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Regulation of plant iron homeostasis by abscisic acid: a review
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Abstract: Iron (Fe) is an important trace element involved in many important plant physiological and
metabolic processes such as photosynthesis, respiration and nitrogen metabolism. Plants maintain iron
homeostasis through absorption, transporting, storage and redistribution of iron. Iron metabolism is strictly
regulated in plants. Iron regulatory transcription factors and iron transporters constitute the regulatory
network of plant iron absorption and transport in plants. Ferritin and iron transporter jointly regulate the
response to excess iron in plants. In recent years, important progress has been made in understanding how
abscisic acid (ABA) regulates iron metabolism in plants. ABA may be used as a signal to regulate the
absorption, transportation and reuse of Fe, or to relieve the symptoms of iron stress by regulating the
oxidative stress responses in plants. In order to gain deeper insights into the crosstalk of ABA and iron
metabolism in plants, this review summarized the mechanisms of iron absorption and transport and
metabolic regulatory network in plants, as well as the mechanisms of ABA in regulating iron metabolism.
The relationship between ABA and FER-like iron deficiency-induced transcription factor (FIT),
iron-regulated transporter 1 (IRT1), and oxidative stress of iron deficiency were highlighted, and future
research directions were prospected.

Keywords: abscisic acid; iron deficiency; FER-like iron deficiency-induced transcription factor; iron-
regulated transporter 1; oxidative stress
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X Iy IR IS (R 2538 o AR SCEF XA ABA 5
Bk e & . LR ABA FIBREE A LR
ABA A5 (R S 1 R4 AL A TR, LA
XRS5 5 ABA LAY FR , At
R T 3 T A7 B 7 A o R A iR Ak S R R 1L
PR AR

1 AAHRTOREEHLH

HF Fe HA Fe* fil Fe’ Pifh S bR, &
5L s B B G B A M 7R, ane A EH
FFIAE R (HR BRI RN, AR E2E
29 T REPIRT R i, R &R
RASEHEY) R ML -8 RS iARA R
IR FTALIE T 2855 SR A X k™22 7 ke
i, HLI T AR PR H-ATP 43 Wb ot
¥, FRARARPR pH B, b RAR 20 A BT B b s ek
L JE i (ferric-chelate reductase, FCR) A%,
¥ Fe BN Fe*', M kiisE N (iron-
regulated transporter 1, IRT1) F#f Fe® %% iz | H
ANAE R HLEE TR AEAR R A R R 1
Uk, A Fed IH5E2 2 40 9 b RE 4 AR B2,
Fe YAHPIHR U , 384K I B s g 22 4% 3 62
DAFIH . ARESAY Fe ML Bz 2 4 A iz i 3 K it
B, BARBEBIT W EE S R E A AR,
JEHRATEERE G Szt T 2R i A
FIM P 3. Fe ATRELL Fe' TRk AT,
A ANIERY FCR 38512, Fe iE AN RI4NHL S
PR BRI . BRI 0 A AT T DR,
B B IS 6 BRI A B 1k 2o e SO R R
TERR R IR B 1z Ao A i A vp AP iR % i
#HH (ferric reductase defective 3, FRD3),IRT1
WAREREHE T (yellow stripe-like, YSL) FlK 4K
it C E MEAN U 25 11 (natural resistanural-
associated macrophage protein, NRAMP) 4%
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BE NS 5H%MICREE R T Rk te
BEATAERM TR ECEE, bR
W 4 R BRI 52 A IR B (1 B AR

2 EAWGRRHEENS

ERXAE YRR IT (drabidopsis thaliana)
H, BRACH TR R DRSS TR R . R
A ] AP 7E bHLH #% % [ 15
B, W 1.

Hur, el a2l
[Mla, Va, Vb, IVcFl [bik 54~ bHLH W55
(116 R 2 520, B,
X 46 bHLH 4 5 XA ARy AR B OCHK , bHLH
W SR DR 1 R A A R R R 1 R 2% - B 2%, L
Kl 1.

URIIT BRI S % T (FER-like iron
deficiency-induced transcription factor, FIT) J&

£1 BEFPSE5%IFEH bHLH £ F AT

Table 1 The bHLH transcription factors involved
in iron regulation in Arabidopsis thaliana
Name Clade References
AtbHLH29 (FIT) [la [32]
AthHLHIS Va [33]
AtbHLH19 Va [33]
AthHLH20 Va [33]
AtbHLH2S5 Va [33]
AthHLHI1 Vb [34]
AtbHLH47 (PYE) IVb [35]
AthHLHI21 (URI) Vb [36]
AtbHLH34 (IDTI) Ve [37]
AthHLH104 Ve [37]
AtbHLHI105 (ILR3) Ve [37]
AthHLHI15 Ve [37]
AtbHLH38 Ib [32]
AthHLH39 Ib [32]
AthHLH100 Ib [38]
AthHLHI01 Ib [38]
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& Ib, bHLH38/39/100/101
Ve, bHLH34/104/105(ILR3)/115
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Iron deficiency response network in plants regulated by bHLH transcription factors

Figure 1
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B SSTE ZRIK, 2568 TR FRO2
FIIRTI WA 87 X3, #& FRO2 M IRTI By%%
PP R A BV W% bHLH121, fiE5Vce
V% bHLH34/104/115/105 TE SR —RIK, iES
FIT FEL 00K 22 0804 3 R i ek o241
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B4 B SR FEE A R U 1 R ek i
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HAEM, KRG AR, TVa %
f) bHLH18/19/20/25 7£ BTS M R Al 5 AtFIT
56 e LM% . 7 —144°4 POPEYE (PYE)
fIVD MM bHLH %55, a7 F FIT 459
PEBU NP, Ve W% bHLH104/105/115 ]
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[ Y5 Bk A S R B k), DL bHLH #
SRRl SR A% 0 PR A0 A R 45 ) 4% Sy B A AL 40 14
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PP B T AR, SR ARZE bHLH Fes
Ay B S RE IS ﬁ’*‘#élﬁi‘%ﬁ, LEGkE
WER P AR SE R BA R IRABIE

3 ABAZHEM%NM

3.1 ABA TSR GIHIEKEE

WHoE R P, JME ABA REHE = Bk b i
PrEGERILEE W, WIfES bHLH %% 5 R 1R
Ko BLAh, KFRSE5XAEY Bk m N, AT
REJE T IVa 1% bHLHs 5 AtFIT 254 M B,
HYBREAREENTSEN, WREMEA
PR ) EREAERGEE 1. ABA IR SE S5 AH Y
BRI A Z M BB R B E 1 0 BRA AE
R A ABA A% Sk & A i = APl
ABATEHEAMA AR REZEMEN, K
ABA SR AR vp2 v, R EE 1 mRNA
RSB EFEIL, BmsMNE ABA 7T LLME
52, IS ABA 25 T HHY A AL
32 ABA BESHYRENIHEXM

A IRIE, ABA 580X RKAEHI,
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SCIMEY AR AT . MARBSEWR . L4
J& RAEA VB #R . TERRRh PR KL AL R
i TREEbam N F, ABA 580K AR
KR w e, B AN AME B At BLRT LS
AR ABA & 5484k, BRALFRIE hn 1 i
KA REAR R FORAR I ABA FLRPYL i
EHAFISE Rk ABA SETHE, HS5HY
W2k (ferritin, fer) TR B 17K FRPY,
{H Fe,O5 K KL T b B K FEML Y ABA i
Fe, 05 Ab B i 5 57 A SED R i) 28 AR
KRS ABA AR, mrEBkbha T, R
(=R RS TR BN R 1A 2 s 0 N T 2
RO TSRS ABA SREAE TR . HiEk
BANHIAEAE S ABA YA R X BRI ABA
A RES SRR R N . FLIR, SRR ABA 4k
PREFASAE AR Bk B i R AR AR Mk, WnAhE ABA
YER T IR S Fe W B &30, it
Fi Fe WeEEHIFRE0, DL EAFSE R TR 45
AR, 15 Mg AE, AR
HItEYITh ABA & 58 G R Z A TE &R .
3.3 4MNE ABA ENEHM BRI IRE
Bk S BPIEEIT . SR AR R Y FCR,

T2 T ABA MR Z AT ERE

Table 2 Genes regulated by ABA and iron deficiency

H'-ATP &AW my3Em, mshE ABA
REA T X b ek i 7O, FEBUER S ABA 3t
AbFET, HRZR FCR MG PESR &, S REUNE
LG AT B 2 A7) Bk sk ABA AbBE 138 T 24
16 CmbHLHI SRR3R, 133835 CmbHLHI Fk
RIARPRIRILBE JI 358, XT Fe MMIAs 242
PO SNE ABA (e HEBUER AR R BT
G RAMAJE R IR R EEL ) Fe 1T
JiE, ¥E Fe JUERMYTRAI A & HEAE RO,
BRACME T 20 = BEAR i B 2 ) 5T 1) i S 2
L, AR Z2 i BT AMA Sk . Bk 1 I
ABA W EME R ITAR B AMARY Fe TG AL FIRE
L, FAMA Y 32 R o AN RE B 5 T AMA
Fe & 5 A RLAY S fb s 557 DL E Bk 9% 36 W)
ABA 5 IMGEE H RIEAE I XA WL
3.4 IR ABA FiskpyEE
W BB, ERENZH, Bk ABA
RO ARG, ABA A%, Hitk. A1k
ARV SR B B R AR DG s IR
— g AL L R A7 Bk T ABA AU
=, Wk 2,

Function Gene names Species References
ABA synthesis  MdNCED3 Malus hupenensis [62]
GhNCED4, GhABA2, GhAAO3 Gossypium hirsutum  [67]
ABA passivation GhUGT2, GhUGT84B1 Gossypium hirsutum  [67]
ABA oxidation  GhABAHI, GhABAH?2 Gossypium hirsutum  [67]
Iron transporter MdMATE43, MdNAS1/3/4, MANRAMP1/2/3/6, MdYSL6/7, Malus hupenensis [62]
MdZIP1/2/4, MdVIT1
GhIRT1, GhIRT2, GhIRT3, GhFRO2, GhFIT1 Gossypium hirsutum [67]
AtFRD3, AtYSL2, AtNAS1, AtNRAMP3, OsNrampl, OsNramp?2 Arabidopsis thaliana  [47]
Transcription GhbHLH3, GhbHLHY92, GhbHLH104 Gossypium hirsutum  [67]
factor AtABIS Arabidopsis thaliana  [47]
Antioxidant GhAPX1, GhCAT Gossypium hirsutum  [67]
enzyme
Other proteins AtCPLI-2 Arabidopsis thaliana  [72]
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ABA W5 1 PR 9- I 2 3 45 26
R AUMA R HE K (9-cis-epoxycarotenoid
dioxigenase 3, MANCED3) 1E&E: A2 AR Ay
FEM 5 ABA R 5% 5 it — 3K
(e, BRI R F NCED 2T, 55 —A
KEEIL ABA &17548 PP2C L [H 3 (highly ABA
induced PP2C gene3, HAI3) W2 FiF", Bk
HtmANE ABA IZHIEARIEH ABA BEIEALSE
(ABA glycosylation gene, UGT) il ABA 8'-#24k
i 3L [ (ABA 8'-hydroxylase gene, ABAH) )&
BRAE R FEHUIR AR i S AL R 1 2 v
ABA G BUHREE N Z 6k Fe A, UGT F1 ABAH
2RI FIR R UL, BT IR 2 1A
FE [N (pyrabactin risistance-like, PYL4). T iif
ABF 5% [H 7 ABA ANMEUEIEIA (ABA insenstive 5,
ABIS5). MYB44 F R 45 i 15 BR (5 5 38 i 1Y) 2
PRIZEAR B vh 2 25 R, 3 BAE TR R i 4R
P APX M B AR E ABA 5 BT il
ABA [EffROREE ABA ERMEE, MMM
BegE AR

AR ST (A A BRI (Arabidopsis thaliana
ATHK1) . ¥ 5 & 11 ¥ 8§
(mitogen-activated protein kinase, MAPK3) L.
L PYLY MBI RIS 54 IEEAE T, 1EdbEk
30 /N G W SE AR P Y ATHKT . MAPK3 Al
PYLY .3 bR, Wiy PYLY F MAPK3 % L
WU ABA RG4S G E I (ABA responsive
element binding protein, AREB) #% % FZ& Y5
ABA {55, JFEE ABA RN ICIFEE S
1 (ABA responsive element binding protein, ABF?2)
MR 1 Ferl R ZFRiE, i@l RhFerl MI1EH
B EEE7 /G

BiEia B AN IRT1/2/3 . FRO2 Rk st
F FITI Z 885755, (B AR GER AL Y 20 5545 4
i INAME ABA, 36 IEP ) Feak g il o7,

histidine kinase,
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MAESME ABA AbBHAY LR IT 1, AtFRD3
AtYSL2 . AtNASI Fl AINRAMP3 W) FEE05 B0
BRI FAREBEAA Fe [nHh b2 G 217 4
B Fe B FMBOEAAET BRI IT C AR IR
fiff (C-terminal domain-phosphatase-likel, CPLI)
RASR , BRI L] AtFITI . AtFRO2 , AtIRTI
A ABA Wi W AH OC H /R G P 3R Gk 2
(ABA-responsive protein-related/LEA  family
protein, AtABAR) %5 SEAERYE T , BRERT 52 42
2 LA RS B2 R ABA R A4 (1 S
AIRETERR S ABA BB A SEAE A, AR AT g2
BRAF T 5 ABA {55 5K P [ AX 40

4 ABA -3 HAE 0 4k (KW AL

4.1 ABA-FIT EEiFT5 kX 51
FER M 2 BERREE (calcineurin B-like protein,

CBL) fEA Ca* f& &4k 5 H 0 A/E M & (A i
(calcium-dependent protein kinase, CIPK) 7£i&
i /AR Mad v & 45/ AT, ABA R CBL-CIPK
S5 T RV RS RIS
{51, CBL-CIPK 7E4HfLIY Fe (5518 Pk
FEAERT, Tﬁi&%j%ﬂﬁﬂ?‘ﬁ%ﬂéﬁéﬁiﬂﬂﬁﬂlﬂ

Ca” Wk, 383 CBL-CIPK #EHuIE Ca®'
AR, $IREIF CBL1/CBLY 74k AT
% CIPK11, CIPK11 5 FIT #HEAER, fff FIT
B IR A IF 1 3G, Pl I SR AR X Fe RO
W78, bZIP #55E T ABIS & ABA 15510 FiH
AR, AR B SN 1 AR R

TEB ] CIPK 11 5 FIT AH EAE T, Mi7E ABA
FE WIS ABIS AHEAEM, W LABERR AL R
6 ABISPO®U . CIPKSs 74 i st Al s IR 7 26 11 1Y
BERRIb R FEEAEA, 51 ABA RV F
TWEAG . R A Fe (5 S54HTH
ABA 552840, o vb B o AN 4 i A 2 8] 1
5. CIPK11 L ABA Fl Fe {5 518 % HH AH S 1Y



W BB E GRS HRER

ATV OB, 7 A I A R 7 iy 2 S
LRI Friff— 2B WF58 . FIT 5 ABIS Fl
CBL-CIPK s ZUCHR R HAZ 3] ABA 14
I, FIT Al gt — %4 ABA [T Fe 3R
YR T AR o X S5 B IR IR 40 BT 10 25 SR S 4
FIT #1 ABI5 A BE<3 52 M 15 1 2 B8 1A 5 o 3X e
AHEAE F 26 22 00 58 3 SE BN DAUESE . 4 i
i) CBLs I FIT BERRACAFAENLE 255, A LA
i B Ca® i fa] UAH S 1 2CEE MR FIT A8 22k
W AR LA 2,
4.2 ABA-IRT1 BE{EiAT kK 15

YR iz 1 (iron-regulated transporter 1,
IRT1) MUBE—iiady, tE—1 2k, 78
BRAE R MERER I, AR IT AHRTI B R IRHZ
FNIME ABA @yHIGI, HEWE BT ABA #I4H

& CIPK23 7ZENRJLAEFIAIE T . FES T
H, IRTL JE 2140 i 5 b 48 2k 4 Js IS 9 1 7
=, SRJEHE CIPK23 iRtk FfiJs#z =LA
Rl BEAH G C2 4593 E 1 (C2-domain
abscisic acidrelated, CAR) 4% ABA Fl Ca’'{3
ST, CAR6 FE A LEES IRT1 B AEF
IRT1 ZHAE®T, IRT1 FIAESEH ABA il CAR
FEHEEERM., Wik, CAR BATREZE Fe 17
ST . A RO A ABA B
TR T IRTL /Y Fe SRICENRE, HYIAN Fe
TETFEAME IRTI Fik o XA AR 4 2
ABA LN T ARG IT ire] 2RI Fe B

fits FHAME ABA FEAK T HEYIXT Cd ERE, PTRE
FoE G Fe 9 WOR 50l IRT1 15k

TERAIE T, IRTL [AIFERT RIVE %4 ABA

R A K™ IRT1 76811 5 K F2 6 Fe {55 M4 B MA@, HLK 2,
APOPLAST
Ca2+
—Fe
v
- -
: bHLH Ib
Ca*
ABA
—= regulated
Cazt genes
CAR 1/4 ! NUCLEUS S
Pyl S Fe' *@F“’Z+
PP2Cs y
CYTOPLASM :
I — 4 AUV

Role in ABA and —Fe signalling Role —Fe signalling Role ABA signalling

2 ABA 5 FIT. IRT1 Ry% Egzt 77
Figure 2
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4.3 ABA MESEHMEFIFATH N

Fe’* %5 Haber-Weiss W, AMAE HH
. ABA RBIEZZ(RIPEEATEE TR, BHIEFA
S5 R NG Ak, S8 AR P X 33 5% 38 )
itk. SEURABEAI L, ABA Skt ab B
(3P SR e AL A A 8 2 AR T e 4R A Tl
BETE, KU ABA ALFREE > T BRI
M ROS LRI ML HUIR M fR 1L A Ak
fitg 1 JERAE IE B S50 T 8 ABA I, T 76 Sk
ST AZ ABA 520, SRES TR
ENIORAR B RN (I 7EU =R /13y d Ok il
Al RedE s T A HUIRINAR (ascorbic acid, ASA)
B, AKMIGSE Fe WL RIS a8 R N Ay
ik, [T ABA AR #6] ABA B
ff JE R AZERF ABA &k, dFmgedy FCR MG
AR Bk 22 TE abelk W TR A TR
(activity of bcl complex kinase, abclk) FEAZIK
W, ABA 4B EIHT ABCIK7 Fl ABCIKS 3
ik, HFM T ABA WL ) —Le A B, RHH
ABCIK7 #l ABC1K8 A[§EZ 5T ABA #l ROS
IR R R R A R A A
B ELAERE N, A SRAELY A ABA
Bl R E AR AP, SR IS (zine
finger of Arabidopsis, ZAT12) Z&—7FiH ROS i
IR CH BRI A, KBk & 28
SARRL, PSSR R ZAT12 R,
ASA CFNE SR IT ZATI2 R KL, ABA
SRFEn, £ z4TI12 257 ABA /v &
FR B AR 6 s I 3 AR PR AU 58 FRL 43 F
PN HAMRIG R ZAT12 5 FIT & 112 AIAE7E
MEAEN . 7E8LZ Fe i AN, FIT
FIR T ZATI2 Fik B, AF&IN R ZAT12
Al RESE—FP IR 7. TER IR R E T,
FIT-ZAT12 5542 FIT 2% . 16 Fe ft &
T, zat]2-3 SARRMEME A BRI Fe B4
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W JEHEEPE A Fe 588, 3RW] ZAT12 7 Fe 722
S N Fe (W, XX F Pk Fe BURIYA
TR B ICEE, R, EEWINH ZAT12 7]
AEIE A AL HIFZ M Fe AN, X EEMLHIA FF
WiE . ZAT12 Al RESREkik = I ABA-FIT %A AL
#h4, ABA-FIT-ZAT12 #4713k H HAbES
W (ROS) % AR 1 Bk

5 k¥

& EE AN ABA S8R A W) ek i 52
FEFRE T REMR, fE AN 10 £, A
ITAE T FRAE YR AR S B AR SE ML 7 RIS T 8
KR, EHINH ABA 1E NS KL E Fe L
NP E, HALER & ABA 5 FIT HAE.
ABA 5 IRT1 HAE; ABA A RET %5 HAh#
EMAEBMEG S — B RK#EEM, ROS 7S
HH,

SRS OB I SR A T — 2 S 5 ek i
) bHLH %% sk 895 I 28 (%) S B A €5, (R ZRIBE A
Fris FR R 43 S DR R 4 35 TR 2 308 A9 AT 4R
b=, E2WAHERT ABA 5 FIT HAE . ABA
5 IRT1 BEAEMHLE] AR ARV 2 R FN Y [l
BN ABA (55 M NBER . SEOCHE )
RECE B IVE A R B . ABA S¥38 /2l i
HENER B T WO, I 2 ) R 4 Tid B
T A T 2 SR B R SRR 1 T 52 1t A R AU
%o FIT B T —1 28 L+ Fe 4RHL. ABA J
o R AR N 385 IR 5 AR AL, A P LA Fe AR
FKE B 085 551 F-, POPEYE & HiAth bHLHs
BEY ABA fETE AR U KGHE o Fh oy CE A
PHARAFRNESL . A MR — =2 iR
EWEF ABA 55815, i ABA &, ABA
Btk J2 ABA JBHIZER A FIT, IRTI. FRO2 %%
BRZEIMXR, THENTE ABA F 5@
FER W BARVERT, M T fE X Fe RN I IREE .
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HLETf ABA WP G 0 SR A5 55 i
ZHMERSGF S5 FU NO., GSH, ASA ¥
Wi, #F5% FIT. GSH. ASA . Fe tH H./EHI7E ABA
JETT Fe WU IFE . ABA 25 T Xt HAth
BRI Z SO R T BRI L R X
S ) A B AT A SR A R T R B R
WA R R . HYPE R R — B &
TR, B EOR, THEZHF
ARBA R ARG E I E FU Ca® . ROS Fl ABA
TZAREETE Fe $RHL. ABA SRR 18 4 7

—H VA

IR TR LI RN T, 0 0 R DGR A AR
ST, BEIERAER ABA A+ SHEIHTTHL
il . B A Fe WRSCRN A R 1 el 3% A
ABA 152 BR N AR BE
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