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EEAF, FAERETHEET. FETHNT . GATR R EERALFAANREN, AlkEEHMEHT
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Kegtinl

$: JE T4 (transposable  elements, TEs) X PR i
T BREREEDH, 2T AR A NS S BIAS [R5 1Y
DNAJFFM. 2020 404F A0 5 g7 - 22 FMAT 58 (Bar-
bara McClintock) ™ i k4 H T TEsIOMES:, A HTEsS:
H 7 AR ORTUE SRR RS, IR T
“Ac/DsTRIE RS, (HIX—WSTE LB IR RPI A5
Jrdsz. WEE T HAR L, B9 R h Sl B R a,
“HFAEL P Y TEs & B UE S8 & K 2 8% AR W) B 40
1) FZH . TEsHA ZMEHE, Iz BAA
[F] ()2 JEAIL A, ANASCRT AR I S BE R 3k, [l s ]
IR A SE R, AESE AL rh &35 T 2 AE
M. ASCEXEY o WL TEsHE T A4, IR/ —L
BT A 5T R FR T TE S TEAR W) 356 PR 21 F Ak Fn 2 W ist A%
P RERH, BThe TIEAREMNE T TEs 515 F 2 [A]
EERR.

H U, R A, R, FREE, &N

1 BPoel R 2y JOMES I

FETFTEsHY G LT A F S AR, PDEETEsK 43
]2 MI(Class T)FIZEHITI(Class THFZE, ZARYETEs S
HEE I BIANE, TEsA LAy B FootAEE A oo,
H EIofFaee gt B B T e, 98 A 3t
6 2 1 i W= s i w3 M T TP |
W R R 2 R IR TEsBY 7028 M S5 AR R (1 () i2EA T
fRAIEA 4.

1.1 Class ek

Class 1 TEs M ¥R 5% 8 F(retrotransposons,
RTs), HIFG ETRZERNAA T AEf% et Fit vh L PR ey S
SEUMRNA, R J5 38 1 TEs & i 4 52 e 55 it 2 7 51 il
cDNA". RTs#4 3 5 JRDNAFE TSR, 2500 F<5
il -R ) 772X, PRI R Ry R PRI A DR/ N T Tk
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B 1 $RRETT B 2RSS F R B Helitron®s 1 77 SRR, (a) BEETCIFAY 0 FAEEFFRIE. LTR, KoRNGE S ; TIR, R4 M EK ; ORF1, A
IRETT I REAE ; gag, IS IT; pol, WAL, AP, KA IS, INT, %4 1i; RT, 3005 541, RH, BMHZIRREH; env, GRS I pol I, B4
fi$111; TRANSPOSASE, #% i #; REP, & #2478 F; HEL, fi#liEf; (A),, polyA; EN, RN VI, (b) Helitron®% )i 77 A5, Tase, %% )3:/#; Strand

displacement, 4% & #; Target site, #V

Figure 1 Classification and structural characteristics of transposable elements and the model of Helitron transposition. (a) Classification and structural
characterization of transposable elements. LTR, long terminal repeat; TIR, terminal inverted repeat; ORF1, open reading frame 1 of unknown function;
gag, gapsid protein; pol, polymerase; AP, aspartic proteinase; INT, integrase; RT, reverse transcriptase; RH, RNase H; env, envelope protein; pol 111,
polymerase III; REP, replication initiator; HEL, helicase; (A),, polyA; EN, endonuclease. (b) Helitron transposition model. Tase, Transposase

U ARAER TS P I 32 12 75 7776 K A3 8 2 (long term-
inal repeats, LTRs), ‘Aol i —R] 43 WK AR v 8 2
e EF-(LTR  retrotransposons, LTR-RTs)FIAERK A
Uit B O S % S R F-(non-LTR. retrotransposons, non-
LTR-RTs).

(1) LTREGE 44T, LTR-RTsSE K ZHA )3k
P2 I 3 B s o2, ARG R AIHIL R 12 Rl o
JTE, PIIACSGHA LTRs, X EELTRsE # SR SF I, I
HA2 bpf [l SCHEF(5-TG - CA-3)". ZHLTR-RTsHT
45 gag M pol il B 2 HE (open  reading frame,
ORF), Hfgag ORFZmis et b L5 B 1 pol
ORF4ifith K42 IR & F i (aspartic proteinase, AP). i
5t (reverse transcriptase, RT). #ZHHZ R EEH(RNase
H, RH)FIDDE® 4 fifi(integrase, INT)". {H/R&1ELTR-
RTsH & B EE 3455 BIORF, 1% ORF gmhith— ™ f fii
l(env), LI FLTR-RTs5 39 4% 5595 75 4 DI A 5.

Copia M Gypsy EtE P E K 20 N H WA P~ LTR-RTs#
K, CELSH L7 TFpol ORFHHERIT -
INTH; B A

(i1) non-LTREF k44 HE+F. non-LTR-RTsj& %
(WRERICHE, B2 U AE YR AL e B 2 A,
non-LTR-RTs F 24 K A % 01 (long interspersed nu-
clear elements, LINEs)HI% H(#f#% o+ (short inter-
spersed nuclear elements, SINEs)#2S, E I ]#=LTRs,
5 7E 23 R s H A poly(A) sl Fj A B E P41, Hr,
LINESTAE Ty S AW, KRB JL T ik
X SER Y LINEs 2t — A HA 7 8 Fs P 5 A E B
1% X (untranslated region, UTR). Pi{~ORFsHl— i
Apoly(A)REELHI3UTRA L. #K1i, LINEsHYS %
PRIAN 2 42 I B S T 9 A DT, AT b 66 DT 4 v R34 11
LINEsSELASRAF 9 i A7 2. SINESHIE I T3
Fhpol IIIFE AR )—F: tRNA. 5S rRNAB{7SL
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RNA"L S URE NI Pol 1T 2hF 5 shs 5%, J2dE
A 3o, B gaishe s, BENS“BhfF LINEsSi i1 &
), JHRH T LINEsihf 74k et >4,

1.2 Class IEERSCAE

Class II TEsNDNA¥;J#EF(DNA transposons). iX
K TESH AT LERNARA- T, B 1 57 R A i o
SDNAJFAN )R Keddi A B RO S BV A] R A 5 )3, 26
LTSIk 7 20, 35 TEsI A7 4
A= BIL7 15 7 5 (target site duplications, TSDs)", [iiDNA
BEh TR AR AR, SHDNABEILGIESR.
DN A B3 g T T i — 2540 43R <37 D)-Kl
WX FIDNARL . TR 1 Helitron B 5 Tt
B A A B Polintons/ Mavericke B 5 )%, H:H Po-
lintons/MaverickelBF EAE R h AT B!,

(1) “BIYI-KEMG B I DNAKL 7. X EDNAFE
JAE RS YRy 28 HLAE A AE W R R 2 v i A, HAi
RURFAESEATAE B 3295 DL 2 (1 e il R0 A iy S 1) B 42
(terminal inverted repeats, TIRs)!'®, FA it psFR-HTIR
TEs. B 1FE T ZE 8 UIDNAXGEE, % HEfE 4 iRm0
—TEMTIRs, VIBRTE, R HAf A 32358 K20 09 HoAth
fE. MY WX EDNAK BT MR GEA
hAT. CACTA- Mutator~ PIF/Harbinger. Tcl/Mariner
(R 1, ZEARFIERGR WL SCRR[S]).

(ii) Helitron#8F . Helitron FE LT HYIRHA
2, H#% 2 i Rep/Helicase(RepHel )% JAE AL, 125%
JAE it H HA 2 4R YT (replication  initiator, Rep)
HIDNAf#IE (helicase, He)Z5k38!" ™', Helitron’t Ji
R i —%DNA%E, 8% 0 I E E I A ke
SED B, AR RO T S TR R B ML
AT e, BIVJEUHA IO 0 — B B B S B e o i 1)
(E1(b)). ENEATIRs, WA*ETSDs, HA S5
“TCYHEFF M3 Ui “CTRR”(R=A/G)FE ¥, ARAEIT3 A

F 1 HEYTIR TEsH 52 4"

Table 1 Structural features and classification of TIR TEs in plantsm

S 1 E AT I 1 16~20 bl [l Sl 72,

(iii) MITE. {4 ) ) 8542 % 8T (miniature in-
verted-repeat transposon elements, MITEs) 2 —ZS45F5K
Ik A FRE IO, AR TSN 4 P,
TIANEAGRISEE ), FRiEEH A W TIRs(10~15 bp)-
INRSH(Z5100~800 bp)« 1574 D1 K (4~ B AL R 41
Z541000~150001), F{ila] T4 A2~3 bp ' & AFIT
SRICAYHAT P T LA DNASL R T Y TIRs
FITSDsHHIE, A RTsm#5 DURAE, e HabL il
AT RE, RIS Jouk A e A7 4328, (B T 0k
b HOULEE BIMITEs 1) st sl S e sl H Ao
26 TDNARL 71 MITEsH#E— 45732
— HAETTIRSAITSDsHIARIE, B4 BES bt e
MY R 5 R T S A TIRs MITSDs 41 JLF- A A
HET& B, AR 2 TP MITEs 5 74N X Tel
Mariner PIF/Harbinger. hAT. Mutator- CACTA. P-

elementfNovosib™.

EEIRCESWEEANE /ST S I S 3]
2 B E A R LA A BR 1, Bl [/ FE ook e
WA, AP EEEA S KA, BT BRI (vertical
inactivation)'”. MITEs A2k @ Fooik, TikH £k
AL, (HEATENRENS LA DL I e F— 24
YIFER AP, EHMITEFS”. ST HIAXMFES
B RIAANTE R, HRT—EEf@# B 2: (1) MITEsfiH
AR ST WEFAEHERIEX, =4 17
A5, (2) MITEs/INRSFR94E A, (3) MITEsA] LM TG &
WP B ; (4) MITEs 1] BB Hh (R BB & 8™, 24
ARG E B oo ERF A b £ ol e Gy, —26
G AE R P I MITEs v] g A P8 38 e, LIk
FACAEAERIR Y B 30038 R (o Fngy 4525257271,

2 TEsSHEH4tE
TEsJL-F1EIrA A iR el & B8, e 2 5

— S e
MR P T TIRIZD ARFFE—3)
hAT 8 bp 3~6 kb 3~6 kb 5~22 bp C/TA---TA/G
CACTA 3bp 6~21 kb 6~21 kb 12~28 bp CACTA/G---C/TAGTG
Mutator 7-11bp, ZH MO bp 416 kb 4-16 kb 0~800 bp G/C--GIC
PIF/Harbinger TTA/TAA 3~7 kb 3~7 kb 14~60 bp GGG/CC---GG/CCCGG/AGCA: - TGCT/CC
Tcl/Mariner TA 3~7 kb 3~7 kb 11~120 bp CTCCCTCC:--GGAGGGAG
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P A

AYPRIRER, DET BN RN ARN EZ8r, i
FR AL/ FE AL AT KR TES ™ 4t
TEsib 22X SN p045He . DHRESE 2207 T ™ HE s, &
YRS R 2 DAL A T A

2.1 TEsZMiAE R B PR D)tie

TEsHfA S LM = mifg F LR 235, a0
RTEsHH A B IR X, WA] gesdam LR gk, =4
FHIZS N, XL AR ST &
PR, TEs#fi A FIIE K A E7 S 37 0] 515 3 8 A ik
ARBOI G, BokBR 2 BYRITSE B, TR TESR AT 5 i
(122 TR AR S E A 9 A T Ak 2 2 B0 2%, TEsid
REAZSZ A i S FE 5 Sk ik, ZEF i (Solanum  Iyco-
persicum), Copia LTR-RTHH ATHER T MADS-box %
SERFJ2(JOINTLESS2)FE R T REMEFE %9, S30F
TR X 2P A, TEsAYAE AL X i I )
BEFEAE . N, TEBFRMU(Capsicum annuum)i)
CaAn2F3:H 3 8 F i A—non-LTR-RT, #J DL it
TE3'UTRAL ZEHE MY B 55 IR 1 R G Cadn 2 3R358,
M AT LA BT Z WP Rk, #a
MYBI10J3 2 T AFAE I TEs B IE I S5 46 7 Z A0 Ak
ﬁ;é[”].

TEsEARH I KINEAL T, N T 4R IEH 3L
FPAFk, MPEER AP T & A TR ML B TESs
BEPR. THENEREME, TESTETE ERNA R I A
BEALAY, BAIRRRE AL R 4 X IR B T AR5 A9 fi
g, SR i de ik B T AR T i B A0, SCRE R R PR
Wi B TEs [ Bk ppL > filan, A wscts
i, MITEsZ it LARETE T 35 0436 PR 21 IR =5 45 DL %L
fE1E, IERFAEMT RS A R 7. NE&T
FAEBIEI, MRS B X2 AN, [ sRkse.
A IS 018 A% O TR AL -t S R WA TE s 43 4 1) 8
BHEK. AIETEsHIHAREBIR S, WIRZ S 52 5%
PRIy RS AL A6, {85 A TEs) 557
FERTRREAR; 52 A%, AR TEsHR A N & 1ol dEHl
P, N EE A 5 s 20104,

2.2 TEsfrSietafkdmilk

MTEsVE K2l [+ (controlling elements)# 42
BT R 2 4 1A e AT AT DA S e R Y R R T
FEL FEJE AR S 8 T IESE Y, Gk
Al RE A A FETES VIR fa WU EE T 24 B R ol fe b, n]RE

i [ A B A, B A A [ 5 51
VER B R ARG S &A™, WK replak s A*7E
T PR R DR 2 AT 5 v R B, i R A ) A
FEPRTF AL T A R FE R A, D AT R A
ATEsS - FRIA A H A FEEEH A B, 85
S XUBCE Wr B8R I 52 T 3K

AN, FEACH% )R (alternative transposition) 2353
Jefa RTINS A AL EHE, B, S G
RANG I SR S FE B T RIS B
A TEsA Ui, M— A i Bz e, IR IS A2
A BRI i, K I B S
FER, SERE I AcTTIF R A ik 2R 1 AcTTF(fAc)
AI A& A G IR e (o B RS S )3 (sister-chromatid  transposi-
tion, SCTYHHF, Mifif= kK AMFBL " (F2). [,
PRI ARG 3 5 | R 45 R 30722 T e B HE T s Ak 7 A ik
BRI, ATHET | KL pr e g o4,

2.3 TEsZHIEHAIR ML

FERH KN RBRRE FEH THEEPIIFE
FER 22598, FEDIETESY, BIILTR-RTsH s HE A
RIS P, AL A AL 0 e L
AT LA A [ A 0 4 6 PR 2R/ INEEAE IR 95 57 23,
T, XA % 22 (Welwitschia mirabilis) W5 & B, 12AH
YEd 2 1A JT~2 A T AR 2 33— LTR-RTs Y 2
JEy G, XS TESHMTE AT g2t T E % =KL T
Wi T R RS 1 Y. WOMAE (Oryza australiensis)TE
23 LTR-RTs KR K Jm,  HIE P A K/ Nl g
TR Rk, AEPL e A i S
B E SLTR-RTsY HGAH G, UAh, TESREHS T
UPE AR A AT BB R A RSN A RN 2 —, iX
STEsH g FFHE A T2, e ifess R4
hZ TR &

2.4 TEsHPK PR

7K F-45F% (horizontal transfer, HT) 248 P~ MA (7T
REJ&E T A [m) yFf)ii i AE D ) 3t A% 1) e AR R 4 2
I T L. S5t b, KT mE
TEsTEH G 7 5 B9 5 28R R KA R 1Y, Xt
EATRE HEAL IR T 15 PR 2 —P%. TEsiy/K F445 (hor-
izontal transfer of transposon, HTT)$2L T —Fhk REIT
BRAUR A 13847, XA B T REZHCEAITEs 45 APk
1, B A THERL L R L i A A 2 e E S fain,
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e 4
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Figure 2 Model of sequence deletion by sister-chromatid transposition

TEXTTF AL A W) BEAT KRG o 35 3L R A 0 58 v A B,
FOMFERL ZS3 E AR L, B IR AT A ) 22 ]
A EE T EIHTTS . HTTH & AP A2,
T EATRT LA 3 R 21 ) R/ VRSt #, A7 Bh T8 2 R
UL DR 2 0 4% (R B Rl 7 0K 0 110 5 PR 2 A v % 4
F=EAE

3  TEsS5#Muat e

JUETEs) A FAEWIRIEHR A T, (BRI
TEsJ&Ab TARMRE 2L R A 0, IR 2 A W TEs
ARREEE, IR R—FBTEsSETCINRER), FF22 18 AR
S R 2R s O, T R L R 2 v T B
fih & TESHOGS, AFREEMO S e ), HiXITEs
W R B A R AR, 1 EEY R T4
Fh R AL PRI B A A kA, F2A
FEDNAH FeAb FIZh & H R i
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3.1 DNAJjumssg AL

DNA H Ak (A% SR8 it i e H Ak & — otk fk
TRSFIIDNAMEM, T57E 40 MIA%DNA R HEmEIE PR ) 2
iR IEF Em—ANH O fERiYrTh, DNAR AL
VIR R . VURTEsMIE & P B2 . KL
BEHIDNAFF BAL ST HERFFEIm ML 2 2 7EAR
AR IF S 2 T IESE T Y o A e
DNAZK il J5 i1 H R 4% % [ 1 (methyltransferase 1,
MET1)5 a6 57 1 ZeAb B2 F13 (chromomethylase 213,
CMT 2H13)4EF. DNAF LA IE 1 fLC(mC) i
PERER T I AR5 R XFRCGHICHG(H=A. CILT)
S ARXFRCHHIAES, HAPMET f 35 4EHFCGH 5
fb(mCG), CMT3Z4EHFCHGH 3:Ak(mCHG)FF b7 1Y,
CMT2 = 4 CHH P /L (mCHH) >,

FEREY T, TEsMIUTER £ 258 T RNAR M AYDNA
A 3AL(RNA directed DNA methylation, RADM)ik /% 2



Pk

SEVOL SIRNAXKS T4EE A1 RADM 4> B, BATA]
AER VR T RTs 7917~ A B % WA RNA(dsRNA), H
RNase-IlI-like Dicerfifi/il TA4b#E7". siRNART LT Hi
58 BN T8 4 B AN AR JE TLES MR fg, T
s B KT AL T, T
DNA H AR 8% 1Y, I RADM AT AR A2 H
PRI TEsTE P, RADMUL T fE 5 | 7 f 3T 5L A 1
DNA I JAL, 5230k, JUHOR 23 F 3
e 10 4 fif ) BT P 56 P T3 AR 4 0 3 F X
I, BRI L R ek BN BN R R FWA R 5
Sfwa-1Rfwa- 258 LRI AL R AW I N, FWASEA [iF
JE— N RAUSINER ERBE T F57Y, i TRADM P 2
b, FWARYEE SRR 4E £ R IR % AR
AU 5 H A B ) 2 B OS FWARY 23k, S38UE 3
FI e TP &3 (). TRIRE, ZEXFET IS D (Ra-
phanus sativus) A UZE7E AT A R &K, %
o, HAFREAEZRRsMYBIA 8T H CACTA

(b)

ROS1

RdDM

|

|

|5

|

|

|

|
PYYPYY

| 5

|

|

A
Delayed flowering time

Promoter TH@' Gene inactive

TE) & H AL E; by 83 T RsMYB 1A 8+
X, fHiRsMYBIW)Zeik B3 TIH, SEmimE 7 HEHE &M
AW, SR A B AR, B Sy Bt
A TESIEET. 540, TEsHICHIDNAH 54k
A EFAT IR A 25 BT 45 R, NROSIFREHF G 37+
Bt Helitron™] LA R HIROS 18915, Bl Helitronf) H
FALRT LM ROSIFG X, T2 AN 2 BROS G
Fik. XULBHROSTIA 3 F R BESRALL T H LR 2ok
JEHIDNA W IEALKE, 0T DIl i 45 i ROS 13635 K 1
TIDNAF LA [E3(b)). 1EKFGE T, TEsHfiiA: S
PANDATiE VA2 Wi 14 (9 5 245 R Rl g 1 Aok KD,
BRI PANDAFE N ¥ 22 A8 25 T BOR R AL H sk 2D 1 obr R34
iy A Rk RE DR () i DRI RE Ak A 2R B R S )
FUAS A, 3 KRR 0 A P A 1 R kO,

AT SRR TESUUER. /D TEsY Bt
vttt R DR 0 Uk A, Bl . &
K. KFEEBEG TG T — e TE S M (1 K H0 R4 4% =

Normal flowering time

B 3 RADMilid AR A FHREE F IR IHEA, (a) RADMIGTESFWAFEHE FAXF ARG IF R AR 0. Normal flowering time, 1E# /E40];

Delayed flowering time, BifE. (b) RADMIEPEXTROS1FEF BB M. Promoter: Ji 31T UTR, FEHHIFIX; Gene inactive: 3 21
Figure 3 A model of RdADM mediating gene expression in different ways. (a) Effects of RADM activity and FWA gene expression on Arabidopsis
thaliana phenotype. (b) Effect of RADM activity on ROSI gene expression. UTR, untranslated region
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ERTSIR R SES A R E B X R TR ML B SR
PEAEAM I TES 7 A It 22, 3552 1, TEsAT fig
2ok oy 2O G fh 4 st AL ULER. B anAe-
Mulc TEZEIARGITIE R P R ARG E, B TnT LI 4
N SE 0 DR A7 8 e DR 9 33 ) ok 39 3l WL 3ok A%
TR, BT AR S A% (Picea  abies)TEsHE UK
WImiRG E HbIG N, AT BES TESTTERAH C A siRN A B
A7 SanchezE NP 2649) A5 IF B —2ER TS ] fiE
S 5Kk BHCR kR RN, LATIRE R4
T SEIL R A TTER, RfE A0 —ARAE H ok

3.2 HEAEN

AR B FIDNAF 3L ik 2 (R /77E S IZ B R
BRI, TESHYA SLUTRAB 5 ZEDNA H SE AL A2 B B I
Z A E. AP H3KOFHIK 27 H Befb AR M 5E ST
BR AP ARRAET Y RN bR K B PANDAFEH By
FEARECH AR R /N E 230 e R H3 K2 7 H Sk ke 51
P HeAh, GuoE NP R, RAERIDMN E oK
MuDR TEULERG DNAH FEAL ) 4ERE 2 S 2L, (HH 3
B BRI SRR . M, TTERAY T st L ey
S L B MR AERR Y. Chois A A 44 A
H1FIDNAH LML AT ERTEs Y. Linde AR5
P TEsFEE T A AR HH1 25 T G,
I HE A T TESAYTS. B2, ML
B, ZJZmEY, MDNARFALFIZH & F it & —
A EAE L.

4 TEsS5ABIMA

TEst ] BEAE IR N R /R, R EATREE
PSR RN ZRAR, BT A AR (AU H B i
R R RIRE M. MOk IEIE R, TEsC & EH
VI B A S b AR . 0tn, K FEDEEPER ROOT-
ING 1(DRODFEN A BT INDITTO2 TER] D&%
A K ZAE S VH S DRO T 55 AT 18 388 7K A e ),
TERTH, GmphyA2(H 17 52 6 R BURE: 1) E425E P e
It F B F 1) Ty 1/ copia-like  TEAH AR5 X 246 %
(3 AT S0 ER R S TEs 2 5k R IR R &
B, TEsAYTE A AT LABR S P i R BIAR 5 3k — G ] fig
A7 B T A A S A R 0 3 7 AR B A g R 0 0
[, XTI E A RYIFMEH 2% (Mikania micrantha)f?)
FFE R B, H 2 LR 4 A TEs i e o HL AR Sk,
HETI I R 443 13 PREE SO At A aES Y. Ak,
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IRBE b 2 P IKDNA H 340 S B TBs R, —4>
22 WL ] TS24 F ST TP I ONSEN TE, &8 % e i
N PEOTIE. IR T AL T e, U I R
TH A ONSENIFHI H i BT i s 6 7).
G (Antirrhinum majus)3EF L H Tam3 TEH E4LK
57 Tam 315 PR PETT, T Tam 3H9 15 1 BOR T Tam 3% i
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Transposable elements (TEs) are mobile DNA sequences within the genome, and their structure and transposition
mechanism are highly diverse. TEs can be divided into retrotransposons (RTs; Class I) and DNA transposons (Class II),
depending on whether their transposition intermediate is RNA or DNA. RTs transpose in a “copy-and-paste” manner and
are therefore considered to be an essential contributor during genome expansion. RTs can be further divided into long
terminal repeat retrotransposons (LTR-RTs) and non-long terminal repeat retrotransposons (non-LTR-RTs). Copia and
Gypsy are two superfamilies of LTR-RTs commonly found in plant genomes, and their structural differences lie in the INT
positions in the internal sequence of the po/ open reading frame (ORF). Non-LTR-RTs include long interspersed nuclear
elements (LINEs) and short interspersed nuclear elements (SINEs), which lack LTRs and usually have poly(A) or simple
repeats at their 3’ end. DNA transposons directly cut the DNA sequence at the original site by transposase and insert a new
site, similar to “cut-and-paste”. Insertion of DNA transposons into new sites results in target site duplications (TSDs), and
DNA strand breaks due to transposition are repaired by DNA repair mechanisms. DNA transposons in plants can be further
divided into “cut-and-paste” transposons and Helitrons with the “rolling circle” transposition pattern.

TEs play an important role in genome evolution. In the process of their insertion, deletion, and amplification, the host
may alter its genome size, gene expression, and gene function. Additionally, TEs may mediate chromosomal
rearrangements through homologous recombination or alternative transposition. Overall, TEs are very powerful mutagens
that can affect the stability of their host genomes. In order to defend against the transposition of TEs, the host has evolved
various silencing mechanisms. In plants, the silencing of TEs is mainly established through RNA-directed DNA
methylation (RADM), which can stably repress the activity of TEs across generations. Methylation not only silences TEs
but may also result in DNA methylation of nearby genes and affect expression and function of host genes. Interestingly, the
phenotypic differences caused by the insertion of TEs play an important role in crop domestication. Methylation does not
always keep TEs silent, such as burst events in some TE families. The evidence for the interaction between TEs and the host
is growing, especially under environmental stress conditions, and TEs can be re-activated to help the host survive under
stressful conditions. Furthermore, the insertion of TEs is preferred in many cases, and their insertion can be tolerated. Thus,
TEs may not be completely inhibited, and they and their hosts may develop a cooperative relationship under environmental
stress.

This review summarizes some relevant research on TEs in plant genome evolution, introduces commonly occurring TEs
found in plants, and examines how TEs are involved in plant genome evolution, epigenetic regulation, and the symbiotic
relationship with the host under cooperative stress.
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