . HE200p TRR S5 I 2 eI S 2 e, HETIY
B SO AU R O BOA R R TAE SR RHLR. X
BRI A5k B 2 B, RO Wt R IR e a2,
R T LA S SRR A TR 2 S BF. KA S
AR A S 5 0 5 T R I A e
KIS RT LR IER M A, WA R
L R S SRR . A S A T
WATFRERTBCAR. AN, S AHE SIS REE H a
EPE T, M A S 5 AL R TR BN AR, 2%
RAAAT BRI ALK R RO SCIRGIESE, T 5 F
G4 7 PR 2 0 LA, Sk ST T AR B
W)

BRI B, ASBTSE A T A DNALS B 5
VRS | AT SR S MO &, L2
R S WO A B % R 595 3 S48 . R AR R
R R L R BRI S A, R R
AL LT R I PR R Y B, WA AR
TR, MR TR | H AT S R L, K
H K 4 7 TS AR .

B R E R 8 AR 4(32370660)F L T 8 A E T H (23YF1402900) % 8.

P 15 SRk

AN AW N =

282-288

Higuchi R, Bowman B, Freiberger M, et al. DNA sequences from the quagga, an extinct member of the horse family. Nature, 1984, 312: 282-284
Péibo S. Molecular cloning of Ancient Egyptian mummy DNA. Nature, 1985, 314: 644—645

Hofreiter M, Serre D, Poinar H N, et al. Ancient DNA. Nat Rev Genet, 2001, 2: 353-359

Stoneking M, Krause J. Learning about human population history from ancient and modern genomes. Nat Rev Genet, 2011, 12: 603-614
Zhang F, Su B, Zhang Y, et al. Genetic studies of human diversity in East Asia. Phil Trans R Soc B, 2007, 362: 987-996

Yang M A, Fan X, Sun B, et al. Ancient DNA indicates human population shifts and admixture in northern and southern China. Science, 2020, 369:

7 Wang K, Tobias B, Pany-Kucera D, et al. Ancient DNA reveals reproductive barrier despite shared Avar-period culture. Nature, 2025, 638: 1007—

5


https://doi.org/10.1038/312282a0
https://doi.org/10.1038/314644a0
https://doi.org/10.1038/35072071
https://doi.org/10.1038/nrg3029
https://doi.org/10.1098/rstb.2007.2028
https://doi.org/10.1126/science.aba0909
https://doi.org/10.1038/s41586-024-08418-5

N I

11

12
13

15

17

18

20
21

22

23
24
25
26

27

28
29

30
31

32
33
34

35
36

37
38
39
40

1014

Slatkin M, Racimo F. Ancient DNA and human history. Proc Natl Acad Sci USA, 2016, 113: 6380-6387

Racimo F, Sikora M, Vander Linden M, et al. Beyond broad strokes: sociocultural insights from the study of ancient genomes. Nat Rev Genet,
2020, 21: 355-366

Niagele K, Rivollat M, Yu H, et al. Ancient genomic research — from broad strokes to nuanced reconstructions of the past. J Anthropol Sci, 2022:
193-230

Gnecchi-Ruscone G A, Réacz Z, Samu L, et al. Network of large pedigrees reveals social practices of Avar communities. Nature, 2024, 629: 376—
383

Parkin R. Kinship: An Introduction to the Basic Concepts. Oxford: Blackwell Publishers, 1997

Weir B S, Anderson A D, Hepler A B. Genetic relatedness analysis: modern data and new challenges. Nat Rev Genet, 2006, 7: 771-780
Browning B L, Browning S R. A fast, powerful method for detecting identity by descent. Am J Hum Genet, 2011, 88: 173-182

Huff C D, Witherspoon D J, Simonson T S, et al. Maximum-likelihood estimation of recent shared ancestry (ERSA). Genome Res, 2011, 21: 768—
774

Purcell S, Neale B, Todd-Brown K, et al. PLINK: a tool set for whole-genome association and population-based linkage analyses. Am J Hum
Genet, 2007, 81: 559-575

Manichaikul A, Mychaleckyj J C, Rich S S, et al. Robust relationship inference in genome-wide association studies. Bioinformatics, 2010, 26:
28672873

Lipatov M, Sanjeev K, Patro R, et al. Maximum likelihood estimation of biological relatedness from low coverage sequencing data. bioRxiv,
2015023374

Korneliussen T S, Moltke I. NgsRelate: a software tool for estimating pairwise relatedness from next-generation sequencing data. Bioinformatics,
2015, 31: 40094011

Monroy Kuhn J M, Jakobsson M, Giinther T, et al. Estimating genetic kin relationships in prehistoric populations. PLoS One, 2018, 13: e0195491
Alagamli E, Naidoo T, Giiler M N, et al. READv2: advanced and user-friendly detection of biological relatedness in archacogenomics. Genome
Biol, 2024, 25: 216

Rohrlach A B, Tuke J, Popli D, et al. BREADR: an R package for the Bayesian estimation of genetic relatedness from low-coverage genotype data.
bioRxiv, 2023.04.17.537144

Popli D, Peyrégne S, Peter B M. KIN: a method to infer relatedness from low-coverage ancient DNA. Genome Biol, 2023, 24: 10

Ringbauer H, Huang Y, Akbari A, et al. Accurate detection of identity-by-descent segments in human ancient DNA. Nat Genet, 2024, 56: 143-151
Chang C C, Chow C C, Tellier L C, et al. Second-generation PLINK: rising to the challenge of larger and richer datasets. Gigascience, 2015, 4: 7
Stimer A P, Rougier H, Villalba-Mouco V, et al. Earliest modern human genomes constrain timing of Neanderthal admixture. Nature, 2025, 638:
711-717

Gnecchi-Ruscone G A, Racz Z, Liccardo S, et al. Ancient genomes reveal trans-Eurasian connections between the European Huns and the Xiongnu
Empire. Proc Natl Acad Sci USA, 2025, 122: 2418485122

Bass W M. Human Osteology: A Laboratory and Field Manual. 5th Ed. Columbia: Missouri Archaeological Society USA, 2005

Scott G R, Turner C G. The Anthropology of Modern Human Teeth: dental Morphology and its Variation in Recent Human Populations. New York:
Cambridge University Press, 1997

Barquera R, Del Castillo-Chavez O, Négele K, et al. Ancient genomes reveal insights into ritual life at Chichén Itza. Nature, 2024, 630: 912-919
Lipson M, Cheronet O, Mallick S, et al. Ancient genomes document multiple waves of migration in Southeast Asian prehistory. Science, 2018,
361: 92-95

Norman J, Mei T L. The austroasiatics in ancient south China: some lexical evidence. Monumenta Serica, 1976, 32: 274-301

van Driem G. The ethnolinguistic identity of the domesticators of Asian rice. Comptes Rendus Palevol, 2012, 11: 117-132

Yaka R, Mapelli I, Kaptan D, et al. Variable kinship patterns in Neolithic Anatolia revealed by ancient genomes. Curr Biol, 2021, 31: 2455-2468.
el8

Novak M, Olalde I, Ringbauer H, et al. Genome-wide analysis of nearly all the victims of a 6200 year old massacre. PLoS One, 2021, 16: €0247332
Schroeder H, Margaryan A, Szmyt M, et al. Unraveling ancestry, kinship, and violence in a Late Neolithic mass grave. Proc Natl Acad Sci USA,
2019, 116: 10705-10710

Iregren E, Isberg P E. Ethnicity of Scandinavian populations from 1050-1500 A.D. Anthranz, 1993, 51: 193-205

Zachrisson 1. Moéten i Grinsland: Samer Och Germaner i Mellanskandinavien. Stockholm: Statens Historiska Museum, 1997

Price N. The Viking way: religion and war in late iron age scandinavia. Doctor Dissertation. Uppsala: Uppsala University, 2002

Moilanen U, Kirkinen T, Saari N J, et al. A woman with a sword? — Weapon grave at Suontaka Vesitorninméki, Finland. Eur J Archaeol, 2022, 25:
42-60


https://doi.org/10.1073/pnas.1524306113
https://doi.org/10.1038/s41576-020-0218-z
https://doi.org/10.1038/s41586-024-07312-4
https://doi.org/10.1038/nrg1960
https://doi.org/10.1016/j.ajhg.2011.01.010
https://doi.org/10.1101/gr.115972.110
https://doi.org/10.1086/519795
https://doi.org/10.1086/519795
https://doi.org/10.1093/bioinformatics/btq559
https://doi.org/10.1093/bioinformatics/btv509
https://doi.org/10.1371/journal.pone.0195491
https://doi.org/10.1186/s13059-024-03350-3
https://doi.org/10.1186/s13059-024-03350-3
https://doi.org/10.1186/s13059-023-02847-7
https://doi.org/10.1038/s41588-023-01582-w
https://doi.org/10.1186/s13742-015-0047-8
https://doi.org/10.1038/s41586-024-08420-x
https://doi.org/10.1073/pnas.2418485122
https://doi.org/10.1038/s41586-024-07509-7
https://doi.org/10.1126/science.aat3188
https://doi.org/10.1080/02549948.1976.11731121
https://doi.org/10.1016/j.crpv.2011.07.004
https://doi.org/10.1016/j.cub.2021.03.050
https://doi.org/10.1371/journal.pone.0247332
https://doi.org/10.1073/pnas.1820210116
https://doi.org/10.1127/anthranz/51/1993/193
https://doi.org/10.1017/eaa.2021.30

41

42

43

44

45

46

47

48

49

50

51

52

53

54
55

56
57

58

59

60
61

Mittnik A, Massy K, Knipper C, et al. Kinship-based social inequality in Bronze Age Europe. Science, 2019, 366: 731-734

Kennett D J, Plog S, George R J, et al. Archacogenomic evidence reveals prehistoric matrilineal dynasty. Nat Commun, 2017, 8: 14115
Merton R K. Intermarriage and the social structure. Psychiatry, 1941, 4: 361-374

Skourtanioti E, Ringbauer H, Gnecchi Ruscone G A, et al. Ancient DNA reveals admixture history and endogamy in the prehistoric Aegean. Nat
Ecol Evol, 2023, 7: 290-303

Ning C, Zhang F, Cao Y, et al. Ancient genome analyses shed light on kinship organization and mating practice of Late Neolithic society in China.
iScience, 2021, 24: 103352

Seersholm F V, Sjogren K G, Koelman J, et al. Repeated plague infections across six generations of Neolithic Farmers. Nature, 2024, 632: 114-121
Fowler C, Olalde I, Cummings V, et al. A high-resolution picture of kinship practices in an Early Neolithic tomb. Nature, 2022, 601: 584-587
Knipper C, Mittnik A, Massy K, et al. Female exogamy and gene pool diversification at the transition from the Final Neolithic to the Early Bronze
Age in central Europe. Proc Natl Acad Sci USA, 2017, 114: 10083-10088

Rivollat M, Rohrlach A B, Ringbauer H, et al. Extensive pedigrees reveal the social organization of a Neolithic community. Nature, 2023, 620:
600-606

Engels F. The origin of the family, private property, and the state. In: O’toole L L, Schiffman J R, Edwards M L K, eds. Gender Violence:
Interdisciplinary Perspectives. 2nd ed. New York: New York University Press, 2007. 12-32

Furtwéngler A, Rohrlach A B, Lamnidis T C, et al. Ancient genomes reveal social and genetic structure of Late Neolithic Switzerland. Nat
Commun, 2020, 11: 1915

Sanchez-Quinto F, Malmstrom H, Fraser M, et al. Megalithic tombs in western and northern Neolithic Europe were linked to a kindred society.
Proc Natl Acad Sci USA, 2019, 116: 9469-9474

Chylenski M, Makarowicz P, Juras A, et al. Patrilocality and hunter-gatherer-related ancestry of populations in East-Central Europe during the
Middle Bronze Age. Nat Commun, 2023, 14: 4395

Marlowe F W. Marital residence among foragers. Curr Anthropol, 2004, 45: 277-284

Kirby K R, Gray R D, Greenhill S J, et al. D-PLACE: a global database of cultural, linguistic and environmental diversity. PLoS One, 2016, 11:
¢0158391

Cassidy L M, Russell M, Smith M, et al. Continental influx and pervasive matrilocality in Iron Age Britain. Nature, 2025, 637: 1136-1142
Alexander R D, Tinkle D W. Natural selection and social behavior: recent research and new theory. In: Proceedings of the Symposium on the 50th
Anniversary of the University of Michigan Museum of Zoology. New York: Chiron Press, 1981

Gretzinger J, Schmitt F, Motsch A, et al. Evidence for dynastic succession among early Celtic elites in Central Europe. Nat Hum Behav, 2024, 8:
1467-1480

Fortunato L. The evolution of matrilineal kinship organization. Proc R Soc B, 2012, 279: 4939-4945

Fox R. Kinship and Marriage: An Anthropological Perspective. Cambridge: Cambridge University Press, 1983

Paynter R. The archaeology of equality and inequality. Annu Rev Anthropol, 1989, 18: 369-399


https://doi.org/10.1126/science.aax6219
https://doi.org/10.1038/ncomms14115
https://doi.org/10.1080/00332747.1941.11022354
https://doi.org/10.1038/s41559-022-01952-3
https://doi.org/10.1038/s41559-022-01952-3
https://doi.org/10.1016/j.isci.2021.103352
https://doi.org/10.1038/s41586-024-07651-2
https://doi.org/10.1038/s41586-021-04241-4
https://doi.org/10.1073/pnas.1706355114
https://doi.org/10.1038/s41586-023-06350-8
https://doi.org/10.1038/s41467-020-15560-x
https://doi.org/10.1038/s41467-020-15560-x
https://doi.org/10.1073/pnas.1818037116
https://doi.org/10.1038/s41467-023-40072-9
https://doi.org/10.1086/382256
https://doi.org/10.1371/journal.pone.0158391
https://doi.org/10.1038/s41586-024-08409-6
https://doi.org/10.1038/s41562-024-01888-7
https://doi.org/10.1098/rspb.2012.1926
https://doi.org/10.1146/annurev.an.18.100189.002101

N I

Summary for “WHDNA# R HREWEN R 5H55H4”

Ancient DNA reveals ancient Kinship and social structures
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Since emerging in the 1980s, ancient DNA (aDNA) technology has evolved significantly from the molecular cloning of
individual specimens to genome-wide analyses that reconstruct complex demographic historis and evolutionary dynamics.
While much early aDNA research focused on macro-level questions—Ilike large-scale human migration patterns and shifts
in population-wide genetic structure—micro-level insights into past human societies remain largely unexplored. Inferring
the sociocultural aspects of past human society, including family relationships, human behavior and social organisations,
has remained a challenge due to the technical difficulty of estimating biological relatedness from low-coverage and highly
degraded aDNA data recovered from ancient skeleton remains.

However, recent years brought methodological innovations, substantially boosting up resolution and accuracy of kinship
inference from low-coverage aDNA. Tools like lcMLkin, ngsRelate, READ, BREADR, KIn and ancIBD — many utilizing
identity-by-descent (IBD) segments detection — now reliably identify familial relationships up to the sixth degree. These
methods also take contamination and noise into control, making them applicable across broad ancient contexts.
Accordingly, biological kinship estimation can be a powerful lens through which the socialcultural dimensions of ancient
communities can be examined.

This paper overviews latest developments of methodology and sociocultural application in aDNA field, zooming into the
inferred ancient family practices and social structures across regions. It highlights the integration of multidisciplinary
evidence from aDNA, archaeology, anthropology and history to enable multidimensional reconstruction of past human
societies. First, the integration of biological relatedness, cultural labels, and genetic ancestry origins of ancient human
remains has yielded novel insights into population mixing and patterns of cultural acculturation. Second, the complete
reconstruction of family pedigrees for an entire cemetery—coupled with the temporal-spatial distribution of grave goods
across the cemetery and variations in mortuary behavior—has shed new light on the symbolic expression of ancient human
sociocultural behavior. Third, the integration of genetic data with archaeological records has provided empirical evidence
for ancient marriage and residence practices, such as endogamy, exogamy, and levirate marriage. Fourth, kinship
information, combined with assessments of social status based on archaeological inference, has revealed the emergence of
social inequality—specifically hierarchy—in complex organized human societies.

Collectively, these advancements illustrate how ancient DNA (aDNA) can furnish direct evidence of the lived
experiences of ancient communities, resolving long-standing hypotheses and debates in archaeology and anthropology
through interdisciplinary evidence. The integrated interdisciplinary analytical framework signifies a pivotal shift in aDNA
research—moving from population-level generalizations to fine-grained reconstructions of past social life.

Despite these achievements, challenges remain. Detecting distant relatives in small or endogamous populations can be
difficult, and partial sampling introduces biases. Plus, distinguishing biological kinship from social kinship and adoption
may easily muddle observations. Further methodological development, particularly comprehensive computational
modeling of multidisciplinary data, would be crucial for addressing these confounding factors.

Overall, we believe that the field of aDNA has entered a new era—one in which researchers can explore the sociocultural
dimensions of ancient human societies beyond their genetic origins. By integrating genetic data with archaeological and
anthropological insights, this emerging paradigm offers a nuanced and multidimensional understanding of how past
populations formed communities, established social connections, and transmitted cultural identities and social status across
generations. As methodological approaches continue to advance, future research would further illuminate the complexities
of ancient social structures and the sociocultural aspects of human evolutionary history.

paleogenomics, kinship, pedigree, social structure, interdisciplinary research
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