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Abstract Plant adventitious root regeneration is a self-repair or replacement process of damaged structures by
the plant body, usually occurring during tissue culture or cutting. During the cutting process, wound stimulation
triggers a series of responses and signal transduction that regulates downstream factors, thereby inducing
adventitious root formation. Plant hormones play a crucial regulatory role in the process of adventitious root
formation. However, the survival rate of cuttings from certain woody plants is relatively low, and the molecular
mechanisms by which plant hormones regulate the regeneration of adventitious roots remain unclear. This article
reviewed the basic process of adventitious root regeneration in plant cuttings, explored the rules of wound
activation signal transduction, and summarized the regulatory molecular mechanisms of hormones , transcription
factors, and gene families involved in adventitious root development. It provided a reference for the study of the
regeneration mechanism of woody plant cuttings.
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Fig.1 Classification of plant regeneration
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Table 1 The roles of different genes in the process of plant adventitious root formation

FEH 2% FEIH Mg 275 3CHik
Gene name Gene function References
S5 RE f
ALF4-1 CLF-50 SWN-1I BITERES [7-8]
Involved in adventitious root initiation
S BRI B A
woxii  ZURGERRAVERIGE 8,18]
Involved in the activation of root crown germination and growth
FEHIARBILG A0 Y 2 2R
woxiz Control of root founder cells occurrence [27]
SEI 428 KL 22 - 2 i A TR 4
WOXS . ﬂ?x*ﬂ;‘ﬁtﬂﬂﬂﬁbﬁﬂ; . (27]
Regulation of the root tip stem cell microenvironment
YEFFIRR T AR MRS
PLT s . . . [7-8]
Maintaining the root tip stem cell microenvironment
JE 4= O B e T4 7t A
SCR-SHR 4 TR LD SIS AR N [21:22]
Regulation of the quiescent center and maintaining the root tip stem cell microenvironment
ARRL FAE 085S e Ry 1| a1 IR o (23]
Affection on the synthesis of cytokinins and the activity of stem cells
PRI T A A
'LE40,ACR . . 2
CLE40,4CR4 Regulation of the self-renewal of root tip stem cells [26]
SE 4 s £ s
ERF109 R BRRAR S BE (28]
Targeted regulation of the jasmonate signaling pathway
Pl A R A L
AsAl Control of auxin synthesis [28]
3 2] 4] INF FE A
LOG P A > 2R A IR 129]

Control of cytokinin synthesis
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Fig.2 Mechanisms of hormone and regulatory factors action during rooting process of cuttings
R2 ARHECEEMAERBELEPNIER
Table 2 The roles of different hormones in the process of plant adventitious root regeneration
R fEH 2% 30k
Hormones Function References
A WAL 5 1155 .
JA Responding to wound signals
KRR Vh AR SRR S R U 8 BB I 135-36.41]
1AA Inducing the occurrence of root primordia and the formation of adventitious roots ’
ML BER PR Y 2 AR B 432 S AL NSRRI SR AR 137.40]
CTK Promoting the division and differentiation of plant tissue cells and maintaining root tip meristem function
K% A 4540
GAs Promoting the formation of callus tissue
v Wi 7453 3 HL 57 AN T AR 1 [56]
ETH Responding to damage and negatively regulating the formation of adventitious roots
JBi 4R M KR AR AR [46-47]
ABA Inhibiting auxin synthesis and affecting rooting

3.1.1 RA A

JATEA SRV 55 | K 1Y 52 A A BN b
FERZ D REAE L A 32 B LA 1 R
HuCE AR A B E I, 5 FE S GO SR AR
R EY G GRS B A 0 PR R SR AT IR
FHAT AW, AR AR R (MeJA) 1Y R Gt
F5 TR JAME S S B R JAZ
(jasmonate-zim-domain) T HET S FEHFEZK
COI1(coronatine insensitive 1)1 EAEH , 7] JA(F
SH: 5 COILfE N SCF (skp-cullin-f-box ) 7 &K %
FE Tl 52 G PR B LR 3, R SR R 5 & R (JA-
He) WU G L A1 3 JAZ 25 1z 2 AR, DT
KT JA B 17 B R e RS A s PR R AR 0 A
552 EAREMREA IR, 550 05

A PG A {5 58 i A U B SR T ERF109 HY
Fak, MR T AR A R R B R S T o S 1
ASA1 (anthranilate synthase alpha subunit 1) , Jill i
TAA B B, S ZAR A E DB L I Ah  TE %
#iti (Solanum lycopersicum ) A & bF 58 v ids & 81, JA
AJHRAS AR AR Tl P R A e R R R
& (phytomelatonin receptor 1/2, PMTR1/2) 5 G #
1 o .3 GPA1(G protein o subunit 1) HAE , $¥15
o A% 18 2T Ui LBD S % 5% I F SBRLI (shoot-
borne rootless 1), #F — AR #E4E 45 AE AR, SR,
RAB P ARA RT3 DE S Qe it M P e
AU S IR A A B AL A TR AR .
3.1.2 ARFTAREME

AEMRIE R, A KRR ERZOEN.
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T8 TAA F i 3k 3] g A 30— 350, i I U fn A K
P55 IBA (indole-3-butyric acid) A 38 i fig # TAA
B 1A 3 A ofe 4 RE TAA PR KOF MU
B . TAA 5 F-box 4 [ TIR1 (transport inhibi-
tor 1) EAZAHFAEFIF 300G ARFs B PR F k%4 5%, i
JEVER T T Ui LBD % s IR e AR AR T 7R o 1T #E
T R ARA ALY (Populus) AN EMR &Rk b
HR I 1) & A R RE 5 S TAA-WOX11-LBD16 155
B IR AR A K R AR B SRR
PR 32 A i D v R DG S TR R P T Rk AR
7= A8 AR AN S MR B ) 5 ], A A 2 o7 R4
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R E5 R 55 0, 17 o VA R CTK W) 25 X AR 1) & A=
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mestica) i 78 Az AR T, AIC ¥ B CTK 38 & #1
MATCP17 5 MAWOX 11 (A0 EAEF , B it WOX11

FFAERIT LBD29 et A AR ™ . 72 CTK A4/ i
AT 2 1-Z IR LE-1-R R (1-ami-
nocyclopropane-1-carboxylic acid, ACC) & i (ACS)
FIACC S AL (ACO) FEF B % 53, LA i 7y 24
FIETH 57 19 )7 2L ACC A ETH 177 2 R 4
il AR AR R ST b, 36 AT DLSE o N R 5
B A & (H,S) % CKX2 4 [ Cys62 i 5 1Y i i A 15
M B R Y CTK & 6, 3 005 AR R S5
CTK X AN AR PR 1 PR 45 80 Je 24> D7 1T, MR P
JZ T A RS AR AR B0 5 AR W ETH 1Y)
FAEAER , F3) 5 HABY) BT 54T 5 3 L P pL ]
7 TR A AR A AR R CTTI IR I 45 1) v B A
P SR, CTK 5 H A 38 2R 70 V81 AR A A 4 3 [
YEF BT L7 A A R AR .
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R, WA A E AR RN S0, T
ARSI ETH X AR 2248 K BAT il . ETH 72
AN 6] SRR v R 4 VR T I A [), JHG 5 i 52
HMERAERACR . ETH S 538 0 ST 4
ETH #Z 1& | Raf ¥ # # CTR1 (constitutive triple re-
sponse 1) BEEA EIN2/3(ethylene insensitive 2/3)
B sk N ¥ 58 . X 20 R A 6] 55 ETH {57 %5 3l

2 W R ) 1) A 8 DR SR I, X6 A58 1 T R E T

FE ETH LW il ad R v, w9 5 S- R i 2
2 (s-adenosyl methionine, SAM) %% 1t & ACC J& &
LR W R E ACC A S5 k)5, ACC il
i ACC A LEERE AN ETHE - SR, B 58 £ W
ACC & AN ETH 4 J 73 FRE AL Y, 32 fili #4475 1
5 R ] LR e 1, 1GH S R ETH LS gl
Bl A S o YN 2 ACC I, AR LI 1 1 3
Bk &, D4R 1R N ACC 5 1 i Fa 8 K
ETHARZS o Ik 7 m] B85 A 40y 6L 1o ) g 17 %5 141 £
5 IR A AR T AE A7 6 (B AEAER (Eucalyp-
tus ) AN E R FEAE SR TR AMIET N ACC, BB | A
FRAE T, S R A A A AR A rp, JF R R It 2 i B
PHIEH . S22 ETH XHE YA & OB B AE
52 2% HURS 40, % AN [8] B 4 At EL AT R S ) i 95
BL
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HEMMEH . PR RY, ABA §t = BRI AR A |
ABA {55 5% T 1 X ABA 38 5 ThI A7 B ) 2
AR R R R AL R R TER T
A R, ABA T LI o ffe 2 2R K B OG
YUCS KR EM R K E , ABA R 2 FEUK
& (Oryza sativa) H A= K 285 5 I 25 BTG T 52 i AR
FAERS S AEARARMY) T, SN ABA A 58 i
miR159-PeMYB33 FE 5 1) By [R] V4 25 A8 72 R P
B, A, ABA X BAKE ) 43 A 2H SR G
ZOCEE R R MRS I SR K. 1R
FF4 At B b, ABAME N 05 DR S 7 AR o
il R EEIRE . A TS, ABA K
TS SO A AR i s LA W 45405 . R,
HMIETIE N ABA G R 23 40 A A, HC AL T RE S
ABA FA R Z Z (8] AP 9 15 47 5 . ABA il i
REAR A R Y6 s i, DT D0 2 AR 17 £
JENT RS ABA AR A= 2 VR B ] R s
P SR A A B, (H Bl 5 B 98 HR 19 ik
o, QR PR G R R R e i 2 RN 1 B 2 A
A, AR KA B A T A A ABA FEAE W) AN E AR
AR TP A 2R E S 2
3.1.6 HKEFZAEMS
jlﬁ%?%(gibberellins,CAS)E?Z%%@*E%E’(
R EEYER M K EHRBR D A ER]
WFIE R, GAs 5§ Z R YR AP 7R A
HAER . TSI ST BRI K, 2 GAs 2R
Y& RS 5 A% 5 52 BB, 48 )7 1 PIN (pin-
formed ) FI7KP TR, S BUE KR ACPRER, R
IR R FVE R BB AR B AR
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[FIRESZ B GTE . GA (R 5 S Ml 7 (DELLA) 35
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¥, DELLA B 1E JAZ 35 1 5 5 P e - PR- MR
bHLH ZE 1% 5 5% A ¥ (myelocytomatosis-related tran-
scription factor, MYC2) #H E./E H , A TTT 35 58 MY C2
Pa P RE AL R IRRE ST o Y GAs HRJE T s I, DEL-
LA B (200 JAZ 26 (1 5 MY C2 M 1
FEAH MY C2 M SR FT IR (F 518 0 GAs 5
TAA JA S Z R WM B TEM Y AR EE
P45 28 R R T A 2 AR S R4 . A B B

SRS — s R (XS B AR S F AL M55
AR, 5S84 2 Kk
PR 2 i S R, A TR AT GAs 5 oA I AR B AR
FH A 8 458 R 28, Sk A 0 A ORG99 29 BEiE
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FEAE YA SUER B Z U5 TAA 38 % 5 HAb i
2 (JA GAs ETH FI CTK) AH T AE FH Hip [A] B 45 A
A o 76 TAA FIJA EAERFSE H , TAA 38 2o 41 )
Aux/TAA 5 F 1335 2 3F ARFs /E I TAERK K1k
Wit 65 W B 3L (R GH3.3/3.5/3.6 (gretchen hagen) , 37 1M
BT JA X AEAR M RIVE . 4 D555 AR T
PR IEJA & BRI T, Iz R JAZ E A,
{233 AP2/ERF Z 5 ERF109 %% 5% K 1 (0785 5% i
TAA & R H i B L (K ASA T, DT A2 E TAA A 7
B AR RS FETAA 5 GAs BAEWFFT 1, A #
T SR ARF7 23 G GAs FHTAA 55 1% 0
Ay, i it 5 DELLA F1 Aux/IAA 45 (A A4 9 3R 1
YRR S8, 10 AN IR R FH GAs Fl TAA & B A ) IE
B i 2 IG5 7B F1# (Populus tomento-
sa) W R B, Gl b 0K GAs A I 6 B L N
GA30X, AT TAA 7K b 25 Tk iy, i i R 45 4 45 TP
BUZTE R I GAs P TAA {553 %, e b I
FREME L, AN, TAA 5 ETH B A/EHFE du B
PFEEIERE . IAAKETHE , vl ARFs 254 [AA
M J37 2 PR %) sl 7, S T DA% TA A B, 8] n 9 v
ACS FEH AL HE ACC A B, #5110 51 & ETH 15 5 ¥
T [RIEF ERFs i AT B2 ) 8 45 TA A 42 % 2844 56
PRI 23K , an PIN JE R 5805 . ERFs 3@ i 97 15 PIN
HE R R TR TAA A M 328 i 1) RIS 2k T
S TAA FERE AL S ) A X Be Y 27
FARKEY) (WU T K FE \j(yE_(Glycine max) )R
REBMARMY)RL LB LR PEIRAFRER.
P S A AR R, CTK 3l 28 v B AR & 42 1 H T
WOX JE RS2 AN e AR & AR TR T R e iR & 2k
AR, A CTK AT BEFE T IAA /9 40 A, M {2 2F
R et R A A U B>, CTK FTTAA ZEAE 4
PR AR PR SR, 3 2 ) A X 4 A
HEIE BEA P P

TR G AR Z (0 A B AR A B T4
T i A7 AL 40 A AR ) R 42 T 245 A Bl T 48 7 AL
L] S8 A A Y I R N T B A A 2 A K
IRBE B VR AL o A 3% =22 18] A AH B4R
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Wb TR B A sh A ARk, 52 BB EE A 21K
R AR FOR BTG AR B A A 2 TR 25, TR ik
WE B S ANEAR A R R 1E 2Pk . B
A 8 I A AR 2R A R ) R 2 b 38 T BB & 10T
FAFBIR SR A BAE IR . AR T —AF A 5L
AAEY) | Z24FH: AR A7 ME BE AR X4 K , e i 7E 5T
A AR ) v A5 380 UE S 7% 3 B AR AR A A P e TR
[ 5 o — 2P R

AN, PER AT 5 S 1 A2 St o i 9T ok
THEARMS ., £MAGESHREEMEZLH,H
NGIEYE EE VO € I INR S R TE R D
P U R R R AR AL Rl AR
o e AR AE R B 23 (8] 73 FER S5 T AT AR
& X LUK ) 52 3040 i S S0 40 B2 T SRR s A
AR 5 T A% 40 5 DR 45 A AR o xf A 4 T i Ay 52 %
PR RS, R Se i 5 R B, BT Y
BB S IRIABIELT . BRI B AR VT RE
REIA BRI OCHE . G AP A Wy
22 RHN BT B, AR Y R DR R kT
A PRAEA T T H . filan, £ Bh Sk i fgH AR 4
TV AT 7 25 18] 73 B | ds A T B 2
= B AT EAE F 45, TR A B 78 03 HR 3k
AL BLAh, WIS B — 204 R, AN AR R
FREAE Y, 0N A T B8 2 5 28 5 1 sl R ik
BB AR AR S HABAEY) , XA CH FF 32 98
22 AR AR R AL 8 AT R S bR AR 2R
O FE RS
3.2 EEZRERHFMm

B R R X T AMERA MR A A 0] 2
PRI SZ IR DGR IR RIS 5% 45 R 3R A B OCHK (AH
HAEH, LR S AN AR A B AR SR IR
A H i BE IR B R 2R (W52 AL, AN BY T8
TNAE P TE R E BT Y38 N SR B 3 BE A A A B
A LA AERL 2R
3.2.1 kB

Ot FEJR AN 2 AR P AR () OSBRSS i R R 2
—  HAEHMLRIE 22 M. — 7, B Re g i 44
TR EE (B FE A A AR 5 5y — 7 1T, G IR RS
S A AR R I A % B B
NI LA HEAS AR TE . A AR 2R 38 H TR
TP A e (H T AR AR5 2 AR &R P AR AT
LRSI L . BN, SAMETT 8 UVRS
CIRAZ BRI, Jf i — 2P s i AE K R T 1L

AR B R Ak, WD R AZ A%
CRY1/2 . PHOT1/2 FE4U R 71 4 A BLAD il ki ) 21
M L0 AZ 2 PHY 172 MR SER A A AR . 7
ARAKE D, O RO A S MR A 1 ) 42 4 7
BN R, AN, FEIRE 542 (Picea abies ) i 5%
H L 213 3400 1 JA-CTK AR JEEEETE 1 7 42
Y FH 535 08 3 4 2 AN 8 R AE Y (L i AR 7E
b A2 AR F A P SRR AL R R B R AT . [
R, L0 i AR KR RO A R AR KR
iz 5 FE 2 rE IR (Cucurbita moschata) fifi KA 7€ #R
FA TG AL BRATA7 e A AR A 8 LU 2 (Ca-
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#23& (bHLH) Al WRKY (WRKY domain) % % 5%
T B FR T IAA ZT F GA, &5, [A] PR ABA /K
-, AR HEAS GE AR AR T4 SR R RN I 2R
NSREAS o I TEA S W (I =B R EREA L E S i
RS2 AR CR 15 s i MR AL S TE AR
A E MR AR I AR P RS CEEAE D A e
B AR LA B2 AR 52 AR HE
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T 2 R AME R A E R AR RN R 2
— o SR, 18~25 CRuE A R EZ YK
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L I A R £ 5 42 /K NRT1.1 (nitrate transporter
L1 BYFRIE , PR 200 e Tl A M B - TR AR
I B 38 W 55 b, 480 RS 97 AP2/ERF B 5t R ¥
DREB1/CBFs (dehydration-response element-bind-
ing protein 1/C-repeatbinding factors ) £ [ 7] 41 §: /K
B GAs {5l g M A K R E . [,
TE A7 AR IR 55 W ORBIR 25 L ProHY5a i 3 1 4%
GAs FTRARARARS "0 AR BE X AE ) 2E K B2
AT AT HE R (H 2 45 P e H R R 500 5 Bl
() F FH 2 e T2 A A, TR AR AR 2 AR O AR
ALY HTHE BT A 25 H . FAT, A A
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MAARFS, 1l TAA {55 30 5, DA i 410 1 S SR AN
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R B AR 838 2 PuM Y B40 Il PuWRKY 75 %
SRR AR AR E R A . Ak e R i A
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SR FE 3 ST L A R T AR AR 4 AR AR Y
WA R 2 o IR AT BRI IR 2R 4
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