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Progress on animal domestication under population genetics
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College of Biological sciences, China Agricultural University, Beijing 100193, China

Abstract: Animal domestication is the process of changing wild animals into domesticated animals that can be kept
stably for a long period of time. As the content of the Neolithic agricultural revolution, domestication is one of the important
milestones of the progress of human civilization. Due to the close relationship between humans and animals, domestication
has not only changed the wild state of animals, but also changed the habits and historical processes of human beings. The
key question on animal domestication research include who is the ancestors of the domesticated animals were, the changes
produced by domestication, and the time and place of domestication. Due to the advances in high-throughput genomic
technologies and correspondence analysis methods, animal domestication is generally studied at the population level. Here
we discuss the research content of animal domestication under population genetics, including population history, selection
signals, as well as gene introgression, and we highlight two new expand contents, namely, dating the initial time of gene

selection and the time of gene introgression. Finally, we summarize the recent research progress of major domesticated
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including pig, chicken, sheep and goat. These advances provide a new insights and perspective for the research on the

animal domestication.

Keywords: domestication; domesticated animals; population genetics; initial time of gene selection; time of gene

introgression
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RATAL 53/ T U H R AR TS B O v B, DU 00 3%
T A A S AR IR S o A EE T PSMC A MSMC2
ST, HE T AR SRR AR SRR Y SFS 7 i (L 45
mutation frequency spectrum, MFS)?' 23 Va] L £ 8 57
SRy TR AR g s, T EL AT A e R A R R
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Fig.1 Therelationship between allele signals subject to positive selection and classical statistics detection methods
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BF ] R A T 09 e KA SR A 3 58 A0 5 1 2 %
i 1] 7 270 B84 9 A ) 9 A8 18 B0 B B RIS 3, BT
DL D i3 (ABC) B e A4

2003 4, Przeworski 4511 ¥i2 il ABC Bk
WA ) 58 A8 W e BE R LR B (] o A 25 0 FH O AELASC 400
Az RH DG AR AU B L 0 o R o B AL R B (the
number of segregating sites, S). Tajima’s D, SFS #l
MG R4 (the number of distinct haplotypes in
the sample, H)3F48T1 i XX SO 8 #4770 4 o
YE#H K OBEE St 20 B 0938 n, SeB0) ih i [a) £
THE G 3L 50 10 i ARbR B W R, BIAL T
ISR TR, AT TRAENELEADER
2N BEl B R R i 5 (Sceloporus cowlesi 1 Aspidoscelis
inornata) H T 5 5 A8 Ak 1M 7 A= 35 Ny 1Y 35t A% L
Laurent %O H] ABC 53k 45 4 21 Fhge it 3t 5 1k
EAIDCH) MCIR BER AT T iR FE0) R i | A4 3T, 45
K Sceloporus cowlesi FEVR FRAAR T B[] 458 B
(£ 1200 4EH1), MTE Aspidoscelis inornata FEK Y
At T[] DU 1. ( 29 900 AT o AR R PR & A 1 I 1]
A=, AR EARETEATIERZ S (2 7000 4
HIN SR

3 RIS I B il i v

BEE A FE R S F TS B0 H i R A, HEHok
PR P — O R B A R
PR AR O A AR5, X —ad )2 R A I
e 3 A B N i L AR DT

ZHT R K T Ik R BUE LR
oA Ts AOERPIREE Y, RIR e 24> 0 (bifurca-
ting) 73 SCR o AR, FEEBEFERIAWITRA, WF5EA
B BUARIR Z5 A0 A RE A A R B L Se b Al A o i
Ok, AWPFEHE R T BRI B R AL AR A R

%k B M4 (phylogenetic network), IR Z A~
R G Z A1 FRCIR EAL 254 1) o 46 ARk A A 2K T
FeidE T YR . Il e — KRy . 3h
AT RECY W B A R SRR 22 ) 14 35 R A8 3
(ML R L IR, 2ok B AN B2 AR
(i) A B 8 AR T R sC st AL W B s, 3t 4% 2000 oK
AL ZH AT A /) /iy B, ok AR TR AL ST
FEM Y R R BAEF AR O FAE IR AT, SR
AT DRk i, e REIESE R . BEE AR
g mE AR L, LD F BB Wi, 0
SESEAPIEE Y BT R R B R K B R A W AR 3T
FeE A DOR A ARy pR 8. i B S A
SRR SR AH , T DIAEWT A A R — RS R Y
FERZH 7 B R E A, B FR A 4 Ry AL TR 53 A
FE PR A2 i ml R 3B A (introgression) 2 15 i [ A 4
AR, EAERZRB T ORTE . — R it
LR A2 it DR PR AT B 1 DL AL BE TR, 8 R A Y
TN P o g PR A I R A A R PR T RS B A2 AR AR
o 5 1Y) T BE B Il PR B AL, X B ARR
k3 0 ML 98 A (adaptive introgression)®®, 2015
4, SRR AR gT S B0 v R b I v 40 3 ) B
(Sus scrofa f. domestica)X Ytttk b AF4EWIFP K ik
14 Mb FYMIRER AL A5 ALY, B 5T 1 4 b A 72
5% 14 Mb 22 5 B RITE L) 8.5 T T AERT 40,
R T ARG 1 oA ) s HEI AT RE TR e &
KA Suide X EALITHE X Gefk BB AR
T Bl E G D7 3 T SRS Y ERER

o 2 7 e A R A A T A WA I 9 1Y) F2 N
w2, BT ER ik BT 40 3 G500
D Geitit I T D et AivAE ok ) DFOIL J5
ORI — ey 9 N 32 4343 Hr (principal  com-
ponents analysis, PCA), Admixture. Structure ¢ T. B
BRI REE S AR E . Reich SECHR 1Y 4
Giithk, AR 4 DRHARNRGERERR SRHE
V1) S5 437 Ak DAL 4% 22 e 22 ) 1 O 2 ok S W ] R 1) ik K]
BA. MFRIK A, B, CHID, DURBER B
fMA,B)(C,D), f4 GiitHoy A il B Z[E LK C#1 D
Z IS B R 22 1A, B (a-b)(c-d)o TR
PR B IR 2, 4 Seit st h 0. ik 4
it OULINE 2 W = 0, WIHRR =ADH —A 1
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AEAEIR IS o 14 ettt il A — AR BRRAS £3 Seif i,
TR A 25 AR B FIHFA C IR A=K,
Bi: (a-b)(a-c). M £3 Guitim Binnt, $ERHFIA A B
AR B PR C TR 2%k
D it R A I L PR 2 A = 3 vk 2 —1,
D geitithE CT Hy 5 Hy PIANMHIREE A, H A&
NEREA, Hy AN, JRREAMEESEALIE A
SESENEE . D itk HBEH T ORUEEA R A A
HorpsE S a AR, b AT SN, D
Gt ARy (B ECH SCHER[69]) -
D(H1,H2,H3,H4) =
Nabba(H1,H2, H3,H4)— Nbaba(H1,H2, H3, H4) @
Nabba(H1,H2, H3, H4)+ Nbaba(H1,H?2, H3, H4)
WIRBAFENR AL, D Gl iR 0]
N 0. Y D ST N IR, 455 R H, #Hk S
Hi FEAR L =0T 2206 050, UIHE T H % Ho A R RRE A
PR, 24 D geitahffE, WRA H BHAS H,
BEARIL T 2 00, RDHEWT Hy X Hy BHAA B
Ao D GEit8myisit BT 298 A TR A5 AREA

F1 EFLDAitXHEWEIAELLR

TESFALHEPUIRS B2 RBK, 0 D St As
K23 K3 A G5, D Gt TR e
LAEEE N (Homo neanderthalensis) %t BLAT AL 1 3
WB A, Ja5) 2T YL . Frantz 27
i D G5t % 45l 0 B8 (Sus scrofa) 5 KM 22 1]
(55 R SR R T TS, TER T RS R = A
B R Z RIAETE RS A, H AR R n 5
B

XoF 358 DR 52 Y B ) A 7 Ak 3 2 25 PR 5 i 2 0 A3 AT
B, T LATS Bl O 4 0 B A A2 A (A R AR TR T
FACMAR I EE AL T MO [RIE SR ) A B,
M T EAF T T gk m B R A )
LD FEAE R 7 BAE Jo A A Ik PR A v ) A1 5
A D B AT A 7 58 1 e A v H T

AR, IR T 26138 g 4 it al i
THUS, (1, 3% 2) Patterson Z£°VF 2012 4E & 1
T A% ROLLOFF 7i N5 24K K 52 it 7 r ik Y
140 Admixtools, H:f' ROLLOFF J&: i L JE T
AN 22 H) A 3 BIAS ST A 2 A B 9 35 K] 38 i i ]

Tablel Summary of thetool for estimating admixture time (L D-based)
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ROLLOFF HI (hybrid isolation) https://github.com/DReichLab/AdmixTools/ [76]

ALDER HI http://cb.csail.mit.edu/cb/alder/ [77]

MALDER HI https://github.com/joepickrell/malder/ [77]

CAMer HI, GA (gradual admixture), CGF (continuous gene flow), https://github.com/david940408/CAMer [78]
GA-I (GA-Isolation), CGF-I (CGF-Isolation)

iMAAPs HI, GA, CGF, GA-I, CGF-I http://www.picb.ac.cn/PGG/resource.php [79]

KA SCHR[75 1B e s 4
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Table2 Summary of thetool for estimating admixturetime (Haplotype/ancestry block size distribution-based)
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StepPCO HI https://bioinf.eva.mpg.de/download/StepPCO/ [72]
adwave HI, Dual-admixture https://cran.r-project.org/web/packages/adwave/index.html [71]
HAPMIX HI http://genetics.med.harvard.edu/reichlab/Reich_Lab/Software.html/ [74]
MultiWavelnfer HI, GA, CGF https://github.com/xyang619/MultiWavelnfer/ or [80]
http://www.picb.ac.cn/PGG/resource.php
GLOBETROTTER HI, GA, CGF https://github.com/maarjalepamets/human-admixture/ [81]
tracts HI, CGF https://github.com/sgravel/tracts/ [82]
Ancestry HMM HI https://github.com/russcd/ [83]
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Tho HR, XF/NFEAR . 38T b BRI 2 it 5 i)
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75 3 42 52 AT R DR A S ), {HE L
RZ AR IEM SRR R 7, ALDERH T
ROLLOFF 7%, FIH MR A F Bo5 | i & 8-
i A48 BORE VAR it A5 B 25 PR S, ALDER 421 T —
ANFHIMAL LD Seitit, %G vl T HEwi ik
HITR A LL BN 22 At 8], A b 2 1007 v T 5%
BEIAR 25/, MALDERJ& ALDER #J—1
WRIA, HAT Lz HF 24 58 i 1 W) s 2 1Y)
T, BENE SN T LS I s = ),

Chimusa 25158 it 1| FASAD B0 5 B S0 B0 1Y
%F 1 % 3 MALDER #1 GLOBETROTTER W T
WG B fefd . Hf GLOBETROTTER! 2% J& 3| B (&
THE . ST BE 2 WK A R e A BRI 1 155
Mo ZIT B REA P B AR S i, g
R HAGMATTIR B DNA F B ok . 1 5e
F T H. CHROMOPAINTER™V SR A AR 1 e o fk
OrfR A IXHL, IP A X B B T AR A SE A AR
AASCHR, SR 5 il A2 38 T R IFE 1) 0 48 A5 2 X BEI R
H 5 AR RO o %7 BN TR —
SAR B A I ZI AT R AL AR, RGN
H &R BTE . Galaverni 25 BSIXF & K FI IR (Canis
lupus L)BEVRfH ] PCADMIX T.H.4%4 ALDER 4
FEUR IR A ], JEEh SRR I L R A8 I R 2 50 E R
FERTEY 3 2] 4 A, MBS nT 8 W 2R
ZRIH 19 1.

4 BEAE TR H TSI e aEsE

B fe i Y S SNP St i A B T RRAIG, 78

FEAACT BT S D IIL 0 48 H 253850, B s
¥ X HE(Ovis aries) R (Caprine hircus)35: 5%
FRENP I R %

41 H¥E

Z97E 10,000 4ERT, TR AR E gL, Y
et Firh, 552 3 H AR A N Tk By S W /R T,
TEAME . BAE T AR E MRS N 1 A5 D7 TR
Bh B EWAES, BiiE P EZE PR RREANS
PR AR DG By FEH 2 B k. flhn, SHE RS
) SLC5AS5 FEN | SN &M MARCHI
FER LA B 5 KA MSTN R0 B, H
HAT ik = 4 108 4 5 PR R 1640 A EF (] P R S0 i . 2
VEFIME T ABC kAl 73840 vh E K A v 5 9
AR AR G L D A S 8 R ) e BRI LR B[], I Lk
BT AR R s Epaa a2 5 . 450K, 5
MZ R G I SLCSAS5 FEP (29 8,473 32 4RI Al
A KA S MSTN FE H (29 1,587.75 4 1ij) 22 8] (1) BE £
WIHR S LA 22 0 o 283 Al E 24>k PR PR JR
) )5, Hak v 58 N 9IEE — S AN 2 e 28 4k
Ayt AR, 5 ] — G ER A DG A i DR G 5 S0 ik
BRI IR, R R A 9k i R R e A X
SEPER IS . S BT, Chen 2507 H 266
SRR S 4 0 508 1) 4 SR DR 0 0Hie , 49 31 Tk
Z K A% (French Large White, FLW)5 H [E % 2 [a]
BB AL, IR ALDER #MATHRGEERK
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pigs, SCN)MI*E 4% (Eastern Chinese pigs, ECN) & 4
ot FE RSSO

42 ZFW

ZAYIMEF 8000~10,000 4FHT, J&f Ik
Bz — fEHPERRE A TEREFHNREMNT,
FRG NI & e F e I siz —, &
TR AR YR XN | HIRIBERAT /Y
3|38 (gamecock) M T LB I 1 UL F A 5% . Rubin
SEBSIR XS 9 YRR PEAT T AL DI 4H I (whole
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Junglefowl) ., AXY KRG MRIEARELI A E(Z-
transformations of the pooled heterozygosity, ZHp)J7
LRI TSHR FENAEYIE 23] 7 om AUt +E . E—
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AR KB TSHR B2 —AE R L 5RA8 K A AEAb
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