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Figure 1 Milestones in the development of population genetics and population genomics

855



MR 5. BERIERI AL AR R e BORE B 5 Rl &

SH 2P 03 % B4 5 FE A,

NEBRRAREE KAE, MUBPOARE—4N 2
ZHE R H TVERERN BRI B AL 2. NAME
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RUESTE . IR NEEIT A EENSEERH. F
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HEIKGP BRI R . 20224E [ — TR 50, A2
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B E ) B OO o A e R o 5 A O 1 8 A% 2
2 20184 UK AR A of UsTii H, 1%l 7 — M sy
100 73 A [F) Mk 1) 55 BN 9 7 BA A, 5 DAAEAS A )
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K, REMEWBRE. B RW(Drosophila melano-
gaster) RN FE T (Arabidopsis thaliana)ZE Rz A=) 1)
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R DR ZE T 7 Bk B 20234 58 [ 292000 R A (Canis fa-
miliaris)FrI3E R 200 5 R0 o3 48,
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ZHZERE, vTHTAEME BT R AR,
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SRR TRE AR BN SRIE R 413 RI i 30, B
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FEERM A, BRI AL P st AT R BN
AL BRI HERA I 2. NI R e 40 = [ 7
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SR DRI 1E e 345 5 oM, B ik TR
() A o ) 5 B8] 7 1) P SR8 (1) g A Tl 8 A A M e 42 1 )
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it 5 SR AR EAR S, AT AR S PR PR [ e R
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BT E R A T AR TSR AR B (dd) X T
AR AR I HE, TR R R TR B A R
JEME R (R AR A, H AR R, JETIX
A5 BRI I kB 07k A iHSU?, XP-EHH?,
nSLU742%,

ANFE TR EE BANE, XA R B 28 RO 11k
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FREE RN EETEAR D) S8 IS MO, 25 55 IR
BEAE; 6T A% ZRY K BE 1 U V2 5o A U B ) e 8¢ Ll 2
B, HMERAMRE, RERMZEBIR IS ITHE,
HRER HE TR G BRI 5 XA I = Hb
& M (local adaptation)$F A4 2%, (HICVZAS I & AE7EAH
BRI IR R, B R A I () R 7T IR 46 /)N
TR FIEHE, AHREE FRZAHEER, W
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T A B ) A BT I T VAR T R ok, RS
T AE RV RN 32 DR B L R 7 72 (W Relatel)), Bl
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ing”" S/HICUMER) G IE e B-A5 S k. O &
VEYH SRR AN [F) 7 32 RS ) iR B A7 AN [ B 5 T 1 1
R g A7,

TR BAE 1 2 T 5 VR R TE B AN T R,
LT OB RIJE, Bk s E w7 TR A =
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Figure 2 Methods for detecting positive selection at different scales and scenarios. A: Positive selection leaves different types of features in the
genome. The figure shows the difference in the power of methods in detecting positive selection signals on different time scales (the figure is adapted
from ref. [80]). The method based on the length of haploid homozygosity can detect relatively recent positive selection. The method based on
population differentiation can detect positive selection after population divergence. The positive selection signals left in the allele frequency spectrum
can last long. The information of evolutionary rate is mainly used to detect positive selection between species; B: the figure shows three diagrams
using different information to detect positive selection. The red pentagram represents beneficial mutation, and the blue circle represents neutral
variation. (Left) Beneficial mutation is quickly fixed by selection, resulting in a selective sweep. Both rare alleles and high-frequency-derived alleles
are in excess in the nearby region. (Middle) Beneficial mutation was under positive selection in population 1, and its frequency increased rapidly,
resulting in extended haplotypes. (Right) Different mutations are positively selected in population 1 and population 2, resulting in increased population
differentiation

g R BRI S5 R R T S 2 A &, IR
SR BIREARIE] A AR R . AR FEAE S Al o,
FEGE I 7 v 32 L T W B 1 T R A 8 (hard sweep
model). ZAAUER B, FA GRS I RALEIERPEE )
H L JE I A A, FRAEIEFRAE R IR Tk AL
AR, AR TEE. X B RS %
PR 5 PR 22 FEIE R R 2 N IR IS A7 L [
AR 2R DA S BIAN-F 187 [X SR S . R, ST T 3%

B, BREEEPOEBE IR (soft sweep model)
AR B ZE M OFENIGE Y. £ —MEET Mg
A% ¢ (standing variation) I, BRI E£EE 7 ILET, A
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PR, B RS P A2 B R 7 A A AR 5 (recurrent muta-
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MERAE R HAR B ER, 53— ME R R O A IR
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[F] 52 BEFEAE . SRR BRI RS AU AR b, Bk 31t
T BRA AL B A DX 382 4% 2 FEVERE BEA P4
HISZIR L /IN, DN BE 55 25 i S Bl ) AR IE R AE AR (1)
YERIALR. 2T R 38 M 375 B A 2 1 ok B A U 7 92,
nH12™), iHH12"%, HaploSweep™ 254k i 40T Kk, %
JE B 2 DAL Fe i Ik 345 5. 070 B, k4%
PEIGRRIBIRIE N . SRS /N B SR B A B
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20104F, J& 2 fldy NBSFIY e R B NP g AN A2
M2 R M k3, AT 2B N IIE S, 15 RATE
S5 FERTSHARN T, NI TN E DA
AT SRR R EERE R, AR, XA
N5 E H AR AN S A2 2 IR R AE i, 31X
BB 15 A%l B o B DR B AE AR N R R R4 rh, 2 R
AR Z PR, M AR, R, B maER i
DA S —SE B A OC I B, 0 B PR S AR, 40
PERIE S e i, AP RRE S WA R,
20 F5 B e FEE S SV S A 2 B JE e pE R N IR ISR 12
PRI EEm PO, B TR B, g A R L e RUE
IS AH 9% [ EPAS T 25 A 2 R AT gk B P B R L AP2,
T NI T A D R DL, %A ) Sl B, i it
b E 2% 5 Svante  Padbo Al HAE LK 4 N R HE R 4H
ST TG DT RR 3R A5 202247 U DR AR B 2281
L2, AT AR RN S CK 48 N K58
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A S AR RS R B TR S K e M
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S K=~ N5 & Fh 3R BA ¢ 1 18 4% A8
5, fEGWAS Atlas® F O 24854500 AR AL
GWAS/IHT. 1l 20224F (1) — I 5 2 (1) TAEARIE L)
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Population genomics combines high-throughput sequencing technologies and statistical methods to investigate genome-wide
variations between and within populations. Population genomics elucidates the origins of genetic variations and their roles in
evolution and adaptation by analyzing processes such as mutation, recombination, genetic drift, natural selection, and migration. In
the past two decades, the field has undergone rapid advancement with an explosion of the data scale and constant iterations of
analytical approaches. Significant breakthroughs have been made in many aspects, including histories of human migration, adaptive
evolution of natural populations, domestication, and evolutionary trajectory of pathogens, which enhanced our understanding of
evolutionary histories and the genetic mechanism of environmental adaptation. This review briefly summarizes the development
history and main achievements of population genomics and discusses the opportunities and challenges faced by population genomics
in the new era.
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