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Advances in ecological epigenetics
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Abstract: Ecological epigenetics is a science that uses epigenetic theoretical knowledge to study individual
phenotypic plasticity, ecological interactions, and population phenomena such as population differentiation,
environmental adaptation, and species evolution in different habitats. At present, more and more studies have been
done to elucidate the mechanism of epigenetic modification at the molecular level, but with the gradual expansion
of the research system, researchers have found that environmental changes also play an important role in epigenetic
modification. With the advancement of high throughput sequencing technology and the wide application of
mathematical models, novel ideas and methods have been provided to study the role of epigenetics in ecological
environment and species evolution. This article reviews the latest experimental research and theoretical perspectives

of ecological epigenetics in recent years and looks forward to the future development of ecological epigenetics.
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J5 AT AR F I CAIE %, 4G DNA HJE L, 45
BN Gyt i 3B AR 4 iY RNA 4% . AL
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SEIR [k 1,
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5 W18 A% FH O 1R 21k DR i A AR A, 23 50F M 35
AR F P R B . (ER— MR T R R
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DNA F A5 #2 g MEEST (45K R A2 T SAAE (1 R
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G, ZRRF I E T CHAR R RS 7R
40%"" e 53— T LR WY, ddml AR S AR
CG WEA Y R Z BAWAR L, T2 ddm] FRAZARK
S RE AN, CGHEILKKE 7 EA PR K
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JE e R MEAL H T I oL T AR AL T 5 17, IR
B G AL [F I & AT MET1 R TC R AR S8 2 B 3
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SRR, LI AL AR S i ik R 4 A e I
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MNP0 L R 2 1 A B2 R, DNA W R AE R )
P AR ) 22 S AR OK 2022,k se bl Eg o Y Ak
g BRI, ASFEIRE R ] DNA FIEAG A7 5 2 5
['], DNA HBAL 72 R HUR T DNA FHEALRAL (CG.
CHG. CHH) M 5 5 KR (R 87 B 1
HMEF ). H4h, Seymour 25 P E I, fE+ AL R}
FIRAEF, AL FFEEA (gene body) FlEE BET- 111
DNA W AR A AE 22 7 - AL T 36 1 b Y 2
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FAU AT IR S 48 AH [F] 5 LR AL () MR AEAS [ A 5
MR A FERBIIRE ST, RN 7 R ()&
AL B TR, BRIBE A SRR F AN, FREE
U ] A 5 ML A AR e R A R Y T R
241 AN T H R AL AR R

YOG, RE. KSR KA
ORI, AT B SR N AR OB AR AR S SR B R
XA, 1001 FRAHE PRI RilPhik 1 2Bk A
1 028 P HL A7 18t A% 22 FF VR A0 M 2 22 1 1% I 40U R T+ A
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SEE N
2.4.3 TV ALAR S g A R e M

WALAR 5] LUIE I DNA R & Hl e 45 1
R BEFURIN, BHEPREET5 T I AL AL St ] R
WG ER. A2 RiE ES, DNA FIELT
AR DR E A . (HAE DB o R AR T, FEAH
PR IA R PA BT 15 5 77 AR R 15 A% AR R AR AR R
AL EE Y, DNA FIEAL 1048 5 08 H R RE IS 1E
w5 AL TR RS e L T 25

W Eon, HRFRAK R 5 S 0 ok AR 5l
A JE ) DNA F Al o 28 78 25 — b e e g4,
BALEJE 2k LR s AL Re 005, RAEDEEE R
AR R R A 3L 2N . Wibowo &5 HTRE 5T R B
ARG TFAE S S =y #h e s, 5 AT 21 o it e
SE X Ik (unFE AT ) KA DNA H ey, 7=
AR E SRR U, HEH AT DUs R4S 5 AR, Ab,
W7, XX B A ) 2503 = S o TG g A%
1AL, PR T HERC T A A SR 1 Y DNA Bl
AL A3 F A L T R AR o AR P g L T,
SR, AN m B W 2k f5, DNA H 4G
AR R A AR AL TE S5 T LAR A 20& 7 2k BT B
ERIGERUE R T SEE R AN, RS S
AR ) R 1 A AR S LA A AN AR E MR R A
TN TRk A B 25 L WL i R B A 4R =
2.5 RMEIFH— N EZEMLNMR19-4

FUEAL R 7 O NN BT W Fh i A W
BAIIAEE, (HA2 HATH = AR T B4R
FE AL L KR e M = AR 3E S PR A IR . He
2 DRI T 1A S AT NMR19-4 (naturally occurring

DNA methylation variation region 19-4). NMR19-4
A2F PPH ZE K ) L, NMRI19-4 {5 F SE 4L 7] BA
I PPH &K )R 1A 1 PPH &K 471 5t 4 A 4
IR, 2R R R ORI E AR,
It LA NMR19-4 [ 15 F R B M IR 322
He 25 B ik — D88 7 I VKRN B AT 43R5 AN 25
1) 19 F %K T biol~biol9 (£ 1), Sl Tr 3
PR AR 56 P 23 #1 J5 & B, NMR19-4 F1 3E 4k 5 bio9
(TR PR ) A i B3, B AR,
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I 7 SR R B, BRAR T SRR,
M BEAR T 28 B A FHR K 2 R AR, A Y BE %
ETRMHETA AR Lk, NMR19-4 112
FEA IR 1 M 358, S 1w R AR s R,
s R A RIS, NMR19-4 K& B
FAEZSAH GV JIHUE B T R M B AL 7E A A IR B
BTN, RNAERRRRERIEA IR T v R, 2B
FHINA, EERNBELEN—T TR, T2
I A JE R, I AR AR U i T R is A% 2
SAYME BSEISER TR, NS G SR B AL T
AR T B OB ST R AN, R TR A A
AR
2.6 FWEESHFFHML

LT ALAE R0 AN A0 BR BT 7= A A R R PR
FRIER, 3T & e A4 T BRI
ma BY, JEEAESL R, PR A T T s R A
A, B EH B AR R R AL AR S R R . B
R IV R 1) 3R WA A A S5 0t —F ol 4 A 1) 52 i B e 1
FMBAL AR T (3l % R 1k DA T it jle 11 3R 2 A
R oA B2 25 B R IR SR AR S A S BT 2
DRI AR S T 232, IR R IS A AR S o5t T A 1) 7 1)
B E = SIEM, 1R 2 AR AR 2 B R e
AL IRBN 1, B G AL g 5 FR, i
TR AR T R 2 (1) SR AN [R) ) o AN 455 i 7 =
ARSI B, XX SRR AT A R
200 M AT BE 2 BB IR O\ Hh B A A P gk 11
773

3 MRESKMEEZMRAE
BEE BT 0K & (10 epiRILs) IR E, LT
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SEHT JERE X HOOBE X

Biol Annual Mean Temperature RSP

Bio2 Mean Diurnal Range (Mean of monthly (max temp - min temp)) P BRI %

Bio3 BIO2/BIO7 (x100) P2 B 7 AR BERRAF < 100
Bio4 Temperature Seasonality (standard deviation x100) ZENT PRI

Bio5 Max Temperature of Warmest Month I 98 AT 1 B i
Bio6 Min Temperature of Coldest Month R IEA H A s AIGIR
Bio7 Temperature Annual Range (BIO5-BIO6) IR PEAR AR

Bio8 Mean Temperature of Wettest Quarter SRR T 0 (¥ S5 2
Bio9 Mean Temperature of Driest Quarter 5 H 0 iR
Biol0 Mean Temperature of Warmest Quarter IR 2 IR ISP SAIR
Bioll Mean Temperature of Coldest Quarter R TEA ZET T IR
Biol2 Annual Precipitation P K &

Biol3 Precipitation of Wettest Month SRR H A R B K &=
Biol4 Precipitation of Driest Month BT H IR K &
Biol5 Precipitation Seasonality (Coefficient of Variation) ZENTPERE K

Biol6 Precipitation of Wettest Quarter IR R B K =
Biol7 Precipitation of Driest Quarter T RFETHEFKE
Biol8 Precipitation of Warmest Quarter R H IR K
Biol9 Precipitation of Coldest Quarter IR H K &

SEF AT AYE BHER R B =, AT R
WAL TR BB . 5 AR AR5 A% 2240
B, WEREABUEIMDE — T EEN TR, Fl
MS-AFLP (methylation sensitive AFLP)"™ & £ #5 #E
B AR e AR AFLP 246l b7 ot i, fEH R
AR H R AR S M PR N DB, R LA U
DNA 7 41 LA AN [R] o DR AT LR G 2 {2
MR ENIE, i DR SRS oL R o] AR A 9T E
SRPPEE h RIS AL AR e () R e X IR AR I R
ThIN A F LA A A B s i B ) H
RER

W8 5 0 P T B 2R 5 R AN A B B AR, e
PRALBL PR 2H H LA AS B ) 4 R R A R L B
(WGBS) BORIEZHHU MS-AFLP 80K, ONHTTT
DNA FI R AR S () X — B2 T H. #R1f, WGBS
HRaept SRR Mg, AREaE IR It S H T-HE
AR BT, T AR 708 W T 7 A R DR 4
HALM T (reduced representation bisulfite sequencing,
RRBS), NRESHEERFH, 7 LANH TR
P HE 5. RRBS & e N HEM A sh b s &
CpG B AT X, XL JE )18 5 2 50 i K]
FIE B Al R T GC = A PR A P D) B
(Mspl) AT BL A& B 3E R 41 | 80%~90% (1) CpG & B,
PO 2R A7 0B R 2h % A A PCR 37 389 4E A7 00

BARBEAS TP &, HXT5IhREHH K1 CpG &,
JE B DX B B AT 7T 2k B SRR 1) 3 R

SRTM, RRBS 78 H T IR X i) ot 58 i 12 v
VIEAEA D ). 5 22 S AN A (different methy-
lation positions, DMPs) AH Lt., 7£2E K 5 3+ X 1
DMRs 54 5 s Wi sadive . B2 1E RRBS 571t
Ferh, FER AT /N T 500 bp (B, XL

BASHDEREEIEN S, KILK DMRs A HEA
giit R 3 Wik A g T A3 DMPs. i 4h,

RRBS $i ARTE R A X F AR RRE, R
BE RIS BT B % 5 AR I X3 ™ 48 R,
R RRBS TEAR 4 A ) FEASE U b (1 3 9 - e 2
TR HITTER, H R A D S R R S 2 L
Y, RMERGE RRBS W7 15 2010 BLS E 31 X 38
RMAHES, Fik, #—PFEEARFDMIER
H BRI BT AT A M B AR R AL L
bt mE Y AW, IR B R E
A IR WAL 2 1) W B TR AT AL ER RN A T, W
M — L85 B2 T B SO G i BUE B T &
Hok,  AE15EE 1 0 A A BRAR A3 BE = &% Jihling
S OB T —RITafE EIPOE R A,
KT %40 metilene [ EC2E B I T DMRs ( % 57+
HIEALIX 35 ). Hagmann %5 " U 8 — kA BR 55 /R
A R FE Y (hidden Markov model, HMM) fj 5& | H
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He A5 S BN AR A5 B A (1 AL AT AT
B
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BN AR R AL 2 R A sk
S TIRKIMHED, (HUR AR AREL 40
WARAFAEA DB R A

e, MR E SR MIRER RS
Afese N TR AT, B, e TS
A 7 ) s ] 2H R 2 00 3 R 20 % K 22 5k 4 ok 1
AR . IR, e R R ) R A A
1EH B R AL R, ST R A B KR
Ui, B RETHCR T2 AN TP A, TR T
R _ER R, HAER e 2 s fin .

ik, AR G AN 52
fRsr ), REFREIE AR R, dk
A RE A S MR N BUAS R & R4 b, mln, R E
DNA i 8 (NCLDV) A i A 2 4E M1 ) L R 41
1 Helitrons ( LAYR FA 2 20 il 10 85 7 ) 5 57
AN B TRERA, 25 7 TRKRER A 25%
LR Y RIs AR 1,

5 RE

IEIR I A SRE R VN, R R A
FIE ARG REAE FH 2 W ol 6 B4 55 A8 Ak 1 32 B30 7,
K= RO ERN 9L ARB =R —.
SR, ORI 0 R I, FREEA o3 ] LAY 3 R Wi
FEAR S i MR R A& B R, I Hos R IX
Fih 2 AR S vl Lt AR 25 AR I, L5 e i)
CIRIFYEIBE” UL T AT E ALK .

Q%H I E R IR T 2GS
RN B 3 A AR A AT DA H I 4 0 SO
l%,iuﬂﬁ%&7~4ﬁ%WM%%ﬁ%ﬁ%
FRMBAEZ R HE S, XEFERTIENLR =T
REE) . Ik, R HE R ERNAY S 01
RS, R B E 1 B AL 1 S
W T5 A% AR S A7 psi AT B DA B A R S A R R B
BT AT IR, A 7 e B 7 R s L AR S 7E
YIFh S5 AR AP ATEMER .

BEE W FAR R, 35 SE R 20 515 AR 15k
SRR L . 1001 FAIE PR 21 1Rl S T A SR E o
fift 7 23R — T RMUEEIT R4, Hx4. SNP

SRR, RNWTE RIS B R AHOC K] DMRs $2
TT@ﬂ IR, 2 AERMBL =R MBI
GERABATTRIE AL ) P 13 JE PR 2H SRR, HRAERTE AL

FRUBAE R B T H, &t RRBS /e R A4
HIRIRH ﬂﬁﬁ%ﬁi%%DMmaﬁ@?&m
RN TR BAE L], HES) AR SR L 2
—WKE.
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