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Advances in salt-tolerance mechanisms of Suaeda plants
ZHANG Aigin, PANG Qiuying* , YAN Xiufeng
Alkali Soil Natural Environmental Science Center, Northeast Forestry University; Key Laboratory of Saline-alkali Vegetation Ecology Restoration in Oil Field ,

Ministry of Education, Harbin 150040, China

Abstract: Soil salinity is a major abiotic stress that limits plant growth and agriculture productivity. To cope with salt
stress, plants have evolved complex salt-responsive signaling and metabolic processes at the cellular, organ, and whole-
plant levels. Halophytes are known for their ability to adapt to living in salinity environments by undergoing a series of
adaptive changes. These plants provide viable organisms for studying the mechanisms of how plants respond and acclimate to
high salt concentrations. Suaeda are typical euhalophytes, which are important halophyte resources and widely distributed
throughout the world. More than twenty species of Suaeda have been reported for their ability to survive high salt
conditions. Several different organs (seed, root, stem, leaf and aerial part) were used to examine the physiological and
biochemical responses of halophyte Suaeda to NaCl stress. Previous studies have provided invaluable information toward
understanding the complex salt-tolerance mechanisms in plants, which include leaf succulence, ion compartmentalization,
osmotic modulation and antioxidant activity. The deleterious effects of salt stress are commonly thought to result from low
water potential and ion toxicity. Therefore, plant survival under salt stress depends on its ability to cope with water stress
and ion toxicity. Although much effort has been invested on the salt tolerance mechanisms in Suaeda, the understanding of
the underlying mechanisms is far from complete. Previous studies have focused on the aerial part and overlooked the
underground part of the plants. The studies have focused on evaluating a part of biological indicator or physiological changes

without comprehensive analysis of physiological processes under salt stress. Most of the studies have focused on the neutral
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salt effect on Suaeda, only a few attempts have been undertaken to study the effect of alkaline conditions. It has become
necessary to carry out further research for a better understanding of the complex molecular interactions in plants, which are
complementary to the traditional physiological studies that are limited in the number of biological indicators or phenotypes.
Future research needs to focus on questions related to regulation and control of the signaling and metabolic networks
underlying the response to salt stress in Suaeda. In the initial stages of salt stress, the change of environmental conditions is
sensed by the plant and activates a network of signaling pathways. In later phases, the signal transduction pathways
activated in the first phase trigger the changes of different proteins and compounds to allow a new state of homeostasis.
Systems biology research will open new avenues for further studies on the mechanisms of salt tolerance in plants because it
enables us to recognize the networks of signal transduction pathways, metabolite profiles and unique metabolic pathways
responding to stress conditions. Systems biology approaches allow not only to analyze the topology of the biochemical and
signaling networks involved in the stress responses, but also to capture the dynamics of the responses. The power of the
systems biology approaches is the ability to determine the responses at a number of different levels, including transcripts,
proteins or metabolites. Combination of transcriptomics, proteomics and metabolomics will provide us with a holistic view of
how plants respond to abiotic and biotic stress and enable us to develop advanced strategies to enhance the tolerance of

different plants and crops to the stress conditions.

Key Words: Suaeda; Salt-tolerance mechanisms; Leaf succulence; ion compartmentalization; osmotic modulation;

antioxidant system

BIE I8 ( Suaeda ) FHY) )@ T HE AR Y GEIR , 2 3KRZ 100 AN, 7340 T A4 M A 0 e dbe i id &
FROR X TR A S S R 20 Fh R 1 AN A 43 R BT T B A T X LA B
W5 b IR RIRIE EAMREEIL A O, BRI I R TG (S, australis) 5340 TR VS AR B
T8 VLM MEV D 2D AR SR A AL | T VG 58K A SR 08G% (S, corniculata var. olufsenii) VE R 1 AN FRAL 5347 T
PO AR MBI ST B S A A AN R 5 3 0 B 8 52y T R A AR T LA 2R
NEFHBE . Ban, st T8RS, A TR il s TA - g R B ard: metES T
WAL T34 BB R AR I HA T A R B AR R P DA BBt e b R 2 R

W S A ) JC I R A5 4, R P B AR B e e A R A W B A A R R O AR BUR AR B AT A
PR A R AT R R A3 A B M P T B R AR 1 A A A A TEAE N A S R G AR FH A
SCEATR R A [ - e 5 [958 8 6 B AT T i 58 P A ) T SR LI & T A 4R 5
1 WEREEY R EHRETR

H 20 g 70 4R, S 35 A A A Y24 Z Timothy J. Flowers TT 4k %ok % J& Fl 1y Tt $hPE R AT BF e
Flowers 5250 % DI (S. maritima) S 5A0EL, BFSE T NaCl [ R RN B T Flig i B AL 8
EEVAT YT A A 30 1 AL B B AMIE S B RG ZE Xt S, depressa'') (S monoica' |
S. macrocarpam] S. australis'™ _S. japonicam] S, fruticosa[m .S. nudiflora WL S, altissimat'™* ™ _S. splendens[m .
S. eltonica"™' F1 S. aralocaspica"™ 5 FABTE B ALY EIF T it RO 5T, W28 S 450 665 K
B BUEE RGNS BT AR SR S B R 0 23 BRI RN A 1 S A A oE AR DURAE 28 Tk
S | ARG B A T R HLAH] . A E AR T NaCl 5 FIERE ™ I S. asparagoides™ ) cDNA 3C
JE ARSI 17 180 AR F B S M ERIR AR A SC AL, Askari SEMRT S. aegyptiaca ™ M 5 AT T 22 5%
EE BT, oy B A e SR AR Z AR AR R 27 NI ERA G E H

] PN 35 2 R A R 3 M O ATE Y T AR LR T 20 tH22 90 4RAR, 0 Kz R AR Y b 0 Hu B (S. salsa,
N A4 RHHE S. heteroptera) ) L THHEE (S. liaotungensis) " JKRERTHE ( LA BGE , S. glauca) ') 4 5105
YE(S. physophora ) ff1 B8 ( X4 FABGE, S. corniculata) P | B AE B E (S. stellatifolia )" | /N 2%
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(8. microphylla) VRS, turkestanica®" (B Z2 80T AR BRI SEEL MR E T, W TAEWEE T Eh i a b 3 (= N
Sy ) wCER R b AR A (B AR S ) R Mgz 1Y) AR B, A ol G i A AR PSIT SR H O Ol Ak 2 AL
HET G ALEE (APX  CAT  GR (GST SOD ) 1420 48 - i ERAIL I A 4347 DU 95 e 20 ik Sl i 2 , v
VPR RS (B PR AR O N (CL K s B Ml 22 0 7 XA VR I A & Na* /H 2 1] 32 i 4
WP HZEHD H'-ATPase Al H'-PPase (EFHSF 2 7243 F/KT b INAR IR K F ok Bz S0 = T
Fh M RE VR BE A B S0 cDNA SCPE SRR Y 28 ST e S A M ER AR DG S DR T AR R b BT AT
S &Lk T INPS P5CS BADH .CMO NHX1 . TypAl .CAX1 sAPX Z5Tit£8AH X HE P IS ASUR T KA i 4%
Bt AR b L T SRR I T R AR

ZEMLE N AR SE TR, A2 X 20 Rz @AY 24T 1O EEAER 30 S5 BFY T IRl 4 B B4l 4
B4 AE A AR B HOGH R 38 1 S 07, O 3 T i SeBiF 58 o B 1 S 38 0 W A BILART X Se A R BT e Bt
PR AL, X 4 i N - AT DI 5 008 25 1 1 ) J5 R iR 0 4R 2R 0 BB 1 2 Bl 52 i A 400 Wi 37 R 3 ) R Jp
A AORRAR . T AR LAy TR B J8 A A7) B Tt SR HLER B I A4
2 MRABRL

W PR B B s AP ] Ak T A Y — o B By o, B R I A R A M 2 2 K G A A A H
HaZe ARFRBGR DT AT AR ISR A7 R 7K 3, (o B AR A N 5 7K e 1, 2 T A AL ) DA IR 58 W A i)
R0 AERFEY R T AR IS B

Shomer-llan Z57E 1975 4EX} S. monoica #4771 M F #2254 0 1, B ROWEE T S, monoica W R TR
PRZE A, B0 HERE A AL B it /K 20 2L R SR AR 2 A5 R RN L, i e 2 2P RR PR AR Y o B IS AT X i S A
YIRIRRSE | e R b B AT B4 i B (%) A AR AR B, Story A1 Wyn Jones' ' Eshel ™ 435I LA FiR 8 5 T H 22
LRI 7 B AR e bR dl iR T SR AL FR X S, monoica F S.  aegyptiaca PR T AL FE BE M9 fE UE/E H, J5 A XT S.
fruticosa™™ FhHbGE3E S FNHE LGB Y AEAE Y AR 0 ST | AL AIE S0 T A A 6 05 38 5 1 o A T AL
7 R R 43, NIk B0 [ B R VE I . B oR AR5 R [ ) al kK S Ak i 6 AUt 3 52 5
A NaCl AbBRAR kR Bl % A Ak J2 Na® F1 CL B FP S T0E Y25 5, 10 Na® 2 VR, Xl 4607 %t sy
A YN PN b R B bt AV A0 ) R AR BT AR e Y AR A5 R R B ik b Nt CU IR R H AR
AEBE T R HRE R Ak ) F A R R R Na' i EFEH . 2T Na™ A1 CL o] i 2 5 s 4B ) 1Y
PBTAL BT ANTERE A7 2% B HERT Na il I S5 E0AEA SCHY ATP [, f2 i ATP 5, DA ITTAR A 40 A i< | i
FUAL 5 LT T A R AT 1 D R T S G S s B 0 A e A SR R A 5

V4 1k NATTEANTE FE R 30 75 052 S R v R TR TR R 43 F LR . Askari 452 56 %F NaCl b3
1 S. aegyptiaca WM 25 5 A A AT, — PP L3N & F1 45 & 2 1 Profilin FIBES S. aegyptiaca WM
P AA 56, I Profilin 5 [A] I IR BRIHEMR £ E LR Z 5 S, aegyptiaca TEELMHA N 4L N 22
B35 Bl , e A 4 IR A B K 2 1T 484 T R R B Ak, 53 Ah, KGE TE 2R 1 (AQPs ) T RE S 5 4R I Fr A B Ak
AQPs Ji 1 AL K 8 02 5 A ) e 100 A5 8 A R L AQPs SRAN LY BRI N TR A A T, A Eh
b 0 32 R S K R AT B 1, 2 A R B R NI , ik R B AR R S, DA A 3 o A A 7K 0 e R 1Y
ARSI E AR
3 BFRE

o 24 FEEY AN N B T 260, AR T Na* fil 1 g3, i B m 17 K Ca™ 25 HoAh B+
TEAHML N B 534 FIPE T, 2 200 Na™ F1 CU iR &7 A i 2 FAE AT . 7EERB 0 T JE 707 09 B 18 0 T A6 )
TGN ER R AR IE R AR TG S B X B AR R TR E S A K AT AR R
A A AR 8 R BT X SRR HEER EA R, B SR AR O I A W AR A R (H RE A8 3 1K £
B3 26 B AT XU Dy 2O X R S A iRy 2, — D TR T A R v R R i i
PIE S A SR HEAT , 55— J7 TG A0 7 VR0 PN B B85 VR B2, PR TIE 1 A A 240 M %) T 5 WK, DA T fef Jfp i 15
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LAZEA,

IR XA 5t AT AR S monoica'® MR S, fruticosa™ FhHbHHE " SR
117 # W05 Na®#95E LT, K I8 TR DABRIEE WM )RR 73 Na™ B B 7EIRIE P, LAERS 40 9 1IR3 19 5
TV, RSB ] 03 TR AR S 1 IX Al A 2 e VUL IR Na ™/ H 330 1) 55 24 F1KE Na™ BB S TE WO Th ™
FERYNOT Na'/H 9 )R8 R 1 A HIRERHOG IR T 2] HY -ATPase \H* -PPase 75— Wk B2 £h b BE S 14
Fh G PRI B A ) R =R R i B Na i R RIS R M
4 BEET

BB R T R RN IEZ — TSR Y BE S 1 i AR R E T RS O AN 1B A
TP FORNA F R B SR B E b . AT, 2 5B E R CHLE 7 F 2R Nat KT Mg,
Ca® LA} SO7 \NO; 45, HETMHES iR NOJ X —JCHL B 25+ 7E 083 Js A ) i a8 @ e 1y /R 28 s o 7
NaCl Pt T, Eh it ™ 8Ll ™) R SEaE ™ it | sp ¥ g8 504 K NO; BLER NO; REIEA 3L
FEARAE I ZEER 0 T A A K 34 SR EAIOK . BR NOS 8b K™ \Mg™ (Ca™ 55 FHES 7 it ) Na™/ K" 7EBIGE &
HY 52 BIER 0 5 & AR T ARk SR bl P IR S, fruticosa ™ RN S, australis ' AFTEER WA T 1A
P K SRR AIG, Na® /K" He 72 b A FIS (4 R S " RN T 7 o ful 28 T 8, 3K 45 VR oAl g 3 1ot 7 A Py
PRAFE K AR Na KPR AERFR A T B B AT A AR — 20, IREHEEEER A T KN Ca™ FI Mg™ &
A B R T Y AR S, fruticosa™ AN RAR S, B HTIX L B B TS 5 AR R R a0 T B JE A
WG i - B IR BRSNS AE

ERIIE T A BT A BN ) B FE 208 7 A AR AR ) X 2 38 0 B T O L o R
L 2 ER A 5 T8 BB 2 VR ) I 32 A R R Sl AT AILRR IS A —Se i Pt . Bl R AT —
TR 85 325 500 AR LA IS 8 7K 23 R0 , 3 e — A (i i P9 R 207400 Jo e 32 8 18 13 3 O DR 30 3k b i
HE OO REGSE T PERIE T R IR Sk ) A e i A A A v R 0 T AR P A i R 7 ) 3 T
o WERIRTEER G T BRS 58 BT A0 X DR MG P A 32 LUK I A A OB B A DR PR, © W
SEENER N30 75 S 8 06l A T o T S M B E Y S fruticosa' ™ | KSR EEES" LS. aralocaspica ™ Fl
Suaeda eltonica™ ZEHH % SR AE YA P R A E L BHSEHR A0 A= 4 A a3 EE vk ARG AN SR ( CMO ) AT
B e S ( BADH) AL Y T 19 BB 75 S AR B, AT TIRER B CMO BEAITE NaCl e T 1) £k b g2 v
KA EIE I BAEERAL IR R S, aegyptiaca ™ . S. aralocaspica'™ F Suaeda eltonica™ i CMO & H 1k
Wi, 53 YRR BADH $E K 5k i AE SR a0~ (i alsE ) R e v 2 L MAh, AT
PSRRI A HLRR S ) 7 b Ji Al A X B i B 38 i AR vt B 9 T — @ VB T s i ) SR oz AN
IREFHEE " ATV T i R Ry A7 R A S R, RN SRR A WL I A BEAE NaCl LB
o e AR B T A AR
5 mEKRS

AT YR N ARG B L A% Jh R HL 1536 S AR N 10 2 A AU IR AR e A N AR R R A 7
PP (ROS) AUHGF S AT B 1 LA R B A X S0 M S S8 W A 3l i v AN 1
FAR R ik S, AT e AR 11 B A% IR A5 45 A T RE 23 3 UE AL 005 . AP AL R GLid o o
FEAIE B AH) 22 8 AR BEIE B A 2R 40 , W 32 B A7 il S AL ) AR i (SOD ) 3R I R it AL W g ( APX) (A BEH
Jikak AP (GPX) 3 AL i S5 (PrxR ) i AL UM (CAT) |, TS #2240 3G HUIA i A4 e H ik
S T TR AR T I X 2 R GE BT el ER A T R Y S A S i AR BV E T G AR
filf i 72 (CAT pathway ) \idf U ik S g/ B 800 2 1 7842 ( PrxR/TRx pathway ) FITAS e H I i 48016 ) 1l 14 44
(GPX pathway ) M HTIRMLER-2F BEH BKIGEER ( GSH-AsA cycle) i 16 M 8 28 I 18 7= A 5 9 BR AR 545
5.1 HAYEALEM

SOD Ak o8 BB 7 & A B A E %4k H,0, ,H,0, 76 CAT APX FIl GPX S BT LB 1L T 5%
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1 0,0, BAEE /s b T R a7 SRR JE A I 7 NaCl AbBE R 2015 E|
SOD JEPERE N, I FL B 0 3 30 HE B Ach JH AR 38 4t v 1T 18 i A R 375 k34
5.2 A REERFE(CAT pathway)

it A A R AR R R A AL A T H,0, L CAT fEfLIR A B H,0 F1 O, , %I A2 AR A A 0T
BRIt Y H,0,, Shibisss > A iemsE = 7 fEh b B R AR CAT TEPES B T3
5.3 i EALY)IR ) i AE A £ & 1R (PreR/TRx pathway )

1 S A D T AR R AR A SR ) AT R PN B S A B T SR 1 PP R AT ) R A A R T
UL SR AL 728 0 R R P s A A SR A S ) 3144, ol PrxR T BR H,0, UL T, S, aegyptiaca T PrxR
I97E 150 mmol/L NaCl ZbFF e ik 2 194>
5.4 AMCH BRI S A% 1S (GPX pathway)

TEA B It kYR 42 v, GPX Al 1k GSH 5 H,0, 454, 4 i H,0 11 GSSH, B 1 GR ¥ GSSH
WA GSH, N F—48 H,0, BTSRRI ate FabA, ShiimisE ™ A S. fruticosa' ™ FEERALBE T - A P GPX i%
PEREIN , TE S, aegyptiaca WIERIMEHE H MR H , A GPX EEFIAE FAP
5.5  BUIRIMER-A M H AKDEER ( GSH-ASA cycle)

UL R -4 6 H IRAE 2R & AR AR LR AR I (AR I Jo R 40 B 5 b, G 26 Y AsA A1 GSH ] 41 il g it 2ot 4
eIt HEAWERR A R IEAMER . GSH YE TR il LS B ROS, AsA S A B 7 iz A i 3L A 8%
TR, R B2 S SR AR R B AT DAY R B AR 2o SR Ak e v ™ A 9 2 SRS T RN 2 (PUFA) [ H
B PR AN A BEE AR SZ AT, R B 7 200 mmol/L NaCl AYALER T, I F v AsA Fl GSH &
EINER H,0, F R,

GSH-AsA fE¥R 3l GPX A1 APX WP AL , APX R AsA A B FL A0k H,0, &5 H,0), [F A}
AsA PN B E TR MR (MDA ) , MDA Hy BB S TR I R 38 [ i ( MDHAR ) #1638 I P2 i AsA Utk
Ah MDA A REAZ LI NAD (P ) H Ry it 7 4 5% A5 Sy i &0 5T 0K 1L 2 ( DHA ), DHA £ JIi &0 Bt 36 1 2 340 J5 il
(DHAR) B T 518 5823 e H K ( GSH) 7E AR i AsA | FFFE Bt %5 4k B GSH ) GSSH Y7~ 42, GSSH X
AT 2 e H R B ( GR) A4 FH & A= a8 D s by A2 B GSHL, 58 i GSH-AsA fiG¥R, 7E 150 mmol/L NaCl &b
Y S, aegypiaca B EE AL, MDHAR F1 APX Bk B R MON A & EE™>) ) $h A7 200
mmol/L NaCl £b3 7d &, fEREE H,0, 7 i i 80/ F1 R AR o S Ak KT B BE AR, TC IR & SR AR BE B v i) APX
GR b ISR LE A APX | GR, Tih P34 i 4 )

b kA Lzl , Wang A0 8 400 mmol/L NaCl Ab 38 &4 55 Bl 2% & LT 40 L35 % ROS BY387 1%,
By —Fh SR S B[R] SsTypAl TSRS AS Y TypA/BipA % GTP B, 3X AP GTP [l FifiEh A BH (7] 384 Jin % 94
W1 AR5, MRS 2] H,0, & it A W MR 7E8 b N SsTypAl BB HREAEE H,0,
i I R A N S i A2 B S R B8R T IR GTP W AE T bR ROS it B fER
6 EB5RE

YE4 R BRI JE AR O T R T R BRI RLR T AR A 25 AT, 48 7R 8 Ja A 1 it 5 ML il
BESE T A, R A G B AR AR A AR T A2 MR A T AR R . (MU W TR —E W R BRI,
TEFLCTT A T 2SS, 140, (1) FEA AR b T Ml E 35 3 i %l b R 358 43 B S 0 SR e D
I ARSEAEY K S 5B R B RS, WA N A R AL, (2) Z RN R AR R
P2 G 0 BAMOUREE 1T /D TR AR AR B AR AR RG50S b AR R B 1 e [0 5 3 R AR
PRAC LB 2 N ARG — RIS R D E I T i 2R EBALE], (3) 22 8 S XT S Fh s i ol s 43
BT A X S R LU ASAIF 9 . 3552 b B I 1 — SE RlOE S AR AR B 5 FL A A 0 038 10 7 22 L
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IS5 5 T R B8, TRA TR i AR 0 S5 11 17 6 D3 A 155 P 25 MR L ] . AT 38— i SRk
W G B MBI Z AR Ca™ /F5 A AN FMESRET | X BARITE AR, (2) WA T 0E R Y T
FRIE 5 RS R A I U2 i i AR AT, 455 A 32 0 5 S (0 5 SR N RE A R AR W 2 1B
THLRIAGTAAHLE , (3) 2T RGUEY A0 R B SRS L2 B SR a2 R A Al o AU A 2 A5
T T BRI S GE SR A TR SR 0 T 24K AW TR 22 R0 IR RIZIRAEY) th 52 2805 5 M 2% 14
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