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FE YR VR G R A A 2 i e 4 P i 18 EE G AR T LSS IR R R B AR . SEPLAEREME M IR R, SR E RO
ADHAR WG Y I I S R R Y R B I E TR . AR, 2ol R iU 0 4 i R VRS SR Eh B AR ) T BL D A
LR, TSR Y, LEC2-SPCHEL I nl il b [FIE ], RS Bus A KRN EW AR, 518 THR AL R
iR R A R A A B A, 0 T A T FRO A LI o K ORI 7 1 R A S 5 B 4 41 81 A e A ML 7 1 A LR £
SRR, EONMENT A B G AR PR U BRI TR, 12 OCERIR T ARG MR G e AR R A i i B g A
LR, EARN TAEKRE S SR BB AL PR RIE, JFRE 1A S E 4R R 7 o AR A AR R 3

J15 KR F T 18] o

XA MR EEEE, KRR LA, MRarEt:, ROEHE
ZT18, 1RB (2026). MEAAMAYN R 4 feiEfG: Aiaris M ERIEZ R, HEY2ER 61, 9-14.

— SCAH VIR B ) L % AR A i R T
AMRIIRE S, BIANM 4 Rett. {ERYR, ARG
(fRIFR1KIE) (somatic embryo) i AE R 1 HE 440 B f)
4HETE(Chen et al., 2024). 19024F, fii [EAHM% 5K
Haberlandt (1902)%# Hi I H 41k 1R 4 1k 41 ffa >k
B FRIRAR IO AR, FFJa T AL 205G IR 40 i 4 e 1tk
W9t . 19574F, SkoogHMiller (1957) K I, 1 H M2
WY SRS R EMME. 19584, Reinert
(1958) fl Steward 2% (1958) i Ih ## #] 8 N (Daucus
carota) 7 JZ 40 fi i5 5 AR 41 B IR, IESE T RE Y40 i
MARerE. s, FIAAERKRE ER AN TAEKR2,4-D)
TEZ PP SEBL T AR R AE (Chen et al., 2024).

H AT, PR P A AR N BB R T K 4
R AR T AE I B A A o RIS 3 2 A T 0
Z, RAMER . B IR A AR AERR T A R e R,
B T EBEER ] (Luo et al., 2025; Mc-
Farland and Kaeppler, 2025). #4044 it 12 1
Iy TR, TR B R 2 JE DR 5 n DA FH T 4 v AR
AR, S TAEM AR AR ) i) i o B AT B

Woke H #9: 2025-09-30; 252 H #1: 2025-10-28

PARIRR B R AE B AN B4R R DR
PER AL IRIEAMRRIF R 2 R, MR
1 R ] 4y A B R B #25 (Horstman et al., 2017).
SR RAAEBER ST, S BRI A,
T H A H AN TR AR IR, Al (Ikeuchi et
al., 2013; Horstman et al., 2017). 1M B 2844 JE )
& H AN AR 40 i B BT U IR, AN 28 0 R 1 45 4H.
LA B, PRI T AR E i is ) L g AR A T )
A, A iy 32 AR TR R AR AE X IE B, A B A
¥ (Pillon et al., 1996; Raghavan, 2004; Kurcz-
ynska et al., 2007), #7040 i dvis e 5 4
A REPE R RARAY o A 3 E Sz R R I A 4
RIEFIRR

ERIAE T, S T E Y9 FE I (Arabi-
dopsis thaliana) LA B ) &1 IRAE A SMEAR, FIH
2,4-Dif5 3 1 i A A VR I B B AR IR A AR R
(Raghavan, 2004; Kurczynska et al., 2007). #il4H
LY 5T, RIMERIRE S, 26 5k 44
THEF 3, & 2560 25 2% BUA IR (Kurc-
zynska et al., 2007). 7E/K#E(Oryza sativa)it M 45
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HLFE IR WA RLINER, & F 12 R 40 e
JA 532G T A T AR AR ) 20 AN TR0 B 54, T
YT 5 ST BRI 1 455 41 24(Guo et al., 2023). HHT
W &I, FIFILEC2 (LEAFY COTYLEDON 2)i% %
RKIERGREHIEE S IF I+ 7 AR H 2R
Jitl (meristemoid mother cells, MMCs)#% 45 Jy & It
A VR P A () B i S Y 3 SR AL T 4 S B IR
#i(Tang et al., 2025). FHELZ R, (A9BSR I 7 AR 4
FAI A AR RN 22 2 704k AR 4R, G- PA 20
HEAE AR (Xu et al., 2021). il 2, KRS
SRR, WA 3 T RAAIH F 45 AR
AR, Ja# B RN ESR TR, X
PR i is 1 22 e 3R AR ) 40 I T 22 e 1 OB T B B
J5 A 1) 41 i J& 7 (Zhai and Xu, 2021; Guo et al.,
2023).

AT A VR B 7 T 3 R 4 i L o L P A A
R RE /)2 IR T LR, IR A 138 AP
HFEAER T NS O R R .

28 IV 68 A A 1 S B e s DR 7 [ R 42 4 I 7
A . i, F|FBBM (BABY BOOM)RIWUS (WU-
SCHEL)A &RIEHE N T THE, CkIlEK(Zea
may's)FH 7K FE &5 B 1~ AL A 1) A i A AH 20 AR R
Jit i (Lowe et al., 2016). 7EXUT- MY, LECT
(LEAFY COTYLEDON 1)-ABI3 (ABA INSENSITIVE
3)-LEC2-FUS3 (FUSCAS3 )-BBM (Gazzarrini and
Song, 2024). WOX2 (WUSCHEL-RELATED HO-
MEOBOX 2) (Wang et al., 2020) . AGL15
(AGAMOUS-LIKE 15) (Harding et al., 2003; Xu et
al., 2025) . WUS (Su et al, 2009; Bou-
chabké-Coussa et al.,, 2013) f1 MYB118/MYB115
(Wang et al., 2009)¥ 444 Ik i A5 1) S 3 S A 7,
A K FAT SR BOE B 280X B S R A AR O
. A, SRR, AR KRG R i
WE R A B 75 (Bai et al., 2013).

AT — WU R I, LEC2RE1S U I 4 1
3 R b AU AR 20 A RE A i AN AR TR AR 2 (Tang
etal., 2025). 5%, MR HLEC2iE R RIE RS, £
LR I+ A5 1 AT 4675 3 LEC2 3815, T ML &£ 2
FET M TR RUAIE . B, 85 A R ) R 6
T RIEEMEE, R IR IR IR T BN 132 e 4 i,
FEL T DL T A L Y R A R R A R o S R

T BUE B IB ER A Mg, IR IR 48 i i is R A
LK SERKL (SOMATIC EMBRYOGENESIS RE-
CEPTOR KINASE 1)%iA#i G T A K R G K
YUC4 (YUCCA4) A4 K 3K 4k & 2= K DR5 | & 14
(Tang et al., 2025). il 4 K2 1) & el 72 4E
KRG A TR R, AR P A 35 KR % 55 (Bai et
al., 2013; Tang et al., 2025). B4 i k% i s 410 5 32
— RN T P53 AR A URE A B 1 4T i I AR I R
R AR K 3R ARG I, D90 A 4 U RE T i 3%
) W I Ja P 7, 2 PR AE K 3R B R B S B,
ka4 NS fL(Tang et al., 2025).

4 WIRA K Z I gBeE? 3 — DR,
LEC2fe% 5 J3 2 ALK B I R B IL K SPCH (SPE-
ECHLESS)7E W 73 AR H b sl B A 4k, 3t 1M s
TAA1 (TRYPTOPHAN AMINOTRANSFERASE OF
ARABIDOPSIS 1)-YUCA4fHR, J a4k R A Hi(Tang
et al., 2025), SPCHRZ JG & 4G ToiETE . X 51
AT R B — 5 (Wojcikowska et al., 2013), FKHH AN
A KT LEC2 3 N SOB0E 1T WIRAEK R & R,
A KR -LEC2-A: K 3 IF S i A 4% 1) 2 ST 2 AL 400 i
R S

BN T 45 A DNA B9 28 7o 24 8 4% 8 i
TR e 5k, iz FE A T DNAG X G 14 1 371 BT 4dd )
FUI I . - DNAF BRI B (B i b R 4 )T
TERCRE B, 5% i % 53 DX - X DNAJIR =X e 4 1) 45 &
(Candela-Ferre et al., 2024). fEfLE I+ IR
B, A IR R AR S R v P 4 i o RS T G £ )5
(R AT AR 2R ol a3 AR i BB 1 7 i
0 7 IF i, TF JE LEC2 %5 41 i 4 66 M 2 R (1 3R 0k
(Wang et al., 2020). #ifIZHEABIERERKE
AR UTBIE AR RN, 4ERFA MRS, 20T )5 48
e 2 4 A2 1Y) EE B AG . LA H3K27me 32 1 B Y
B4, N FH3K27Tme3IPRC2E A1k 945 5, i
TF FARAE MR RN B AR IR (Ikeuchi et al.,
2015; Mozgova et al., 2017).

TEPRIE R A R, LEC2k & ¥4 1 s X 1 (1 E H
A, I e Ik e WL I5 A% E S I AN i A e R R R
k. —7J5TH, LEC2H] Hui RNAMK I 1 DNAF J 4l
(RNA dependent DNA methylation, RADM)i& 4%, 14
SN A REVERE R S5 ) T IODNAF L fR g, 1%
JECHH (HfUEA. TEiC) DNAF 1L, SUVH (SU
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(VAR)3-9HOMOLOGS)-SDJ (SUVH-INTERACTIN-
G DNAJ DOMAIN-CONTAINING PROTEIN)E &1&
PR L L (R s I CHH FE 4k, 5LEC2TE slid% %
BiEE A1k (Peng et al., 2025). SUVH-SDJi#t— 54
ZAHL15 (AT-HOOK MOTIF CONTAINING NUC-
LEAR LOCALIZED 15), i@id#2 @4l & A LB
i 7K P (H3KQac ATH3K14ac) it i3t e (o 57 T i, 445
2 4= B FE A () ik (Peng et al., 2025). 52—
;|, HEA X OBALEENHFITSA (trichostatin A)if
ik 12 3 4 1 4 e 25 AT 1 R 08 42 v 22 R A ) A 1R
KAERE (LI et al., 2014; Wojcikowska et al., 2018;
Nowak et al., 2024).

gr b, RGN SR G o BURR A F T LEC2 D) g
R (BIT), X AT e A2 A AR K R BOR 40 4 et
PIRTHE A TopA 18, Eahaniad, RN
ST RAERNBREEENESTHS, ek A=
% 2 N % B8 T 40 i (pluripotent cell) (Chen et al.,

I

‘\l

2

JARHR R B ARG A R BN 4 e 6 B T MR

=

2023; Wang et al., 2025). X&IFzh. LMK Z
Rt 5 A e RIS 2 RIS AL 4%, 1 dn e oe R e Mgt
FEIRA 2 N R 4T M A 12 3 78 1) O B

H AT 0T 5487 1 LR I o A il o AR 20
S = 4 A5 4 VR 6 40 B I R B U RO LA, 3X
5 RAE PR IR AR AR R AR AL T ML, e R A g
TR A, A E R AL AL . (R
H i LEC2-SPCH1Y fig 15 547 & 1 240 f % U4 iR, 31X
& 75 K A5 LEC2-SPCH ik i 1X 26 45 7 4 g v 3R 1A
3 e B S N et R N 77 RECOE
FAHR H — S ik SE R, {H I 0% 3 Ik IR ) T B 1 R
RN IR, #2506 UE X B ¢ 48 I IR (¥ Th A 48 7
FOREHLE, KA RIS 2 MR KA AL .
[F i, LEC2-SPCH 5 544 W ¥ A% 1 B8 71 76 F & ) ol
FORBRTFANERRIE. A, Ot g
B AT DA A R A A 2H 2R ) B A AR IR, LEC 21 4%
JV P 18 2EL 43 1) T AR AL A A A e — B R T

T

IR R RS

BE1 AR 25 RE 7 R AR AR 5 4 BE 1 2 TR ) S € 5 T R 2 o 8

FEREIIRTR A B A T 05 A R b, BEE R NG A B AR DG A 1 Az RE 1A R B2 1) 4 (0 BB G 11, AR FEAE RE 038 2Kk o AR, St
AT A BE 5 SRS MR, 38 1L R4 RE A G OO SR T AR AR IR AT B AE, TR S AR IR . B/RLEC2-SPCHE
DRIRRCHRA 4 1 T 26 B2 B 0L 26 AL VBRI L (MM C s ) A8 AR IR

Figure 1 The competence for somatic embryogenesis is governed by the chromatin accessibility of totipotency-related genes
During plant embryonic development and seed germination, the chromatin states at the loci of embryogenesis-associated
totipotency genes become progressively silenced, leading to a corresponding decline in the capacity for somatic embryo-
genesis. Key transcription factor combinations can overcome this limitation by reprogramming somatic cells within specific
chromatin contexts, thereby inducing their conversion into somatic embryos. This figure illustrates how gene modules, such
as LEC2-SPCH, can redirect the fate of meristemoid mother cells (MMCs) in the cotyledon epidermis to form somatic
embryos.
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From a Single Somatic Cell to a Totipotent Embryo: The Journey
of Cell Fate Reprogramming

Zijuan Li’, Lin Xu’
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Physiology and Ecology, Chinese Academy of Sciences, Shanghai 200032, China

Abstract Somatic embryogenesis in plants is a classic example of cell fate reprogramming in which somatic cells re-
verse their developmental trajectory to regain totipotency, thereby serving as a valuable tool in plant biotechnology for the
propagation of endangered species and the production of transgenic crops with improved traits. However, the precise
cellular origins and molecular mechanisms driving somatic cell reprogramming remain incompletely understood. A recent
study revealed that the LEC2-SPCH module can synergistically activate local auxin biosynthesis, guiding stomatal-lineage
precursor cells in the cotyledon epidermis to undergo cell fate transition and develop into somatic embryos. This study not
only captured the entire process of a single plant somatic cell developing into a somatic embryo for the first time but also
provided critical evidence for deciphering somatic reprogramming. Capitalizing on these findings, this review summarizes
the regulatory mechanisms underlying cell fate reprogramming during somatic embryogenesis, with a particular focus on
the synergistic interplay between auxin signaling and epigenetic reprogramming. We further discuss the potential of le-
veraging core reprogramming factors to enhance crop regeneration systems and outline promising future research direc-
tions.
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