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Current progress in eco-physiology of root-sourced chemical signal in plant under

drought stress
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Abstract; Since Blackman and Davies found root-sourced chemical signals formed when soil was drying, many subsequent
experiments have elucidated how root-shoot communication might operate. Chemical root-sourced signals are transmitted
long-distance to aboveground parts via the transpiration stream, lowering the stomatal conductance, and inhibiting the
transpiration rate so as to improve the water use efficiency of plants. It has been shown that the chemical signals act as an
“early-warning” response to soil drying in plants. These root-sourced chemical signals include abscisic acid ( ABA),
cytokinins ( CTK) , auxin, xylem pH, Ca’", of which the ABA-based root signal pathway has been the most extensively and
thoroughly studied in plants. This paper summarizes the basic properties, main functions and regulatory mechanisms of
several major root-sourced chemical agents. Most content is focused on current research progress on stomatal behavior
regulation, differential gene expression, and plant growth and development processes under the operation of these signals.
Over the last two decades, most research regarding the eco-physiology of chemical root-sourced signals has been
accumulated on the crops such as wheat, maize and legumes. According to Xiong and Fan, the soil water content interval
(SWCI) from “switching on” to “turning off” root signals was wider in modern wheat varieties than in in older varieties.
There is a significant correlation between SWCI and other parameters such as lethal leaf water potential, maintenance rate of
grain yield and water use efficiency. The results support the influence of root signals on regulatory mechanisms of reactive
oxygen species, osmotica and antioxidant enzyme system in wheat and legume crops. On the other hand, the molecular
mechanism of ABA regulating plant drought adaptation as a major chemical root-sourced signal is one of the hottest issues in

this field. Important progress was achieved by Miyazonol et al. who showed that the PYR/PYL/RCAR family of START
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proteins received ABA to inhibit the phosphatase activity of the group-A protein phosphatases 2C ( PP2Cs) , which acted as
major negative regulators in ABA signalling. The crystal structures of the ABA receptor PYLI were bound with (+)-ABA,
and produced a critical complex by the further binding of ( +)-ABA-bound PYLI1 with the PP2C protein ABI1. This result
provided a breakthrough understanding on the structural basis of the mechanism of ( +)-ABA-dependent inhibition of ABI1
by PYLI in ABA signalling. In addition, other types of chemical root-sourced signals have been found to act in a different
regulatory role. As a whole, the physiological effects of the various signals mutually interact and are involved with a range of
complex processes from the molecular to the population level. Future research will investigate the key substances produced
from the network of crosstalk and explore the regulatory mechanism of these substances at the molecular and physiological
level. The eco-physiology for root-sourced chemical signals is following a trend of “revealing the coupling structural and

functional relationship at different scales under the basis of molecular and physiological mechanisms” .

Key Words: drought stress; root-sourced signaling; mechanism; abscisic acid (ABA); Ca®
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Table 1 Root-sourced chemical signal substances and their roles in plant under water deficit

TR i Wk
The name of the substances Functions References
JR7% M Abscisic acid (ABA) Fs MR AR5 R 1R AL B, B A R R ZE I 1 [9-11]
M5 %R Cytokinin (CTK) T E A R AR RN ) [12]
FERKFE Auxin(1AA) PR FIE AL [13]
AT pH Xylem pH IR IE AL [14-16]
BT Ca* FIE AN A 3 haa 20T | A A ) K AR At T [17-18]

[

LABHIFERTR Ethylene and Malic Acid ITE AR, i LI 19-21]

WAL A S S A — PP A BT R, NS RAE AR R TR0 T M E, e
FEARMY AR = R K 3 R IR T Tl A 6 T2 RS KA E R i AN B/ i E B 7K A3 i A 2
2 PR, 3 o 9 PR TR LA 00 14 RS R TR S T B R AR O e T A
ZRREIF BRI LB IR A 1, TR 2 1 A /K A3 R IAICR ) — el se R I, L2155 1 ABA JE B 135
I3 S T A 0 RV R T b b R R AT

RIEGES D22 AR K (HEE M B OCHE R . ABA J& 9 HAE 5 [ it 2 5 98 75 5 R, 1% 1t =[]
T E 2RSS B R A2 R 2 AR I S 4 B p 3 B B — (55 1) A — B9 A B 2 ) 4 B )
HEFHR I TEA L, X I RAEYRIEL 255 T 45 R AR SN ] b 32 FRAY 2N, ASCE eSS
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HEAT T ERER R IRAIE T T AT LD ABA D ARG S Y BOMN Ik T B9 A R R T KA AR
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2 B (ABA) BESILEEMNETRE
Wi R (ABA) B E BT 45 0 T 5 F A LIRS 2 M L SR O A6, ABA 7ERR it v & Al
AR ELRAERRES A R B R AR AL | T A2 BRI RN 5 A K R OB R, R 2 ML)
rRieh KREOH ABA Sk 15 H O FOHI S MU A KR B RS
S R T ARG £ 5 R R OB G 0, ABA
AL SR DA A2 A5 M FECTILR s Y
P2, el A s i, F R T S8 0
HURA U ABA FTREfE AR F it L /H;I@ e\ e

TR BEIRARIE A BORIBR UK REH 2 ABA R T /7 T\ ]Km o
ALK R K 3 RS T IE . B TR A e ( | e
T A T ABA BN CALR T &\ /I

S 3 R — ) TN e

29 A 35 7 R B K 2R A A 040 A R ik
Fok AT S B FLBILTIT st RS AL I, Al B3 ABA fER DABRIAIE A (S kAR T A %
IZ, M DAL B B YRS K A B D, S T A AR
PR BN CILALRRL DA GRGTIE T R e N e e e
1L AP A 1 3 B ] ASFL R, SR AL ’
el

RUEVE 2 920 AR 65 S04 SR ABA 1 35 B (2 Pl FL S, (R AR B i b vl BE A
AHAMY TS ABA — U RE R4 655 R AR FLEH 2 KRB i F 2 Hof Ak 22 5 5t A A e
RO TESBCRD Bln, Falk fBFSE R I 7E T2 Wl R AR A ABA Z MM BAEM™, G dr
A T 5 T A AL P R SR R ABA, Horp i) — BB S 55 R A iR Y ABA Xt TR FL G ] R AR F 2
FR 00 (MR S 3 i 3 SR 4 B B ABA BRI PR I A S DA AT R, DRI, X TR S A Ak 2 A5 5 A 3sk o T
MO AREE S FEL™ . B2, ABA FERHil A K RZE s /E F 7 1 — A £ EAE S, (FE Al )
T B AR R A, BARMRIE ABA YA R F BT A A6 4 0, LR DR T RE S T SR 6 A0 5 B AN K 43
5 e (R s TR AR ) J iy

ABA [WHF 5% — BELRAR AL A5 S 090 & R R A (H i T ABA BES| & UV it £, A0 455 B4 | B IR
fitf G HEMH ZREBTNEASES ST ABA 5501, It ABA 4R K& 3050 78 76 FEmb HE fisg
BN FH O A 5 ORI L, PP2C VBN ABA I—FP3Z K  ZER YA ABA IEOLT  BERRREE PP2C v LLH
FAIH T SnRK FBE R RIBEIR 1L . 44 ABA fEFEMITE DL T, ABA Fl PYR/PYL/RCAR & H XKL &, IFF&
5 PP2C, iX i SnRK MBS AT LA H Shi i | bl o5 il R Ak 0 3006 4% S IR 1, T ZE ABA i 20 70 B JF bR 5%
SEDY B —TESE & BT ABA 4K PYLL, ABA 454 PYLI 35 PP2C JE — A8 24454 ABIL, ABA
5 PYL1 454 TG AR M 32 R G5 & 7 5, 78 3t A 35 1 00 2R 10 TR — S B K 1k 1 R 45 4 i 156 A
ABA {55 45 SR 24K PLAL SZIRTE W ABLL 591 .

FIH pyrabactin &30 HARSZ K PYRL, I 1 — A6 2 4544 1 1027 F1 o0 £ 024 19 J7 35 R 22 pyrabactin
(BEFRPE 25 R | 5 32 URGE I BEIR 28544 (1 T A4 i A P b R Al A = A o 1), IR &5 0 11 O P e
A et G B I SRS . X ABA SZARIBIFSE R AL T — AN RESE I MR AH OGS S AR AL T
HLHRIA 3L . ABA SZ R AT 7 AT BRI BR A | 33X BEAIF 5 25 SR XA ) A W 2 0F 9 B0 28 W ) 92 O U8
SRARTC I HE B, ABA ZZ A1) Jz 30 48 Wy s SR bk 75 Wi , T 5 B 0 ot Bt 52 A5 45 A A7 2 A BB R R
BT RV EY A Z KT R0 E 00 07 2, i AR A 0 7= 12, 91 B T ATT7E i 2% 4 b - Fb s
SERLY DAL 7= R

blunted arrows indicate inhibition) [?7]
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Ao BER A TT LU — A E R S A MR IS S, AT A 00 20 i 2R A T o 1 bt R
TN TREM T X TAM R E BT LT FREMERZZIT MY -, AR &
B, Zed JR AR X T (PRD) AL FRAGAA) , K3 (Z) FE R FRAZAT (ZR) Wb T 50% o X 2 i g AR
Zoit Ry T AR HT | & B T oK AL AR A S s T (R i S 0 VR A #E R 7
] H & R LT A R R BRI h 45 G2 00 FOK R (2) MEKRZRZ T (ZR) K45 6T X 5 e
BRMEEN4 (isopentenyladenine ) FI15 30 B 1 (isopentenyladenosine ) MM BE RIS RBRE W TP Y ABA/CTK
XA A AR — N EERESRE . BEROE, 4R RN FIRIEE S & — A Z R L5 R
SRR AL AR i 2 R BERR L, BT NSO . R A B ARRs IR SRZ AP MR T XA
TR UG A0 43 SRR (R L R S S 5 S R A R S 55 S I TUE LK,
T W55 B S AR i LA 18 53 208, B 57 R DR G 5 e 91 R R 4 2 22 T, 40 B 0 24 3% 0 LS
HAGR M R | TS50 A5 5 O, 4 4> R TE (R S5 A R BRI /e, 8
FHTEHE RV, T WA TR BTAR R4 /3 R R & o T R, (2 B ATIE ATE 2 5 T A IR ) it A 1
£ ) 200 643 242 DA TR 14 =i 1y S e

AL 53 AR WSS B R 1R IE e (EAA AT BB UG AR — D25 I, 78 FOKRAR BRI
HOR LT VR A Ay R 6- R EIEIENS (6-BA) , 1t TR AM it 6-BA R FE B A9 k4 1 L Bk
JRT T N, FH T A3 T M 3 2 2 X TR RIS 2 3R AR IR S ) B A AR RS B
4 EREMNEREESRKEFRIER

KRR — PRG5BS HAE S B AR RS 5155 i, TR SALOCH i
AR SIS IR H R I B S HUVE PR SC AR | X P04 300 a9 5 8 300 8 35 P R 9 1 8 1 1) 3 R
JR A pH |, IR MR A AN A R R AT R A A K R DR AR Ry S e K s ad

AR R IR SAR axrl -3 LN IETELLGREE G AL SN B EE R 17 aba3-2 S48 K 1) 4y i ) 2 30
WAL ARG B A A R FBEE R AR R ALK/ N R PUE R JF B, — 280 it L 22 IR g 1
AR R T T8 TR AE PR A AR AR AR Rh 7l & P AR EAE I . A KRR NI LN AXR2/TAAT 1) 1 S8 AR AR
AR R XS ABA AN HURAY R A axrl Al axr2 WIFZEFDF 8 & P 3R BE 55 17 ABA N S8 58 A8 1A (1)
%%};F_lj‘[%-“ﬂ .

AR FEAMUG B RILEE S 5155 RO, 6 G40 E RN CES5E S Y L RE- 2=
{55 R,
5 KE#H pH EERERESKNPHIER

AR pH B BB TE BV R A T —FPAR RS 5 . —SuBf o3RI T 54Bhaa T, ) H 23800 320 g
B ORI pH (B, BB, RIS ABA JERIERI SR AILOCH . FEFS A ABA il A
JEHR IR pH (B 25 1 4 FHRUK 23080k B o X R th b R RR A 31 T IE B pH AV T S EA 4
(1) ABA AR AT 1S 10 rp ABA MR FZAYBE N (2) BRI 7K 3, DT 5 72 O T 40 i F) 2 1 sl x e
T ABA WP ELAGIERSZAE AT (3) ELHEERZ WA B i ik R LA RS ; (4) 028 ABA et i 23 A, JUHE RS N
TR AN BT ABA fOTKRIE S

A ELFEW, pH ARSI T DA hl kA4 o flan, (8= 4 m ABA 89755
TR Y B AR PRI T 2, ABA X TS FL G R R A A= KA R b BERG , AE PG 20 2828 1 flacea Y, N
R pH $E R, 2RI MR A BE 2 3 0, BT ABA XFF B 1k AL K AK A3 HR i 2 R L B
TER A 52K Az34 v, ABA X pH fE R T 50 50 F UGS 2 0B, IR 2K mfE i R 50
WF5E R T pH A AL A B ZE 1 SRS 76 AN [R] (8 b a8 ml B J2 [] — ) A ) AN ) ik PR 284 22 ] ABA
1 PH BYMR R SRR, T 58 R AR BT ER A b pH Y SN 7R TR B A R AR R — By, B AR [F )
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PR SE g TR A —300Y, — TS R, 2 - B AR T, ] H 28 RIS B 2 rp YA pH 22 AR IF A
LR BRI A pH EEE Y T RMRA T, BN SRR S pH 2R AS [ B ] A A [
AL, I HAR SRR ] 0] 2 25 52 i AR 5 pH {H, B2 B A SRR Al RS o S e 4 W pH (EAE T 5 T 13
Wel PRI 2 R OR B pH AR AN [ SFLA T A A 2 B0 A 25 5 30 26 2 S T B R A [l A 4 i Bt T 5 5%
PERE R AR BEANIE] ) FE Vitis labrusca 1, ABA W B B Z it B rp A pH (iE M 35 1y 21 10005 08 35486
AR AR BT pH 34K, RBTHS ABA MREESSHE N, BFST 45 SRR W], pH Mk BE AT LLGE ABA {5 55 i 3
5, pH AR B 1) R ARSI XA T SR bl B S ALA T R B — 2 s FE A T

P AN PR pH BCS AORCR BRI Y (HR AR AR M S AMA h pH A A5 SR A Ae] | 1 g5k
R, PRI, 5 B0 A5 o0 B B S 8 TLA0 A PO Y pHL (R 28 9 4 22 B, 4 T4 A58 pH AR FB I AR 4n
MM B I 50T RS pH I, B TR ILA S AT B — A E B G Sk R
6 BEF(Ca)ESERERESREPHIER

Ca’ TR FRIERR (ABA) B IG5 7 S B0 (5 o™ it 5 E A Z R EE %
BPAE SRR e, EEN Ca¥ 55 SR AES 5N SRR A A AR B - R i
PRIF 1 Ca™ SURRJE oM 5 T ISR PR sk a0 AiIE S5 78 AR 4 B 40001 1 2 11 48 ( CDPKs ) |45
JHZ (CaM) E5RBETRAG B 2SI (CBLs) = 2SH545 A 0 1, ik 2828 1 00 T U2 1 Ca™ | T A i e 41
155 ] T Ui ik DATE Ny T 5 A

CaM ( calmodulin, F5JH ) HEBLSKEEZ Y T @EIE R Ca™ 21K, CaM A B 3% A AL M
H—45463] Ca™ vl LIS P2 NI 1, P19 Sk LU R 2R 1 0 M, e s IR an i ik K 4k i 2T |
Az KA B AN PE T A5 A B R ) S AL i R A R T Ca™* IR T Ca™ AP FP S
R AR T Ca” WE S5 S R E TR, Ca™ 25 CaM B E AW 5T MY, &9
T4 F Ca® 7T LAfd H*-ATPase 1% M T TFP FLP, W7 . W5 . compound 48P80 %5 Z 4 il 57 1E W] T
CaM 1 MRS FLIOCHT A AR S5 B A IUE NI P 2 5 AL 0 i B2 , 70 A 400 00 20 i B FEL o 2% B T
PR MAELE . DI AR FRVIE R EF ROS 25 T IRE RIS PUELBi i, OF A5 ZE AT ROS F7 A /Y
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