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Abstract: Meiosis is essential for producing haploid gametes during sexual reproduction in most eukaryotes.
Homologous recombination is one of the critical events of meiosis prophase I. It not only leads to the reshuffle
of genetic information between homologs, but also ensures their proper segregation at anaphase I. Therefore,
meiotic recombination is important to facilitate the genetic diversity and evolution among progeny, and also
provides the theoretical basis for crop breeding. As expectedly, increasing the frequency of recombination or
changing its distribution can benefit crop breeding, while reducing or inhibiting recombination can sustain
heterosis. Over the past decades, numerous achievements have been made in understanding and utilizing meiotic
recombination in plants, including mechanisms on genetic and epigenetic regulation of meiotic recombination,

manipulation technologies on recombination, fixation of heterosis and chromosome engineering. In this review,
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we summarize the latest findings and technologies for regulating meiotic recombination, which will enable the

readers to have an easy access to understand meiotic recombination, and also expand the idea of manipulating

breeding through meiotic recombination.
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The pairing and synapsis of meiotic homologous chromosomes are important for recombination. At leptotene, the synapsis initiates with the loading of axial
elements ASY1 and ASY3 on the chromosome, which eventually forms a linear axis structure together with cohesin RECS. Sister chromosomes form DNA
loops to array along the axis. During leptotene-diplotene transition, DNA loops are tethered onto the chromosome axis, and double-strand breaks (DSBs) are
induced by SPO11-MTOPVIB complex. Subsequently, 3’ single-strand DNA end searches the homologous chromosome by RAD51-DMCT1 to form a D-loop,
thus promoting homologous chromosome pairing. At pachytene, the central element ZYP1 is loaded onto the centre of a pair of homologous chromosome axes,
and finally forms the complete synaptonemal complex (SC) with axial elements. At this point, most DSBs are repaired, and a small amount forms
recombination intermediates. At diplotene , following SC disassembly, homologs are separated except where crossovers have formed
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Fig.1 The model of tethered loop-axis of meiotic chromosomes in plant
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Meiotic recombination initiates with the formation of DSBs, which are mediated by the SPO11-MTOPVIB complex. DSB ends are cleaved to form 3’ single-
strand tails. Subsequently, DSB can be repaired by selecting the sister chromatids as the template. Alternatively, 3’ single-strand ends invade the homolog to
form a D-loop for repair, which is known as recombination. Following the repair progress, DNA synthesis, second strand end capture and ligation lead to the
formation of double Holliday junctions (dHJs), which are the classical structure of the recombination intermediates and finally resolved as ZMM-dependent
interference-sensitive crossovers (Type I COs). Meanwhile, MUS81-dependent pathway results in interference-insensitive crossovers (Type I CO) , but the
recombination intermediates and their products in plants are not well understood. In addition, single-strand invasion can be processed by synthesis-dependent
strand annealing pathway (SDSA), and chooses the sister chromatids as the template for repair to produce NCO. During meiotic recombination, there are also
three different recombination inhibitory pathways, including FIGL1-FLIP, FANCM-MHF1/2 and RECQ4A/ B-Top3a-RMI1, which are involved in the
inhibition of MUS81-dependent Type IT CO and promote SDSA
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Fig.2 The model for meiotic recombination in plant
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AN EHFHf——FHHALRIUE (CO assurance) X —IHH
FEYIRA o Bl I — T0ULE TR EN AR A A7 1 AR 52 IF
BT AN S ZY P AR [ e o, Fihm JofF
ASY 1 [FIREAE B 2403 A 4L AR UE A& AE ™, n
TR AR S EHLR MRS EER.
JUEFETT zypl RARTEA R T EAHTW,
{EE AR W T 60% £ 47, FF 8 ik 3]
DSB # H HI/K-F-. £WIBR 7 HATW, A HAhE
BRI R R B R . AT —uEE R
B, 7E A AT I OL T, R #2501 %
R &2 HENOU ¥ —— — AN BT ZMM H A
E3 # 0. 7T+, HENO AR SEAKH
1EAH S8 ——7E HEIL10 i R IA MR A 2 20 %50 H 3 0
1 {5 % #£ HEI10 4% &0 Rk b B 20 4 26 PR AT o B
HME R, AS[E HELLO F25E A7 5 R AT DL SRR
PN AN [F] AR 25 B A7 AR I B AR 1 H AR R 7
FEV4, Y i 24 S0 R BH, HELLO &R HEBE S Gt
& FIE AR Z 1R /INWAE 5, (H 21 25 41 1 3 A A7 7
FHETA TR E LN 0T, TR IS5 5,
MBS, HET10 547 id 35 BUR 84 5 20 67 2100 MutL
[F]Y5 2 (1 MLH1 Al MLH3 3t izl 7, ik )ix
SeHT R I HES B FE N R T — B % 2 TR R
1) “HAL” (Coarsening) 87 Bhox 5 A4 L —Fb
T AR TR AR 2 0] R SR AS 45 4™, HELLO &
A LLE S AERERE M B Y BUE SR E RS E A1
ah; EEH T, B T ERRS S A0 B EA G
[ b 43 A T w5 B I HET10 437 55 4, RVKR
HEIO 5 e & 5 60 LR X K
HEI10 fi7 51 (] B2 F- 2 (1 X 358) (1) HEI10 []
AN U FE B 18 /N HETL0 A7 £ HETL0 [ 4h™
B EEER, R XS SESK LA
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HEI10 /M7 sid 2, REREE JLA KA AL, 15 3
HEI10 & Hig sh A0 e PR A TI(E 1) a8y
R g B A0 T3P0 B ORUE 40 P A e ik B ZH AR
L2 B A4 5 5 H IR I 1EAH 96 58 R IX LU R-E
95T, TS B0k B 42 U B SRS L HE T
PEATIE M v FRIR A IT, SR TG BE 2 Ml 4 &
T3 T AT S R B R ) ) L S e
[ E A,

HIR HENO i FERIE 2 R m A A, EX)
HAARTCRE T o IR P S 1)k DA 2H AN U 2H AR
FEXT B2 oA (R e VR, PER IR .

22 EAARXFRE

KZHHEME R A EAE RO LAy
M HF 0 A T Gy Ak b BT iR I B A X A4 X
R RGN AN NI o/ SRR £ 5/ (R N
TS B RIE R A KREE TR e B
o XEAEYIFE e (R RUBE B4 3 sk iy .2
oms I ek AR E 2 J LA KA EAN
PR, 5 EER ) 73 A KA SR AE K 2 B a e,
FH2H AR PRI I Tk e K TR R R BRI R, 3
BN Y — o B RAL T EAH WX . i, 72 K32 A
Tk, K2 20% H)EERIAL T B A A 2R 5 22
FJE X 30T 29 30% 1 OK 50 R 7E 7 g 8 )i
XY, SHEYIE B A2 T AR 2K B SR sg e

ZEE MR T AT LI, Gt i 454 . 52l
F P 2k AT 4% P 5k PR) 2 R 9 W ZH AR5 AE 8 T e A
EBASAMPERD, W IT. SRE NEME
KR B 5T B UE B B AT A 5 R G L 5ER
A FEA A B Sl 4R A7 R/ 2 A SRR K P 1
DNA H JE4k DX 33 EAH G102, SR IX 26 [R] 3% 1) 5%
Wil AN 53 £ IR, RN AR B 1K SRR AIE 2 (8] A7 A — 5 1)
TEARIRME o G, ey 25 R %85 BE 5 T T80 G £ )53 2% DI AH
KNG RAE Nk, Sl i — T AR SR SR B B PR 21
RRAE AT DUAH 4 im0 0 07 S0 S 40 50 A o 1% TARfE
ML 2 2 7 v i 2 F 17 R R A FE R S
I3, B R INGS G T LT (ATAC-seq)~ %= A
% A CHH DNA F3EAY 3 %4 7T LAY 85% )
HAHBATHERR TN, IX 3 R Rk
AR e 1 2L R LRI, K578 T AT RETE L DSB
P20 RS el SRR ] 3 =S R R S SR NI o o o
ZHE T .

23 EEMEFEHMNXR

ZAMEEEHR KR H AT IT A& G 2 1
51k PR IT AN E RIIRGE BoR, SRR E TR 2
M (Single nucleotide polymorphism, SNP) [X $#4%

A B R B R0, SR N S B
H AT Foh LA B AN [R] ity Folt 149 O 22 0 7 i (0) 1 v 20 AH
SR —— 5 SNP X34 A A Y 21 21 A e 11001080,
TERL R T, AN IR AR B, H R E SNP
FREM 0 F 0.5% SeHn, SRJE1E SNP % = T
0.5% Ji BRAR" o f e 1 — T iok v 368 = 00 7 A )
FHILTE IR 1 (EMS) 52216 B E A8 R AR SNP X
HH AT I TR I, 2 A TEAL IR I 4 oy
i EE o F .

Bb Ak, BT K 2 O Uk A o) 2R L R B R A
ARG IT A1 RAE M 55 B A2 B B A8 B R
JEI, SEOLA M E AT R B RAAE—E R IR
e —— X HAEY K 2 () 70%) BRSSP R i iE
FH P o 75 B (RS {3 dn, 76 57 A8 v M R RS T
A. arenosa FPEEH, b 7 A1 X AL H B K P L1
ZERLIN 1.5%", TEAEGRID 7 41 X AT g 22 55 56 K
A DVBR TR IX B v e A A, %F DSB8
AR 51 UG i B ) ae vy 2 oK o A 7 20 R W0 e ¢
S FAE . Bk, w0 2 E A X752 50
TEAE R K B 25 2 8 4 BB 2 AT T R AT 98 LA 9
BT LA T AT B e o B, R I A o L 4H ]
DLIE B 2 A5 FE, (EAR A W] BE T35 USRI 5 AN Uk Y
2 REIRAENT A U0 SNP HIBSMAFAE £ 57 .
BT fancm- recq4 M figll ¥.582FARTE H A2 Ff 18
I U O B A R (E RS e S & S D
(fancm), BLIEINTEFEIR /N (recq4, figlh)'*", KR
SNP F REAL T HHf1lFP5 A BU Y 8 20 (1 1 1 o
24 FERFHEMEFRBLEHSEHEMXR

I 5 e SR DR A0 i DR A e 0 A HL A AR
Mo AR, RIAIEF Qi B2, R ieta)i b
b T EEMEREE, XE¥RS TR, 7
WYX, B SC O AN T IO R B R
FEA CHH DNA F B4k 3 28 0¥ T DL i o 30000
85% WIEE L FeAh, A Fh R B AR AR Y e i X7
LRI+, DSB /E A A A%/ IMA B 2 H & A I
et JFbR D (W1 H3K4me3 &K 5'F 3K ui) 11X
HWEECY, NEA/NER A+, PRDMY & —FhE 45
DNA 45& & A, AE IR AN REH AL 13 bp
DNA %5, #E1k H3K4 () = Ak, Rt IRsE 5t
UL S DSB JERAE U i A
PRDMY & [, ST 40 g I 2 20 34 77 41 23 Al K
B, CTT. CCN Al poly-A iX 3 N7 5 EA M A E
F OB I 3), BhAME R IR AR R H2A.Z
hAEEMHAXEED. AFEMETESEBET
RPN RO AT A gl A I, 3R B AL AE



24 K RO K254 (https:/xuebao.scau.edu.cn/zr/hnny_zr/home) 543 %
TR 1 clement, TE) %A NI HE 20 X OV EHAA XINHE

TESFY AR X, O IEIERY, & LR MiLE
22 X R B B () A Y S G 8 B RS T A B 2
(AR NS il FEFDLRE F G £ 0 DX 1) B A A
A&, i#ik RADM #4%25€ [ 5] A CHH DNA H 4L,
Jei s BB IX e XAl i Ah Dy HL A A B S s £ R R
fE——5 DNA H %4k, H3K9me2 FMERZ /ME 5
SRR DX Ik, AT S 3 PR AIG EE 20 R (1 3). DSB KA
RS (R X DSB AR A&
X 12 40%) EFEY)AG 22 KiF 5% HA¥ (Transposable

Ei/ SN
Euchromatin

LR AN AR R R AR R 7O IEN A
i BoR, #F IF 1 H3K9me2 A1 non-CG(CHG F
CHH, H 8% G. A 50 T) H LB R RABIRE S
2201 X 7R T DSB FIE 4 Z 3 jnt e 1 ¢G
ARG mer] RAZAEH H3K9me2 /KA,
CG HHAL E K G DSB BN, HIE R0 )57 X &=
YR FEARCY . fH AT 40, H3K9me2 FF AL AT REVE A
T DSB R J5 (B AL IR, A6 401 35 22 0 A
2R X B A e T OB R A 6 (] 3).

Sttt

Heterochromatin

- R
T EAHX T

S _~ CO hotspot HH
I |
%GVH%{E =55y A | B crrory
cnomic “Gene TITTTT " Gene  GARGAA
features
S a4 4 %
RERHE ) 2L
Chromatin = 3 = = ==
features

MR B AL T 1 3%IA HELO

K CG HEAL

FAAX
CO coldspot
BT IS BT

TE — Silenced gene TE

L - L
@ L ] [

§RX CHG/H FIEAL  CRISPR/Cas9 or ZF/Cas9-

OfEM)  QMEEM) ERORKEART) CRARERXEARS)  spo11 (5 Hi4l)
g,y Mutation of anti-  Overexpress Loss of CG Loss of non-CG CRISPR/Cas9 or
Sl CO genes HEIL0 (Comethyl;tlon - methylation/H3K9me?2 ZF/Cas9-SPO11
1 n romatin . g
Enhancing (9-fold CO) (2-fold CO) euchro (CO in heterochromatin) (Targeted CO)
Crossovers » SUWI4/5/6 VATl
\ oo -b:.".'. \ CMY3 L casol ~
. DRM ==

DNA Ml gH3K4 =W o H3KO WAL =g H2A.Z [0 H2A ) SPOII-MTOPVIB H &4
DNA methylation H3K4me3 H3K9me2 SPO11-MTOPVIB complex

I R ALY (R BRI S S AT o BRI TR AL AR W Qe 5T X, IF H DSB G R AL T3 (R ) B s A 4R i s s e & 1 i . FLZ X
PEBEA AL /MA . H2A.Z B H3K4me3 08 4, 3 &4 AT-rich I CTT /7. /LS 4o (R OB % S W B0%, TE MELFHIE %, e
CG HEEALAN H3K9me?2, iX L6 #0 R 5 4 A0 (R 2K o 76 3 G 0 b X 42 w30 R A 0 75 A - RAZ AL 7 i A ARG HELLO IR A
MET1 Al DDM1; i 57 G4 (057 [X 47 i B ZH0 il PRI AR CG AL L H3K9me2, 534 v] Lilid 5 ) FZH ) 7 4R i F A X I E 4

The distribution of meiotic recombination events is not uniformly along chromosomes. The crossovers (COs) generally tends to occur in euchromatin
regions, and DSBs usually occur in transcription start sites (TSS) or transcription stop sites (TTS). Meiotic recombination hotspots display low nucleosome
density, occupancy of H2A.Z and H3K4me3 enrichment with AT-rich and CTT motifs. Heterochromatin is highly compacted with lots of TE and repeat
sequences accompanied by high non-CG methylation and H3K9me2, which are the inhibitors of recombination. The approaches for improving meiotic
recombination frequency on euchromatin are as follows: Mutating anti-CO genes, overexpressing the recombinase HEI10 or mutating DNA methyltransferases
MET]! and remodeler DDM1. Increasing COs on heterochromatin can be achieved by reducing non-CG methylation or H3K9me?2, and targeted recombination

3 WEITEBSHER (CO) AmMERLE/ 6 RHEMFERE

Fig.3 The model for regulation of Arabidopsis meiotic crossover hotspots by genomic and chromatin features

3 B ITREBRNFRM
S 45 45 SR, FRAT R A0 8 A 43 2 20 A 3

e HEII0

o R — IRF ST, 0Ty Al 73 5 A AR 3 A AN R UL B
RN RIS T B KRR, 242 1)
AL % M2 PONR, (A3 B R AT 7 =G LY

AL 2 FEPE RN RIAT TAR K M€ - DNA U5 457
AR BB AR R b ffe 2E 1 47 i [A] 4L 358 A RT3 0 5
fefE BIIIR R, 158 il B AL B JE BT
FRIR M B TE B BT RO IR AE Y B R R O L

J& o JF HE 7 A1 O e e B 1 Bl s Bk rh ol i 4 4%
HHANAAED & R, SEHLE R ARV 2 R0 55 1
58 , X 28 6 4 B 2H A A% R R L oA AR
ﬁE\ ﬁﬁﬂééﬂ%[lw-no]o
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3.1 REEEHEME

FE ) A8 8 PR T ok 250 7> 24 40 ) % € 1k
[RS8 A% 10 J0 (1) A E A2 H8te, AN 7 A 7 1 5 A7 25 R 4.
Ho A LM RAEY) A R IR A G ok, JF
HERARIPER . 8T, BT BRI  E A A
Aoy A 52 B PR I, B A A AT, Gy AR () R 45
RS 5 BAEAS ), Wl T 80% 1) E 40 FH4F
WRAAEL) 25% FIFER A P FF HAE KA1
Yorb, T AEE R T 50 A e o 57 454
L2 PRI, B2 I S H i /> T DSB
FEHU, LEE P ) B S R 1 O B e
(Linkage drag) M4, 3K & Fi A I NSRS LS
PR SR R HE B o IE B R B b ) — b
WG, 8 B T3 — X AR I, 3
FIN—ANE RSO B R AR S EBE 7 — AR
SEALEER o FRURAZ )RR — P V2 B 0 E 2 A
3.1 BAEFAIPHE T R AR 2 %
AL BT A e (] 2)M e b 1 ST U Y
(1 %) FEAHFEE i ZMM(ZIP1. MSH4., MSHS5 f1
MER3) H# %A F, H Tk 7K (85%~90%) H
YO0 ) — Z TSGR (11 8Y) 20 i i
W T MUS81!"2" AT FANCD2%, #l 5 I,
zmm FE7G PR RN H A H K& BRI S 2
(1 E PR KR B, (AR ORAE —3 5> B 1. DRt
Fe T AT R B IR AR AT IE B AE TR zmm #1
i, B TN B L AL o @K zmm 0T
BRI, RIAZLE 3 260057 14 ) 8 20 7
FGRAE, 770 7% : DNA fifie il FANCM A1 H 4 B
F MHF1/2 @&0%), e RECQ4A/B.
Topoisomerase 3 alpha(TOP30)#ll RMI1 i& &1,
LA K AAA-ATPase FIGLI(FIDGETIN-LIKE1) 1}
HAE® A FLIP &40, HIX 3 4878 T3
DR 9 A8 5 30 #82 A T- MUS81 35 AN gk 2
HABEMIIN. FANCM & —1> DNA fi#ieli§, {F
NI R R BUES 1 AN EHIH T, LIRS
J& Wi S AKFERI N AR, R T
B AR AR T g N 3 50 NN Z
N 31%"7, {H 2 AE B Al Solanum lycopersicum Fll
"3 Lactuca Sativa "R B 24 58 28 3 i i 20
UL ATHIWEFE K I, FANCM ZE 40 5+ F1 A=
kS 5 ma A oA, RS FE A AR
reae, AR E D SO/ N E R SR T
X—45 58, FFIEM 7 FANCM 1E 2 N EAH R 7 H
A IRE: E T UK EALE B0 50 2 s bl
TR HELL0E £z i B K FER s 75T A

JR R B 2 3 % R R T AR I A )k 1) 410 2H TR
FAEHIMT, 28 2 &40, @bk RECQ4 /K FE. Hi
TN SRR B M IE R I AT $E T 5 4R
T 3~4 £5U, I HAE TR o AR R AR R TR
WER> B0, FE 2 AN R Dy Rede E I HAg A R4
TR oy LB A ANER N — BRI, (143 DNA fiftJie g
RECQ4 1] LME M@ g & fhdtfEn TR . 5
w2, I B L R, 25 T RECQ4
A FIGL1 1X 2 N R B RABAK recq4a recq4b
figll BEHRTF B 5w (LN AT 9 £i%), 11 =&
B BRI recqg4a recq4b figll fancm FRAZAK
()28 XARZEIF A — 2 T, B2 I
[Al Ik RECQ4 1 FLGL1 M54 v LAE A $E = 4
B PAEY B M s A A (B 3).

3.1.2 HEINO #9 /&2 &% HEI0 Zwh%—4> RING-
finger E3 {2 4/ Y, J2 ZMM A KT, 1
T U A A R E AR R . HELLO [FERER
g o= FEUE A H KB D IR BE A B AR
B SCHE R, WF 70 KB HELLO X T H 40 B 4% B
IR R AUR M, R B ZH 2 H R SRR B 2R AR SC
KR RIUTE heil0 B RTIATEHAE FHET
2 25%, 19 EE AR RN 5T RIA AN HELO 23
BERSELAMR KT 2 )7, HEERNE,
HEI10 2875 %} 58 41 73 A7 5 A 52 It i HEI10
WS B Y€ 57 X PR 20, 15 22 R B T I 4
PR BEINHI U, 54k, 24 HET10 3t R IEH recq4a
recq4b FEAFRM G = R AEIMPE RN, B 4 Ak —
WHRTE, H H A 2R e Gy 6 5 [X 2 AR A 42
1.5 A5, TERAZMK recqda recq4b figll 1 5t
T, B4 HEL10 52 S 7598 24 s AR 4R T 31— A
B2 H AT AN KIS 2, (H2 HET10 [ 5755 308
A LMEA—ANE ) & R (B 3).

3.13 FERERRTAWHEE RREOFXEE
% DNA H3E4k. H3K9me2. H2A.W Fll%E Ji 12 4
TEFIGE AL, i) T 9t R E A R R A, R EAS
X (B 3)!, (H 25 gt it X A7 7R IR 2 2L 1A, 3]
UNE K FE R T KA, KL 20% HIFE A T E A=
TRAR I35 2200 JE] [ DX 30 29 30% 1K 2 2 RIE 5
G5 IX P, 12 X 3 A R R 1 o B B E B
e S < e N R NTTE A R 1 5 W (A= E A e
4 FHUA H AR X L X3 A,

M 4ERF CG 3L 4L (DNA H B4k 3 7% il
MET1 Fl4 )i 5 98 K- DDM1). non-CG H 24t
(4ihs CHG H B2 CMT3) Blifi 4k H3K9me2
(H3K9 H 3% K KYP/ SUVH4. SUVHS.
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43 %

SUVH6) & R A4k P (1) DSB A 2047 f K 3N,
TN I A% R F- 520 1 2 A (R A A 43 A % 0% 10 10
I P ER METI 8% DDM 1 3£ £ 5] ik
CG WAL E L. 4 met] v, FALAL S E W
A BN e (AR RN 22 hr X 25 AR, FRIKIE
e R IX A ANEEDS 1 T AE ddm] W, [FRE 22 R
Yo (AR EE ARG N, (E S e (05T [X AR AN R
(K 3). WA E LRI, TE met] FAZRIIUT & 2250
X FHEE s FAFAE M E AW X 1, DSB $iE L AR Y
Hhn, (R E AP IR S M2 N, SUVH4/5/6
I CMT3 RA G # 2> T 80 H 22 00 7 e 0 ) [X E
AN DSBs KTy (8] 3). XL IRELW], 7]
LI it i BR A A non-CG H B4k 5 H3K9me2 [
WLIE A% DR 7 INARAE W) & PP e AR, 5597 1 383 4% 5 6
RIZH & 51 N B b 7 Gt i X (B 3).

3.1.4 HieHfeyiAiEB-F KR, BLIETTEC
oG AR T ZY P E KRG A 11 [ 5 5 A
ZEPI [ B4 R 3% v A8 F 05 B0k Y 20 1
1.8 5. SR, ZEP1 58 &8 R ] G 8 58 £ I A
B, (AR METE MR, LRI, BT B
FRIL ZYP1 SRR T RIJE S AR e 2>, B
HF WK T, A HHE A A B>
RN T 54%, 5 F & s a i,
Replication protein A(RPA1a) 1 N—A~ 5§55 K 45
HEASH5REHLRE, Y DSB BRI+ &
o IR R o E KR Hh A S BIRT PR ) EE H T R  OR
B, WK RPAL TEE 24 v R R In T fE ok
i 5 FANCM-BTR & &9 B9 AH B A F 0 1%
ANFUR T AP, S, W R E IR E R R T
SEE T — ANE A E AR T RO R
X1(HCR1/PPX1), H 3 4|+ UK M HAH, JF
XA U Y A A R, R 5 & S8
HIEW I = Kb ZMM &4 & A HEILLO0.
MSHS5 #1 MLH1 %5 0] Gg4F 4 HCR1 () B8R
AU (R A B IR L A R L ) R
TEHABAEY) T BOAE FIEATE £ . DL 1 S J5E R 45
AT BE A TEAE D) AR s AL P E R AR
BN

3.2 MREHEINFE/FTREEETE (Apomixis)

A AR R REMAEE LB EARE R
W0, MR FM AR EEPIN g%
AT it MO 2 PRA 2 B OGS T B = R A L
KRG FOREEN ., SR A AR I IS ARAE S 2 16t
A 58 8 1) SCIC T A A8 383 % R 3 2R ) W] A8 1 N 22 A
PE, ToiEAE G R Ae e IR B AR AR AL T 1 A

BRI AR PR EE ARG, X— IR
B 2% 770 DRI o] 6 6% ey 25 o] 5 A PR 352 2258
BRI O ) e/ B ZH AT RT DA D [ A A
AR — N F . (H2 0% EHNER
ZMM #1%) MU 2 T CO FH (1R &E kD, [
I BT CO R 2 38 R [F]J8 J4 44 2 (8] TEVE AR S8, 3E
218 R EER 1 oy R AR [F VR e AR N S
B, NI FECAE S DR 540 1) BRI 2 4 4%
TRHME N FH TR B o

Tof A AT, A& — PR I RN 2 K5 AR
GG, 7= A2 5 BERRE R 58 4 AR R (1) )5 AR, F
F 85 AT DAL I v [ B R A B 7 U TR
A AR B AT DAL e A0 BT AT AR B DR B R b, AT SE
T, AR A2 It 35 35 DR A %) 3k ] s, R T e — ol
BA Fatel I Lol g 7. BARFMT,
G AEZ KT 2/EIE0LT, CEEANFFRL B
(E T PR A TR R AR, SR AE 3 B R AR IR ok
RI, Tof A AT A A B R I 2 R, B
WHT 3 AN T7H IHRAE: 1) A 225 2408 g
ZUIHE: 2) Bead SRS FH IHB0E AR S2AE B BC A4k
ATIPE ST 3) TEAAGHIHR N RS D) RE R s
(B 4), i@k LR TFE H i S & 1ESLi = 410 Sl
TR SRR T B oA AR

I Sy 2 A5 v [ e € 4k B 40 DL R AR RN
etk | A A, LR LA R 8L 5
B, AR HEANRK T . BTN TF sk
BRI — T, R A B AR 1 R ARAE
TETCPR (AL 5 o [RIUL, Jom A 26 5 1 S Atk 2 Xof
TR AN 2 RS A R Lk o RO A 22 5y 3
DNA Rl —, FAF B ok Gy (4 Sk 18 43 55, T
PR AR E B AR R R AT . BT DA DR oy 2
) — > B B AR A B A 2250 BB s R
(Mitosis instead of meiosis, MiMe), M fij BH.1E [ 5 2
MR EAREED . H AT MiMe 78 R 2R
T P40, T T o g S U R R R KRR,
L3 R R T R R o ) 3 AN R R
1) $a g L E A, B b R TR s B E A
T IX — H bR 8 IR O B TR B 1k 9 gy
DSB (17 A= 1 SL BT, 170 DSB J¥ A& # 4 1) FF
Uit FEFLRE T, WIUA T MiMe 1k &R & 8t AR A
S DSB LK) SPO11-1 RSz, phah 948
fhZ 5 DSB LW BB PRDI. PRD2 M
PRD3 J K|t 5 D M 75 7K 8 v 4 57 2 K MiMe 4
AU R, RBRAE JR AL 7 2 DSB JE i OR S I
e J PR B 12 R REAE A [RI/E 4 Hh SE 3% B 1, 51 4



6 W]

HCFH, B W BTAL 5 TR AT FCE R 0 A O 27

SPO11-2 1 MTOPVIBZE" "7, 2) FuVFUH Ik e (5
HERAT . B RA 1 a5, Bt
ST 7 A A R G B o) B TR 1 Ik B
S ARG AR 11 3 5, 1T A ok G B B 0K 8 % B
(Cohesin) 5 7] [F 00 73 85, PR ikt 368 3 el o ik 73 22
i S PE RN R 1 RECS AT LA Rl ok G 0 B Ak 1) 4
B0 5. fEBLR DSB 1 spoll-1 RAKE 5K, [H
IR RECS [, w2238 BOREER 1 k5 241 [
VR G ARy B AR R AH G e B BAR ) A3 B (HR T
I ZL58 2 IR LI AEAE, X e e i AR 2 J5 AT
SREBENL T B 1 IR, AERAT ", 3) ARAS
2 U 2L, R A AT T X R
I OSDI(OMISSION OF SECOND DIVISION
1) SR . OSDI &2 5 M #E Z A4 APC/C
(8 5 PR 1T, g ] APC/C [ 3 P 52 e ik
By 23 FE . 4 OSD1 ARG, JkE 4 2 4 7R D85
WIS HIEAIE, P E AR, &
SHZEAEEARM = ENS, (B OSDI FE R ZRAFAR
MR EC O R E AR R A, UL =4 182 FYR

Gt R A 5 10 5 ARE T A AN, FERLE T
WETER]T osdl FAFHIEARTT ZE, 0 24 P JE 44
T CYCAL;2/TAMI 5% F K ik — AN R 1k
(38 16 hL v & IR) AL s R4 ) TDM1(THREE
DIVISION MUTANT1), [A#f 0] LLSZ gl MH] 25 2 %
O3 ZER Pk EL 7> L AT IR I RCR 10 A DL R A
F, LA 3 PR AN R D IR ) AR R 4 Ak R
spoll-1 NI E L, recs il UUH R G FRAR, osdl
55 1 R 258 I Y, e AT R
AN 22 4 3, W P AR A )8 AR 15 R T PR 4
H, JF HILAT LLUIE S R & BONEE T (0A 4).

B T Z IR A LAAL, A7 LE— S B I R 58 AR
FE MiMe KAMH] -, than: L I+ DYAD/
SWITCHI(SWII) B:[K], & — Nl o 24 G4 €0 5 465 1)
PR, HSHRPFIEE D, 10 H R m A
SR EE N, T SWIT H9AR I A2 LA AR MY
oA AT, A AR RS T (ER R AR
RAUHY) 50%, ML FHEEHANE, BB
MAE R KB 5340, F R R T MV TC Rl &
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Heterosis is a phenomenon among progenies of plants, which is known as that hybrid plants can have superior traits compared to their parents. In the process
of sexual reproduction, F; hybrid plants undergo meiotic recombination and chromosome segregation, leading to redistribution of alleles among gametes. Then
plant double fertilization is the fusion of male gametes and female gametes. Due to meiotic recombination, the desirable traits observed in F; hybrid plants are
usually lost in their progenies. In contrast, apomixis relies on the apomeiosis, parthenogenesis and autonomous endosperm. In the improved apomixis of plant,
MiMe induced by genetic manipulation produces diploid gametes and misexpression of BBM1/MTL in egg cell triggers parthenogenesis, thereby producing the
clonal reproduction through seeds. The genome of cloned seeds is consistent with F, hybrid plants, which can maintain heterosis in the progeny. In addition,
diploid gametes can be achieved through MiMe to produce polyploid offspring, which may improve the frequency of recombination and enhance superior traits
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Fig. 4 Manipulating meiosis for crop improvement
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