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GAlI(gibberellic acid insensitive) FIRGL2(RGA-like 2)fE
P & R BRABAFIGASR, RV
24K Z(auxin) 7", Z M (ethylene) VI 43 24
% (cytokinin)! It 75 F 7 AR R ORI % b 7R
YEM.

HEREEMEY T —FEERNE S0, LR

2020, 65: 3924-3943, doi: 10.1360/TB-2020-0509

SURREA: RRAR, XN, FERTY, 6. L RFM S5 55 SR HIAER RIS 52 195 AL . B2, 2020, 65: 3924-3943

Song S Q, Liu J, Tang C F, et al. Metabolism and signaling of auxins and their roles in regulating seed dormancy and germination (in Chinese). Chin Sci Bull,

© 2020 (PIEREE) A=tk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2020-0509
http://《中国科学》杂志社
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2020-0509&amp;domain=pdf&amp;date_stamp=2020-06-30

P A

H A=K & B BT 7 T, AR A R A FIX A 525 1k
PR I 7 25 200 6 PR3 BT A A R R B (R A A 4024
ARG, ITSEIRES B AT R AR DL S 2
PN, K Rl 2 AT R A N BT
FNZRTEUS ) 3 g 0 R MR SR AR AT IR R
SO0 B ORIR S A R I T g A
R SE DL AN A SOX AR R W HURYE. SN R
A4 K £ (0.3~1 pmol/Li5|W-3-Z.fik (indole-3-acetic acid,
TAA) L EEF (Arabidopsis - thaliana)Fh (i &2,
e B A A K (0.03~3 nmol/L  TAAYR HEFP T8 &
FAHI R, K 2 R F(auxin response factor,
ARF)10/1638 1/ ABI3WFRIENE H ABATH FiR 121
EEFEIE, arflo arfl 6XUFAARFEIN H Fh-1
% XF ABAABUR". F235mARF10(miR160-resistant form
of ARF10))H 3 R Fp1XF SN ABARY B & 30 il i 4
B, MimiR 1601 540 #35 F BUH X AB A A Rk [
P, IR, TEgal RABIRFI TP, GAAbHR
B E LA K Z B IE N AUXTI(AUXIN RESIS-
TANT I). PIN2(PIN-FORMED 2)MPIN7/{3ik.
AUXZEABARIHl R & B abds i, Hohfgsik5es
PRFIL AT ABABGHTIESS Y. A, SARR AR T LL 4%,
S R T b A K R A AR R b
B, R K R s M A E R TR & PR X
SR R, R4 K ZE S SR a i m
ABAFI/SGAF ZH xRS 5P k. TILARK,
ARZNAEDE RS, THRERRESHSE
RIS T R R PR, A R AR K
ZHVEM S R G AR ERE TS, Uk
TSR FIRIRS i & R F o g . s, AT
P T AEA AT T B RS B R 2 T B, S fi
A KRR RIS 8 R 0 FHLEHR I 2%

1 AERKZEN WAy A S

11 BERKRENEDA K
IAARMY T R EENEARKRER, @it 25717
R A A R DML R AR TR e A
BN TR AR &K, M4-Cl-IAA(4-chloro-TIAA) I 2. R
(phenylacetic acid, PAA)S, {HEIZEAED DA 11955
fi A, HAAIERWSAEK 8™, B LB,
{8 R (tryptophan, Trp) &Y FIANE HIAA G R IE
RIRAY. ERR, Trpfe e M-Sk h2E ke

(shikimate pathway)f¥ 2843 37 R (chorismate) ™= 4=
(90, SDURE I (0 4 1 24 KL% 3% Wi (tryptophan aminotrans-
ferase, TAA)FIYUCCA(YUC)# % B il 48 i 52 1% (fla-
vin-containing monooxygenase family)H Trpif 1z F5|Wse-
3-I % (indole-3-pyruvate, IPA)=ATIAA(E 12,
AL FE YA R, TAARN YUCK A A R REH)
IAAA Y& B GV E ], EFEIRE T FoK(Zea
mays)~ IKF(Oryza sativa) B (Marchantia polymor-
pha)™ 7 A, TERIRE TR IA AR WA A A1 (in-
dole glucosinolate, 1G)E¥A MR PIAHET, Cyt
P4505. 0N 4& i (cytochrome P450 monooxygenase)
CYP79B2MICYP7IB3MEAL Trphk b i k| We-3- £ e 5
(indole-3-acetaldoxime, 1AOx), {HFH)5F = 1AARIRTE
{RANE I AE (DU 03| E-3- 2, k% (indole-3-acet-
aldoxime, IAM). Wj|IE-3-Z, 1% (indole-3-acetaldehyde,
IAALd) A i (tryptamine, TAM)ULBEIA K42 M Trp =45
TAARYHITR, {H5 30 ] =4 A4 M 5 A e i A
K(%%(Fgl 1)[18,34,37]'
1.1.1 IPA% %24 RIAA

EREPT, TN TAAAEY) A BGRFE AR bR
(1) FENYE; (2) BEETENE; (3) M= e it
(@) A FEFIAMT; (5) TERIRN R g sy (e )Y, AR
P BRI, TPAIRIRSEARY) T3 — A 0 2 A AR 3k R
SFHITAALE YA RGRFR (181, Fe)!™ 334

TE I, TAALHSAV3/WEIS/TIR2(SHADE
AVOIDANCE 3/WEAK ETHYLENE INSENSITIVE 8/
TRANSPORT INHIBITOR RESPONSE 2)X:[NZwtt, 1¢
IPAIR RS — R DS (RSN R TAALZE
AL Trp Ak A TPARY, IR FF T, TAR1(TAA1-related
1) FITARAE R Tep B I BEHA TUARTER. 15144
FIGEERR AU T 228K R, NIRTA AFIIPA Y 5 U8
WUV AR, TAATFIEIG N, IRIPA R KTt
w L TAA TN TARSE P 149 22 T 5 A8 TE AR A 2 it
rpg R E A RK R E RS, ARG A 1R
KB~ Ok B MR, . &R
RIS JEE AR RSP IR At i K 25, SR I TA AR AR AR )
AR AR B R EZEEH. TA4FERZE R H R R R
S Z o0 A0 TYEE AR Y, R TAAFE N7
YRR RS EGE DL i, v
(VANISHING TASSEL 2)MIFIB(FISH BONE)JE[H 35
2 R ORFIIKAE 1 TAA 505 0 2 B &R [R]YR FE [H (co-ortho-
log), XS AR SHIAAKEREAL, 5HEZHME
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Figure 1 A schematic model of the IAA biosynthetic pathways and secondary metabolic pathways in Arabidapsis[lg]. The common tryptophan
biosynthesis and indole-3-pyruvate pathways are shown in blue, the indole-3-acetaldoxime pathway in Arabidopsis is shown in green, the indole-3-
acetamide pathway is shown in purple, the tryptamine pathway is shown in gray, the Trp-independent pathway is shown in red, and secondary metabolite
pathways in Arabidopsis are shown in brown. The IPA pathway that is highly conserved in land plants is enclosed in the box. Characterized enzyme
reaction steps are in bold typeface. Enzyme reaction steps remaining to be clarified are shown by dashed arrows. ANT, anthranilate; GB, glucobrassicin;
TAA, indole-3-acetic acid; IAAld, indole-3-acetaldehyde; IAN, indole-3-acetonitrile; IGP, indole-3-glycerol phosphate; IND, indole; AAO, aldehyde
oxidase; CYP79B2/3, cytochrome P450 monooxygenases2/3; IMI1, amidasel; INS, indole synthase; NIT, nitrilase; SUR1/2, SUPERROOT1/2; TAA,
tryptophan aminotransferase; TRP3/TSA1, Trp synthase a-subunit; TRP2/TSB1, Trp synthase B-subunit; VASI, pyridoxal phosphate-dependent
aminotransferasel; YUC, YUCCA flavin-containing monooxygenase

PP, R I TAA RN YUCKE R G258 A H 5 5 T ST 4
TAAZEYIE R AR PO SR, AL R LRI SY 3],
X AN 5L PR 7E ] — 34 42 v W e 4 J 1 (7T 1) 12
T2 (Y UC2 11 LANADPHAR #1977 24 L IPA 4k
BUCHIAAPY, YUCARIYUC6HE ATERSME 5 54 AL IPA KK,

AR E B,

YUCH N gy o R MAR. YUCIYIRERTFRAE
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Table 1 The main components of IAA biosynthesis pathways in Arabidopsis[lx

1

s ' bR R AL ' By ER
P FEH [if§ JEYIE ) S HE B R
IPA TAA @éggg Trp/IPA I = =
Yuc B R RIS IPA/TAA b= JE =
Cyt P450
IAOx CYP79B %;H phsen Trp/IAOX = = =
NIT Tt 7K St it IAN/IAA - - -
IAM AMI1 Pt e it IAM/IAA - - -
TAM AAO [ig=gid IAAId/IAA - - -
Trp- KA INS g £ T IGP/IND = & -

a) —, BOA PONEERIBH BoA BHUE

&, R YUCEH KIGIEAEY A K & T ol AR
U2 D IRIPAK -AF 2 B yuckibk A s i L
FAEYUCH Feih bk 2 Pt RS —Seyuc B s
FAPRIERE — S5 T AT RE B A WU R A, B
YUCH X B G bR S AR AN R B AR KR
Fwl N, R YUCKIH R IR RETTAR™. 1Loh,
YUCH) B[R] 5 5L DA 8 A7 TR AR 4R,
KR, TR R S, R YUCHE
RIS G Rl A A A AL E R ORSFII (R D).

TAA TN YUCHE H [ 333K (co-expression) i 4
IR PIA AR ZKOP R A K RZ R Taafnyue
FEPR R 0 22 B R R 2 AR AR T [R] A AL ) o v 2R B
HTAAZK T 1Y 2 8 0 f ™ 5 pY A KR Bl R
2340 e W IPATRARTETAALE Y 43 i 2 B 1.
R A, L-RIREFR(L-kynurenine) Fl1L-Z Jk A FE 7K
FEN IR (L-amino-oxyphenylpropionic acid, L-AOPP)J/Z
TAARIIIEIF], yucasindZ YUCHHIFIE, 5 FIL-
RIRAFRFEALIARE T NIRIAA KT, 51T
wei8-1Flwei8 tar2R SR I A K Z ™.
L-AOPPAEH R T4 it RN TA ATK P REAIR, LA
AR . ARB TG BRR PEbE. FE R ARZE
B, yucasin i I/ TA A B AE W) -G BT =) ok
R, T AR A M ST R W, TPAGRAR S
FEHHIAAAE W) & U 2R AR

TERNRATT R, Hk s T WA TR RS 11 2 R RS Tl (py -
doxal phosphate-dependent aminotransferase)VAS1if i
FALTPA R R Trp R A TA AR AE A IR, vas 7SR 2%
AR TAAF S 2 A K R RABHE R 19 ST IA
1-ZFE IR BE-1-52 182 (1-aminocyclopropane- 1 -carboxy-

late, ACC)F{I7KF-44 . VAS AT BEF F Z MR AT &
PRAE A SR TPAYE N B2 Rk 7 A Trp Fl2- -
4-H FLAR AR T R (2-0x0-4-methylthiobutyric acid). VAS1
1) % B R IA AR 20 A4 6 i B Rl s B 41 T 30 1
pU N
1.1.2 TAOx#% 124 RIAA

Vst AL 5 R, TAOXIR IR 7E IR T
TAAZ WA IR B P, FETAOXR AR Y e H)
HBgh, CYP79B2HICYP79B3 AL Trp#t 1k HIAOx (4]
DM FERIEIR T, TAOXIEIAAFIV AR, (24525
LR (glucobrassicin, GB)HIFE % (camalexin)fiY
HEFEFHRE D! TAOXBRR T 2 2 RHE Y h i)
— XYM —migtE, WRCYP79BIE T RR Ti%
Bl EGE D" G MG R sur I (super-
root 1)~ sur2(superroot 2)/cyp83bI1Flugt74b1ZRILH
TAAFIIAOXK RN K g A= K = Fe B NG
FITAARHHE I, RUTAAFIGH: Y& M [AA
— SR, ZEIRSL, CYP79B2HICYP79B3H
AL Trpfe (b UNTAOX. ZERIRE ST, 1X4ECyt P450
FUINAAEE 71 STIAOX A, RN TECyp79b2 cyp79b33L
R Z AR A ARG B P IRIAOX Y. CYP79B2H it %
R ITNIRIAAKY, SEmEA K ERA, HlANER R
R, X RIACYPTIB2EMELIAOXIE S T Y FR i A
Eﬂgé[m].

CYP79B2(/ )5 8 F-GUSH A5 J: K il & 14 43 1 26
B, ZIERNEEDMR . s gl gUrh ) kX
. AEIEE RS, cyp79b2 cyp79b3 N GEAEIAR I F
RURHA &, A0 B A BORIARAY /DN, SR, TE TR
T, cyp79b2 cyp79b3 W GEAL R RFEIN 1 LU A 7Y

3927



M % h & 20205128 655 £344

FERR B4 1 R A /N T, I, TAOXi& 72
BOA AR IRAE FREZ/EH. 5izix—3K, St
£ Z A0 5 A F F4(phytochrome-interacting  factor 4,
PIF4)1E IR TL = G b CYP79B2. TAAIFMIYUC4HE
P, BFgE M, iR S microRNAFImiR 1051513
B, FEIRSURIMZRIEKE, LI EGE A BHWIGH A4
W14 RIS ITA AR A PY . R T,
miR 10515 @ BR 28 AR IR A 4 28 R B ARAG 5 g ™ o,
RUITAOXIEAE SR IT Y A= KRB DA OC.
HAFER R, MNAOXBIAARE B IEATE#E
(E1). IAMANE|E-3- 2 )i (indole-3-acetonitrile, TAN)H
INH R TTRE B AT HR, PRk 30k I b T AR 2 300 40 25 R
TAOXIARIER . il antEcyp79b2 cyp79b3M GRS A,
TAMAIAN(BRIAOXZ]) 1 N IR 7K P9k 8 S5 FRAIE. BLAh,
U PCHRC IAOX M cyp79b2  cyp79b3 W GEAFIRIT,
PCWASIE ABIIAM. IANFIAAH. 7ESRIRG SRR
FokH, WK AR (nitrilase, NIT)ZKERES 5 LIANAL
HIAAGED! 9K, ZERIRE T T IANFINITA] fE7E
IG5} HAR ZE Fa 2 (homeostasis) FIF ALY i 75 P ]
FRAETAOXRI KA ALE W) & 1 ke B 0,
A, W5 R, CYP79A2 E—FF R SFCYP79B2
MCYP79B3M[RIUEY), REMEAHE LR N 2 R (phenylala-
nine) 1k A I 2B i (phenyl  acetaldoxime, PAOX),
BRI G BEENIRY 2. ElmE T,
CYP79A21) 53 335 i 2 M 34 IR 3L a4 QA A B (phe-
nyl glucosinolate)fJ7KF. TEcyp79b2 cyp79b3 Ik
H, NIRGBYKE- B 5 A% (<0.01%) . Tr-
mischZE \“"E B, FORCYP79AG61BERSTE I R 5
FEHEPAOXFITAOX, DL AR AR K 2R I e RAE 4 B 5
TEV .
1.13 HMWIAAE Y & K& F
ManoFINemoto” 451, AHYIU1BE NIAMIRFZ 7 LE
TAA(EIN). 75 EKRAUKFEH LA BIIAM, {HAK
FIAOx(F )" jaaM(TRYPTOPHAN 2-MONOOX-
YGENASE)J:H )it F k8 A AR K, SBHaY)
mAERK R R, RPHYIAER N BB ILIAMAL
IAA. AR ST IERL 1 (Arabidopsis amidase 1, AtAMI1)
FHEEL (Nicotiana sp.) ™ ¥ [A) 5 2 PR FE AR S BE S 5 1L
TAMACHTAART Y sk, FERY iR B & B
IAMIR 2 B WAL BRI EE, G EWIE Bt s 2k
AMIIF NG TE m AR iz 040, (HBA 3E
e A LAHE I TAMIR AR EAE Y P IAA AW & ) &
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TAMFITA Ald 8% I\ A 2 Al ) TA A AT e i {4
(! S s R O 2 eV Z A b Bl
' Besh, U HRARIC A Trp b BRI, 7685 T (Pisum
sp )R HORER B =K BB A BITAMAIAAL Y, 2
B TAMAIIA ALAA B T8 AR 2 M Trp 04 IA A,
ORI (Trp  decarboxylase, TDC)ZKERENS ;L
Trp N TAM; SR, TDCHL 53 AT REIEFEIA AR 4
E, ENKFI(Catharanthus) TDCHEE A3 Fe ik £
5 B AP TAMUK S, (ER g imAAKE"Y. 2,
4 Ak i (aldehyde oxidase, AAO)KEMEILIAALGE 1L,
BCHTIAA, BN RIAAEY& REEEE D!, Bk
B, AAOTHTEMITER A AR IF A K B %
RIPU I, TDCHIAAOR G AR TT BE 1 15 SHdh
TAAEY) A K.

FRAE Trp 28 9 A 1 5 A8 1A v AR 3 9 1 2 i 43 BT A
TR, Trp AR 13848 B A A T K FIHBL RS S op
TAALEIA R o — 4™ 4 NFRICHAR
FH % (anthranilate, ANT)fRIMEZG ARG IT Trp A0 A L5
A rp2-1F, PNIBABIIAA K Trp B .
I, TAABGIA R EZ LM TrpRi ik, B 4nmWE(indole,
IND)Flli5|We-3-H B8 (indole-3-glycerol phosphate,
IGP)/ A1), AR A Trp(F D!, i T XIGPA
fiff(antisense IGP synthase, IGS)#% % FE kR FIAAKI
B H AR, TGP A S BIR IF Trp MK R 12 H Y
— ANy ST SR, SR SRR K e ik
MRS, Trp A A K rp3-1Ftrp2- 1T HITAAK
- E . T orp3- 128 R IGPAIGBRY /K- B 3%
B, DL TA AZKSF- 9 B S48 2 ph mc K e i R v
IGPHIGBFEMFIE ALY, PRI, Trp AEKEHAIE BN N
— R, yue NOHRIE, BB S P A R
HATTAA N REIT R Tl 55 A T AN R IAAZE B WY K
fif. FERIEGBRYFE LR 2PN R ARG K % 28,
B8z B3 1Al e G B IA AR Ry, BAk, FKFER
TAA W] BEARIE T2 I A Trp P fige, X SE85 53— 21k
A Trp AN 18 72 H A TA A K A R AT s AR T
RSOk [ GBANZE (A Trp AL 26 AL T £ BITA AL, 555
16T Trp KR AR B LE AL IESE, FA7EAY PIAA T
FNTrpr=A:.

WangZ5 A48, 205 37 I il (indole
synthase, INS)&—F {4 E (7 1Y Trp A Bt oIV FE 25 #4458,
(Trp synthase a-subunit domain, TSA)/TRP3f5% % [A]
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T4, TEAURE ST Trp MEIS A A2 FP AR /E L. INSP=AE (1)
INDAE R 41 5 P TA AR —Fh T ATk, AINDFITAA
A BORARIEATESE . TEins RS AL HHINTRIAA
HIZK SRR [, SR, AEtrp3-1HFtrp2- 1528 AK i
FHIAARZKSF3E 0. 7ERIHIAG & ALt i rh, INSTETH-
JE4h ) #i5X (apical-basal pattern) ST o B EAE,
2% B Trp M 1 A Trp AR I TA AZE P& Wi 42 ]
P B AR B RIG H . Tep MR #1814 FnA:
5K AT B Tt — 2 B R AR AR TA A W A T
IVEH.

1.2 TAARCIERH S Jeik

40 40 v AR W E META AT K B A . 18
i~ AEAE AR Z R ). AR RE SR
TFR B 19 2 1 D AR K R Bl A A P8 5 X TR AR
K RApwmsm. shs b, b 425%
(ITA AL B AR A1 ™ KB A A i BT I
(it A7 T8 2R AN AT 3 AR R I G TG . 7R
e R o o 2 25 % B T JLARTA AR 605 T 1,
Horp— B8 20 AT ARG AR [T 2130 25 I TA A, MRS B
FEIAAIR .

12.1 IAAWZ &, 75 8FK

EALIR . IR A REAS A e S TA AL A1,
HBIRIAA-IKFITAA-EE DI BEIS NEE, [HIAA-Z K
BRZS I REIE AR 2 5T, IRSERR eI 7
(acyl acid-amido synthetase)) GH3(GRETCHEN HA-
GEN 3)F A B e #)7E K 5 (Glycine max) P % E A
A K AN FERIE IR, GH34L I R
(GH3 group I family)J84~al B IAA SRR Ay 24 55
TREGE . PRI BN gh3 5B R TA AR BUR R A,
(ETE TR 2 1 B 30 3 A R I 2] T 1B A A ).
HA =B (high-order)gh 358 A AR IR TA A S 3G i Fl
AR R, AR AR A S A AR T, e
GH3{ETEL i 9 TUAR, (A — & R B L —PE. i,
T 38 B AT v Yk ) B S R GH3. 1 79 5 0L 5 T e o
THPETAAR KT, —SeGH3BOA N2 BA 2 I6E
B, REKEIEIR S AR MR E LSS fitn, 1AA
B A RBFGH3.3. GH3.5FIGH3.6HE¥f Asp. Met /il
Trp 5 AR (jasmonic acid)Zh 4, MM IEPEFEAE AR A
RH GH3.5¥ /K iR (salicylic acid, SA)# 4 H iz
(benzoic acid) 54K EPAALE LT

TIAABERG K B (IAA amidohydrolases)ff—Lk

TAA-Z R LS G WAL IF R WIAA, A B TR
TAAMKE. ZESURE ST, X SEEERK B FRILR
(IAA-leucine resistantl). IAR3(IAA-alanine resistant3)
FISMLL(ILR 1-like), BATRIAA-ZIERREY AT 72
HIRSNEYE, FIUNTAA-Leu. IAA-Ala. IAA-Phefil
IAA-GlyZ! ) 5HMEIAAFTS R ZERA AL, ik s
ZEE YA B AR R AR E], R s
HY Ry e K Z R IAARE TR,
FATTilr] iar3 ill258 SRR R EA AR TAA K, FLER
TAA-AlaFITAA-Leu, I AE BB, B UnZe i iy ik
AR BRI R R IIAA-E LRSS
IAA-AspFHITAA-GluASZ AT TAAE AL, (HIE5
A=, IR AYIAA-Asp FITAA-Glufm MLl B
IPHRRIG, BRI BIFRICRITAA, 1 Hilrl iar3 ill2f
Jie K S W2 AR R P I TA A - Asp FITA A-GlusK -5 B2
A,

MR L, FEEREITAA-BE(TAA-sugar) TEHEYI1F
TR ZEY R, AR, KRS, FRAUK
i, SXEETAAZE B YIFE LR A M G R 0 Fp 1
AR R TAABHEERMN AR (Pinus sylvestris)
FhF i FEIAAEK, ERFIHAGE4 IFEN LS
BUIAA, FRHIAA-BHE— LY R 7E 4 i DY it f
FIAAR T EARIET. B2 3Kk R FE 0T
YoE TIAA-HHK i (IAA-gle hydrolase), FFHfiE /K
FHIAA-glc/K it TGW6 S A . el Ir o,
TAA-glc & il A TAABRZE A4, IR A8 i
ERMIAAY, RS T —mR
WS 3L 5 # il (uridine-diphosphate (UDP) glyco-
syltransferases, UGT)#f{LUDP-glc SIAAZE S, T4
7E EKAIAGLU) I RS- (UGTS84B 1) i %5 . I I+
HAtUGTS84B1IM ZmIAGLUIN 3 iR 5 HEIAA-glc AT
2, BT IMRIA AR U, R R A TA AR L
HREBE(IAA glycosyltransferase) FITAA-gle/K f i DI i
BRI G AR 43 B A KA B TR R IAATRES B9
MHTAACHFEY) & B BI1EH.

IAAH fiE(methyl ester of IAA, MelAA)HHTIN HJ2:
— P SIAAA CHEAAE . BIRITIAAR L H 5
HHHI(IAA carboxyl methyltransferase, IAMT)ZE{ASN
REMTAARYIRILH HuAL, TAMTITERREIF 41 i 25
ik, HRNAiSRSB R E G, SR AME R
7", IAMTI T-DNAJRASAE KRBTSR, LEIF T
R E IR R T Ml AATEA: K E BB TR T
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HARSHAERT. SMEMeIA A IR A K 4T AR
AT RGP, FAMHIER STAARPERIAEMRL, %
BIMelAA T NIFIAAK T, Sz | SIREIFIAA
FLTiERE17(IAA methylesterase 17, AMES17)7KffEMelAA
EAIBCIEEIAADYY. mes I 7RIMRIOARAE K XTMelAA
A RBURRPE AR, ] MRG0 3R B mes 1 7AE MR AN BEZK ff
40%09" C-MelAA, 3% Ui Wl 9 MES TU A% i {2
MelAARIKAR™Y. MelAAZ By AR A K Z- L2k
HWRA, ATIRIAARTERT, Xt — S EMelAA
YY) K B W2 M U3 PR 2K A 7= A P TA ARG

n5|Ik-3-T FR (indole-3-butyric acid, IBA)REEHYL T
FALPTE R (peroxisome) H Y LAZSALL T i 17 2 B- 4 Ak
(i R HIAALY, IBA B2 KRR S AT IBA
AU, (HXTTAARUR, X RHIBAAS B2 BAT MR,
R A K 28 2 1% 58 A VA R T AL A AT A AR B
R, MIBARTAERITAATEAR FIZE L B RV Z ANFE T
TS & — VR, 0, DA A RS St LT s JEE At ol
HIE P A IBARL AL TAA ™,
122 IAAHE 1L

T A 2- 505 We-3- 2.k (2-oxindole-3-acetic acid,
oxIAA) LI K B 5 5 A4S 6 (oxIAA-gle) FITA A AL
il (oxidative attenuation)# A AJEIAAL G A Bk
12, R e AR AT P (1 /K F e A TA A5 A X5
Y5 10045 TAAKFEGH I A ox A A FlloxIA A-glef)
B — AR R B S IR KRE R A R Z A KR
EALH) A B (dioxygenase for auxin oxidation, Os-
DAO){iitk, OsDAOJE—Fh2-% % Ak Fe(11)—
T4 B (2-oxoglutarate-dependent  Fe(Il) dioxygenase),
TERAMEHIAAE AL R oxTAA™ . BF5E 3B, 7Edaolty
FELGRIT B P IA AR K FSE I, oxTAAR = LE TR
AR, oxTAAME S L I oxTAA-gle 2 /43 Bk
UGT74D1 AL, LM IF % E T21DA40
[FEIEN AtDAOIFIADAO2, {HoxIA A=A Rl 325
HHT T ADAOTHITHE, HIHIFFHR & hoxIAAZK -
YR B SR E R, oxIAARY i SARZH Y
IAAMIAM A, FUIIAA ML S 5 2 K 2B
IR, X —25 R dao 1- 158 ZF AR R TAA S i (15X
SR ST O,

2 IAAEAES

TAAfE 55 FIRAC AR MR AN LR AR KRR A 5
I S 1202020 R ) 1 K B AR S SR AR (ca-
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nonical auxin signaling pathway)9, 4K ZE5TIR1/
AFB(transport inhibition resistantl/auxin signaling F-
box) ZK % I F-box i H A1 Aux/IAA(auxin/indole-3-acetic
acid) R T45 4, SCFA? B3y Rk iE
YR ALHYIZ R (ubiquitin) S B Aux/TAA E, Aux/
TAAM 272 F AL S UL 21 26 S HE 1 WA fif 1Al B
XTARFRGIH], 160 KR G2 e g (1 2)! 0
M A K R 55 84 (non-canonical auxin sig-
naling pathway) EEAFETIR1. ETTINFIZEZ A8 i
I FRIRAE, A KRGS R TR AT 2,

2.1 MR KRG DS

WA AERZESHESEEWEZ LA UTE
TIR1/AFB. Aux/IAAFIARF, T TAHEAEFH5E AR &K
R EE N 5. FERFE TS A6 TIR1/AFBFH]
PR, 291 Aux/TA AR IR A 51 LA 3R 0 ) ARFY,
2.1.1 TIRI/AFB

TIR1/AFBE AR — &4 440 WM
SCE" A el AN AN T Aux/IAAZE
HEEN TA Rz, i MTIR1/AFBE F#RE S 4
K55 Brgc kW], 4 TIR1/AFBZ I 5 (Lt
AR N KSR A Y FRSE AR (tir] « afb2Flafb3)H.
AR ZEYUE, H S48 (K (higher-order mutant)
afb LA PRI A K Z MY, il lafb 58 R AL R I Y
5 KRRz — BB A BE. SCETN Az Rk
EEYHHABLL )Y, IASKI(4rabidopsis SKP1 homo-
logue). CULI(Cullin 1)3#FRBX1(ring-box 1)
PRt A K e

TIR 1/AFBZ G AL 52 HA — N-3ii & & 5 A PR
52 1 DX — A C-3iF-box G5 i 1 (K12 (a)) . 5 TIRI
FHIAFB1~3/R[A], AFB4FIAFBSEA #AMYE (455,
HGERKZRMPESD. @EEKZEA/NTAux/
TAAZE F1E S Y TIR1-ASK 1 1A 45 46 f 7 35 1
TIR1/AFBH & & AR E & S5 S A B K R4S
A 4%, TMTF-boxZ5 A4k 5 ASK 142 il Aux/TAAZE I
A K RGBS w5 R R TR 45
fil*?, X sk BRI, A K K RESTAE TIR1I/ASKAH
Aux/IAAZE A Z A A E AR, TIR1/AFBZEE [ i
T F-box £ 93k 15 SCFT™ AP &g A M ( CUL 1 642 ik,
X5 [ SRR AR R
2.1.2 Aux/IAA

Aux/IAATE IR S DNAZS &3, i ARFE



P A

(@) TIR1AFB

C_[Fbox] [ RR T
Auxin and Aux/IAA
interaction
b) ACIAA 7 ””””””””” N EAR
(b) Au o (TPL) <> ARF and Aux/IAA
interaction
/ L —
Col g s )
T
Degron: GWPP(V/I)
(Ain 1AA20 and -30-34)
TIRtauxin interation
¢) ARE TR Aux/IAA & ARF
© _ _\T_PL/' < interaction
DNA-binding (Ain ARF3 and-17)
ke —_—T
MR [[ wR [TPBI] )

. L .
Transcriptional regulation

f ———
Dimerization

s
Q rich P, S, and T rich

e r——
(SYD/BRM ) <>
(ARF5) (class AARFs) (class B/C ARFs)

B 2 AR K SR B R (A O IR A . A I 3 I B 3 DY Z IR T A (HT 304 B (a) TIRUVAFBA: K 321K, (b)
Aux/IAARE AR FFI(c) ARFF# R F. TIRI/AFBEE & A — A F-box 25 Al — A~ i & 5 BRI A (LRR) S5 H43. F-box 454438 5 SCF E3
2R EEME AT AL S G, LRRESMBEE T A K ESE DR MAu/IAAERNLS. Aux/TAAZE R Z5HE1D 1), g5 )
PBIZSHIIREA M. S5HBRITAA3ZBRI) & — T STPLAI A /E HIMEARE ;2552 (IAA20/1-30-3 4RI AT B e F(IRST IR IR
JFFIRGWPP(V/), 1N STIRI/AFBRIZE K R MO AR IEA); PBISSHIRA FIERIUAAux/IAA-ARF IR — R 1k, ARFEH—N-3iB3
DNAZFE S5, B3GR P &AT — D " 2RE5HBDD), BJ5 =S kIR TR X B(MR). 7EARF2. -9, -18FI-1971, MRH7[R] X5
B & — S TPLA E AT FIEARKET; 7E2HIA ARFH i & A A BENE(Q), HTEZEBIBRIC ARFH i S I BR(P). 222 BR(S)FFREHA(T). 15
ARF5H1, XS5 5 5 SYDHIBRMIYAH EAE. TEHC-%i, ARF(BRARF3FI-178M#E8 & A — A SR Au/IAA-ARF5-IR — R (LIYPB145
Hsl. ARF, AR R T, Aux/AA, AR FR/MILE-3-ZFRHE H; BRM, BRAHMA; EAR, ZM RS ITGIFES & R THISCHIHIHIA T PB1, Phox
and Bem 1; SYD, SPLAYED; TIR1/AFB, izl H 7tk 1/ KR F 544 RF-BOX; TPL, TOPLESS

Figure 2 Domain architecture of central components of auxin-dependent gene regulation[zol‘ Auxin responses are mediated by interactions (arrows)
between three core components: (a) TIR1/AFB auxin receptors, (b) Aux/IAA transcriptional repressors, and (c) ARF transcription factors. TIR1/AFB
proteins contain an F-box domain for tethering to the other subunits in the SCF E3 ubiquitin ligase complex and a leucine-rich-repeat (LRR) domain that
carries the auxin-binding pocket and Aux/IAA contact site. Aux/IAA proteins consist of domain 1 (DI, missing in IAA33), which harbors an EAR motif
that mediates interaction with TPL; domain 2 (DII, missing in IAA20 and -30-34), which carries the degron (the conserved amino acid sequence GWPP
(V/1), which acts as the contact site with TIR1/AFB and auxin); and a PB1 domain, which mediates oligomerization and Aux/IAA-ARF
heterodimerization. ARFs have an N-terminal B3 DNA-binding domain flanked on either side by a dimerization domain (DD), followed by a middle
region (MR) that mediates transcriptional regulation. This domain can contain an EAR motif (in ARF2, -9, -18, and -19) for interaction with TPL; it is
glutamine (Q) rich in class A ARFs but proline (P), serine (S), and threonine (T) rich in class B and C ARFs. In ARFS, this domain mediates the
interaction with SYD and BRM. At their C termini, ARFs (with the exception of ARF3 and -17) have a PB1 domain for oligomerization and Aux/IAA-
ARF heterodimerization. ARF, auxin response factor; Aux/IAA, auxin/indole-3-acetic acid protein; BRM, BRAHMA; EAR, ethylene-responsive
element binding factor—associated repressor; PB1, Phox and Bem 1; SYD, SPLAYED; TIR1/AFB, transport inhibitor resistant 1/auxin signaling F-box;
TPL, TOPLESS

SRR A XK, B 15 ARFE H— il i = C-
S AR B AT Y AR E AR (512(0) 7). Aux/IAAZE
H 3l 5 & A — A sl P N-3i 0 RN e gs A K
AH I AU H | K 7 (ethylene-responsive element binding
factor-associated repressor, EAR)I{ % JSEAR(EAR-like)
8 PR 73 (45 #9381 (domainl, D 1)), —/TIR1/
AFBAHEAE F RN 65 1 O DR (B AR E - (de-
gron), B ZEMIIER2(domain2, D IN)LLE— M-S FITE
5 — B AE ) C-45PB1(Phox and Bem 1) -5 H
FIE AR FTRIZ5H (1 2(0) . BFSEER], Aux/IAAZE

H L3k - HE5 (head-tail configuration)ft 2 AL H
PBIZEHIIRA S0, AR Aux/TAAZE X AE K 2 A
A W S [ AR, S ML B L/ N,
A Aux/TA AR U FE S5 A B AEAE A DR ST Tl
WBEAR, X RXFARZNBUSM/ EAfRetE
DL STIR A, 2R F B0, Horp i 8 R e
DSE T (S5 R 382) LA N 285 A4 a8 1 RN 235 4y 32 27 1] ity — Kok
PR IERR, BN R A & FR (lysine and arginine,
KR)([#12(b)). AR £ FIK RIS P A AR
T 2R (TIR1/AFB-Aux/IAAYKAE K ZEHSERI ), &
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HAu/TAATE IR E T FREEBRIRMAE KR ZRE T
W), — S Aux/TA A 1A AR R A E T
BH AR Z XA, O 5 AR R
SN AR B 2 AR B T R AR S
Aux/TAAZE I AR RAHURR, T RS2 B R B A D
FriZ O EESTIRI-ARKZE SYWHEAE
FAS?, gy — A5 R - S e (ly sine-glutamine, KQ)
B B A KRIEFF 1 Aux/TA A R B XA K Y
TR Mok 7 R Bib P SRR 7 A
B S TIRVAFBRIAHEAEH], AR IERR )R A8 T2
Aux/IAATE AR DI REARAGRAY, X FP RIS T A
e THEFE I RAE, (H G 2 R Fe s g5,

Aux/TAAZE 1 i FEA0 ] B F 5 &Y (corepressor
complex) B FA =AM i 76 FLHE 5 45 & TG L ARF.  Aux/
TAAZE 453801 B EARD I R 7347 55k N TPL
(topless)al# TPR(topless related)¥) Tup1/Groucho/TLE
FWEAE M AR RS A1 ™. TPLAIAuX/
IAA EARZSHBZ [ Ay St A i R, X FAHE A
MFETPL N-S#EICTLHIX K", EARJEFSTPLAY
FHEAEF X IE B — DU SRR, Z DRI S5 R A&
A EARSS IS PR B A B A 50,

— H/EKZ 5TIRI/AFBEE 1 45 A 48454,
Hex Aux/TAAZE SRR ™. Aux/IAAZE A BES
Wiz 226 AAREA P AR Bakiz Rk g
TEJG A AW i iU, (ELEfA Nz R A &
FIFRBE IR SIS 2E . GilkersonE A, 72 21kl fEg
LI R i 4. WF5E R, Rl R T TAA L
FIrA 164 2 R 1k 2878, TH R IT A T RERYSL A2 Rz
TG, (HIAA LR R BT E M Bz 216, 259
AR, AR FBIKBIAALZ R EATE 52424
R TR DR A LY ) SR B (oxyester).
FH X Se gk SR RE DY BRI S5 1211, W% fk(phosphory-
lation) 5l Z T A — ik (disulfide bridge), FBHAuX/IAA

S I I MRS SN AL 1 F AR e i R
2.1.3 ARF

A K R S N Y SR S ARF R I P91 & — 1k
SRR T, ARFER S5 FRAE K R R T (auxin
response element, AuxRE)#IIJHT ¥ 51 (cis-regula-
tory sequence)Z§dy, MU T ZOEA R
LIASEARFA [ TGTCHFE, G5 M /BT AR 15
Bl R, AFIIREIFARF(ARFL. -3F1-5)fE e 54
KITGTCGGIHFE&E AT, MR b A A 4 T 1,
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ARFE [0 J3 R (K2(c)) 2" 01 R A HoA
—AE AR (glutamine, Q) [A] X1 ARFZH i,
MR 78 AR RO o A ik of 5 PR 58 00 #r, 3K BE ARF
G RE SRR . B A QRS M B AE T i A 2
ARJARFHIM 1 AR o ] 64 S5 AR A 5 91
[, A ARFRE 0 M EI F RERS 1000
microRNA 160 (miR160)%05E [} ARF(ZEHIC) A HAb Y
ARFCEEIB)(K2(c)™. ARF DNAZEA XI5 46 43
WraH, B3 DNAZS & S5 i ATEARF SR 45103,
1, ARF&R (1055 5 & I i AuxREF 2561, K& 8
{EAZE A B ARFHR & A — - C-uiPB 1 254 5(1#12(¢)),
XX T ARFFIAux/TAAZE [ 2 [B] () P BEAR B A 25
TR FERAE KR AT, Au/IAAE & —Hi
M ARF R 5615 PE. PB145 Akt v] GE45 Bh T ARF-
ARF E‘J:E%{’Eﬁﬁ[%’w’m].

JUEVF LR RIBHIZEIIC ARFHAPBIZEHlg, 2
KZH T 5 Aux/TAAZE [ 38 50 AR B 45 0
RichterZ A\, KAIBFIZAIC ARFA[RELIZE K
AR TR THEIA  ARFIOIEYE, 405
GrDNALE AV o8 8 1 5 5 — 5 H BB G £k 114
ARF{fi. —LeRAIBAMH| ) ARF(ARF2. -9F1-18)F1
— 2B FIA  ARF(ARF19)# & A — 1N EARZ;H)
S, XA GERER G SN R S s
WL L, RABIA ARFHPHI S 5L 37
AR AR 1) S5 PR ] D S Y G T P AR,

FEMAE R FEAMT, A 1 R R ny 3 B 1) 2k
B H 2 BB (histone deacetylase, HDAC),
UTHDA19. HDAI9% P RI3E K BB YK I 5 Aux/TAA
S i L PR D RESRAT 28 AR M OE B £ AY, DL TPLAN
HDA 9GRS E I AL ARFSE A 07 5, e ek AE
K240 F" fEMYh TPLISEHDACE S9!,
HDAC M ZH & [ (32 22 4 2R FTH3 FITHA) Y 22 R e S
L RBR M, SO TR B S IR
ZH DN A XS 53 R 8 5 55 55 52 A R ] St (accessi-
bility). 2JAux/IAAZKEIEIN AR FIACFREARRT, 2%
AL R R 1 E AR R W SRR R k. A K ZKFERY
M5 1 Aux/TA AZE I FE £ LL S TPLATHD AC M3 £k
AARFHE S, (B8 Ees g @i, 2 i K &k
JAZ I, ) —ZJ Y T 45 B SWI/SNF (switch/su-
crose nonfermenting), UNYL{h 5 S ATPEEA B T 7¢Ik
PRI YL TR, SWI/SNFYL (o i d ¥  4
YR AT PK i 1) BE 12K B A8 4% /M (nucleosome) 7E



P A

DNA i B s e, M S 4IDNATE Y (4
FErf ] R SKHIA - ARFS/MP(monopteros) 1
FQUI I X 5 fEBRM(BRAHMA) 5 # SYD
(SPLAYED)Ji] BJE s A9 Y SWI/SNF 4L 8 it T ¥ 5 £
WYIRIEAER, HRsEx—E A EMpiE s BRMAN
SYDJ&/E K R NS Fk T T, E T FEMPHE
i IR ) ) % € BOIR SR SE B R E - DAIT Ry
b s R FIF R s s, EMERBESAMT, SWI/
SNF# ¥ [F F 1Y #5505 5 MPZ, & 1) Aux/TAAZR 1 T BH
Wr. SWI/SNFE &4 5MPHE G IS5 A B IR  mp 2 As
REIEAS B, RPISWI/SNFE A YIRS fEEMP
—Fh 2 TRE.

22 ARSI KR E SRS

HRKFEEE-EH M1 (auxin binding protein 1, ABP1)
X AERKREAREMINSEER, KPSk
BRI ERK R 2K, e R AR P AR
SR ZER M REEEEML R, B R
KIL, abpl &7 RAEARAS R I ATAT B 5 10 & B R,
FERF A TRl abp DRE PR T A AR R B O AR
R ROV ABSRAR R, A KRGS TR
WA PRI & BT EABPI L R,
ABPI#HA AN RAEK R[G5 H SR ELEIT KT
KRER Sy, AR R O AR A KRB N 2 i
A TR i 5 5 A R A fk (hy perpolarization) LA S AR
FXAERRMPGE N, T s i n &R, ANRE
PR A K 25 Sk Sap e AR T
MR XA K R IR I A 2B A PR R N, Fendrych%§
ONEIR  S3 FebRe  P A K 2 ERRRZ
M Z G s e, BUA M UEE R I, JEBLR a4 K
R 9Kt EMY AR LT TREH, =
BAIFETIRL. ETTINFIZEZ K (receptor-like  ki-
nase, RLK)/ 5324212,

22.1 TIRIfF g7

R K R BZBIRAUX B EBRE R, AR H
KA K AP A5 T AUXL, A KRG SERZ
TR AR . KB AR A AR B, & BLAERTE
K ZE LAY [ o s i EB {37 (plasma membrane  poten-
tial) % AE s HAUX R, A s AN TIR1
HAFBRZSHE R IFERY], 3% 28 S AR T TIR 1/
AFBP*™0 Ak, il —Fh 1™ (bump-and-hole) S & A
KT —FhEZ A K RZ-TIRIZAES, Ehefilk KR

F T, (AT N IEA: KRS E TIR1/AFB. 76 5 4
I MAITIR 1 (covTIR D) ZARAFTE T, —Fi& miy 2
TAA(cvxIAA)TERG s /K FVREE 1Y & B AR TR 7E R Y
HETIHAERZEES. FIHcvxIAA-cevTIR1 R4, fIESE
THHEPTIRIN SR EEAE R RIESRA K (acid
growth) /Y,

TERTTAABI S, T 2 AL LA —FPTA AR B A
pHUHS ) T L. 7E aux 15878 (R Hp X i 2 il Ak 1t ™
EHIEIR, RUJAUX UEMR B AR KR 2552
K. AUX1/ R WTAASL 2 FITAA fil & (1945 15 5 bk
SCF "™ A4tk Kl auxinoleFHIT, LI K FEtirl afb2 afb3Fi
cnge 457 BRI . BFSERI], AUX1#Si2
. SCF™ABZ K FICNGC 14(cyclic nucleotide-gate
channel 14)Ca’ HIENF TR & P4 KR E SR
it B 1]

222 ETTINA-& 8 # 42

ARFZ— S 505, @id — RTINS
DNAZS A 455 AuxREZS 51722, RZHARF B
5 — MRS C-UiPB 145 H 38, 125 A8 Sl A LAY Y A
KEZESHERET R SAwIAAEALE. —
AFRAETTIN(ETT) Y ZE AR ARF3EA — A i FA i
R C-R IS M (ESEE ), TN B A 5 Aux/
TAATIHI A FAHEAER], B A2 —Fh R SR A
FRZ A, MEL B LT ZFIIEE. ETTLAIAAMKE
w7 A A, HX AR RS 2z R
TIRI" 2 BT A K 3R AIEAZ B S T Loy
ESZEM, XS5 HBEE S5 — 4 T AR5 S 4% 1 (al-
ternative transcriptional regulator)f$FINDE(INDEHIS-
CENT). RPL(REPLUMLESS)HIBP(BREVIPEDICEL-
LUSHE AR R Bt 528 BEREUZR A
FRILHAR, KIMESEEMIEA — KA B, XK A B
EA R 557 MR H p o — 250 58 1) PR 2
U Y SR LG — M E SR . —
22 IR I TR 57 1 FD 53 Ah = A 1 AR B D) e A A A
KEZEESEE I A T2 AH EAE I b 75 0, (H Y 3t
FEJF AT A] 22 SR GRS S AR, XTTA AR BUR A 3%
P HARE AR, ETTAAK R USRI IR GE
HAES0~100 pmol/L TAAZZ [8]), Ag N T &R E KR
0-2% £k (a-naphthylacetic acid, NAA)m{#2,4- 54
% L1 (2,4-dichlorophenoxyacetic acid, 2,4-D)filik. Wf
FELRIN, ARFIMYHEL LA i 2 KR A5 S
R, IETT R — MR a0 IE A i),
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223 EZERHEmNFHNRE

BRI A K R A5 5 Ay SRR R 2z K
VA G, AUIRDOE FIMAE . PINOIDEE H Mg . A2Z
oS4 JE G ALY 2 P4 B (mitogen-activated  protein ki-
nases, MAPK)FIFBAR A a7, i o it 1o 34
TIRR I PINAY AR A 28 5l 1 A 1 A o7 A ke A2 itk AR
K RZMVER; BRI (kinase cascade) S S GH 1) LA
KTgeS 5 FE AR E KR B E SRS IRE
W, MAPKZRIK S 5 T VF 2k K P 0 i 241,
HAEFHf1#5RBK1(ROP binding protein kinase 1)AJ#R
1k, SEROP(Rho-like GTPases from plant)fl 51 G AL ;
ROPZ/NrFGTPase, % 54IM-E AL E KR s
A S,

5 F Bl (transmembrane  kinases, TMK)th 54K
5SS X TMKIE R — R R HAE YR LK,
EATE— N ROMEFEANRIE, RIS —
MERE GG eSS F ek . — A
FBRAT—~ M N B ES R B, A hE B — DR L
A7 145 F3 (phosphorelay receiver domain)®. i,
Li% N\"POUR T — R K R E S SN, 5
BT TIR1/AFBEZ AR B MY A K R iR A2 P AT Mk A
TEFURE T I 4 (apical-hook) & B i F H e AR i A K &R
KL FARK. XG55 FALHIAE T i ]
[fil(concave side)efEH], BIEFAEK RN FHTMKIIC-
i Sy Y. AH BT A A% S AL TMK D C-dii & — i 5
Aux/TAAZZIR P LD ) e S o] X5~ (TA A32F1
TAASHMEAE, IFBERRILEAN], I AR, s [A]
F. AL KRGS B8 Aux/TAARL SE SR FAY
AR, TMK1 C-sif e IR AL TA A2 FITAA34%%
SEAHRI T DL S R R, RAmflER. K E-
TMKIE S5 SR RE TR, #eKEmER
ik, PN STIRI/AFBIE 5% Sttt =i/ fis
) — 21 s, NI B 2=k B R

3 TAAX AR S A s
T AORIR 55 8 & 9l 2 P AR 0 2 A0 B AR R
Mo A B, A DL AR ) =Sy P b B R AR
ik, MR EREP, 2 RZIEFREABAMGIE
BEGARY R I e a1
3.1 R PORHRAR A K kP
TERREAIET, 1 pmolV/LAMNEIAA RSP 5 35 1 28 Ak
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.(G. max cv. ND-12H1C-103)FhF (415 & e ). fh v
W %% ) B0 T LA IR 455 ol g B L AR i iy 2 b
JATA AR FHFE S T ND-12 4 R Bz i 24 IRAR it 1y
BB RN AR I IRAR K BE A4 i BE T, TAAXS
‘ND- 12" Ff - A& AR IV R MO 2 1Y, A HE R
e IRARAR L i S I IRAR R R4l iy fef o,
FLBEE TAAYR B3 i Hem v s s ) AT
A R4 K ZIMNAAFIR,4-DX A & FpF 19 & A7
SERAVEH, FEMFEWET, 2,4-DRYIERA/EH KT
NAAM ok, HMEIA At LA 14 77 XA 2k b i
TS A U4 97 S USSR T F PR B R4 2 o T
TAARIRIY, 4°CF 24 dREMS MR SN IRIA AXT DL g
IR R B EIE Y R R R RE R T
I & R B (0.05~5 nmol/L)AYTIAAFI2,4-DAE
HE, WL FE(0.05~5 umol/L)ITAAFI2,4-DIpI"Y. 5
nmol/L TAAKL PRI LI RE T W Ak Fb 7 IRAR SR A= 4
FEHEFIDRS::GUSHIES, RUISMEIAAL L fESY
TR A K 2 A sk

oA A K R IR RiaaM-OXFh 114K
MRAEEE: LB A TR jaaM-OXHE I 08T B 0k i
(freshly harvested wet, FHW)FF-1EM K530 dANHE %,
T 5 A ARUAE AR A A R AP 7E WK 5 5 A2 A 50% 8 &
R SIS R T IAR B KR T A 4L, (B
T VR - AR 3 DX 4 e U A X 4 AR £
HERNPERE R ACHT N 24554 (endopolyploid, 8CHI16C)#%
fEe Y, R AR R TR, £ES nmol/L
TAASE2,4-DIFFE R, Weik24 136 hfh 1 R4 i i
DNA 77 5 A S 4CHISCAZ I AR >,

YUCH 2 Hin A B 52 e KR A6 i s
' yucl. YUC2RIYUCGTERI 7 & B it i ik,
TR & B J5 B Bk E){E (http://www.bar.utoronto.
calefp/cgi-bin/efpWeb.cgi). M Fyucl yuc2 yuc6 =5
ARRFIHARAIE N, yucl yuc6XUGE7BRYE BT FE
FhFIRIREF R AR fE. SR AE RN LR, A K R E
Myucl yuc6 AR FHWHAPF R P H B 2 PRI
IREEE, (HFE4°CIZR4 dfF, S8R S B AR RIFpF 2 [H]
AR S A 22 1)) R Rh T ORI A K .

3.2 ERFE SRS SR TR

WA A KRG S S5 H TIRI/AFBZ 1A
Aux/TAARE FHH N FFARERE 5 H T/ S 1%
B2 = TG A tir ] afb2 afb3FN DU 525K i ] afbl


http://www.bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi
http://www.bar.utoronto.ca/efp/cgi-bin/efpWeb.cgi

P A

afb2 afb3FhFHBAREIE B T MG FNAR 23 2040, W] g
PUNTEIR I & st R e B K R, hirl afb2Fltird
afb3W G AE R FHW A TR B A R T —FERERS 17
B %" TAAT/AXR2FIIAA17/AXR3JE W Fh i TIR1/
AFBA- I KRG 5B WFE S HI F 1, 48K
axr2-1Faxr3-13¢ 0 H —Fp A= K 3K s 3k PR %) 20 R
R, AR FHWR 72 L 2R b7 i & s R,

MIR160(35S:MIR160) F 4= K £ 15 54 Fterh
3ANEE SN T-ARF10« ARFI6FIARFI7HF5E, 5
B A RUFPF LB, G FIAMIR 60845 3 A FR A FHW
Tt T F 0 B IR AR IR A 5355 MIR160%%
SEPURAR I RT3, arfl0 arfl 6 SAMRFRIN B3
REAR I FAKAR; FIB5ARFIOFMARF16WIHIMIR 1607
R NmARFI0FImARF 16)1928: 3 F bk 2 2 9L
FERAN R TRIR, FIAMIRI60M IS T e KRG
S SRR RIR . S gk AR, KR
SRR FIRIRL TR, HHPARFIOMARF16
VER BRI T UL e .

LEC2(leafy cotyledon2)J&—FPB32E ik A 7,
WIS — N RRG & A f rPR I 7, BiFge ],
LEC2Hi5 3 RS AL I+ YUC2 M YUC4HE R (1) 3=
ik, AR LEC268M HiE 5 YUCHE sh P45 &1 R T
YUC2FYUC44h, LEC2H Al BRIE P m I i B YUCT
FYUCIORH™", RAFLEC2E® i 5YUCI. YUC?
MYUCIOW R sl F45 58 A5 4. SHISTY (short inter-
nodes/stylish) Z 5 A 53 1E s st R e VE T, LA KR
s RErEE Y STYIRFE S BIE ik
YUCHIFIR TN S B B IF 4 TP IA A KRt
STY 14K A REfS B35 5 YUCHE 3 T-454, W] A E a4
YUCS"*. IDD(indeterminate domain)% 5l FIDD14.
IDD15F1IDD167E 2% B T2 & A Al ) Hb 4 Jz iy A A
U WAl TAATFIYUCSH:H 5 % %2 HIDD 14
IDD16/1) EAEHE 5. IDD 14133 kI bl s I+ 4l i v
TAAIRMYUCSHFIE VU X NTRIAARI TR, PIFFImE
H25E-FA-125E (basic helix-loop-helix, bHLH)#% ¢ A F-1E
SRR T A B AR PR EZAEA. PIFANIPIFS
S YUCSI) 3 3 1454 LA K PIFT 5 YUCSFI YUCIRY JE 5
FTHEEUSINTAAM A G L. PIFAN Y TAA 1
YUCHIE AL AR T i iR I TA A & R
Il b 7). 4, REVEILLELFI
PLETHORA% i AL A 7 IE P 5 L IF YU CHL 1Y,
A2, SPL/NZZ(sporocyteless/nozzle) s K 1 J&—Fh

TR AR T, AiEEYUC2MmyYUucsiEFE"",
IXUZE RN AE & B MR ARG AR TAA R YUCKE R 5
BIEAE Y P TA AZK R 28 1) T

3.3 AERKFERTABALEYIEIRANE S5 S

ABAMHIR GAF# &, MiGALEHE R &R ¥ il
%2 GPCRAMT W, TAAKNER % [ K o Rl
Jiid F  ABAAE WA Wi Rl GmABA2 R GmAAOW 5 53
IR, Horbt GmABA2AEFEA WM o) A8 b DRI o A e i
K, 11 GmAAORY G SFACTAER K 5 3 hik BIEAE, SR
5 TR TAAKRNEE 2 FERABA MR GmCY-
P707A1%E K SNFIA AL BT 1 I8 GmA-
BI4. GmABISFIGmRD29-AW %% 5 /K - i 3 5 ABA
WIS 555, GmABI4AFIGmABIS i ABAS S5 Skt
H SR TE VRSN T, T GmRD29-A 2 F i ABA K
AP GEERR (fluridone)J&— R ABALE Y& A ]
7, FUNE B AL BRAE K SRR &, SN & 5 AR )
RIS R, I REVR S TA AL BRAD 710 1F 3 0l &
j:lﬂj[n].

33.1 AKEGFESESREZABAME M FHLINE

ABI4FIABIS Z2 1 EZ M Sk I+, HRESRK
RAMK abid Mabi5- 1% ABAN SR T8 &2 A
U, SRS TR B R TR IR B 22 17, e
ABAAN ST T ORI FTABA I b7 & 7] e LA A
6 (M5 5 Sl te. SNEAIIRIAAY LI ABAKHK)
TrAmE R TR R, WA KR ZMABAM R T &
FLUA PMEHMEIE. X R R 6 7E R IA AR EAK
i, 7E1 pmol/L ABAEFE N, 4 pmol/L TAARIHHFEL
Nt K FEBLZ ABARYIEOLT, AHIFR BE B TA A il
P, MK RN ST B KA R T
ABA.

TE1 pmol/L ABATFAE R, yucl yuc6RZALNEFFhY
H & OB AR BT B, SR tir ]l afbl afb2 afb3IKZ
BORhFHA Bk, (H B0 DU R 5 AR R DL LF
JITA 1) BRLGE AR R G AR AR T AR 2 B # 1Y), i &
AU FEFARIRD . DU AR IE 5 FpF X ABAA
UK, KR E S S UG 5 ABANHURZ [ HA %
BHIIEA G, HbAl, axr2-1Faxr3- 158587 %F
ABA UM LT 2R R b T,

ARFIGELADH P K R SR, fEFp i &
SR, arflOMarfl 6% ABARIEEIENMERAR, arfl0 arfl6
W GEAR R X ABA R BURPE AR, X —25 R 5358
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MIRI60Farfl0 arfl6M R FIRIREEPE—2. &Rib
MIR1603 I mARF 10FmARF 1 6WIVE FH 5 arf1 01
arf1657 S Ve AR .

332 ABIB3fn A K HEM FIRIR G # A+ 69 1E A

A K RAEABAA T FhFARHR 5 8 & f e o] B
APRER 2 AR R EIEABARIEY) &, siE 16
fEABAR L. HFIAAXTFFFIRIR 5 85 & 52 A7 7
TABALWI & Bk 22 R aba2-1, T LI HABA
(AR B AN SR A K R AEFP T RAR 5 8 & b i 7 A
E112]

ABI3. ABI4MIABISZ3/MFF&—RIABAfS 54%
SRR 4y, SR, R ABIBIEABAS S S AYFPT-IKAR
T A ARV I 7R ST 2R BURR 7, ABI3 mRNA
(7K AE A & I Fp - R 5 i, TR & S TVl T [ A
K, MiaaM-OXFImARF 1OFREH BT BRI+ (freshly
harvested dry, FHD)FF7rH WKt #hABI3 mRNA
7K AR B A B TR] (L2 108 h), {HAEarf10 arf163L
RAFARFPFHABI3 mRNARY/K- LB A B R R
P TEABATEAE R, 20 4S St 26 b 71 A o F b i
2R, Ak, SNRIAABIS MFHDF I IK o # rh ABI3
mRNAR/KFE, EXFABI3EE AR EMEEA R/ DR
m'?, gk segk BT, A K EMARF10/16%) T WK
Fh—Frh ABI3FE IR AR T 1.

LivZ A" VR I, fEabi3- 158K HIAAFIABAXT
Pl & P U R R VE 2K, iaaM-OXR Z PN 1Y
TRIR IR AN AB AL B0 2 N FE iaaM-OXlabi3 W G5 1A
AR, FEMARF16/abi3 W AR ISR b1 K
IR FIABARBENE R, LI AER RGBS H &M T
ABISEHMKER R, £ RK IR FIRIRAG LT
1E FH R AB AXT B 8 & 1940 i 7 F K38 T ABI3 (1)
g
3.3.3 ARF[a #H# = ABI3 Y & ik

ARFili it 5 55 35 7 19 AuxRESS & K M — 2 51
AR 2 R (1 ek T A B ABI3: ABI3E
HRAFImABI3: ABI3N b abi3-1, i TGTCTC)F 41
BERAENAAGCTC; RAFImABI3:ABI3ZEFY 5 8 H:
ZERIRAIR), REREHN Foabi3-1H ABAR eI, 5 —
GEREW], TGTCTC/FFIXTFh i K ad #2 HH ABI3 Y
FIRANIENTFH. X — B SRR — 3, £
ARF10FIARF16/ 54B13)3 81+ & A TGTCTCILH:
FIDNA X 5% % 78 55 —12.7 kb ABI3JH 81 HAd X,
s A,
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WAk, ABIAAE WK A & 7 3 ABA
AL, MRS P AR ABATHAL!". FHmychRic
[ ARF 1655 5L Rk 5 00 AR 1 & (WK J5 12 h)Fh 347
YL {e Ji 2 TL3E (chromatin immunoprecipitation, ChIP)
1A, IR AR SRR AR — B Pimy AT
VEABI3JA 3N ¥ FBt, RWIARF108{# ARF16A T fiE
HSABIBIA BT854, PREIRSEECE IR AL S SR 1
LS PR VEABI3 R F35(F13).

3.4 AERENRTEGAEDIIRANE S S

TEFD TS, GmGA3. GmGA30x2.
GmGA30xIFIGmKAOMW IR HIA AL BERH (g FEAIK,
FEAIEGmG A3 S B IA AL PR B 25 A, HLA
WS 3 h— AR AR A ACE . TAARE PR AR
KT R T E PEGA FIGA K-, B
ABAMK, MIMiHGA,/ABAFIGA/ABA HLAE T
P GA/ABA MR RR 71 & ek &1 &
(M (paclobutrazol, PAC)&—FFGALEY)-& LA 5,
REHE 2% K G Fh 1 B & LA S AR 2 I AR 4K B RN
it e,

GmRGLAFDELLARG SR & 1, I v Fh
T Rk AR A 2 FEIAATETE S, GmRGL
R e KA R SR T R rh RS A B ax s
EILFRE,  ANRTA AL PRARLSF- B 8 45 Fb i & o e v
GAMEEY & ANE 554 5.

4 Gk

A RRE—-MEEMEYIEE, SRR
BV R R S, AR AR 52
AR HEUME. ROGELR . AEYI kLR AE
et R A i e S T R A X
LEGT AT O 2 UG TR E AR, B L
HE AR BB TSE. PInAE KRER A AEY)
B USRI A 2 At Y, IR Ak ik R
SR AR T Rl — Y g Al — 414, &R RAY)
s HAUNU T B BEARR 2 7 AR R 7 AR
BRI, TR SCE AN A R FORF, X
LeiRAR BRUR B s T AHE?

TAAE 55 IR AT MR AN LR 3 A KR AR
SRR BN, RO A K R
SHSERT, ARRWETAUXIEALIN, BoE
T AR g SCETM AP A fh Ag £ VRN A1 IR



P A

Auxin signaling inactivation

v Seed dormancy
ABI3 =3 | and germination

Auxin signaling activation

v Seed dormancy
ABI3 === | and germination

B 3 ABA-: K M AR R0 T RO/ 2 A2 e (K 3R A B AR K K R s A5 5 W R T i, AR KU AT 10
(ARF10)HIARF 168 Aux/TA A KT AXR2HAXRIK 1. ABIBHIFRINARERAERE, I MIBEERFTIRIS. BEE 4 KRR S0, L KRS
A KR ZIETIRI/AFB F-box 14547, fEFIAAT/AXR2HITIAALT/AXRI MRS, X FhREAHREICARF I0FIARF16fUTE 1, LR AERFABI3IY R IR, N
T ARFERNFORIRAM IRl K. 900k R EHEREE, Ak FOR M. R EJTHERIRABI3INHEH X 5

Figure 3 A model for seed dormancy/germination regulated by the ABA-auxin interaction!'”. When auxin signaling is inactivated by low auxin level
or signaling disruption, ARF10 (auxin response factor 10) and ARF16 are inactivated by the Aux/IAA repressors AXR2 and AXR3. 4BI3 expression
cannot be maintained, and seed dormancy is released. With auxin signaling activation, auxin binds to the auxin receptor TIR1/AFB F-box proteins and
promotes the degradation of IAA7/AXR2 and IAA17/AXR3. The degradation releases the activity of ARF10 and ARF16 and maintains the expression
of ABI3, which protects seed dormancy and inhibits seed germination. The solid arrows indicate direct regulation, and the dotted arrows indicate indirect

regulation. The black box indicates the ABI3 gene region

TIRIITERAZ . (HAFIRE AR, A A ARl 8 6 B
B A5 5 RV I WR— S AR P S By, 3R 2550 Z H] B
FEER R IE AT AE. MeAh, TR AR K RF 57 58
P, A K ST W R A 2510

A F R N L U AR A ) A 4 R A R TR Y
JRIVRET]. TEAEYEE b, 75595 Sman A%
i 2RI A DI AL AR, B2 50 AN [R) i % R
A HRR AR AR, IXEEAZO A 3 AN [R] A 22 (]
FAH EAE A e A — R BY ROV A5 R, A2 7538
T PR A [ 2 174 35 R) ok o 1y A () A 2R B R AR RATS
SRI— AR 1 ],

HERFZFE SR K AR (acid growth model in-
duced by auxin)ii, 4K ZiHILFRIEH -ATPaseii

B, BIRTHIEAREIL TR, SEAN R Rk, 40
JHBE AR TR AL 18015 1 3B (potassium  channel), il iE iz
K TR AR, (2K AW SR A R . R EpHIS
Ak 2 i BERA Sh B ) (wall-loosening protein) A1, {21 it
BEAN[R) Z2 M8 2 (8] B % s oty 200 JH B S it 23 1 5 |
LT 4 22 U AT 24 (cellulose  microfibril) i sl F1FE 5y,
B M AR EE LB RS, SO HRE Y {e Jre 1 3 hn A 4
TR A B R, AT ST R AU BT
WA X A K, R B A s 2,
A FAIGHE FE (0.05~5  nmol/L) 4 A= 4 25 4 9 il 7 i
KRR B R K R R T A K B S R A KA
UG HERD T R T Bk — R SE, X — R B R S
AT AT B TR i A HL3E A A .
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During germination, a quiescent seed is converted to a seedling with high metabolic activity by germination, which is a
critical step in the life cycle of seed plants. Seed germination is a complex process co-regulated by genetic and
environmental factors, of which phytohormone regulation may be a highly conserved mechanism in seed plants. Auxin is
one of the most important signaling molecules in plants, and it controls all aspects of plant growth and development,
including morphogenesis and responses to environmental changes. Auxin is biosynthesized, stored and inactivated by
many parallel pathways, and it is also perceived and transduced by canonical and non-canonical pathways. The role of
auxin is mainly regulated by its biosynthesis and catabolism, as well as by a signaling pathway during seed dormancy and
germination. Here, we mainly summarize research progress on metabolism and signaling of auxin and its roles in regulating
seed dormancy and germination. Tryptophan (Trp) is a common precursor of indole-3-acetic acid (IAA) in plants, and IAA
is biosynthesized from Trp by the indole-3-pyruvate (IPA), indole-3-acetaldoxime (IAOx), indole-3-acetaldoxime (IAM)
and tryptamine (TAM) pathways, of which the IPA pathway is a main one. The IAOx pathway may be species-specific in
Brassicaceae, and it plays an auxiliary role in A A biosynthesis in Arabidopsis. However, present evidence is insufficient to
propose the IAM and TAM pathways as major routes to IAA biosynthesis in plants. The majority of cellular IAA is
inactivated by conjugation to amino acids, peptides, proteins and sugars to produce the transient storage forms, or by
irreversible catabolic degradation. Heretofore, oxidative attenuation of IAA through formation of 2-oxindole-3-acetic acid
(oxIAA) and subsequent conjugation to glucose was considered the major pathway for IAA inactivation. IAA signaling
pathways include canonical and non-canonical auxin signaling pathways. In the canonical auxin signaling pathway, auxin
binds to the F-box proteins of the TRANSPORT INHIBITION RESISTANT1/AUXIN SIGNALING F-BOX (TIR1/AFB)
and AUXIN/INDOLE-3-ACETIC ACID (Aux/IAA) transcriptional repressor families. Then, the SCF'™VAPB E3 ubiquitin
ligase complex transfers activated ubiquitin to Aux/IAA. The polyubiquitination of Aux/[AA results in its degradation in
268 proteasome, thereby releasing repression of the AUXIN RESPONSEFACTORs (ARFs) and activating transcription of
auxin induced genes. The non-canonical auxin signaling pathway mainly includes pathways mediated by TIR1, ETTIN and
receptor-like kinases; however, the events downstream from auxin binding remain unknown. Auxin regulates seed
dormancy and germination in a dose-dependent manner. During seed germination, auxin positively regulates ABA and
negatively regulates GA biosynthesis and signaling pathways. Finally, we propose some scientific issues that need to be
investigated in the future. There are multiple pathways for biosynthesis and catabolism of auxin. Do these pathways exist in
the same tissue of the same species at the same time, or do species, tissues and developmental stages have specific
pathways? How are these pathways activated, operated and coordinated in response to growth and development and
environmental changes to control auxin levels in tissues or cells? Auxin signaling includes canonical and non-canonical
pathways. Which pathways respond preferentially in integrating physiological conditions or in responding to
environmental signals, and what is the relationship between them? In the plant genome, the core components of
signaling pathways are composed of multiple homologous members, and each member has its specific biochemical
characteristics. Does the combination of different members of these core components produce similar reaction results? Do
low concentrations of auxin promote seed germination via the auxin induced acid growth model? This paper provides a
basis for further investigation of the molecular mechanism regulating seed dormancy and germination by auxin.
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