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Abstract: The biological property by which plant root tips perceive moisture gradients and bend toward regions of
higher water potential is termed hydrotropism. As a critical adaptive strategy for plants to respond to dynamic water
environments, hydrotropism drives roots to actively navigate toward water sources, optimizing water acquisition. The
regulatory mechanism of hydrotropism involves the coordinated mediation of second messengers (reactive oxygen spe-
cies and calcium ions), phytohormones (abscisic acid, auxin and cytokinin), and key regulators such as MIZ1. Plants
achieve adaptive responses to water stress through integrating processes of moisture gradient perception, signal trans-
duction, and asymmetric hormone distribution. However, significant differences exist in hydrotropic regulatory mecha-
nisms among species, and in the interactions with other tropisms (gravitropism, phototropism, and thigmotropism). Elu-
cidating the core regulatory factors of hydrotropism and the interaction patterns of the signaling networks would provide
a theoretical basis for genetic improvement of water-use efficiency in crops and sustainable agricultural development.
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Fig. 1 Experimental system for inducing hydrotropism in Arabidopsis thaliana
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Tab. 1 Species-specific differences in hydrotropic mechanisms of plant root
WiEh (BL) R /*/F&B’JIE W B O 790 % ) K B2 NE Y SR Effects of inhibitors on hydrotropic response
Species Site of . W Target protein/ AR AT 2% 3k
(family)  perception Major hormone athwa CHPAA TIBA PCIB KYN HFCA ! Refer-
¥ percep involved p y Lovastatin ence
RS i3 TEAN WiVETR . AL/ ARRI6 Il ARR17. Jo7Zsfk A8tk asfk e E Nl RA [5, 30-33]
(CH5ERD) fkX R MIZ1. ECAl, ifest  mpEE
SnRK2.2
it i3 HERER AUXI1, PIN #izE il i il it il ARH [19, 34]
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B kAR AR ARA ARFEYAN, o T Bk WE KA RE [19]
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%
K Fe X AERR AUXI ., PIN #1248 4] i ] mid R ARK [19]
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i E;l JE R | MIZ1, ABA4 ESl A A K K AH
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TE: 3-5-4- 72 2K G R (CHPAA) g AE R F A ; 2,3,5- SR H IR ( TIBA ) AR L H M50 ; o (R A 5+ TR ( PCIB )
FHE KR BHNG; L-RRER (KYN) AAERKRRAYSRINGH ; HFCA 9-5255-9-27 8 2 (HFCA) JAEKREZ MG ; %K
MBTT I T 40 3 2R WA
Note: 3-chloro-4-hydroxyphenylacetic acid (CHPAA) was auxin influx (AUXI1) inhibitor; 2,3,5-triiodobenzonic acid (TIBA) was auxin

efflux (PIN) inhibitor; p-chlorophenoxyisobutyric acid (PCIB) was auxin response inhibitor; L-kynurenine (KYN) was auxin biosynthesis
inhibitor; 9-hydroxyfluorene-9-carboxylic acid (HFCA) was auxin transport inhibitor; Lovastatin was used for cytokinin biosynthesis.
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Tab. 2 Arabidopsis thaliana mutants with various genetic backgrounds exhibiting abnormal root hydrotropism

AL B[N 4 i il Tei] 7K P S 278 30k
Mutant Gene name Accession Function Hydrotropic response  Reference
pin2 wavé ( WIEAE(A ) PIN2 AT5G57090 A KRk A Haom [4, 64]
aux1-7 AUXI AT2G38120 K AR W [4, 65]
abal-1 ABAI AT5G67030 BV R 2L A B g [4]
abi2-1 ABI2 AT4G26080 B vE R (= Bt 5 g [4]
wav2-1 WAV?2 AT5G20520 A W [4, 66]
wav3-1 WAV3 AT5G49665 E3 2 2 4G ] [4, 67]
axrl-3 AXRI AT1G05180 A K22 g [4]
axr2-1 AXR2 AT3G23050 e e 22 1R [4]
wav6-52 KR AR5 KRz R [41
habl-1 abil-1 pp2ca HABI AT1G72770 B T RS 2 e & 1R [60, 68]
labi2-2 (IR AR ) ABII AT4G26080
PP2CA AT3G11410
ABI2 AT5G57050
nhrl FiR PSv e ] [69-70]
pgml PGMI AT5G51820 O T2 0 00 A2 o il S 1A Hi [71]
mizl MIZI AT2G41660 P3| 41 [72]
pldi2 PLD(2 AT3G05630 W HE Vs [73-74]
miz2 gnom™=? GNOM AT1G13980 GDP/GTP 24t K+ ik [75]
(R GEAEI )
miz2 AR5 SOV P IE Ky Tk PE [75]
ahrl AR5 SOV ENl i [76]
phyA phyB PHYA AT1G09570 SR 1 41 [6]
(OB ZEAE{4) PHYB AT2G18790
hy5-1 HYS AT5G11260 SpfE it g g [6]
pyripyl PYRI AT4G17870 Wt 7 L A 5 e VBl 555 [68]
(RERENR) PYLI AT5G46790
PYL2 AT2G26040
PYL4 AT2G38310
PYL5 AT5G05440
PYLS AT5G53160
rbohc RBOH C AT5G51060 NADPH &1L it o [50]
apxl APXI AT1G07890 B L 1 S A 4 U] [50]
snrk2.2 snrk2.3 SNRK2.2 AT3G50500 B =Rt s U] 151
(WA ) SNRK2.3 AT5G66880
atg2? ATG2 AT3G19190 By Tl Kt (71
atg8b ATGSB AT3G06420 B Tl Akt (71
argsi KR KR ] 15 T K P [71
arg9 ATGY AT2G31260 By Tl Akt (71
bril5 KR AU T2 2R 2 [ S EE] [61]
ecal ECAI AT1G07810 P 5 IR0 s T 2 WA [8]
ahpl ahp2 ahp3 AHPI AT3G21510 M2 EEE S Uk 55 [32]
(=FRABRK) AHP? AT3G29350

AHP3 AT5G39340
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Tab. 2  Arabidopsis thaliana mutants with various genetic backgrounds exhibiting abnormal root hydrotropism (continued)
AL B[N 4 i il T 2K A 2 i 278 30k
Mutant Gene name Accession Function Hydrotropic response  Reference
arrl6 arrl7 (ALK ) ARRI6 AT2G40670 WD HRF TS I35 [32]
ARRI17 AT3G56380
ahk2-5 crel-2 AHK?2 AT5G35750  #fi i 4324 22 B B [32]
CREI AT2G01830
iptl ipt3 ipt5 ipt7 IPTI AT1G68460 W RES R ] [32]
(PO RAMA) IPT3 AT3G63110
IPTS5 AT5G19040
IPT7 AT3G23630
cyp733al CYP73541 AT5G38450 W RES ] [32]
log2 AU AR LSRRG IR 35 [32]
peapl PCaPI AT4G20260  4ET(5 5T s [77]
ktnl KTNI AT1GR80350 A 5y ) VIEE] [78]
oscal.l 0SCAI1 AT4G04340 5 8 T8 E BT [46]
mizl pgml MIZI AT2G41660  MIzZI-F5 ek [79]
(R ) PGM1 ATSGSIB20 eyl 4 280 W 2 o i 53 g
arhi-2 feil-C fei2-C AR AU 20 M BE 5 1 B [80]
(=5 Seins FAR
AU AR

XL AR A B ] KM S B R BRI (3% 2), [BFE
SnRK2.2 HHRTHEERRMR T T RS
SnRK2.2 $LPR 1 snrk2.2 snrk2.3 XA R K &
R 2R SR ABA CHESHE IS
SnRK2.2 8-S M 77 Az 1] K P S 7 BT b 7 g 1
ABA-INSENSITIVE1 ( ABII1 ) J& ABA 555 %
Hr ek PP2C, HE S RIRE TR H Kk
IR = WERR B 2 ( AHA2 ) 1) C R Sm A A FH I X
HAEVBCE — AR5 (Thro47 ) LR LM
T T AHA2, BEIRARM X H AT FR A
T, AT AR A AR R R K S . BFT R,
R ABA it 2% ABIL 4+ SIOFRIE H'-
ATPase 2 18l £ FH S A2 R AR 19 A= 4 A i) Ak L0
WAL, IMEEZENEE (BRs ) 230 2 NS A L
& 1 (BRI1) 5 AHA2 XF H AN 1) & B3 R 7 480
FAIT AR 0 1) K P b B AR AT, K6 B2 BR
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SAMENCN AT RGE AT K SR
Hit T ABA AHOCEE I RIA TGN, ABA 751
RN FR HAMEE S 4 i A 4, i 53
T 7K 25 i B

ARG IT PYR/PYL IR ATE 1T ABA sk
YT AFTERR P TN RE U4, )R M4 PYL 1l g
AR A A AR TR s R BRI = E R

AR pyrl pyll pyl4 )5V E 5745 R( pyrl pyll pyl2
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TRXT ABA AT AR A AR 400 Tl g ek R A1, 0
PYLS AR I A X T HAl PYR/PYL Z K HA
DY

32 4= (auxin)

VMR RN, ERKRRHESICS 5HEDRM

i 5 Sy PR SR, A AR A AR K R
Bl — B AR BIm ot b, GRS
KR AEB R E ], HAEE B ] KM S
A KR, (BAERER AR R HDUNE
HE 5 TR (PCIB) Al 3l K v, e+
PEREHU R G 5 2 R P P FRE, X A
AR R N FRAR IR S AR AR ar1-3 1 axr2-1 IR
B AR R B i G KPR (% 2), i B AR K
AR TIR MO Y AE K R AT 515 T AT st AR iy [n]
KRB, S —J5 T, 1K ART 2 h PRGN
FIPIRE IR AR ZNZR 210, A 6 h USRI
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KU % B AR A K ) 7T S S AR 2R 1 K
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