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YR REES REN SRR TR

CEARE S O

" RO R A Y S IR B, i 5T210037; VLI RO RL B S AR IR BT, L5 KRS TAERARR 7T ho,

FOKREE R LR R 2 Ly, FR(210014

FEE: P2 AU A A & b R, T LR A5 54309 4k,

ST A, AR RA T R Ao

FRF LT EHTHEASERY A A(R)RBMAR TR PER . ALELE TN T BT = L2008E. Aaa
R ARRABE] L 2F SRR G v B A R 3 1 359 45 6 AT AR T U, PR ROR B AR T AR b R

FIRIR): R AEE 5 A KRR H R

TP PR ANAN 2 R B SR V5 A 435 g ) Jo 1) B 2
WS Toir, felt 5 E E RS & R E RN EY,
Zx 5 240 J VR 30 R0 248 i T 0 o 3 A 5 A i vt 3l (b
wH), T HERAE SR, TR RIE
HIBEE 2 (Proels MHiickelhoven 2014; KunzZ52014;
Sleiman%5§2014), [FIW}, i) DL E BAE AP )
K EAL Y (KeunenZ52013; KunzZ£2014), 77
YK KB AR A R (Granot%52014;
Chincinska®$2013; Yonekura®$2013; Lastdrager4s
2014; Lu%$2015), Su4bh, EHEYAEK R RS,
PR AT DL HAWE 5 EY R . G5 5 AO6E
SEEREAIE TSR R TFER, HES
—HaEMBHFH . A B A
TEYIES 5 R HAE DA AL B 7 A R 7ot e,
XY K KB RO RE M HAIR, NiE
PRI R TR A R
1 EYINEES

PEAE 5 2 S IR, BRI R b 4 AR
R, R EI AR RIEE B 1S A(E S ? X
D5 APAAAE G+, (Hg B BT 7852 e ml DA e
w, ST RS S e TRIRT A v DAE 9 bE(E
T 5O, RAEE/ERMEES R 2R
TREA R, OpE R B REME(Koch 1996; Horacio
ZE2013) FlIVEE 5 M -6-fiff 12 (trehalose-6-phosphate,
T6P) (Halford%5$2009; Zhang%5$2009); FAH#E -+ ZALHE
TR 45 B (Moore%52003) AT B (Cho%52011; Li%k
2011), ICA 53460 4 BB QAT A4, G e 26T 0 - 1- T R
(glucose-1-phosphate, G1P)F1% % 4 -6-1 2 (glu-
cose-1-phosphate, G6P) (Nunes%5:2013)4%, ] {E N5
SO AR AR B A NI A A

11 BESFERNER

WA W FE R B, MR R N . R
Mgk, HIEINERS R, RBCZ AR DL K H B
PIEALEE . BEFALEE . AR AL tblg . R ER
B IRPMR A 420 TA T R 5 8 5 B A5 - P SRR R A 7 A
FEMREE(Koch 1996; Barratt%$2009; Wang45:2015;
Deng%52015), ¥i(E SE A H P —FAr 2 52HE
s S SEAEY. CiREME SIXEES T
144 WDZ%E H (tryptophan-aspartic acid residues).
B A% 31 75 1 18 (Ca™ -dependent protein kinases,
CDPK). % [ WE 1L (protein phosphatase, PP).
i 77 2 i 35 A B 1 U (mitogen-activated protein
linase, MAPK). Ji % JE 1% fife 284 25 A BB (sucrose
non-fermenting-related kinase, SnRK). SCF (Skplp-
cullin-F-box protein)Z&fI#). MsK4 (glycogen syn-
thase kinase 3-like kinase, minimum-shift keying).
e A1 P S % Bl 5 5 7845 (Bhalerao®$:1999; Rol-
1and452002; Kempa252007), iX L& 71 K (5 5 54
5 2 A1 A% B M 2 H AR R R I B st ah o i b,
2 1) A G 2 DRI PR e 5, AT 51 2R 3 AR K I AR 4k,
TR AERKE . HE AR B L (E
SlEESEHEE R BRI RSN BN, X
LEH T R < B A A To 1 (Sleiman£52014) .
1.2 BESRGHIHER

WEAE 5 RGAEME DA 3 2 DL O b
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(hexokinase, HXK). <RGN % i AT A 4 i HX KX
355 4 B A77F (SmeekensZ52000) . i, HXK
—MZUREEA, BRI ER R —2, X
Z: 5 M R A A RS 5 % 3 i B (Granot 5§
2014). HXKAEBERRAL IR A H & E . ReE. o
FRPEAN RS, Eh B R A B R 1
A TUAF(Cho%52009) . X L 27 S 48 2k i i i itk
N, 585 O B pE, Hed 5 HeEA
1E R E &4&(Hsp70 interacting protein, HIP) &k #
PEIE R A2 5 RAE 5, W g CBOR, &y
FER sk RIE . T Ah, HXKW AT REIER 24 A B %
SO 5% (Rolland452002) . 7ESLBEAE 5 IR T,
CAHRIEFINSVE A —AME S A4, FEFR B T3
PEALTE I, W7 T-HXK I % (CholTYoo 2011).
2 EYFHEESEERLE

T B AR A 3 5 3 SR 1 70 14
WEIHATOIEMANE R, — BN, WS R
SRS Tl RS, TS A B AR AL
1224k o
2.1 S5EEIEE AR E B HEE(SnRK)MEXAER
HLl

TR I 2 R O (SnRK) & — 282 47
ET AN E AN, &S5RI KR
(sucrose-non-fermenting 1, SNF1)F1I{ FL 514 AMP
1A B I (adenosine monophosphate dependent
kinase, AMPK)%% )] #{ 5% (Baena-GonzalezZ£2007;
Hardie%2007), HZ 5#WEZ MG 5 3@
2o TP BEKE B SEN DL RS 5 1 S AR
BESnRK 1o A FE (8 ATHE . =9 B2 1 R b AN g
A5 1 1K 06 #R 45 BT SnRK T (Polge52006) .
SnRK1— H0, HBERR AL I H0m Bl — L o AR
WIS, R IURSIRIA )i B (nitrate reductase, NR).
3-F2 K3 FRE I -4 R AOE 5 B (3-hydroxy-
3-methylglutaryl-CoA reductase, HMG-CoAiL Ji
). REREREER & M (sucrose phosphate synthase, SPS)
FIVEF 55 45 1 1% & I (trehalose phosphate synthase,
TPS) ¥ /& SnRK 1 5 ji% 1 Mo N ¥ (Polge %2006
Schwachtje%52006; Lu%5$2007). SnRK1i& i i
B T 0 o= E K T 1 2 S, T 422 VA GP I (UE Hpy
B RO RS T, e S SR R IA,
SEEHIEE . SEE. KEEEERLR,

KRS IE 2 5 MR S, i iE . 5 R AR
1) 4 T AE FH 25 (Polge®52006; Cho52009). [Ai},
CL 2 5E LR J 12 SnRK 1 (AKINT0/AKINTT)
2 M [ B B AR 22 o 2 B 3 A5 5 e s 2L A 1
»(Baena-Gonzalez552007). {EFLEGIF ik % €
SnRK 1 P4 (1) B R B 1, Qa4 o 344761 751
KRP6 (Kip-related protein 6)FIKRP7 (Kip-related
protein 7) (Guérinier%:2013) L f B3 4 k) 4 4% 55 [A]
“FFUS3 (FUSCA3)%E H(TsaiflGazzarrini 2012), 3
— P4t 7 SnRKIME NG 5 4 7 2 5 4 i Jo] 910
KREWEEBEEARER. A, #RERy,
G1P. GOPAITOP LA F 2 il HE ) SnRK 1 (1375
P, 11 G1P5 TOP) 45 £ WX SnRK 13 VA7 13 [7] 2%
N (Baena-GonzalezZ5$2007). A i1 &, il #2
BRI 7, HXK A ) REfE 2E T 6P M JREBE 1 ™
Ao I XTHXKIS RIA T R 5 EH 4 R K
M, HXK 5 SnRK 115 5 Z [A] A 1R 58 1) AH BAE H,
SnRK 15 HXK (1A e 45 1 15 2 DLE 1) B M fie U5
H FE B 42 1 R I3 1 P i (Nagele fil Weckwerth
2014).
2.2 55@55E-6-14ES (trehalose-6-phosphate, T6P)
HEXBIERMLH

TN -6- B IR (TOP), W BENE ALV & BUEE I
AR, REMAKKE PR AR — N E
BEAE SACUY . & POpE b FERTRE Lo A AR
B NS AR FEAE ] : TOPRAE NS 520 T A
FAE AR Y, 5 Suct 1R & 1 AH ISP (Paul 25
2008; ZhangZ2009; Nunes%5$2013; NigelefllWeck-
werth 2014). 5 SucHi tt, TOPFEFE Y& h LG =
TR, HANRES IS, 1554 A 3 75 N
Sk (Paul&:2008; TsaifllGazzarrini 2014). fHY)
RRR T H N S O AR AN, HH R R A
1) % B TPt B % 3 BUE M)A U A1 R & 1)
iR . MWMIRIG K E B A 323552 ToP
T, XL R ) — T 5 AR K RS
B M EAE (O HaraZ:2013) . X AR 75 58
AR AR v Y BN T O B I T - - R R & Il (T P
synthase, TPS)F17f 5 b -6- 15 FR 1o IR B (T6P phos-
phatase, TPP) [ 7L W : TOPK A M) & Bt T4
K AR E A& AT] b 1) (Tsai Ml Gazzarrini 2014),
HWF R, W EEE-6-TF IR IR B 2L K (OsTPPI)
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FEKFEH L 3R IK, REME TG A 100 8E BB L], AT 4
R0 85 S AR R TR 52 14 (Cho%52009), 14T, i 5%
B K RTOPX kL WA KA HAKAEHE
(194 — P AE F (PaulZ2008; Lunn%52014), T6Pik
% 5 AGPEg ()8 AL iE 5, SchluepmannZs(2012)#2
H, TOPER Y tHE2MNADPH (triphosphopyri-
dine nucleotide) { i M AL SR A5 5, IX AT RER —
AN TOPHEUE AGPEE E LI R 1K J7 1

R ERE IO IR =1 A - A A
F 5 A B 2% A JEE 4% 1] C/S 1-bZIP (Group C and S1
basic leucin zipper transcription factor) i 5 ¥ 2% %5
(Ge%:2008). AW 7T H5 H SnRK 1K )% ik 5T6P
T EA K, TOPALIE T 8L F FHH HE I 1 SnRK 17
P 52 11 (Baena-Gonzalezf1Sheen 2008; Zhang%s
2009). BN, B ET6P/SnRK W i 14 h 4 5
R b ZIP 1L, 5 B, HomT DL 0|
SnRK I MTOPHE ALY & B L, T3 = A4
FESE(0 Hara252013) . T 9 T6P AT F 2 v
o7, #EDSnRK 115 5 C/S1-bZIP#; 5% [H - HlmiR 156
. BHPE, SBONGNE 2 s 7K 3
AR AR KA AR 52 H ) (Wahl£5:2013; TsaiflGazzarrini
2014), {HJ2&, T6PZ: 5 SnRKHEAL B AR K43 T H13E
AR A o
2.3 EYRESSEYHENEE

BRI AE KK B BB A EEE,
(R, AR AR R 1R T — B A B I
. BIFFE R B, MR A R 125 A8 ) L R 3Rk
MK R F R BA S5HERBLMEM, A
I EITREE SR SREREBRESH T
RABRIER ., 8L ABMSTAEYHE K
RIMWFFIESE, BESABA. 2. TAA. CTKLLK
GAZE T B 2 2 A3 Bk & (Smeekens 2000;
GazzarrinifllMcCourt 2001; Finkelsteinf1Gibson
2002; Chincinska$2013). 417K fESnRK 24 K 5 ji%
Byar gl iz s 5, b g =ANE ] LA ABA
% 5 (Umezawa®$2004); SnRK2F1SnRK3Z 5 ABA
F/B 815 515 5848 (Hrabak£52003; Halford%5:
2003). fLLFE 7+ SnRK2 [ 235 BB A% 18 12 ol 3 B 25
SR R, A TR AR I 2
(Umezawa%$2004). 78 % ¥ 5 i =% 25 9 g A0 T A
FH Re 8% 4240 T+ AR 1) K B (Gupta®$2015). JE

B 5 ABA I [F] 18 4% 7K e 07 41 i e ADP-] 4 B £
T R AL AT e oy 75 1 2 (R 1) 3R 48 (Akihiro%5:2005) .
AN, A5 5 7 F B 58 24N I BE AN U R AR Ak
KU, VT2 RARIAFEABALEY) A RS 5 61
W4, fldGginl/ABA2. ginS/ABA3Flsun6/ABI4, 35 W
FEWE 5 ABAE 5 [ f£ £ X % 19 1E 7] BL/E(Lu%%
2015),

BESEAAB TR A T TR I 1 K 1) B
HIE A2 —, ZFEY PR PR RS
TN 8 IZ T 4 75 71~ (OstrowskiZE2014; LiuZ2015),
PERA B TR R R . HEE DA S —
BE /NG W B IR AL S ) R AR . AROE
P, SR T EGE IR R RE AR rh S 4B R E AL ds K
FEVE DL 2R AE 5 U N 25 G R SE, A
FITHER R DhRe .

3 HEES XINRE TR R
3.1 J@ =&

EAKEETHEES5EE T CRAFEL
1E. BEAE 5 8 S BB I Ak RO A 558 2 A S H AR
HURA, T H 5 &&= W, 18 8 AR S AR
W MRA, HE TR, MHE A R
. EHEBE R A B (sucrose phosphate synthase,
SPS)¥if 14 15 e %60 B 5 A AH G, e by T v e o i
IS T &, BR @SS YL
HE R (ScheibleZ51997) . -5 52 1A (AR B
1 3 52 21 B 3 T R R 9T, 2 A A PR 2R B4
NR. KW A Rl (asparagine synthetase, ASN)
FNA G Bk % A Rl (glutamine synthetase, GS), 5t
IR }2) GE 0% 0l Bl DTS, T ASIN T 22 [R50 U 32 9% 1)
) (Lam51998), 1M H., ¥EXSASNIFIGS2 1) 5
J& F AT HXK PG 5 1&1% .

32 %

[FIRE, (5 5 5t A AR, B, JLFRrd
f9%(>100 mmol-L ™)) £ B F W N A i ie s &
M2 &, Xk RBNETH H AV A B BT Suckk i
P55 5 1 4% (Stevenson Al Harrington 2009). 1 4h,
XF A R AT S % MR AR 2k R ek 1 — 20 )
Mra& B, A vEREAE R R R S dDE & EH
(Koch 1996). it A2 f& 1F = 6 260 T 2 fi
KA R AT UL S AU AR A, GnfE T 25 A AT
PR (A B (Schmitz252014) . {5 AR 2H 27 Fl %
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SR AT T U EE R Y R AR (K adg 1-1/pt2, 7]
PLIX 43 CH (carbohydrates)fll & A4 & J& /3% 14 4 (re-
active oxygen species, ROS){5 5 X 1% 3 K R IA 1)
B, HAAEBE YA R R (Schmitz552014) . S
S R 4% B AL 12 AR StSU T4, 2 52 B &7 1 15 2
IRl 1 2% 35 FT 205 1 7= A4 (Chincinska%$2013), 11 H.,
KFE R b IR G B 2 R 1) JE B 1 OsSPS TN
OsSPSIIHIEVEFFA 2 REREFE G, M2 8 A4
Wi da i) (YonekuraZ$2013),

AL, B R A 5 R AU R A J R
o6, &SR E Y ARG ARG . E IR
B DL SO SR AR B4R G5 400 B B VB R
4 HEYIPETEIE AR

W ERKIE— DN AW B, A0
T A 1 52— R AAS [FIFL B AR P el AR AR P e,
B AR B Mot . IR ER I, KA R AR
8, AMRERST . &R A E AL R E S, AT
YE = B 5L AR SR o 77 AR X AN R 52
M 1) — A 32 i AR ROS R 2838 Al 1) S8 A 493
TEFEYME T, a3 RIROS AT LLiE i 18 5 ™
A FIE BR2AN AN [ R R HRTH (Gill A Tuteja 2010).
M AL PR X ROS A XUE AR, B A B AR e Ak
FIFFUAAT, EATBERT LA 2 5ROSHI = A& 17,
1] DA 22 5 NADPH 1) 77 A2 3 42 G S8 A A ol I i
1% (pentose phosphate pathway, OPP), M2 #ROS
H177 B (Couée:2006; Bolouri-Moghaddam#52010).

OB Suc, REBECRBERSLNEM ZHE).
THEENE SRR G FBRE . LA EE
S5) W] P B R RS 0 e DL R AR R AN B 1 5 AR
JE o TEFUREIT A A A B s 2H e AT 3R B, BERE XS L
A A 3 35 R o A A e R O B B R
(Contento552004). 7EHT 6 “BE/E RPUAMA” HIME
S, BERBETTAE WG ROS HITE 55, Ha 1 bl
S0 5K i 2R AR R OS [ fif B R HE B AE A
(Nishizawa%52008). 164k, 1E W iE S, 40 )i
FOAH 25 AL/ 3 Suc XA B T 4EF5 i
WARAS o AR LR AR P 4 B s M S B A P 1 R
YE R 1.5 3032 B A] (Van Al Valluru 2009; Keunen
452013; Matros%52015). 4k, 7EMIF ST H =
ST M (sucralose, JEAE 1N T 2049) I #F 58 it —
HUERH, BESE AT DL N B R BT BRI,

5% H H A JERE SOV B FRROS, ik 4 i v v
A A P (Matros®52015) . 17 H., i i bl L4k 1%
TS BARE LR NI AMEEEEY T, M TR
/D SRR A I K 49 3 (Lim Al Bowles 2004; Strasser
£52014),
4.1 JPEYIRHERERE

i A B EY e B — A E B . ok
8 22 ()R 3R K B, i i 448 i SnRK 1415 (Shen Al
Hanley-Bowdoin 2006), B3t ) 3 E 5 /KA &4
#1415 (BonfigZ$2010; ProelsflHiickelhoven 2014),
w1, SusfEMRAE it Rk MM T IE (XubE
2012). 1 H, MR ERAZIEYE, — R YK
fife g NG PERR 15 5, W% AL (invertase, INV) (Pro-
elsfilHiickelhoven 2014). 14k, Th44 2 78176k
5] 4101 R . 4% 4L i (vacuolar invertase, VIN) 1)1k,
A DAY/ By 88 2 U o R0 JE% 4 (Bhaskar552010) .
AW FTER AR, 8 I K s T BT R AR ) 4 AR BE - 1)
Z WEIE MR SERE By, T LUK B PR AR R Y
PO IS, R AR sk ) SR TS S R A Skt
(Cabrerad52013). BtAh, AHFFCARIL, ML 41 B
ALIE W RN S SWEETIR B T 454, IF HiEH
FIKFEBSWEETHE R R . a5 RiR, PH Ik 45
GBI TR, ATk S ke, £ SR = AT
I P (AntonyZ£2010; ChenZ52012), ZWF AL T
18IS %5 5E SWEETHE 32 i [ AR 04 25 DR A i AT
AP E FIHTER AL o
4.2 XHHEE BB RYEE

TER LA AT, YA K 2240, 2
T REHEAT RS B &R, v DAL FIROFs AT A
FRERI R R (VanFPeshev 2013), 7EEZEM g
BT RSN OO AT Y e 5 DR R ) SRR R I
PRy . T e, W T i E R 46
T 3 A AT VA PR (R R 2R DL R EATT 2 1A B AH AR
R4t AL PR (SperdoulifliMoustakas 2012).
1507 O | a2 7)1/ SRS B2 R N7 S ERE P IR LAY o
W, IR KA S TE e v AR (Roitsch%52003)
TEE AN, HREE 2 WEH 22 i, i, SRR
FLPERERR T Al RE 2 7 LB (S 5 (Camejos52012). 1t
b, BIF 9T WIAE 15 AE AR rh I 5 O S UM I R 1 e
i AR L A A B 8 5 48 (Camejos52012)
AN, LR T BRI ST B, T
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Table 1 Different sugar improved abiotic stress tolerance in plants

LAY HEH GERYIV RS AR P 52 30 5 Z% 3k
o FE PERE BRI T FEB NigeleZ£2012
PERE R A G IKFE T8 YangZ2001
HERE Y TR B S BE T&, # Zhang%52005
T EE N B R S BE T8 Han%2005
T TERE-6- TR & il F i TH. #hpa. EAeNB CortinafliCulisfiez-Macia 2005
(H HEREELH,0,)
T N6~ IR 5 T AN BRI T FE. #. BEE L Miranda%52007
7 P pEE A WEL A T FALR (T HE k). #8%%. Nishizawa$2008
T-H. i
Ui o- - FUE G A 7E Pennycooke452003
UDP-7 %] Bl 4- 72 7 57 K4 i T FH. E. B Liu%§2007
R E RN RN R bE B i W Parvanova?$2004
TR TR - AR R S BE R Li%2007
PR RERE -SRI R A KFE AE KawakamiZ2008
HERE: LR bEe- RN 2 i
b gic H R 8 M- 1 - R i U P AL FE A Shen%1997
8 M- 1 - R i U IKFE TR Hphn Pujni%52007
T - 1- T 1 Mo S A B Chiang%52005
8 M- 1 - R i U KIERA Eh P TangZ£2005
T 8 Bl -6- T B [ i R IT Eh e ZhifangfllLoescher 2003
L B4R i 1 2 W -6- T T i S KIERA Eh P Tang52005
1L A -6 - Tl T T S il ) FaNIB G DeguchiZ52004

AR5 AR R 1) 5 R % V) (Gravot%$2011) . £
AR E T, (F 5 A2 HEE S M
HAERIR m i) B 51 P (Bolouri-Moghaddam 4%
2010; Vanfll Peshev 2011),
5 FitERE

PEE R EY AR R E . W N A=) B
B s B A A O R R B AR . R H AT
WS S IR a7 B, HE, X T
TP A AR 1) 22 0 e S HG A B Ty e R AR 2% 1T RS 24
P HLER B, H AT FLIs R mim A, 1R %
BARWAE B ARG, &2 —BwdE. WAM
RN SR TR EE LR, R
Har it B RAE, £ 5 708 75 I CL R 445 T
ANTF: (DA FIHEAE 5 76 240 i b 52 AR 1 R 30
A E, AT AT BA T fif He =2 B I N b 7 30 858 DA
S AE AN B A X 7 AN TR BE 237, R, A
PR RESE, Q)RR AIE 5 LA S AR 34 2H 53 FIHL ]
B €, MERIEE 5 e 2 AL 2 40 g
&I REAS 5 10 3 DR LE AL B AR AN R B 231 Hh 1)
B GBEE 5 5G5S ARSI ER, Wi

SE TR S AR i 3R W B e A Tl R IR 90 £ e 2 3
PR, DA it A5G 2k DRI 3R 10 701 LR, TORs 2 4
S S AR S LR B, thEiRm
PRI 1 e B AT ORI 22— (DR S 5 5 34
&5 A% FHLE 2 8] P cross-talk, #F— IR BAHYIHE
fE 5@ty Al G 5 Z M X, KR4 T i
FEL XS S 30 5 1) 25 T

AT, BB XRS5 A S B BT U AN W7 IR
AN, LRSI ZABOR BN, R B 4 & W A
P o 455 5 B S B R 2%, DT R X A 40 2 i i
AT, B EENESEBRRER, I
i 2N MBS 5 A B O R A (K L SR AR R A
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Research progress in sugar signal and its regulation of stress in plants
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Abstract: Sugar, as the substrate of starch synthesis, is also involved in signal transduction. In recent years,
studies have shown that, as osmoprotectant and (or) antioxidant, sugar plays a protective role in plant life cy-
cles, including its growth and development, stress response, yield formation and so on. This paper summarizes
the lastest research concerning the pathway plant sugar signal is produced, systematic composition, mechanism,
the response to external environment and its regulation to adversity, and overviews the direction of relative re-
search in the future.
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