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At T AR, AR, ORI OUEYE R WL BRI F AT I G R AL “ RO A R AR AR
TR, e PETTATE T O W S s 7 s S Rl ) DL A LB DA K7 A, AT e A 145 7 A
) S B 1 N AR SR PR AR A ST v S R A JRE TR R AR B R AR AR 8 P ) e S AT B

U BT, W, RTINS IR
FHHLS Q34

FLAZ A RE R 20 A K (W) 3 )R e, e e
TCff e fe e BRI P e g R 5l SIF BTG 3
LD ZLHT AL R DNA J1 B, 20 4D 50 4EAX, 3¢
[ 1544 2% 5% Barbara McClintock 75 fJF 77 T K FF i i
IR B (1) B BT R S AN R et A A B 5 AR,
S oK SL IR A i B S IO AR L, AR YE I
pOE - 3PS N R (o3 T (= (N 79T B 5 v
(controlling elements), %I A ILFT i T A 4000
SN FUZ AR YR R AL e AR e, a7
JAE O e R AR I — M B B B o) — MM &
(R, ok JX MR AR PR 4 %6 3 (transposition), I
TR T R A7 Pietd, Barbara
McClintock (13X — 5 2L & Bt fd it T~ 1983 413k 1
W DURABRR 2392

i P T A SR B A R R T A B R AR K —
B R N IFARAG 20 A AT SR T4 e oA
15 LA Kk “3hFE” 40 i S IR
A S 3E, AARANTEICS “ Afh
DNA” (selfish DNA)k “1i3 DNA” (junk DNA)E,
TX LI JRs TTA W Ky A7 AL T IE R () /N o) 1
“E ¥ (molecular parasites). 1 4% g o i AFAE R
WA E, AE S22 AARIERMTEIK, HE
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SE PARZ B P e OR BAE SR R 2 . ORI 1
WF9T 2 W e e 1~ RO AE e by FOp T2 R R L L AL
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1 4% JRE - (retrotransposon), ‘B AT 5 EE T RNA A~
F5EHG B RNA ) 23128 S 8 s T J% cDNA 5
P BIFE R AUFT (B 1a). %I R TR s
HOR I G5 RA A, Xt — 00 B A KoK i B AL
(long terminal repeat, LTR)FIAS & K A i 7 & ) 3
& J& f- (non-LTR retrotransposon) 5 Kk 2% . H v,
copia B gypsy PIAN 2 LTR 7300 5 s - 1)

() 257 —: RNA UG FE O (U5 JRE 1)

LA RSy, A e LLs# VB e . A
B PR A, LTR ZRAY A je 1~ 3CRT 73 H &
ROFAE A ER WA A BRI S gag T
pol IR, Fi# St A s iR 1, 5 g
Wiz haedr, HAAGEAME. RExME.
RNase H PSS IR G MDD gtk 4F A B 840cf
i/ 50 BRI 53 e e 5 AR ) A B R, S
T B IO R DX R AN A G (1) 7 41 84 327 51 40
JB 9 non-LTR 28 8 {3 4 Jo - ) 53 A KB AE %
& ot (long interspersed nuclear element, LINE) 1
Ji B AE % B K JC 1 (short interspersed nuclear
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Fig. 1 Structure representation of transposable elements
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ORF2 LRI 1%, ORFI 5 gagk D5l 4 i 1) 7= ) 25
8L, ORF2 W5 A7 A D) (EN) A S % 5% I (RT) 1) 4
TS BER. LINE FT SINE ¥ LA B (1) 37 471 5 52 45 2
I A poly(A). X BT A LA SINE 20 R, &
AT 5" 3 # A — M A2 RNA pol TS 21,
MR T 35 P45 LINE [FY§EAL, HAu84 ik
fEIE AR 4, WK SINE ZE3E gl 1E A dE A
JCAE, ATREAEED LINE 1 B 8 pLREAT AR E
e o024, LINE £ERLH) A LEBIRLAR,  1T SINE U
DL DUB XA,

W R AR 2R I e T UEAE YR
il - K5 (copy and paste), JIS-A 55 25 E T U
LA DNA 318 “ B Y0 - K5l (cut and paste) /5 5
AT R HE, X R ITTIE AR ) DNA T 1) % )ik
(transposon) (& 1b). 55 2 )8 1 H AT K i [ 1]
#4574 (terminal inverted repeat, TIR)FI#IAT i &
53 J¥ %) (target site duplication, TSD), HrhaEQ &
TR A A2 B 32 B a1 A2 AR G ) 41 e
KW, WAk m &R E I £F (miniature
inverted-repeat transposable element, MITE) & JE H
Footh ¥ R 2 M e 1, JRE AR A E
epE, RAEZ) FEPY RN UL DUE A ARl
A6 H ETCO S — AN EERE S EA TR 151 18
() DRy B A B JAe ),

B T I Jis - AN 1 A, Helitron & o — 38
Rk s oo, A THOER 1 5 il (rolling cycle)
J7 AT B . %R B R RS AE N AT A7 5,
HoAK i H AT 571 5’-TC fil 3'-CTRR (R = AIG) 45
4, H 3'uiHT 10~ 12 fi ik A —4> 16~20 4
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Bl FE ) KR 45 /(B 1c). Helitron tAH5 B R0
EH FEPIFIERY, [ AT g B 5 R T R I
Tl (REPLICASE) LL X% fift Jie i (HELICASE) i X 5
Je EAEREA P i =5 B8 A7 A8 571 1 0 2k
R Be. BT Helitron 2874 [ 3= R0 4% g 1 5 41 4
TR PN I AR AL, AT Helitron &
YE DNA 2884 (1§50, ih4bh, 1T Helitrons 7
FEDRIZH T R R SRR EAN B Sk, T HAN ™ A o ) 1)
BT S A FAI(TSD), 6 HARAFGT I 0 T e o,

2 HETHESNEMERATERSES

e oA EARE T8 YL A A R e
BT, (HAEAEYMaE sy i, EATTE A A
AT W] 22 s, I X b 22 S 16 s R 2 AT
GSPNIIFS QI IR n S

11 B 58 BCRE P 20 e 1) — e b b (1 2),
AR TT (Arabidopsis thaliana) (125 Mb)Re, 4516 25 B
HAE(Oryza brachyantha) (261 Mb)™, 1132 (Brassica
rapa) (283.8 Mb) P FI 3% % /K ¥ (Oryza sativa)
(430 Mb)@ 2L AT AR B/ I BE R A, 8 )3 oA
A LR L )0 10%. 29.2%. 39.5%F1 46%:
T AESE P BK 1) FoK (Zea mays) (2 300 Mb)&, 15
PR E/NZE (Triticum wrartw) (4 940 Mb)RI, HF 8 2
1% (Picea abies) (19 600 Mb) & F1 K 42 (Hordeum
vulgare L.) (51 000 Mb)@, %4 g oA ity 4 5 K 20
Ry LL A5 53 50l A 85%. 66%. 72%F1 82%. [H] i L4
I3 B A 22 Fofr L e Ay Ao 22 2080, JRATT AT LI A
MR TOAR T oy LA 5 B DR AR N A A — E I IEAH
KAE(E 2).
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Fig. 2 Content of transposable elements in various genomes
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IINTIE BRI, AEYIFE D 2 Hp LA i 4 1
JCAFIE A LTR R B 4% 61, 1 non-LTR 28
(0300 %% A7~ LINE W EEAZARARDS. i, 7K 2k
AL T JLF A 2R 8L 1) % e o AR, LTR
non-LTR 284351l & 14.75%F1 1.18%, I LINE F1
SINE 43 5] by FE K 41 1 1.12% F1 0.06%, 8L LA
LTR 2300 5% e o iy £ T 0 A . R /S A%
PRI T8 /N2 (Triticum aestivum) & NAH B 1) 52
KU, 3 22 BAT ORI R 4H (17 000 Mb),
LR K FEIE AL 1) 40 £i%5 K/, o, 85%LL L7
HUATESTH, 38T /N3 5 R A0 R0 21 2R 11 [
HMECD, M NEER T 3 AN AR AN, R
5 R IR BN (Trisicum wrartu, AA FER L) #0007
BURFEILER (A egilops speltoides, BB FERIAT) LI K&
FLII 2R 5 (A. tauschii, DD JER4H) =% 565 2448,
AP AR S NIRRT HAr) iz A i s
IR /N 22 (AABBDD JEA ). Af R 4
IRBEVIN A R85 38 /N 22 IR O R AL, BRI
Y1K/NK 4900 Mb, 433l & 7K FE AN L R4 1
11 f5 M0 1.7 £%, HIEPIAL 67% HH 4% )88 044 il »
LTR %6 )8 1 KT 50%, 1] DNA R AB 2%
(26 )3 TCAE 4 )k 9.77%F1 8.04%. P20 Lh /s
WEFURIN, AEREARE R el O 0 4 J3E 1 e TR
RN, SEUT ANAE A LD R Z0 g e, )
AT D AR R L 2 e R I, LA
Y111 66% e e 4Lk, 55 hr R BN SE R 4
KA, XL TR ZHE T LTR 1 gypsy W
K. LA REAY, SHhun. dEEY
JiiE R B A R AR T R TIK, AT RN
Ji MRS R AR T LA, X LI R R gk
JETT 5 LTR AL % e 1 I B A o6, WA A5
RTINS RAT (Gossypium raimondii) &
AWM D B D2 RS AR Rl 50, £ 45 40 976 A
FegSE YIRS S v (S I S R Ny NN ]
57%, il ) Lh il o 78.6%; A FEPK A1 E
P AR 55 BB (Gossypium arboreum L.) K& R 4 £0 %
41 330 AN Hr g A B DA, B JAs T A o R DR 2E )
68.5%, L, Wik RE T LLB Dk 68% M. K Ik
o, ARG R A LR D L R 4L R A6 2228 TE B
T e DY A AR (AD)——Fil Hu A (Gossypium
hirsutum), FFEWCN AR E LS FAEY), ©F
76 943 N g K, R4 KK
2173 Mb, F5CRMH, Bl HOA 669 A % HE o1,
FELL LTR R copia F gypsy Wi i+ v = =,

Lo T B, T 7R D AR R A i s i
BALE A I PR 2 e,

IKFE(O. sativa)5 A g I TEA 23 DN FEFHE R T
T g, o AA SRR R B o %, B0 EK
A, L 9 R e AN At 7 AR A (3K BT AR A
0. rufipogon~ J& FLH B4R 0. nivara~ AEMALRIE TS
0. glaberrima~ %5 ¥R 0. barthii~ JEFUE 475
0. glumaepatula~ KHESEETERE O. longistaminata F
M T AEFE 0. meridionalis) ™™, UL — X AA
FERIZH 5 ANMFEFNO. nivaras 0. glaberrima~ O. barthii-
0. glumaepatula~ O. meridionalis) MWF K Y, &
AR 2 ALK/ A 334.7 Mb (0. glumaepatula) %)
375.0 Mb (0. nivara) B A, I EZ IO T
153530 g . 29 27.6% . 29.4%. 29.8%. 29.9% F
29.8%, S IXLEA IR T K RE T KR, HA4E
RKZH B ICAHH)E T LTR 288, 705 4 -
18.0%. 18.7%. 19.3%. 18.9%LL f& 19.6%". It—
ARIKAE 51X 5 ANMEA ) HE D 2 ELBL A R, e
JA TCAE )R N R 25 SR BT s oA 1) i PART 2 B 2 AR A A 7
I A SR P, U — SR E i DNA 2K
o A TG AP PR BRI R 3 PR R TR A 45 Ay AR e 1)
HBLRZREE, [N, XA R A OCAR S AT e N A
JEPII I LT AR . THER B 2 FE. IR B P
R AR R EY), o TR R 69 1
TRy FEEIEPIER S 7 e O 2 R IR G R
AL I AR R R T KRR SR R ) — 2K
By AR, HATOS 2 FhoK AR J5 A — LS AR ia
AIPTPE. RIS A6 24 5 AR HAT R Jas di /) FR 2 A
Z1(FF, 261 Mb), 1 29.2%1) 5 51 th 4 e 41 i
HLTR B S 8 e TG PEALAG,  PAIE i%3E R 41 B
BAGTE. J3hh, AWK AR e e IR, AR A3 kA
A1 g oW 1B S P EA A N B (2 B S PN S e M 8/ e iy
FER, TATN N B BE TP v i ) 5 B D 41K
NFEAEAE TEAHOCNE, [N IG5 2o, Jet
7 LTR RSB 1, AEAE Y I b n] G HAT
EAEH].

RSN, BT O 7 2N e
T IR (B 2). filan, R (Drosophila
melanogaster) 1 & 4741 20 A~ LTR i 5% e 1 X R 1)
JR Y, AL 1% /e AT O FE N AL, iy £ oK, 400
ZA~ LTR e e 1 S B B3 M 1 T 6 N A14 75%
FI AR, /N (Mus musculus) &R H & 2 N
LA LTR 2Ro0f, LR R 3 5L 10%~ 12% )
ANERIE R AL S AR, AHLETT S, AT (Homo sapiens)
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S A E AR DR LTR % jE v 19, {1
non-LTR ¥ 4% e 7 WAE T FLah ) rh U H 4= ™), 4
i, Kl EE oM L1 e AE A 3 SINE Joff Al
H1 SVA (SINE-R-VNTR-A/y element) ™5, i it 4%
JE R IR R T 23T 30% ) N JSER 411, w5t %
B, L1 (S 4138 i T NSk () 5 DR 41 11 &5 4 A
S, KT LY (5 Z e R T N 28 3 TR 4 A o T R
T8 FE M. g, 0] e g R D XA PR R
KHEHE (Bos grunniens) 5= AL I BF LR W], 40%
(RFELF DRI 2 7 JRE e AR s, L vl BRI A A
S8 PRI AR A 5 R R O SR AE ARG A OGP, 1
wr, A HIG 4 Sk MR A5 5 B R K IR A %)
Rl R AT o5k, AFZFRAESE AT 13 AN
UL, 2 TATAT LA L. DRtk e B %% e o i
e 15 2 5 R R = AR IR I PR P IR A R B 3T Y
PE SRR X S4h, wfEYh, R L
LTR K84 E 3, 5 AREEL
AT, H AT BEAR T 0 ] A7 51X
FlorAi 2= 5, #EMHA K, non-LTR Al LTR % #% &
FAEAN AR R S DR 2 Ak e A AN TR R 1
AFER ] DNA HEALIIF e R ], FoKRER
R e, KB ) DNA HEAE R A7 £
R 5 P m T FE AL, L R R R AR A
CG. CHG Hl CHH /741 ks [FIRy, EAI#ELE
LRI A A, AR TR TR B
DNA FRALEE i) & 4 7E CG, tn]7E CHG Al CHH
by XFEARGILR, DNA HF AL B H R T &
AAE CG KA BB Hir, ZHEY T
FEA) 5 10 T R AHARATY) DNA S &, JFH
KRG FRRHU IFH, IX 28 DNA HIEAGIX 35
& /N 4> 7 T Pt RNA (small interfering RNA,
SIRNA) =4 Al L7 B0, BARKRG, £oK
FELEE 71 1¥) DNA FEAL A AR b A Aa L, 3
CATZ AMRAFAE ZE e, 1Pl 22 e 5 3 e T A
B IARDG . I rb g W S (PR AIE S i TR A /N [ 3
DB DNA H S AS A I3 0, 1 4% ke o AR 1)
LU 1 A 28 B S R A 7K | DNA FE A0 R 5 A8 4
BB FIE, ST, ARG 0 e
JCAE M CATE I EAE 1 e R A TR, XS
DNA FIEAL AR KRG H () o A B AR — 3 IR
FERE IO 1 T BE 23 i DNA FHEAL B 1 AR 1k
PVELE IR A, FEfImIr, R oA R
i R L DR TR K i 5 DNA P S Ak 5 85 52 1F H 56 B8,
T IX — R AEAE KRG h A AR T2 1 G g ],

2 B KRG B DRI 20 v () 2 Jie A e 1) A v B PR A
HEFPHIAC B TE 00, b FRAT T, 7R R
Wi, B TCAEZE S T R R A g5 R A e, 1]
fi A2 Y0 i R A 2 WK X 41 (epigenomics) ) 2 55 J5
. AENBIER AL, 25 97%F e 51 vk 84 e o1
(& SN =N | E e R s )5 1Y v T T )5
T 1.5%, X &g fith I K] 7 41 A Hb o3 A 45 e
Bk b, R R ARG ERLE SR D 1 BE AT
8 XSl DRI /D (R AR IR, R AT R B S L)
e B AR AR, X — IS KRG
DRI ZH AT — 5 (PR, I s A (] DX 3 ) 2 1 g i 5
DRAH ) 43 A 5 AR G A 3 47 R HACLE 29 AT mT Be A7 (645 AH
Kbk UbAh, NI ik LedE g )3 S H K
R eI R A S I E S AER], Rl
M) 3 R 2 A6 1 ) 75 S B 3 — 20 PR e,

3 BELTHEEYPHRAEELIFE

BRI A A K E S P Tot, (R
2 5 4R HpUEOIRAS, o, DNA AL
HE B FN 531 RNA & H0 T 5 88 A A 1) 22
Jr X, 0H A A sl S e KT AT DTER.

E #L® JF B, DDMI (decrease in DNA
methylation 1)1 DDM2 (LFR A METI) 53 77 4 i 4%
0 5 FE I (M CpG W AL B B8, {E ddm1 I
met] SRR, UL CG AUy 3= 1) s ng R4k P
& T %) 70%. i Chromomethyltransferase 3(CMT3).
DRM2 (domains rearranged methyltransferase 2) #/l
CMT2 J& fit 5t 8l #9 4+ ' non-CG DNA 47 15 ) DNA
LIS, 78 cnu3 Bl mer] XA R T,
JBET CACAT e /KW B T, JFFEBER B
BB G1Ah, CACAT WG FEAE ddm] RAAR T
RO, 3 RN A 2R Y e e T JOE . I
WIXHNEE T DDM I WIRF TR B, AR ) A Ak T A
S5 T W% CHH A FARAI], 1 488 K 1) 4 e o F
3= 24 CG 1 CHG 25 A1) DNA AL 17,
WIS, Fesk T i ¥ e R A 1K B T4
A A e e PR T e AN A AT i o, 30 WD Sk i 1)
BUHIAE 53— 7K P2 55 % JRs TT A 1) 0 609 50 41
T copia 85 a1 Fvadeé (EVD) I 5T Uk B
TIX MR, B Evade 1) %% ) 75 22 [A] I 6l 25 RNA
18 3 1¥) DNA H B AL F1 H3K9me2 151, I F
MEAEEHINIRE], DNA FRAL S 2 & 1 3E
AAB i TR] FRIAH ELAE FH 2k B e (R 400 35 m 3 A0 EE £
. WFFEF# W, H3K9 H L B i Kryptonite
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(KYP) X} CHG 27 DNA I EL iR 51 5 T
H3K9me2 Ml HE, 1M CMT3 Agfg 454 H3K9me2
JFi& B LB DNA B 1f CHG W 34k, Mt 7= 2E
TE St ) VR R Aol i g tes v ik Ak, o) 3 40
H 4 % (epigenetic recombination inbred lines,
epiRILs) 1A FHI27, - g NATTR NN UG 9 J6 41
T ERERA PN T3 DL RUTBR B T AR 4
. B, 1€ meid 5% ddml ¥ 3 ) METI- 5%
DDMI-epiRILs 1, siRNA 415 %5 5% 5 /K T T Bk
WA SRR EVD RNA , Rt )5,
DU I, A AR B AR 1) EVD RNA U 3L
H & # 3 1 GAG H 1145 & K4 RNP, 1fi A%
SIRNA &2 U1 E f4 i, {H)E, EVD RNA AR TE
S AR R B I U] 77 2 SIRNA A5 1) DNA T 4L,
M 515 RNA B4 Pol IV -Pol V A~ S 1) iz X %
3, 7R 4 5 LTR Xk DNA H ek, JfEk
e Ay i s K SRR s AT, Rk, DNA H
AT H P SO A (A o A H A T AR .
TEKFER S Tosl7 1 5 T iy R A e g 2B 5
DNA H LA ¥ B B H2AH OG0, i H A A S0 3k
—¥RH, gt H3KOmMe2 H L B SDG714 [)
G, Bigniy DNA 2: LS DNG701 (it 3Rk
%) 25 33 Tos17 W6 P WOiE 1, Ui B 41 8 A
H3KQ H LAV AE M L 7K e 2k PRI 401 Hp ot 2 J3E e b L
HMHEIE . Kama & KR S5 — A8 R H
LINE Joftf, ‘&g HOk A 7e R 7 2 A0 AR i
i, TFRERM, Karma B%: 5% SUE B 27 1O /s AR
AN BT T R, RIS R DU & fE @i A
FHAE A/ NS P s, 73 Bt DNA FEAE I,
EAE R AT A T R ACE I L IE S UK, ]
B S BN T 0 e AT S LR R b
Gb, LEFFAEZ AR P OR A REAR I T Ab— A 1
VW Karma ¥ R R G WY B $ED. B gE—0
IR 7E 3 B, KR A 418 11 H3K4 & L AL g
IMJI703 %} Karma FF& N il 5 JE 20 LINET % )
MR B T LR jmi703 AR,
H3K4me3 7 Karma 5' % & Tt 4] 17X
BAE ) DNA HEALE, 33 Karma TE 5378 4E
S THEIFOE E A5 5 LINEL % 8. [\,
WIRIN Tos 17 HIUTERINHIA M T IMITO3 /-3 (1)
H3K4me3 % H 34k, 152 2] H3K9me2 5 DNA H
S RN E | DS W = S 2 N DAY Tl
Karma F1 LINET 53 3 A0 T A [ 3 44 | H3K4me3
BARM Yt X, H B R U E SRR oE,

Tos17 b RIE¥I AR OIS IER, L EAEAE IE 1
H3K4me3 &4fi, K Tos17 Kb Gu o iy X o e,
KGR, KAESE PR AR AN [ 1) 38 ML I 415
i >k X 73 s ad A [A] B (4, )52 4 24 358 (chromatin niche)
R RO, B AT AR Y b 2 R e A8 i (91
H3K4me3) 5 #5 38 i1 il & 415 (1] 4, H3K9me2 =k
DNA FEALEMR), Fraih TUiBRES, mALE|
YERFIE R RS R H .

LEENFE T, /Ny T RNA A (005 i)
T MEE T, H P HE N small interfering
RNAs (endo-siRNAs) A PIWI-interacting RNAs
(PIRNAS) P FiiR 4250, SIRNA HH 4 J8E 1 K 3t J 1)
HP AU dsRNA 774, K JEZ) N 21~ 24nt,
7E RNA % S UUERE A & RISC (17 B T 5 47 A3
RN, SRR, S ON B JRE T L. piRNA
()77 A T A B R T A IR RNA T, K
FEZ) 2y 24~35nt, AL PIWI E A5 S T B
FbREE ReoT . (e, IRAEREIT B A 4 1)
TR B/ RNA SO 31~ 14, o8 4%
T LTR W% BE T Athila W] 72 4E 210t [ SIRNA 3T
AT, eI 2 P AR AZ A e R )R
fF, CRUEF Y I 4615 D IE AL B0, 5 bk
B, WETTZ RGBS, SIRNA @423 T ONSEN
T2 e 1 AR AR T 1) 2 e AL 3 . e 0 A7 BT S 4R
T, RV IR I P B S0 1R oA, AEAUL R -4
1 H3K4 2 LA IMI14 5 RNA A 5 1) 5% s
TCHUURAAAE— B R B, DL R Ry, 4%
MR A B G SL B M (4L 8 11 % 6%) . DNA H
FEAL BN 2 7 RNA SR WS AL 8 45 (0 25 K,
XL AA N ()T A2 — R S RS 40 1K 3 A
Rty AT DT 2 s R 47 R A R T R A5 1o A v
RYEEEEER.

4 HETHGEEDERASEZIER

e AT AR BCRE B R SO 4 P BE A 1 1
DI BB, A AN A T R D 2 A AR 4
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B3 R XEE AR RN



2015; 42 (11)

ERE, % SHENEETHIIERMRER

+ 1041 -

T RNA %5 3 1% 58 8 5 8+ X (1) DNA Fldl 8 A
Retb, I ZmNACITT WFRiE, BT £K
2520 O 1 - 1 I AP 1 T A e
ZmNACI11 J&5 3§ XA % MITE 8. B
U, E R R EOK YR ZmNACLTT 3RIE, W AT B
PRHE B ASALE TR e R oGk 3 KA
B, TR 58 EOK K 568 J)®2. OsDCL3a &
KRG ST P2 4N F RNA IR B, & 11
RNAI Pk RFILHIIRA . e A 38 R AR Ji (1)
2R AL, WS, OsDCL3a 3 % LA
MITE 28 % iz 7 g $I 45 I T 28 24nt 11 /N4 1
RNA, #t—25r#rRH, X3 24nt /s RNA Uil
AT H3K9mMe2 %5 Jeta itiE i, 4% MITEs 5%
ML DR Rk I AR 3 25 RN =% 38 N & 12 1) 5%
SIL R R IE R KRG K E IR LE LR 7R K
FEMRR S A 5 T SR Z IR b R 434 O
fEHI, MITE K5 i T7E8) . FHPITh ) IZ 4418,
KWL e E KRG . RS R A e R 1k,
] BE 256 R R A A AR A R R
AR, ZAWEFULIE SLHIE T 4 P oA 8)
YIS R IEETh RS, XSRS AN N AN
JAE IO AR R R BIE S ILTh g, T A S (A
YLK AR “Bahft4l” (mobilome) 55
“HESEA 7 (transcriptome) 7] () I R o2 ns sl Gyt
WAL, e Be o n] {2 5 R M st A% 2%
AT e AT O, AN R EEE
(L R, S INICAEAS R R B P aE 45 1F T (1 Y
Waedy, Mg mE EERAE N, [N, BT
“Brhootba” It R REEER, AATATEAE R
ok S B X I ORI R PR IR B 7 e R
EEH B, de AU 2 PR IR0 AR A B AR 3

R
5 BETHSZERAMIE

Z Atk (polyploidy) 2 4 5~ F 4y Hh i DL I 42 5L R
AIMEE IS, HH BT B 3RS N Hr #
Bi, WKWK Z 8B & — kel s £
R A G e, e 3 o 1 i B 2 A5 AL 2
T A R A TRk P AT 2 T2 A B
A BE DR ZH I A ZIATAT A Bl A 4k PR A 1) &5 1 2R A
RN RB WG IR 2 . L, R4
PrFh” sl “ AR B4 (subgenome dominance)
& 2 A A AR TP g W S ) I G R A B R A
f5 )5, 4 &k W Ry E 41 (intrachromosomal

recombination) £ it j 5 &2 L R A B, JFAE 1B K
HEA B 0 W 5 31 A5 A gk B 2 AT O (s B %
), LA RIE T — SR A SE R 21 1) ik R R TA
i, RIVRAIEREE, TSR R A W R AR
ARFRER, [FUEHERRIE AR, 2EIEEVERE,
R S A T A S N 2 SR S R T
(subgenome fractionation bias)™, B[ fif i1 () V. JE [A]
APLH, RFELR AL IR 2 i rp Uk Sl 35
ML, SEARWIER AL 2 A5 AN R
M—E RPN, B, DASAE M G izl it
TR, R RPIEE R A 2 A5 A0 A a7 rh R R 44k
2 5L A o (LB HEAT T IR AR RIS, Rk
W, SRR SRR AL 3 AR R, Sor
AN AL RE DR A 2 AR N 4L, JF AL
EFERFRIE B 3. W g R 2 T B
R I3 I Ffr I A0 TR A ) D AT 2 2 24nt K
NG5 RNA I T2 Jos 5 (R0 P, i e 1 1
BRI R HE— 203 AR I FE DR (R A, 7= A= 4 i
R T o4, B2t T 035 B R 41 A
ETE RS, 52, TR AL 7 2k 2 e
TR R 0k 22 )47 2 (tradeoff) ) 45 0. 4
FAVEERI A2 —Fh B AR FREAENLE], AKX
oL sk ) Bz e T 3 A2 % 3B (inbreeding depression) i)
AT, WAL, AN [E] S A [R] (91 a0 T K R AN ]
Z)HI A4S Fy AR RE W LR 7 24 B #A (hybrid vigor),
B — AW F, AUR 247 T R H#AS
WA RIED ) A P e o, L ACREIR, S
AR LR AR AN G I, ) T3] 5 3
DRI 2R 18 22 1] 1)~ A ok o e 228 A e P R R 20 v ok
— IR B WAk, SO REatE, R AR
AR AMR R, A B Toik A fa b 15 2
PREFwE,

DRI, e Je e AL B A A1 s P DR A K P 1Y)
A, A WIS B I G IR A, o AE
Was A% & Fh B B (0 B IR AL

6 B I

B WAL DT A BIRAN . AT e e
PEAE ELAZ A BTy (K A0 AT 1 NS 28 1A
e WIRITIR MG RIRAE S e BRI R K K28
FHIEMG, A A TR AT B R s T e gk —
AR BRI w1 TR PR IC AT X L
fik, AT DB E AT 2 5k N 41 A2 S R M
LA AR SR IR ALY, RVEATIAE 52 20 UL ] £ 7]



+ 1042 - SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (11)

I, AR R EME B RIS X, 153
MG R [N (epiallele) T R, - 11X LA FE DA AT
LAAE FARHR Bt — DA% 3.

L5 A e o SO A3 B PR U S o i AL LA A
RoErE, AndtE RABEZ L, gl T E
FE IR, (RPN 2 BAT B A AR
W N ANIABEIRE ), X RAEERRAEE R
NEEL U RIS R Z R MR RS
AUFHI, T8 BRAE 110 3 DR 2 v ) 2 At A A 5
WU AT R 2% 4 B EE AR IO, [l i, i 2
S e TTAF R AT AR A R B, S A RS
RAE AT (QT L) 222, R 2 A P AT B 4 T i A R
A AR ) e BB T

2 % X W

[1] Mc C B. Chromosome organization and genic expression. Cold
Spring Harbor Symposia on Quantitative Biology, 1951, 16: 13-47

[2] Mcclintock B. Controlling elements and the gene. Cold Spring
Harbor Symposia on Quantitative Biology, 1956, 21: 197-216

[3] Doolittle W F, Sapienza C. Selfish genes, the phenotype paradigm
and genome evolution. Nature, 1980, 284(5757): 601-603

[4] Orgel L E, Crick F H. Selfish DNA: the ultimate parasite. Nature,
1980, 284(5757): 604-607

[5] Bennetzen J L, Wang H. The contributions of transposable elements
to the structure, function, and evolution of plant genomes. Annual
Review of Plant Biology, 2014, 65: 505-530

[6] Cordaux R, Batzer M A. The impact of retrotransposons on human
genome evolution. Nature Reviews Genetics, 2009, 10 (10):
691-703

[7] Fedoroff N V. Presidential address. Transposable elements,
epigenetics, and genome evolution. Science, 2012, 338 (6108):
758-767

[8] Feschotte C. Transposable elements and the evolution of regulatory
networks. Nature Reviews Genetics, 2008, 9(5): 397-405

[9] Lisch D. How important are transposons for plant evolution? Nature
Reviews Genetics, 2013, 14(1): 49-61

[10] Feschotte C, Jiang N, Wessler S R. Plant transposable elements:
where genetics meets genomics. Nature Reviews Genetics, 2002,
3(5): 329-341

[11] Rebollo R, Romanish M T, Mager D L. Transposable elements: an
abundant and natural source of regulatory sequences for host genes.
Annual Review of Genetics, 2012, 46: 21-42

[12] Lisch D. Epigenetic regulation of transposable elements in plants.
Annual Review of Plant Biology, 2009, 60: 43-66

[13] Cui X, Cao X. Epigenetic regulation and functional exaptation of
transposable elements in higher plants. Current Opinion in Plant
Biology, 2014, 21C: 83-88

[14] Ogiwara I, Miya M, Ohshima K, et al. Retropositional parasitism of
SINEs on LINEs: identification of SINEs and LINEs in
elasmobranchs. Molecular Biology and Evolution, 1999, 16 (9):

1238-1250

[15] Kumar A, Bennetzen J L. Plant retrotransposons. Annual Review of
Genetics, 1999, 33: 479-532

[16] Kapitonov V V, Jurka J. Rolling-circle transposons in eukaryotes.
Proc Natl Acad Sci USA, 2001, 98(15): 8714-8719

[17] Kidwell M G. Transposable elements and the evolution of genome
size in eukaryotes. Genetica, 2002, 115(1): 49-63

[18] Arabidopsis Genome 1. Analysis of the genome sequence of the
flowering plant Arabidopsis thaliana. Nature, 2000, 408 (6814):
796-815

[19] Chen J, Huang Q, Gao D, et /. Whole-genome sequencing of Oryza
brachyantha reveals mechanisms underlying Oryza genome
evolution. Nature Communications, 2013, 4: 1595

[20] Wang X, Wang H, Wang J, et al. The genome of the mesopolyploid
crop species Brassica rapa. Nature Genetics, 2011, 43 (10): 1035
1039

[21] International Rice Genome Sequencing P. The map-based sequence
of the rice genome. Nature, 2005, 436(7052): 793-800

[22] Paterson A H, Bowers J E, Bruggmann R, et al. The Sorghum
bicolor genome and the diversification of grasses. Nature, 2009,
457(7229): 551-556

[23] Schnable P S, Ware D, Fulton R S, et al. The B73 maize genome:
complexity, diversity, and dynamics. Science, 2009, 326 (5956):
1112-1115

[24] Ling H Q, Zhao S, Liu D, et al. Draft genome of the wheat
A-genome progenitor Triticumurartu. Nature, 2013, 496 (7443):
87-90

[25] Nystedt B, Street N R, Wetterbom A, et al. The Norway spruce
genome sequence and conifer genome evolution. Nature, 2013,
497(7451): 579-584

[26] International Barley Genome Sequencing C, Mayer K F, Waugh R,
et al. A physical, genetic and functional sequence assembly of the
barley genome. Nature, 2012, 491(7426): 711-716

[27] Al-Dous E K, George B, Al-Mahmoud M E, et al. De novo genome
sequencing and comparative genomics of date palm (Phoenix
dactylifera). Nature Biotechnology, 2011, 29(6): 521-527

[28] D'hont A, Denoeud F, Aury J M, et al. The banana (Musa
acuminata) genome and the evolution of monocotyledonous plants.
Nature, 2012, 488(7410): 213-217

[29] Garcia-Mas J, Benjak A, Sanseverino W, et ol. The genome of
melon (Cucumis melo L.). Proc Natl Acad Sci USA, 2012, 109(29):
11872-11877

[30] Ma T, Wang J, Zhou G, et al. Genomic insights into salt adaptation
in a desert poplar. Nature Communications, 2013, 4: 2797

[31] Shulaev V, Sargent D J, Crowhurst R N, et al. The genome of
woodland strawberry (Fragaria vesca). Nature Genetics, 2011,
43(2): 109-116

[32] Tomato Genome C. The tomato genome sequence provides insights
into fleshy fruit evolution. Nature, 2012, 485(7400): 635-641

[33] Vitte C, Fustier M A, Alix K, et al. The bright side of transposons in
crop evolution. Briefings in Functional Genomics, 2014, 13 (4):
276-295



2015; 42 (11) ERE 5 sEEYEETHIGEMRHER

*+ 1043 -

[34] Wu H J, Zhang Z, Wang J Y, et al. Insights into salt tolerance from
the genome of Thellungiella salsuginea. Proc Natl Acad Sci USA,
2012, 109(30): 12219-12224

[35] Wu J, Wang Z, Shi Z, e; al. The genome of the pear (Pyrus
bretschneideri Rehd.). Genome Research, 2013, 23(2): 396-408

[36] Zhang G, Liu X, Quan Z, et al. Genome sequence of foxtail millet
(Setaria italica) provides insights into grass evolution and biofuel
potential. Nature Biotechnology, 2012, 30(6): 549-554

[37] Brenchley R, Spannagl M, Pfeifer M, e; al. Analysis of the bread
wheat genome using whole-genome shotgun sequencing. Nature,
2012, 491(7426): 705-710

[38] Petersen G, Seberg O, Yde M, e: al. Phylogenetic relationships of
Triticum and Aegilops and evidence for the origin of the A, B, and
D genomes of common wheat (Triticum aestivum). Molecular
Phylogenetics and Evolution, 2006, 39(1): 70-82

[39] Jia J, Zhao S, Kong X, et al. Aegilops tauschii draft genome
sequence reveals a gene repertoire for wheat adaptation. Nature,
2013, 496(7443): 91-95

[40] Wang K, Wang Z, Li F, et al. The draft genome of a diploid cotton
Gossypium raimondii. Nature Genetics, 2012, 44(10): 1098-1103

[41] Li F, Fan G, Wang K, et al. Genome sequence of the cultivated
cotton Gossypium arboreum. Nature Genetics, 2014, 46 (6): 567—
572

[42] Li F, Fan G, Lu C, et al. Genome sequence of cultivated Upland
cotton (Gossypium hirsutum TM-1) provides insights into genome
evolution. Nature Biotechnology, 2015, 33(5): 524-530

[43] Zhu Q, Ge S. Phylogenetic relationships among A-genome species
of the genus Oryza revealed by intron sequences of four nuclear
genes. The New Phytologist, 2005, 167(1): 249-265

[44] Zou X H, Zhang F M, Zhang J G, et al. Analysis of 142 genes
resolves the rapid diversification of the rice genus. Genome
Biology, 2008, 9(3): R49

[45] Zhang Q J, Zhu T, Xia E H, et «l. Rapid diversification of five
Oryza AA genomes associated with rice adaptation. Proc Natl Acad
Sci USA, 2014, 111(46): E4954-4962

[46] Huang C R, Burns K H, Boeke J D. Active transposition in
genomes. Annual Review of Genetics, 2012, 46: 651-675

[47] Bowen N J, Mcdonald J F. Drosophila euchromatic LTR
retrotransposons are much younger than the host species in which
they reside. Genome Research, 2001, 11(9): 1527-1540

[48] Maksakova | A, Romanish M T, Gagnier L, et al. Retroviral
elements and their hosts: insertional mutagenesis in the mouse
germ line. PLoS Genetics, 2006, 2(1): e2

[49] Lander E S, Linton L M, Birren B, et al. Initial sequencing and
analysis of the human genome. Nature, 2001, 409(6822): 860921

[50] Levin H L, Moran J V. Dynamic interactions between transposable
elements and their hosts. Nature Reviews Genetics, 2011, 12 (9):
615-627

[51] Dewannieux M, Esnault C, Heidmann T. LINE-mediated
retrotransposition of marked Alu sequences. Nature Genetics, 2003,
35(1): 41-48

[52] Hancks D C, Goodier J L, Mandal P K, et al. Retrotransposition of

marked SVA elements by human L1s in cultured cells. Human
Molecular Genetics, 2011, 20(17): 3386-3400

[53] Beck C R, Garcia-Perez J L, Badge R M, et al. LINE-1 elements in
structural variation and disease. Annual Review of Genomics and
Human Genetics, 2011, 12: 187-215

[54] Qiu Q, Zhang G, Ma T, et al. The yak genome and adaptation to life
at high altitude. Nature Genetics, 2012, 44(8): 946-949

[55] Regulski M, Lu Z, Kendall J, et /. The maize methylome
influences mMRNA splice sites and reveals widespread
paramutation-like switches guided by small RNA. Genome
Research, 2013, 23(10): 1651-1662

[56] Zhong S, Fei Z, Chen Y R, et al. Single-bhase resolution methylomes
of tomato fruit development reveal epigenome modifications
associated with ripening. Nature Biotechnology, 2013, 31(2): 154-
159

[57] Schmitz R J, He Y, Valdes-Lopez O, et al. Epigenome-wide
inheritance of cytosine methylation variants in a recombinant
inbred population. Genome Research, 2013, 23(10): 1663-1674

[58] Cokus S J, Feng S, Zhang X, et al. Shotgun bisulphite sequencing of
the Arabidopsis genome reveals DNA methylation patterning.
Nature, 2008, 452(7184): 215-219

[59] Lister R, O'malley R C, Tonti-Filippini J, et al. Highly integrated
single-base resolution maps of the epigenome in Arabidopsis. Cell,
2008, 133(3): 523-536

[60] Li X, Zhu J, Hu F, et al. Single-base resolution maps of cultivated
and wild rice methylomes and regulatory roles of DNA methylation
in plant gene expression. BMC Genomics, 2012, 13: 300

[61] Mirouze M, Vitte C. Transposable elements, a treasure trove to
decipher epigenetic variation: insights from Arabidopsis and crop
epigenomes. Journal of Experimental Botany, 2014, 65(10): 2801—
2812

[62] Korenberg J R, Rykowski M C. Human genome organization: Alu,
lines, and the molecular structure of metaphase chromosome bands.
Cell, 1988, 53(3): 391-400

[63] Law J A, Jacobsen S E. Establishing, maintaining and modifying
DNA methylation patterns in plants and animals. Nature Reviews
Genetics, 2010, 11(3): 204-220

[64] Zhong X, Du J, Hale C J, et al. Molecular mechanism of action of
plant DRM de novo DNA methyltransferases. Cell, 2014, 157 (5):
1050-1060

[65] Kato M, Miura A, Bender J, et al. Role of CG and non-CG
methylation in immobilization of transposons in Arabidopsis. Curr
Biol, 2003, 13(5): 421-426

[66] Tsukahara S, Kobayashi A, Kawabe A, et al. Bursts of
retrotransposition reproduced in  Arabidopsis. Nature, 2009,
461(7262): 423-426

[67] Zemach A, Kim M Y, Hsieh P H, et al. The Arabidopsis
nucleosome remodeler DDM1 allows DNA methyltransferases to
access H1-containing heterochromatin. Cell, 2013, 153 (1): 193-
205

[68] Saze H, Mittelsten Scheid O, Paszkowski J. Maintenance of CpG
methylation is essential for epigenetic inheritance during plant



+ 1044 - SN FESE IR THR

Prog. Biochem. Biophys. 2015; 42 (11)

gametogenesis. Nature Genetics, 2003, 34(1): 65-69

[69] Zhang X, Yazaki J, Sundaresan A, e: al. Genome-wide
high-resolution mapping and functional analysis of DNA
methylation in Arabidopsis. Cell, 2006, 126(6): 1189-1201

[70] Mirouze M, Reinders J, Bucher E, e: al. Selective epigenetic control
of retrotransposition in Arabidopsis. Nature, 2009, 461 (7262):
427-430

[71] Du J M, Zhong X H, Bernatavichute Y V, et al. Dual binding of
chromomethylase domains to H3K9me2-containing nucleosomes
directs DNA methylation in plants. Cell, 2012, 151(1): 167-180

[72] Johannes F, Porcher E, Teixeira F K, et al. Assessing the impact of
transgenerational epigenetic variation on complex traits. PLoS
Genetics, 2009, 5(6): e1000530

[73] Reinders J, Wulff B B H, Mirouze M, et o/. Compromised stability
of DNA methylation and transposon immobilization in mosaic
Arabidopsis epigenomes. Genes & Development, 2009, 23 (8):
939-950

[74] Mari-Ordonez A, Marchais A, Etcheverry M, et al. Reconstructing
de novo silencing of an active plant retrotransposon. Nature
Genetics, 2013, 45(9): 1029-1039

[75] Cheng C, Daigen M, Hirochika H. Epigenetic regulation of the rice
retrotransposon Tos17. Molecular Genetics and Genomics: MGG,
2006, 276(4): 378-390

[76] Ding Y, Wang X, Su L, et al. SDG714, a histone H3K9
methyltransferase, is involved in Tosl7 DNA methylation and
transposition in rice. The Plant Cell, 2007, 19(1): 9-22

[77] La H, Ding B, Mishra G P, et al. A 5-methylcytosine DNA
glycosylase/lyase demethylates the retrotransposon Tos17 and
promotes its transposition in rice. Proc Natl Acad Sci USA, 2011,
108(37): 15498-15503

[78] Komatsu M, Shimamoto K, Kyozuka J. Two-step regulation and
continuous retrotransposition of the rice LINE-type retrotransposon
Karma. The Plant Cell, 2003, 15(8): 1934-1944

[79] Cui X, Jin P, Cui X, et al. Control of transposon activity by a
histone H3K4 demethylase in rice. Proc Natl Acad Sci USA, 2013,
110(5): 1953-1958

[80] Cheng Z K, Buell C R, Wing R A, et ol. Toward a cytological
characterization of the rice genome. Genome Research, 2001,
11(12): 2133-2141

[81] Slotkin R K, Vaughn M, Borges F, et al. Epigenetic reprogramming
and small RNA silencing of transposable elements in pollen. Cell,
2009, 136(3): 461-472

[82] Ito H, Gaubert H, Bucher E, ez al. An siRNA pathway prevents
transgenerational retrotransposition in plants subjected to stress.
Nature, 2011, 472(7341): 115-119

[83] Deleris A, Greenberg M V, Ausin |, et al. Involvement of a
Jumonji-C ~ domain-containing  histone  demethylase  in
DRM2-mediated maintenance of DNA methylation. EMBO Rep,
2010, 11(12): 950-955

[84] Miura A, Nakamura M, Inagaki S, et al. An Arabidopsis jmjC
domain protein protects transcribed genes from DNA methylation
at CHG sites. The EMBO Journal, 2009, 28(8): 1078-1086

[85] Searle | R, Pontes O, Melnyk C W, et al. IMJ14, a JmjC domain
protein, is required for RNA silencing and cell-to-cell movement of
an RNA silencing signal in Arabidopsis. Genes & Development,
2010, 24(10): 986-991

[86] Kawase M, Fukunaga K, Kato K. Diverse origins of waxy foxtail
millet crops in East and Southeast Asia mediated by multiple
transposable element insertions. Molecular Genetics and Genomics:
MGG, 2005, 274(2): 131-140

[87] Kobayashi S, Goto-Yamamoto N, Hirochika H. Retrotransposon-
induced mutations in grape skin color. Science, 2004, 304 (5673):
982

[88] Studer A, Zhao Q, Ross-lbarra J, e «l. Identification of a functional
transposon insertion in the maize domestication gene tb1. Nature
Genetics, 2011, 43(11): 1160-1163

[89] Ong-Abdullah M, Ordway J M, Jiang N, et al. Loss of Karma
transposon methylation underlies the mantled somaclonal variant of
oil palm. Nature, 2015, 525(7570): 533-537

[90] Xu H, Nelson A D, Shippen D E. A transposable element within the
Non-canonical telomerase RNA of Arabidopsis thaliana telomerase
in response to DNA damage. PLo0S genetics, 2015, 11(6): e1005281

[91] Jiang N, Bao Z, Zhang X, et al. An active DNA transposon family
in rice. Nature, 2003, 421(6919): 163-167

[92] Kikuchi K, Terauchi K, Wada M, et al. The plant MITE mPing is
mobilized in anther culture. Nature, 2003, 421(6919): 167-170

[93] Nakazaki T, Okumoto Y, Horibata A, et «l. Mobilization of a
transposon in the rice genome. Nature, 2003, 421(6919): 170-172

[94] Naito K, Cho E, Yang G, et . Dramatic amplification of a rice
transposable element during recent domestication. Proc Natl Acad
Sci USA, 2006, 103(47): 17620-17625

[95] Naito K, Zhang F, Tsukiyama T, ez al. Unexpected consequences of
a sudden and massive transposon amplification on rice gene
expression. Nature, 2009, 461(7267): 1130-1134

[96] Rakyan V K, Blewitt M E, Druker R, e ol. Metastable epialleles in
mammals. Trends in Genetics: TIG, 2002, 18(7): 348-351

[97] Eichten S R, Ellis N A, Makarevitch I, et al. Spreading of
heterochromatin is limited to specific families of maize
retrotransposons. PLoS Genetics, 2012, 8(12): e1003127

[98] Gent J I, Ellis N A, Guo L, et al. CHH islands: de novo DNA
methylation in near-gene chromatin regulation in maize. Genome
Research, 2013, 23(4): 628-637

[99] Rebollo R, Karimi M M, Bilenky M, et al. Retrotransposon-induced
heterochromatin spreading in the mouse revealed by insertional
polymorphisms. PLoS Genetics, 2011, 7(9): 1002301

[100]Sienski G, Donertas D, Brennecke J. Transcriptional silencing of
transposons by Piwi and maelstrom and its impact on chromatin
state and gene expression. Cell, 2012, 151(5): 964-980

[101]Mccue A D, Nuthikattu S, Reeder S H, et al. Gene expression and
stress response mediated by the epigenetic regulation of a
transposable element small RNA. PLoS Genetics, 2012, 8 (2):
1002474

[102]Mccue A D, Nuthikattu S, Slotkin R K. Genome-wide
identification of genes regulated in trans by transposable element



2015; 42 (11) ERE 5 sEEYEETHIGEMRHER

+ 1045 -

small interfering RNAs. RNA Biology, 2013, 10(8): 1379-1395

[103]Nosaka M, Itoh J, Nagato Y, et al. Role of transposon-derived
small RNAs in the interplay between genomes and parasitic DNA
in rice. PLoS genetics, 2012, 8(9): €1002953

[104]Wei L, Gu L, Song X, et al. Dicer-like 3 produces transposable
element-associated 24-nt siRNAs that control agricultural traits in
rice. Proc Natl Acad Sci USA, 2014, 111(10): 3877-3882

[105]Chan S W, Zilberman D, Xie Z, et al. RNA silencing genes control
de novo DNA methylation. Science, 2004, 303(5662): 1336

[106]Kinoshita Y, Saze H, Kinoshita T, et al. Control of FWA gene
silencing in Arabidopsis thaliana by SINE-related direct repeats.
The Plant Journal: for Cell and Molecular Biology, 2007, 49 (1):
38-45

[107]Baurle I, Dean C. The timing of developmental transitions in
plants. Cell, 2006, 125(4): 655-664

[108]Liu J, He Y, Amasino R, et al. SIRNAs targeting an intronic
transposon in the regulation of natural flowering behavior in
Arabidopsis. Genes & Development, 2004, 18(23): 2873-2878

[109]Zhai J, Liu J, Liu B, et al. Small RNA-directed epigenetic natural
variation in Arabidopsis thaliana. PLOS Genetics, 2008, 4 (4):
€1000056

[110]Saze H, Kakutani T. Heritable epigenetic mutation of a
transposon-flanked A rabidopsis gene due to lack of the chromatin-
remodeling factor DDM1. The EMBO Journal, 2007, 26 (15):
3641-3652

[111]Yang Q, Li Z, Li W, et al. CACTA-like transposable element in
ZmCCT attenuated photoperiod sensitivity and accelerated the
postdomestication spread of maize. Proc Natl Acad Sci USA, 2013,
110(42): 16969-16974

[112]Mao H, Wang H, Liu S, et al. A transposable element in a NAC
gene is associated with drought tolerance in maize seedlings.
Nature Communications, 2015, 6: 8326

[113]Cowley M, Oakey R J. Transposable elements re-wire and
fine-tune the transcriptome. PLoS genetics, 2013, 9(1): €1003234.

[114]Springer N M. Epigenetics and crop improvement. Trends in
genetics : TIG, 2013, 29(4): 241-247

[115]Wang X, Weigel D, Smith L M. Transposon variants and their
effects on gene expression in Arabidopsis. PLOS Genetics, 2013,
9(2): 1003255

[116]Blanc G, Wolfe K H. Widespread paleopolyploidy in model plant
species inferred from age distributions of duplicate genes. The Plant
Cell, 2004, 16(7): 16671678

[117]Cui L, Wall P K, Leebens-Mack J H, et al. Widespread genome
duplications throughout the history of flowering plants. Genome
Research, 2006, 16(6): 738-749

[118]Freeling M, Woodhouse M R, Subramaniam S, et al. Fractionation
mutagenesis and similar consequences of mechanisms removing
dispensable or less-expressed DNA in plants. Current Opinion in
Plant Biology, 2012, 15(2): 131-139

[119]Freeling M, Thomas B C. Gene-balanced duplications, like
Tetraploidy, provide predictable drive to increase morphological
complexity. Genome research, 2006, 16(7): 805-814

[120]Garsmeur O, Schnable J C, Almeida A, et al. Two evolutionarily
distinct classes of paleopolyploidy. Molecular Biology and
Evolution, 2014, 31(2): 448-454

[121]Subramaniam S, Wang X, Freeling M, et «al. The fate of
Arabidopsis thaliana homeologous CNSs and their motifs in the
Paleohexaploid Brassica rapa. Genome Biology and Evolution,
2013, 5(4): 646-660

[122]Tang H, Woodhouse M R, Cheng F, et al. Altered patterns of
fractionation and exon deletions in Brassica rapa support a two-step
model of paleohexaploidy. Genetics, 2012, 190(4): 1563-1574

[123]Woodhouse M R, Cheng F, Pires J C, et al. Origin, inheritance, and
gene regulatory consequences of genome dominance in polyploids.
Proc Natl Acad Sci USA, 2014, 111(14): 5283-5288

[124]Hollister J D, Gaut B S. Epigenetic silencing of transposable
elements: a trade-off between reduced transposition and deleterious
effects on neighboring gene expression. Genome Research, 2009,
19(8): 1419-1428

[125]Mirouze M, Paszkowski J. Epigenetic contribution to stress
adaptation in plants. Current Opinion in Plant Biology, 2011, 14(3):
267-274

[126]Cortijo S, Wardenaar R, Colome-Tatche M, et ol. Mapping the
epigenetic basis of complex traits. Science, 2014, 343(6175): 1145—
1148

[127]Schmitz R J. Genetics. The secret garden——epigenetic alleles
underlie complex traits. Science, 2014, 343(6175): 1082-1083



» 1046 EMLFEEE YRR Prog. Biochem. Biophys. 2015; 42 (11)

Overview of The Function of Transposable Elements in Higher Plants

CUI Xie-Kui, CAO Xiao-Feng™
(State Key Laboratory of Plant Genomics and National Center for Plant Gene Research, Institute of Genetics
and Developmental Biology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Transposable element (TE) is a fragment of DNA sequences that can move and integrate into new sites
to proliferate itself in the host genome. Based on this proliferation, TEs have been considered as "junk" or "selfish
DNA". Most research has focused on investigating mechanisms of TE amplificationor silencing whereas the
regulatory function of TEs has not been completely unraveled. Previous studies have suggested a positive
correlation between genome size and TE content, which provides a basis for the interpretation of the C-value
paradox. Emerging studies on the regulatory functions of TEs in the host genome have updated the concept of TEs
as junk DNA. In plants, especially in crops, these studies have demonstrated that TEs can reshape the transcription
of adjacent genes in ¢is or trans, consistent with the first characterization of TEs as "controlling elements”. TEs can
also create epialleles, which confer stress-inducible gene expression that can increase the sessile plant's
environmental fitness. In this review, we summarize recent progress on functional studies of TEs andtheir
significance for crop breeding in the future.
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