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How does a single somatic cell become a whole plant?
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HE  BETNRTHEAGEZRARNES, EREENFEHET, LANEREHE BER ) RHANES
BARTHRGEFNELTR, Ao ZNATAFERY. G835, FEMRESHZETHENELRIT
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) 4= (plant regeneration) J& & 48 1) 12k %] 52 #41
gEH T8 2 BB B AR, R R A i R B
() EEZIRE 7. MW AR AR i B Atk 2 A0 Y 4 e
(totipotency) 5% £ fig 1%k (pluripotency), Sz Wk Hi 24 fifd i
1z 11 7 TT ¥R (flexibility 2% plasticity). 4= gt 15
M BAT ik e R IR T, et e A M
REAL I3 A0 BN 5 R ST A e 2 B 1 R AL

FLPFAE B 0k 2 0 Tk S b ) g4t
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A TEMFUAE 2R 0 OG5, XA SIS SR H AR R
¥ T R 19584F, Steward%: ANESIEL T AHIE N
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FEAE I 43 AL DOk — AR 48 718 . Science?E Al
T 125 4 B 2 11 A 1254 b i v [n) R b 25 9 i 2
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B Xk X — Bk 0] B 9F 50 2 HEAT 23004, D X —
A RHA AT SR T R RS %

1 HiYr iR

11 R AR U

Pl R B A A PR SR, (1) s
4 (tissue regeneration), U1 FR Ky £ 4115 & (tissue re-
pair), ¥R T LUK 2 30 4L 408 B R 32 05 i AR
. Bilan, FEPARS KIS IIRR 5 o] LIAR PR A
B AR PR 2R R g 5 O AT AR B A 1L g%
BRI R THEYALUE R RRE ST, K ak A iz
A0 B2 e —k S (i) YT Z e i
Jei, PRANME AT LAFEA R Ak X A 25 S nT L aE
i 8B M 3k & 4= (de novo organogenesis) Al {4 41 i iR
%% 4= (somatic embryogenesis) ¥ fh 7 Sz 9. T ATEE
ALLATE SRS OL T B A T2 i ik, ol LIfE
N R BRI EEFREA T KA. A SO 3 2 A A
Y142l F5 7% (Arabidopsis thaliana) (1) 4= 31 4 Ky 4], &
SRR Tk & A AR AR B & R i o 0t e

i B Sk A SRR B AR A ) A R
A A E AR () A E ZE R AR X — PR AE A
SR AR B . filan, 5t RBHIW B R M H (Grapto-
petalum paraguayense) (1 & i 51l LUFE 15 11 b 8
PR EAMR R R 2E, 4k & B Bk — BT (0 A ik
(F11(a). FFfiH AR W I T HH 088 B Nk &4k
JISEERY. AR, 28 Nk & At T LG i
FESE FR S P IR MR R a4 kA K B R A
AME A TICE 78 5 A8 v R A K 2 MG v B 40 i 4y 24
=1 A0 4 5 S 55 97 % (callus-inducing medium,
CIM) b E 55— B ZaetEr e e @i dl
41 (non-embryonic callus), ARGk HHER &5 H Bk
V3£ 40 o 54 2RI R 3 A 4 3R 1) 25175 5 K5 37 2 (shoot-
inducing medium, SIM) i S A2 224, SR B
AR B A K R AR 5 15 97 3L (root-inducing me-
dium, RIM) i 3 7= A AN e AR, 8 AR 19 1544
2 (K 1(b)).

A 40 i VR 2 A= 2 6 A 4 4k 40 i B3t 43 1k (dediffer-
entiate) M JIE G A M Je, 8 A IR BR & B 0 XA N

SERCAE R A . TR LR IR b, R IR & Al
T B A SR MRS (A K R H) B
AR FE R STk A ) IR AN B UEA T o ik, B
e {4 41 JfL i (somatic embryo) (8] 1(c)) a3 i3 R A
157 #4041 (embryonic callus) [d] 42 7 4= {4 41 Jia iR (1]
()™ A A i A 1 7 R A ) A 4 B 1
1Z|§I)[‘|b[l,l7,18]-

12 @hhHginye X

TEREI 5 P AL e AR G A AR | B2 23
FRIIME A L, 2 7= — P P 7 24 4 i, X e
L 141 5 Bk kg A0 405 20 28 (callus)t™®). Bt 2 %l A 4 1524 AL
Tl IR AWEGE, K BLAEAS R 0L F 7= AR i il 21,
HoAN 28 v 2 BIAR K. L@ 8L A Fik g
1, A ST B R [ 2R A R AR |
2 K I R 405 21 RN R 1 A 45 4H 20 R A A 2
IR R WL PR B S, e A AN TR A A
A AR R I LR A ) v B T R AR A A
SUHBAE S Nk KR #E b D, B ZaeE, TRk
FAUT Z e ny BT 4l (adult stem cell), REA% 4=
WA E MR AR E 2, H A I AR R R R [l R iR
A MPEG A4 e R A R e A A rp, R B)
20 M A REE, 2T 4 R A IR IR T 41 A (embr-
yonic stem cell), REMZHLILH MG 21 B4R Al 34

Fi.

1.3 PR AR R R

TCie WA 2 P A R, AR T A A 1
s 518 S A Aras s, HRTRORFSTE
R T SR A BB TR 0 saa (s
F MR RN AR R AL B AR T (R ).
e 7 AR A5 11 B 6 15 5 T AR R — S ) B Ak A
5%, (A HATIFA T R HA AT R, 2605 H s ihin
HEIES T, MET N A A 2N &P,
Horp Az K ZE (auxin) . 415324 25 (cytoki nin) F I 7% iR
(abscisic acid)7r 2 il 4 i iz T oA B WMEN
T 1 X G230 S AN M A B B AR Y P e MR, DS
SR F RN 7R . 5 SR AR LA F 4
DS  £, e [] 52 A X 2 A 3 R 41 35 R 6k i)

1) ARSCFRE ARG AL, FRABUEIR P RN . ARARRESER IR I E N E A ERM A AR, AaFH

ST BB O, Al T 05 O b A T s 1 A 6 4n e A
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Figurel (Color online) Regeneration in plants. (a) Direct de novo organogenesis in Graptopetalum paraguayense; (b) indirect de novo organogenesis
in tissue culture of leaf explants from Arabidopsis thaliana; (c) direct somatic embryogenesis in tissue culture of Arabidopsis thaliana; (d) indirect

somatic embryogenesisin tissue culture of Arabidopsis thaliana

HE, G GIKE L A iEREL 7381k . ALY
AL AN RAE T U AR, SE A M s BB AL .
DA ok S 4 W P A 1) 231 S 2 Tl HAT S5,
TR 2% e 1% Ty R

2 NI AR B

2.1 HONLRA:

N2 A5 BB AR B A ) 45 b A AN R AR o AR
PR AR M 3k & A= (de novo root organogenesis)™. 1R £
B R (R ) 2% B RE A AE O 1AL PR A R E AR,
PR ARET B WOK 5 . iR AE, O A AR
Mk B A (Bl L(a), E12). fEAZUESET, KAt &

P 8% ARS8 5 3 L B AR O e AR o R
(i) 42 R0 A AR A S 2 2 (1 1(b)).

PURG I B At Fr AME AR P AR N 8 AR R oY
TRAR M Sk P A 1 ] BRSO ik (B 2)PY. X — T ik
ET, EREPARBFMINEIER, NEMRMK K
A S AR T AR R R, XM S TR
JRT HRRRER LA R, md X AMAR, T
DA AN [R] 9 23 A1 40 B 48 B i i e A8 3k R 1 45
MorBe. RIEC A LRE RS C MR X E 1
A (22230 RS AR K BT LGy A 5 S
(priming) . & 46 (initiation) . 151k (patterning) F1 iz B
(emergence) (1#13(a) " 42 BUAR DA Sk & AR ALY,

IR K R AR A — AP IR, R kAR TE
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LimgTT
A aMER

Bl 2 (MZRAR () HHEBUR M S R AERIDFTER R. MARANS 12 diy
URIFH—XEHIF, ETASIMNRMER MBS IR I, TEMRIE
FEEEA IR SO RGO & TSR, WTLITERE SRS 6~12 diY
WL FIAS MR A 005 E ALY

Figure 2 (Color online) Method to study de novo root organogenesis.
The first pair of leaves from 12-day-old Arabidopsis thaliana were cut
and cultured on B5 medium without added hormones in dark conditions
(with sucrose) or in light conditions (without sucrose). Adventitious
roots formed from leaf explants around 6 to 12 days after culturé®!

ML o> 2. MRS R R, O R R E S,
G & R A K R AN YA P A P AR R

B W B AR M 3 i B 47 11 A AR A b Y F AR T RE A
(regeneration-competent cell). /&= ¥ i 41 i 18
5 4 45 1) I E UZ (procambium) TR T Y — 26 4k
A HERE LN Y (vascular parenchyma cell) 2, A K &7
X B2 L 3 i {E S S WOX1L (wuschel -rel ated
homeobox 11) FITWOX12%% 55 [H 1 FE K 1Y F 3k, XA
AR T AW R AN MY A 2 i AR O AR B 4R 41 i (root
founder cell), =FK Jg #2£F 20 i (root mother cell)!®.
0 4 WOX11/WOX1 25 K 1) 2 i T LA BH I AR A 3k &
A, T 3 WOX 1L/ WOX 123 [ 1) 2 1 1T LA 2 4 2
MMk & A28 Rk, 51 A0 4 SR 7 A AR i i
Ji2, T WOX11/WOX12J2: b ic AR A1 4 240 g Jf- 42 il H: &
A B

L i J2 45 AR A 4f 40 M 1 Az A AR SRy MR D R A i
(root primordium cell)i 2D BR, X — 0 YR SE40 fd o)
24 FERBILA 40 1 WOX11/WOX 125 PH 73X —fir
iz e A8 v R Rk, IR AR 2 Y S WO XA
LBD16 (lateral organ boundaries domain16)#% 3 &+

@ = B
HOES m
AR KR mmm . ‘ . - B R
o =
2 R *
g : WOX5
0 WOX11 [\
B ' -
o @> IQTAﬂ:> | o _ 4
=l
SNBLE KR SNBLE K R = o =
b
IR {5ER 45 A1 3 -4 w/
i RN
\ J
A\ s
M RIHEREE E .
(RS BHENE) 2 i
& v
% A\
=% ol e
©) DEER = THRS + D8 8me m = 4
g ® =
. b
“_\ .; X T} ,'.“,' S

FEES = ARE + NEER WUS

Z48E

B3 (MAEO)IE LR AR, () EHERARMK &L (BS HiR4E) . AR @ A4 kA= (CIM) L B RUAR M3k & 26 (RIM) A R] 42 5
ZEMSK R (SIM) AR AE 3% 2R AT LIRS, A RIMAISIM L 940 B 3% 2 ZARTRHE I 0 14, (0) LAARIR SN LRGSR BT 5371 2 U AU Y

Figure3 (Coalor online) Model of de novo organogenesis. (a) Model of cell lineages in direct de novo root organogenesis (B5), non-embryonic callus
formation (CIM), indirect de novo root organogenesis (RIM) and indirect de novo shoot organogenesis (SIM). Cell lineages in RIM and SIM are pre-

dicted based on hypothesis; (b) model of meristem organization in RAM!®Y
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DR AR AR UL v 0 238 (R & B2, e AR LR
G, WOX11/WOXI2HE % i 1% LBD161Y ik, 15t H]
515 R LR X TN 2 A 5 5 T B R gk R o6 R P,
MR o — R TCR . AP HEAR ) 2 )2 iR AT
WOXSHE: A 7R S B4 A i B 5 3Rk, BT
WOX5 it A 1, 2 AR 4 T 41 Jfd % (stem cell niche) (1)
HEAEJE O DR AR AR R T B AL T IR AR IR
AT 21 A

BEAL S H8 M i 5L 23 A A AR 2 43 A 41 2 (root api-
cal meristem, RAM)H 3K, 7EiX— R, MRt
R A Ak Sy 5E, IEB LRI RE 7 X, JE R — 1T
AL BRI A 2 (meristem). 43 AR 2 41— Fb
F AT . DIRE S XM A R FE AR A A e A2 B, G
Bl AT sE, & mAaL T Y g4 (organizer;
TEARH AR Ry 1k oo (quiescent center, QC))Fil [ ZE 15
HAFE Rt (initial cell)Z k. 481 2L MR
OB, BEMIPI IR ANAE & RS, dERERI LG4
i %) 1 20 O J 1 (H P, stemness). ) 4 41 Jif s 2 15
SEX EWTAM, R S R E, i —
A 20 AT 4 F5 00 U 20 M T (R B B R e RE N B
PE), I3 —A 40 B ) A Ak Ry i B BG 48 i (transient-
amplifying cell) (1&RBLH -ALIERERY R 1E). P4
Ui M e A PR 4y 2, FEB A oAb A R 45 AR 4
AU AR . 3 38 A R T 4 A s AR R AR T 43
A (K 3(b)) Y. FERE Ak B A, WOXSIE[H (1 3 1k
IR BB R R T A0 b, S8 7E T 40 i =
I & B 025 B S0 3 I 4 40 e 2 25 T B (R
RFEAR).

IR IEAEAR A4 A L 80 B T B WA E ARAR
PRI HAMER TR, U, 5 F oA H8ih i 4%
XE5E R T Ife i orfl, AR g e &
FIRESE RN, A2 VY G AN iAW o 2R a1k, TR AR
TG, R KR WEERH SR, X
MRAFF e P, T ) Bl AR B 4 i, T Bk
BAEM. Xt B GEFRF ZENACL (petunia NAM
(no apical meristem)filArabidopsis ATAF1, ATAF27
CUC2 (cup shaped cotelydon 2))F1H: [ 1 2 K A4 1
K WUAE A5 1AL A A= AR ] B A 20 M A B, Bl B AR 2
To 1 32

XA (5] 5 . RS . B ) fe
R MK B A R R D5 R AT L
Mz HE SR AR A5 O O kA U ) — R B i

1 (] 3(a) H ELHE AUAR M Sk ke AR AR,

WEMWERB LB O S ERNER, 4
A 7K (Oryza sativa) AR 2 1 Al . — L AR A A P
T ERR AR . BURE T IR AN AR . X
KIEEARNERM LT BEWEH TRM L LA R
FEESLA. U, WOXLLFILBDHE K g 4 il /K R e AR
(— PPN A E M) & AR B33 s B A AR
AN MR R A SRR AT BB A AR 4L

2.2 AEIRYEE Dt g S

TERG AL 205 S R 3 1, AMEIR AT LU = vk
KRS ARG AL (K1), HTIER
PRI 2] Ltk — 20 AR R A 28, (B k™
AR GRE K, FCAERE S AU Z ek, KA
PR, AR @ 2R R IX . LGB
1 N O | B N o A A R i 0 o o B S R |
JiL, I HB— AR 20 A R 32 EL AR B Al W 4
YU TE NP BT A R X AR IR B 4 2L A
WAL BESEA . RULLRANEIE R A, A B
AR E @A S A A AR, $E T 518480
INUAS R A0 A IR R A 005 AL 4L A0 4 2 i
FADL T AR FE A AR I AR AT ] — 44 240 T e 1k 15
SR AL, T ORI TR E 0 AR
B2 A28 e g IF v, AR U AR A 41 81
F18) P A= VS A 200 M 455 AR v g AR I S A v AT B 4
(xylem-pole pericycle cell)Fli w4 58 il J2 5 4k 45
T RE A g 12595737390 iy 2 LRI B O AN, TS
SRRk KA B PR T RE AN . PR, AERRME R
P LU e A7 5 MR RIS 2 AR ) 2 A A T — 3K

L SO e R, AR P A 2 Y i SR
A5 HRAR L LU Y T 40 i 5 X AT, i i
2H A T H35 2747 1 2 1R — H JE b &1 (H3K 27me3) 1)
FEWLLE A3 AT & B, DA A IR e A R R A 1 1 41
F 3 R 2 — AN DA P i 5 28 R AR AR A i AR BT, i
SR I R 2 AR IR 0 A 20 & AR B T RE SR
KA.

AR R T AR M Sk & A 2o A vh 9 AR 1 4 200
A1 5 DX WOXLLHTAR Jit 356 241 i 4 11F J5E X WOXS 17 4
L3 R bR iC ke B, TE T A VAR A M i i B AR o R IR
PRSI R, WHFES SMEGESE. B
I, FE AR ALY SRR AR R R AR R SR A Y
Az Vs HE 4N B i 32 5 A8 S BT WOXLLAR 1T 4 A1 45 41 i
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SEMGI SR, E, AR E ARSI O 4h A0 i e
5324, JE L i WOXSHRIC 1) JE IR M @ 4l 2, 5¢ ke
ff A B2 AR R A5 2 AU R A AR T 2
LBDAE K A2 510 53t 13 W 2 1 2 5 AR N Sk R 2R
RS

ZiA LR 45 R, H AT B e R R
JR M i 05 A UG St R T TR AR L, IR
JVS P A A5 2 ) A e R e e — AT R AR R (R
2 e W A A ) SRR PR 3 2 S AR D 4 i
(root primordium-like cells) (& 3(a)H A IR A 75 4H 41
)L DR, AT DK AR R 4 ] SR ol K
BRA MR RIS AR IR L O 40 M P . AR DR L et
M A S ZREER AR (7 2% 3.3/N T
ZEMK K AE).

FEFAECIRZE T, Sk B A R K R T RE R R R IR
PR A0 AL 20 AN e o0 28 L4 R e AR B L By B (R4
IEFERAL A R Z W), H AR 4L SURE 357 1) L BRERAE
T M AR 1 3 e fb AN 34 4] | B 3R 3k P i R
FEMC A A IR MR R B AR 5 MEsh SRR, &
H AL ATy o3 AR 25 . 8 Y HR AT 0 A IR R
RO R C o oAk, IR T DL BAR Bk 40
Ji B B SR A A AR IR S L 2 |, AR E
REA PRI A ER. mHAERE @A RS A
RS, S E MR R A RE I S TR, X
SE PG AU, R R A0 AL 2 AR R R M T
RYERERT, AN Sk & A 1 25 T (R Ak A 58 B0 ) 20k 252 4
i, Z R R (R & R EE).

P T A U A 05 4 AT LA o e A
(R SEAR IR A0 AT, DRI 224 5% 7 5 v i 2 v ok R A=
KR (WHCE T A& AMEFCR 1 BSRE 77 38 ) ol (i
IR B 9 A K 2 (il B AR S R 3R 4L, | 1(b)),
X HE SRR 5 3 A 20 Bt P 3 2 ) i ANBLAE RN I B
IR, W ZIE K A R Ok & R dE), kst 2
Ti] 422 28 ) MR DA Sk & A (1] 3 (@) i ] 422 2R AR A Sk & A=
R,

23 LKA

2F M3k % 4= (de novo shoot organogenesis) 215 5%
Do B R R 3 B LA R FE R, ]
Phar R HAE AV O3 1 Ab A A AN 2, B 1(a) Fi
) 35 78 OAAE IR PR i 05 210 e A E 2E, R 2(b))H.
S RN RN R T A DO N N = 2 1 B [T 22
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MBS HE . ARSI, MR ZE Sk R AT
LI B, A3 AE B A S5 5 B R R 2R
FHEFRAEE E L

W BRI 20 TR IR LIRS B
Z etk AR TE G 2L, X — B BOAT LAFR A £ g
PEFRAS B B (acquisition of pluripotency, BFRN2E K
VB RE SRS B BE (acquisition of competence for shoot-
ing)). FERTSCH R, AR M AR I 2 21
HAZRMEMAR, A BAX—EEMIEmTE
Pt A B A% P 2R A 2 2. R AR e 56 3 Bk s
fplt3 (plethora3) plt5s plt7 =528 (R BIF5F & TR,
LA A A ) A I A 20 2O R e AR 58
B DN IS PR R E SRRV AE AL R R AR R LA
FAEZF AR R WU, A E R T A R
5 6 R e g 4 i L4244

MBS HSEAE L HAENES. X
— B Bl A ARG T R AR, e AR A R
B H B0k )4k, B Z Rtk AR @t A
LR E &AM 2R 2 S G5 2 L - AR
FEZF, KU U 40 A R R R 2 Ak R AR I G R
T A 4 A 1 7 42 19 SPL. (squamosa promoter binding
protein-like) £ [ 2 52 Wi 41 id 73 24 28 19 15 5 7% S0 %
D] I AN [R] A4 34 B /1A 2 B HH AN [R) B8 AN 58 28 A2 30
RS (H A5 M E DGR SN E LA TR R
A F IR ATERE.

55 B B b OCHE Y 4 AR A R AR IR M A 4 4 21
) — 8 [X 1} 2 A WUSS (wuschel ) FICUC2FE [H | TE J% 2
.4 fits (shoot progenitor cell)*®l. WUSHICUC25: A 1)
ik 52 2 Hoph 5% 55 IR R0 36 08 A 18 0 i VR 4L 1)
W, PLT3/PLTS/PLT7 1] LA i#f CUC2 1 H [a] I 3
CUC1%#ik13, ESR2 (enhancer of shoot regeneration
2) T LA CUCLIY K17, 7EWUSKE IR JEE 17 - F% bk
04 7R B 26 WL BR T R WUSEE ik i B & 18
WUSE: ZER T i SE FRAE I A, 2L F WOXSTEAR 2R
40 52 0 D AE IO, DR It 2 ML 40 i AT RE 2 Ak TR
TR B 2R T 4 A AT

ZEAHANRIE UG, SUIT MG AR AL IR, ik
2RS4 4k 41 21 (shoot apical meristem, SAM), STM
(shoot meristemless)% i X 7~ 5& PR LT 4R 761 IX I8 36
KU A0 it 43 3 R WU SH: RE 57 75 25 2200 A 4 4L
e, HAMNESEE R KRN M AERK R MG
R R0 ey, WUSE IR A B 4 3] 20 i



SE ML G T (E 2E b B O 41 40 0 (organizing cen-
ter, OC)), ZFAR4 A LU 454 X 3% Wi D ik 43
DX AH H R AS T 48 1 2 3 R L R e 2R o A Al
LR sy KR AT 7 E DR, X —idfEfa
e S AN M E A KR Z R4 %, it
ZIE e AT, 2R Ak 4 S Ak S oAk R
MIZEDR, JFr=dent A

ZiA LR EFSE, 2k R AR — A ar s
T A B A (i 1ot A (1 3(@) H i) 42 AR 2 A Sk & A Y.
ZEMGK R At R AR S & A i R AR T B BT
WOX ZZji% JE B (ZF M Sk & A v i WU SFIAR M 3k & A
I WOXS) T b i 1 i i T 40 i A1, B ZE40 40 i S
FRIFIE. AR A S, AL A0 AE AL Je 7 MR 2 ol AR iR
PR gl 2 Rl R

2 Sk & A v s i AR 3 R 2 R B PLR AN+
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For survival from severe natural conditions, plants have evolved powerful regenerative abilities, conferring specific cells
with totipotency or pluripotency. The regenerative abilities have been widely exploited in agricultural production, and the
commonly used technologies include cuttage, engraft and the propagation through plant tissue culture.

In seed plants, regeneration usually results in two different consequences. Firstly, damaged tissues can be repaired by
tissue regeneration; Secondly, certain somatic cells can be used as a source to regenerate a whole plant via de novo
organogenesis or somatic embryogenesis. In this review, we mainly summarize the recent advances in de novo
organogenesis and somatic embryogenesis in seed plants, and intend to provide useful information to the plant scientists,
especially those who are interested in the improvement of agricultural applications of plant regeneration.

De novo organogenesis refers to the formation of adventitious roots or shoots from the regeneration-competent cellsin
wounded or detached plant organs. During de novo organogenesis, the regeneration-competent cells, such as procambium,
pericycle or other parenchyma cells in the vasculature of various plant tissues, do not experience a dedifferentiation
process backward to the embryo-stage state. De novo organogenesis may occur directly from the regeneration-competent
cells in cultured explants, or progress indirectly from the non-embryonic callus. Interestingly, non-embryonic calus
formation from different plant organs follows a common mechanism and appears to be the ectopic activation of a root
development program. Therefore, unlike previously believed, non-embryonic callus consists of a group of root
primordium-like cells.

During somatic embryogenesis, differentiated cells change their fates to become embryonic cells via dedifferentiation.
The somatic embryos can be formed either directly from somatic cells or indirectly from embryonic callus. Plant
hormones, genes involved in embryo development and shoot apical meristem maintenance, and some epigenetic factors
play key rolesin either direct or indirect somatic embryogenesis.

The underlying theme of plant regeneration is the cell fate transition upon wounding or stress. In recent years, our
knowledge about cell lineage during the fate transition in plant regeneration and molecular mechanism that directs the
cell fate transition has been greatly improved. These benefit our understanding of the plant cell flexibility significantly.
Wound and stress signals, actions of phytohormones and functions of transcription factors and epigenetic factors were
explored in different types of plant regeneration. It becomes clear that wound and stress signals induce phytohormone
actions at the earliest stage of regeneration. While auxin is required for de novo root organogenesis and callus formation,
cytokinin triggers de novo shoot organogenesis. In somatic embryogenesis, auxin and abscisic acid play key rolesin cell
dedifferentiation. The phytohormone actions usually result in expressional changes of many key transcriptions factors,
which act together or coordinate with epigenetic factors to control changes of transcriptomes in the cells for their fate
transition.

Despite the very rapidly progresses, many questions still remained unanswered in the regulation of plant regeneration.
What is the molecular basis of wound and stress signals? Can any kind of cells in the plant undergo dedifferentiation to
form somatic embryo? What is the common molecular basis for cells to acquire the regeneration competence? What are
the molecular mechanisms guiding actions of phytohormones, transcription factors and epigenetic factors? What is the
cell lineage during fate transition of different plant cells in regeneration? All these questions need to be further addressed
in the future.

plant regeneration, de novo or ganogenesis, somatic embryogenesis, tissue culture, callus, cell flexibility,
cell totipotency, cell pluripotency
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