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JERAGY 77 9 R A6 MO0 308 S 40 VB o 37 B 17 08 B B P AR A, I 2 = 5 ESWIE E T 10 3 R T 2 T AN I AT 5 2 M 707 1 A2 AR ) 9 A0

BT, SAEFEMTAT 2508 72 35 W Rl T 280 (ST A R RO A A 2

XHEim ML, SWEET, IFiEME, SARe)

Vo, %, HE, WEME, §dE, BIME (2025). HEAESWEET B 547 (18 80157 38 V% 08 7715 2 3R ). MEXTBLFF 60,

640-655.

AT = il AT S A I 2 AT AT, LA R U
TIREFIR BRI, 1 B AR AT R . M R
FR VA BRI O I, A = R T, =S s 2
Bl 2 LR, (G 524 AR @ RS W, R R AT
AT AN BRI G ZEMEAT A, A Sy g
JUIE 35 BR TR I oy 3 B S AR A T2 A SR (Li et al.,
2014; Singh et al., 2023). A ZEHEAE 5 MO8 SRR
5 28 20 1A ML 26 T o 401 55 At (5 W20 2 RS, i SR
IR R A o SR, ZENR ISR W A e
Tl 75 A5t MR 2 368 463 17 0 5 A M 0 PR AT 7 2 2R e 25
Al 25 AR A 02 320 LA 5 BRI S A0 . BB, ek S8 A
HT: A AR S 7 7 W Wy T SO == VA, 7% ook
ASC Al ZE T A R 55 25 AR I 5 T B2 AR A1) 9 LML (Sal-
vi et al., 2022).

AT = Rl 9 MO S0 A7 AT 00 2 SRR, T A 2B
WG AT G I 4 W47, = fGEE T R FPE AR 5 X R 0 ] B L
BB O Y ARIRE 2505 0. I BUE ST UL, A2 SGRLER A
Zit P Tl £~ 22 WA At T2 A R T 2 At 22 T A Y ) 1 4
PES TG . 104, AR FISWEET (sugars will
eventually be exported transporter) i i 4l #E G 5L
T e T 200 A S ) SN AT B 100 3 B R R R B, A e

M 52 e A1 2024-10-18; $id 5% SEHl: 2025-01-20

PAIEE S bt S B4 32 UL %% (Chen et al., 2010).

SWEETj i & 1. 855k 2 T MtN3/saliva i £2 {6 i
gyt GLEEEEES S, OK L ET B E (influx and
efflux)ysu it 25 it A7 # iR £ (Chen et al., 2010). 20
WhJEEke, REHEAESWEETWR H 25 & 55 i dr iz 15 .
R HTIL, SWEETZEMEAT Sk s 5, 10035 S AR
HIRLE AL, s A MRA . EALAME SR
%5 (gibberellin, GA)¥ (Kanno et al., 2016; Morii et al.,
2020; Wang et al., 2022), 78757 0 R At =4t %
Wi I 15 $52 323 3# (Zheng et al., 2023). AL J&XF 4+
SWEET /N iy Wk 2 12 4t 2 AR AT SR, J07= L,
JEISWEET 5 5L 25 Wl S MT AR REACRE, LA 2B AT 4
WIHR YIAE S AR W . AR G2, SWEET %
A, A AT 35 HE i 388 0 75 AR AT QL9 W) 5% 4
AL TR, T R A R e (0 43 0 D L 2 At R 0
JE B N i o ), SWEET &M AAT A D s | i
RS, B0 U R R Bk Rk T
P FF(T AT ZAT B0 254 (Oliva et al., 2019).

SR BRI IE A SWEET 3 52 2B AT AT # Wk AT 17 18 1 g
1315 QA W) AR A 4 2 S IR B2 AR S 7 1B 1S, =
i S AT SWEET 25 W AT 750 7 Mt JHR 8 I 130 28 R JEG

PRSEIEIE: AN AR S5 REBUR 4 (N0.32272097, No.31771843). A JRUIBERS FE 1 (No.241490252A) W ifi i) 74 47 4 i Wt kil (N0.21326332D)
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BB 9% MEAT SWEET BR'E 7+ (i3 BRI IR E 1SR AR S 641

TR0 9 14 55V S

1 SWEETEHRRSGHSiHL

HEAE SWEETWR FLWASK 7 T 1 £7 o- 8 B 49 £ 42 (a-heli-
cal transmembrane domain, TM), 121 FIN (45
e LB % ) S C A (20 e L ML AR ) 2 2 T BT e A
(TMA=3 15 TM5-7) &1 51 #7 47 It Ji& 162 % %5 MtN3/saliva
sapyr ik fik= Z A (triple-helix bundle, THB), 2
T THBs (THB1HETHB2) ™ i &5 i i 1 IR 5 2 564 T
TMERTHZE W, ¥74% “3-1-37 (U5 8 ik B 52 40 F 7
("%1) (Bermejo et al., 2011).

4jlE(Arachis hypogaea) ANSWEET12AtSW-
EET 13 F 36 I 55 49 A 4 W i 18, 28 B AT 19 150 g 444

THB1

W ZEAR AR IR 154 AR =i, LT AE 2 SWE-
ETUR B 4%F7fli 5 (015 - IS AtSWEET132£10 1 iz
e $2 B TR 2E A I AT G0 PR (B 4 A T HR R M (T I, R R
X TM1%Ser20 (Ser20™")., Leu23™", Asn54™2,
Trp58™2 . Asn76™° . Ser142™° . Met145™° |
Asn176™° . Trp180™°m§ Asn196™ (Han et al,
2017). ZEM a4 k5T 22 AhSWEET12 (i AtSW-
EET1377 P 2 2B Mg o (1), 412 152 7 SWEE TR
T Al o AT 3 1 K i o 2 W) S (BRER A, 2024).
ANSWEET 1218 B Z 4 4% f7 hE JE A5 MR A, AtSWE-
ET13 (5xpd. 1) A1 AH &5 J Ji St A il (Han et al.,
2017), AhNSWEET124 K 168 M 2 7 47 i £5 244 fy 4
(1%2).

THB2

oz IR AGS & rh IR
(AhSWEET125AtSWEET 13— 55k 4%)

ez IRYPRER SIS, & P ISR S5
(AhSWEET125AtSWEET1322 7 5% 2£)

(X) ANSWEET128 i E LML

Bl HEATSWEETW: I & B $2 44k (1 BEARSWEET12=4)

THB1, 2: ZMEBRM T REHT; TM1-7: Bfffo-tEnkagfr .

Figure 1 Transmembrane structure of plant SWEET (take peanut AhNSWEET12 as an example)
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THB1, 2: Triple-helix bundles; TM1-7: a-helical transmembrane domains. Amino acid residues are color-coded to highlight sites

that play a critical role in the recognition and binding of sugar substrates.
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™7

B2 HR{YSWISS-MODEL (https://swissmodel.expasy.org/inte-
ractive)f1 5 ZMIAT SWEETIR I Z A 45#7 (1 47 EARSWEET12
=1E)

TM1-7: BFiRa-MER A0 FT 2 . MR B 2 () =L EER

Figure 2 The three-dimensional structure of plant SWEET
protein (take peanut AhRSWEET12 as an example) constructed
with  SWISS-MODEL (https://swissmodel.expasy.org/interac-
tive)

TM1-7: a-helical transmembrane domains. The grey shadow
(spot) represent membrane.

ZEQIERWCER TS, AT RS SWEETIZ AN o BE A,
HEAE SWEETHEHLRE &I =4 T 12 BRI 75 (PEA ), 25
aale 1L WY1V, S a7 T (Arabidopsis thaliana).
HEIS 4 3 (Glycine max)#k SWEE TR B Fr 5 Al Gl T
JERAR, WS LA A P B SWEET {4 AN My 25 37 WK 1 83
Y, SKZBAT RS A0 2 288 G e ek (1. 3) . LA
SWEET {1 Ax ) Ji 172 1 Jix Al 451 4l 3 K 32 47 {2 AT 1A,
K155 | &) 75 1 25 SWEET Z Bt i w175 111 5%
SWEET & fiff it M1z 8 Hg A, 4 MBS B2 At (A 75
B 7 45 2 S (Kanno et al., 2016); %75IVE
SWEET £ £ ik {3 it b 4 4t (Chardon et al., 2013;
Eom et al., 2015; Ji et al., 2022), 2 F815 5 JBE AT 25 4
s AR g N G A i R R R . 645, % (Ananas
comosus) & 7 M AN i 422 iR B ACSWEET 1041
AtSWEETS Ik iy £ 2 W B 49 47 W 140 3 28072 At 35 1o
i) i (Fakher et al., 2023); F 44K #5112 &0 B
GmMSWEET15 (i ASSWEET13 15 Ji2 if 4t #7 24 1) 1 5%
A5 4 #h(Wang et al., 2019).

S 20 I B BE S 52k <, HLJA SWEET

P AN W S R T e AT R 1 28 T 39 R 0 0 Sl - T
ZaS PR . ASWEET134+Trp58—Trp180M4 K A4t J4)
FREAS SRR “45%% 7 (hydrophobic binding pocket),
Be T8 B TR S BRI s 40 i 0 0 £ At 2
SWEETWR B K Val23. Ser54. Val1451Ser176
Pk 2 VSVS R IE; Z Ittt b J 4t 2 SWEET &l
JatzHfl =Leu23. Asn54. Met14515Asn176, 141%
LNMNZEE . 55, VSVS/LNMNIZ 87 B e 5 12 4t
JoE AT R R W, (9 = B A AL Al 3R AT R
SWEET {4 7% i ¢ 7 FR 25 i e 9% 25 1Y 151 I 1) (Weigle
and Shukla, 2024).

2 SWEETS5#¥5HEEIE

EIEERZ, NIAT SR ARA LRI . 9H L= IR S Al 6h i 4%
B di, A LA S 0 200 o il sl A e 2 PO ot YR At
AL B EHEAT ZEWORR I 17 85, M6 SR AL = Vi A 4R 7
WHE L R R B A AT B T PR, A R i AT 2 A PR T W
FENFIEZG S, e Al FRIk. Rl A
FEAMMIE . BB, ICEOE S HTI, 7B B R SWEET
BREMTE S, MRS AR, T
HE 2 Z 1 @ I ¥ (Gautam et al., 2022).

2.1 SWEETZ StEMI%tHELE Ynbhia il K
Joi R 7 308 D EE SWE E TR B Ay it Al it . 4 S ot MR
A [ 20T A KR 4 4 AtSSWEE T11/1 24738 57, 512
i A O WE AR A X i kAR A0 5U% (Durand et al., 2016),
I T S AtSWEET 1 1/1 2158 Btk £ 810 750 15 W 2 E
(Chen et al., 2022). Jiilli 7 & B REAtSWEET 17 #1713
1%, 152 AB 45 e b A4 (Valifard et al., 2021),
A3 7 T A e 4 R VA L 2 At 29k (Vallifard et al,
2024), {EFBA K ) A7 S W] R R, &R
2 Jo H) 5 A 2 Jo il 4806 (Vallifard et all., 2021). 2 B
M % 4+ GMSWEET12/21 5% Jug Ml B4 RS P 57 M7, iz
AT 3 365 T D T e IR 2 i MO 282, R R
MCRALES, #4717 (Du et al., 2020).

Fls 7 208 2 A L U MLV ), R R L
G o by 5 SRR A . AISWEET1/3/14/151 OsSWEE-
T1b/7c/1530 4 He 17 & B L 55 #4738 (Gautam et
al., 2022). &4+, AtSWEET 15347 18 Ml A 25 o4 e
B G35, FRANIE B S ), Gl ise BhPRGE, MBS
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Figure 3 A phylogenetic tree of SWEET proteins from Arabidopsis thaliana (At), Arachis hypogaea (Ah) and Glycine max (Gm)

based neighbor-joining method of MEGA12 (beta) software

U 5 3BTy E(Seo et al., 2011; Zhao et al., 2019).
FLTHA, A0 B ZEHE Jig 1V fiF 7 (Citrullus lanatus) 4+5%42
HHA7IE #2 M Ak (Jatropha carcas) JCSWEET16M fil Aj
#1(Hemerocallis citrina) HCSWEET4a/53H {# i 14 1 1
LIRS 2R IR (WU et al., 2022b; Cao et al., 2024).

CBRENFIERUE, S i) 7 e 7 268 P AR AT 30 Pt 2 5k
WP YA BT, M S g ol ) 3B
SWEET 12 1557 W ok 1R At 2 3 340 1 201 1 = ) o LR
T IR At 5 WA B, A G 0 T 8% #l(Maruyama et al.,
2009), 1% M s 1 e fFF U 7 O B U S . 47 AR I T
I AtSWEET16 75 4544 14 Pk EAHEHE Z 22 51N, AR
AtSWEET 1645 Ju 145 4 i A I 18052 A AU B4 B
(Wu et al., 2022b; Cao et al., 2024). E #Hz(Camellia
sinensis) CsiSWEET 1638 #7 1l Ji7 4 % 1 #E jig 115 ats-

weet16-1 ¥ WF v = f% % #7H (Wang et al., 2018;
Jiang et al., 2021). 221, ZEW; 4 (Brassica oleracea)
A 500 ) o) i 38 9 B BoSWEET11/12b/16a/17 47 il
B2, IR A S ) Rk A L 2 v At B A, R G A5
TRV A 2 00 ol IR, 5 A O UL L 2 A R ke
TAEHINT 2 25 6 (Zhang et al., 2019). 18 %0& 314
i 26 it < SWEET M g ol )1 18 o ZE Tl s 5%, HTWiLes
AT 0 7 108 S P S A A N2y R, 248 i M AT B ) R 4
WAL {E 85 (Guo et al., 2014).

ZEFCRT B 2, R At LA Ve WG ) e Wl S 2 6h 5
1% H ML E 25 PR (Suwa et al., 2010). 283, AL JH
SWEET /N 47 Wik 28 303 155K J8 5 J o 1 188 25 s i 5L 7y
fi i, AtSWEET1/4/13/15W OsSWEET14/16 % i Jik
PRRE, fHAtSWEET2/10/17 W OSSWEET3b/4/5 & %
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fi I3 7 (Gautam et al., 2022). Z& )& @ (Triticum
aestivum) 4+, BkIF I RE22 T TaSWEETs B 4247i,
B 3197 TaSWEETsZ 524118 (Qin et al., 2008).
WEEF, SWEET HE J A5 )15 38 Wy 6 2 AR FA JE A @, 15
TRA =) 0 A2 W8 AR 1) 5 i 9832 5 o

ORI i PR L O K A W L Y 2 9 A8 452 0 0 A5
TS B R RIS 5 . TEA, LA Oh 7 kA B 0 422
AR WIEE 17 T AANSWEETEE & AN MK,
Yick VRS O A1 PR 5 008 2 ) g S R AR I A A 3 0, WS
VA 45 L 55 45 2 ANSWEE T 12- 2% B 8 12072 4t s 45
AR R I R, EHTIE ADSWEET12-230 Bk 5L it
il 0 P LA 8 (PEG) 11l 757 5 1L £ 15 388 2 ) S i 2
7%, HILARSWEET12-21% F 12 .57 1) 1512 4l iy pE Al
ZE AT A P 25 300 38 (O 50 I8 % 24 4 v M0 T Bk 28 T s 7
I8 2 R (PR A, 2024).,

SepD, BT T L 2 e MR AT e 3 T R L
JEVRRUIEL S L A e 2 30 MR P 068 R MR i o 00 PR AR AT 2B
JF I8 WLSWEET W BT 4 {3 &5 9y WE i 4 ZE At g, kP
B4 ZAEMASL . 5, SLJEST A SWEET 8 e il 25
HMTBAEREACHE %, 1R BB SRR . 15 4h, TS
(Zea mays) ZMSWEET15a/bji 4 4if£300 mmol-L™
NaCIJi7 i by BEAT 51 25 15:(Wang et al., 2024b); it
#(Manihot esculenta) MeSWEET15a/b¥ fEW & &%
faA4) JE T IS I 300 mmol-L™" NaCIis i 2 1 5 il
(Fanetal., 2023). 2%, ALAFEHE ZSWEETA R
T {5 I K A1) 2o it 32

22 SWEETE5#EM-FEEEE

MR, g8 e Jer AT /N B A 5% Y i 5% A M K ) 22
R, WU ES I W 15 A B HE 2B AT 408 B v T L
JE B F B e A, TR 2 T i % (effector) B2 45
b C1 R AR SRS (35 3 AR ST T T L B8 36 3
IRAITE, RASTS BOREMS MG HEAT AR T AT AR
RO W) 5% 7 A 2 S B o T I 0 T A R s
S5 FE L, I Ik e B O I %72 B 27 SWEET R 4708,
67 A8 0T T B PR AR T IR S, R ) At B 2 LB
TBEE . IO Al I A Al R B AR A T, B
BRI 1 TR EE MM FE(Xu et al., 2021). WeEF, 2B T
AR AR 4+, HEFTSWEETUR B =8 W) = 4% 000 1| 38
WAt Z#HE (Yao et al., 2022), SWEETZ i S 5 48
JUE B A VESE WU W) 5% 5L (Tao et al., 2015).

KT (Oryza sativa) il IFAK " M Xoo (Xantho-
monas oryzae pv. oryzae)f"|#fiz% 1 JOsSWEET11/
1AZSHTIE, LR VA% HIVEHRIE (Gao et al., 2018; Sin-
gh et al., 2024). Xoof"FHiA T {1 Wk ) B 25303 15 sy
LSBT E B A TALE  (transcription activator-like
effectors), #5145 OSSWEETW: #7¢ 5 Z 441
EEBE (effector-binding element), iyt SWEET
B MR S B AR, A A A, U W S
Wg|, SR A AR /N SN, 5 S T B S il At 6 1)
AR B B MO B R o I <F OSSWEET11-15
X00 Z5 S ik M #1144 (Zeng et al., 2020). F4jiMe-
SWEET10a & 4it * 18 #k il 3 28 St M B B, I BE &
TALEJY5: ) % 16 05 P 7 7 200 £ HB% 48 il 2 9% %0 ) (Cohin
et al., 2014). I (Citrus sinensis)&s i il e i 5%
Xcc (Xanthomonas citri subsp. citri) 25 TALEJ 85
CsSSWEET1#7i#, FEAR ML (Hu et al., 2014). i
¥4 (Capsicum annuum) CaSWEET16/22 =g iy i
Wy s E Bk, 284831 (Nicotiana tabacum) 4+ fji i iH
HiiE 2 7 He B a8 W= MH6(Han et al., 2023).
W 3 #1(Gossypium  hirsutum) GhSWEET42 {4 AL
TR PR IO AR, Ve REGhSWEETA21 414 JiE i
I8 7 2 LR A A, P R A B A A A B
(Sun etal., 2021). 545, SWEET & QA AT-32 W %A
G 232w MR A 0y, = WRH AT 298 TR AR 15 0T
2P WU s BN PR RS

S, A SRE WIS AT 25 SWEET Wit i 22
AT (L3 Wy % ARG 4 WU AR L R AT o A i o 222 3 4
48 I v 55 1 ACSWEET 25 B 26 M7 VA g, Ji i
12 Al TR SN B £ ik K AT B, ) IR A AR Ji2
Fi A IR A 5 B A I ms, 32 IR 2947 H (Chen
et al., 2015). 7l IbSWEET10 & i3 5 2 J¢ 45
(Ipomoea batatas)Afi H 4llt W S5 % 27 7 Bk, A7 J i 15
o 2 [ 4] % (Fusarium - oxysporum) 2 2 16 i i 4% mi
(Li etal., 2017). ZEM2440 B, SWEET/NHHNKZE
AT Q898 Wy 7 R R AR A2 e ) 32 g 4 4 44 1
P\ B S L 20 KR ) G W AT A9 AR

3 SWEETZ5hhan M ghEs FiaiE
3488 55 -, Rl 00 5 47 L 4 B DNARE 51 b, 1
LAV PR R LU A TR R L, 2B R M A
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PP WL AR AR K B A o AT L R A SR
B4 A A1) B L BT (Pan et al., 2021), iR {3z
THY T AT RE AR, ST M =R
SWEETHR ' WE & 5 I A1 4 WA K ) 1 I A 52 i 498 e
AN WA L B I A R L A B e s ke
JEE(Manck-Gotzenberger and Requena, 2016; Hua-
ng etal., 2021). HHlL), ZELTEIRJE S R SWEETIZAZ
TN 7y =18 W 2 R Rl A AT 25 AT VS £ 0 2 54 S

3.1 IFiAESWEETREMEZEF

10 45 B R IR (L SWEE T JR L WE 49 /g 4418 ¥
TN I AR M, A5 8 Al SWEET W B At 3 34 i ),
SR NEAT fE i MR B R . ORI S T, IR R
% AtHB24 I 15} I Y 44 1 ASSWEET11 2% W49 7%, 8%
N SEf 2 B EE AtSWEE T 25 #7300, = K 4 bk i 3# 40
T Al S S I A 2 AtHB24 45 45 HIVE R PR A, K2
Ak ] 52 A I8 S @) (Wang et al., 2023). FEAT I,
G4 5 AP T IR I ACSSWEET10, 28474 1 %
== [0 I ] S 0 U 5, 2 R0 A0 A 000 45 2 25 4t (AndIrés
et al., 2020).

UKk % OsDOF11 j2 ji (1 OSSWEET11/14 M 4 7%
ZAWy SR RLIGHTIN, 12 R4 i A 3 . e £ OsDOF11
L/ OSSWEET11/14 4738 252, PR i 4k i im0 14
BRIFIH, BRMEREWTREL DT, RIBN R, BEE A i R e
(Wu et al., 2018). Z2I5#, Zif7IHE M1 OsDOF11
FE S WOAEAR G s 75 JSURR 87 PR, = 488 il 4% 9K 7 Joe LG
M9 b7 25 22 M (Kim et al.,, 2021), # ji bk iz &
OSSWEET11/1 43473 {5 41 152 il e B 4o 25 i 4t =5 0,
i At 4 OsCWINA (LR HIE )b k7 8012 At o
PRAM, TR ATSTP (B - Al J) M 322 3 e ) O L
PR R I 2 e, R 1A LB e 26 At e, @A W)
PEWER, A ARAEAT IR R S . ARV SR, E YR
) 5% 1A i 750 OsDOFLL A1 A7 A7 Sy 25 3¢ iR i J& 48 il
(Kim et al., 2021). ¥, OsGFD1 & i%z£0sSUT2
T OSSWEETA Z #1180, 1288 A0 5 Al 25 140 3 (8 %) 1l <
B4 KRR U0 s Y e 13 25 8285 (Sun et al., 2023). 15i%
LI, WithOsDOF11. OsGFD1. OsSWEET4
M OSSUT2 1, FlZ H At 25 Vi - - 07 50 I, 128 =Ko
SEREAT IR PR A4 2 R o

EVG S ANAE AT A BRI B SWEE TR {7 524K
E . HH GhMYB2128k i 72 8 GhSWEET12 2 #]

TH, AEE A Ol SR B I S g A 0, IR =
K2 A % VA 78 B AR AR BT (Sun et al., 2019). fil
fINAC I 125 B 1 v 2 4l cinac684+3 T CISWEET % #7
TR L5, 7 5% AR A5 s A2 At s A Al s S5 PR 4%
(Wang et al., 2021b), H#£CINAC68/ECISWEETH
KF AT ZEE R, S D AL JR A6 Bt il R S A
3 25 HE T Wk T 45 28 % CsLHY (8 CSSWEETL7WE 4+ %
Zank R BT CSSWEETL7 25 Ml vk it =8 13 e 4 &%
Z 51 (Wu et al., 2024b).

VK OSWRKY53 517 % 45 N F# (brassinosteroid,
BR)J ] i 12 2 1L AR 5L, I Dk 16 24 W OsSWEET 2a
BV AR BRI 1 I A o R R B AR ELAE B (Rhizo-
ctonia solani)ik 8 E OsWRKY53 1 OsSWEET2a %
M, ThIB RN 2 R0 . 5 5 oswrky53 11
ossweet2alfe B 4 1% i 25 FER. solaniZs i 1 IR
fr(Gao et al., 2021). 5B, ACHUIL AR 5 i o i Jid
AT I, T (it ¢ L R A A A e VA A AR AL S i
Bt o R ZEMREY R ZmliR R AOS2 (31 15 5L g
OsWRKY53 15 OsGT1 i 7, 4 OsA0S2-OsWR-
KY53-OsGT1 34 {5 @ W8 4T, 12 Wil it OSSWEET2a/
Ba UM, Fh 24 L AR I Al 28 UK i HL B Il SRR
(Yang et al., 2023). I 5 & ¥ Wiy, OsWRKY53i4 [I7
bk Fia 258 5 AR #) OSSWEET 1b Z5 473, PG OsSWE-
ET1b & Atk ML i7 0 v iR, o F R T WG 4 e L <5 At
B R, sRwTAELE, B2 AR IE R (Chen et
al., 2024).

2Bz (Pyrus spp.) 2 fil i 4l 12 4 30 5% 52 4 g B,
2 R FT S HL R RS PuHLS 28 B i I 1 L AR
PUWRKY 314l B H3FH4 2 25 B AR i PUWRK-
Y316#TIE, BEPUWRKY31W Bk 444 PUSWEET15
FEVECI R TR TG M, LR Rl A 5 SR 2 T Al B fT
fifi(Li et al., 2020b).

3.2 HIAESWEETREAMEREF

T LA N B M SWEETWE £ 5l JlB 25 W) 1T 44 W8 1 Mk,
A0 A A ) a3 A A1 A 0 4 A K ) B R L
e EEA, BT IEE R R =
SWEETHE & 2 18 15 0@ B ik AG RE SWEET i R 4tk i1
T COMEAT SOERH Wy 8, SR AT SRR A I S AL L . 2B
R SRR 2, SR A0 T 2Dk B AN 2 ACTFLLBR B2
Ik 4l 5 Y& AT GmDt1 (i GmSWEET10a 2 W= 4 1 44 14
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JEHZEETS TN « GrDLIE 7T A7 S R 7, 4 g Aty ¥
FRRBE, PRGFRE R 2 BN ic g (Li et al., 2024), #1
it GmDt1 32 33 5 )] GmSWEE T 10af( Ji 2 i 4t 173 #
B0 AT SR S AT F A . KT 2 T MYBIL R
L% OsCSAN OsCSA2 4| 1| ZE fift 5& SR B 58 SR HE i
2R 157 4 OsSWEET Myl 241 4y ik 4 4k 25 302 3
HITE, PSR E IPR A o 154, OsCSAK %248
T OsSWEETs#)Wk 2 #1illi, % OsSWEET5/6a/6b
(Zhang et al., 2010; Li et al., 2022), OsCSANOsC-
SA2H JH 57 OsSWEET6a i 4l i/ i iR Fi ¥k 5 (Wang
et al., 2021a). ZEHE i 1 P iEHTIEBNSWEET 151 %
Sty ) B R AFLCYR BTl 257, 1 R A
HiH B, HHIHBNSWEET 1558 i 5 kA 3 H Az B4
B (Brassica napus)# Hj iR, MR 6 F IR L]
(Bl 16 9%, 2022),

A PR H HE AT W 2 R B SWEET/T I 4
FEARURE BEARATE, B2 4RMEAT S AT Y e PRI RS o #5 HE 5A
(Solanum tuberosum)47 4 #5 F THE i B StSPEA (4 St-
SWEET1 e, T MR REStSPOARIHTIE, DhIEk
W5 SSWEET 11 25 Ue iR, Lk i 4l it L 380 0 Vi U,
ZEWCAS G I A S 7 B 0 P 35 i 2 T A 9 S A S
52 %1 {1 35 % 20 (Abelenda et al., 2019), H %
StSPBAR SISWEET11 % 2 5240 5Lk . 1 I <7 e 5%
(S. lycopersicum)4+SICIN2 i, SISWEET % & i 1,
SICIN2H #4718 5 1 4) 7% 4+ SISWEET WS SISUT #118 2
B, XG0 Al 2R i A R 3 B (Zhang et al.,
2024).

o5 35 w7 = FARMAT AT S5 AR LR R P s T e 3% J
LR 2 R A AR S IS 2 AR, = A R 4 Rt
FILAIT P 5 R L IR A 25 e A ST = AP 1% 2 A

4 SWEETESiEMmNMER#EERE
LCE

AT 4l 172 36 g B KRS o ZE IR L B2 B (1 4198, 2015).
iw R JIF G 2, SWEET 4 S I8 (K B 4 B, Julig 1
T Tk I\ 8 T A T A7 T O A 1 3 A 7 O I A o 3
WL S AtSWEET 11 2 CHlL il Ser B e & 2Btk §2. A B5 i,
HTWLSWEETWR B 2Rk s e 52 556K 4 (Niittyla et al.,
2007). #HFE ML SWEET R s K 16 5 2 Ser§ Thr
ke, ZBUREIRME KELE 2B, BEIKIB L

AT IS R SN 4% i B2 8 (Feng et al., 2015). CHlt
T 2 16 S MRS TSI Jk i B S S e, 4R = R AT R
L ) 25 )L (Eom et al., 2015).,

LR, 2Bl AT 2 S IR 5% 82 (abscisic acid,
ABA) B! JEE Jilh Ve 25 AtSNRK2 Wk B il & i 4k 82 NS £
AtSWEET11/1244 23711424842 Ser, 14 % 15 AtSWE-
ETA1/122 ) At HI 0 Jie i At 35 100 5 i, 4t v i 4t
] EER AR A 2 ] B L I ), AR A 32 Je O I
SRR A ZE R, AT Z AR K N 22T (Chen et
al., 2022). 8, a1 2 ) Ik o 4 il A g
R ME AT P20 B 15 3 Zok T e

WR AT A A SWEETYI N 25 LA i . Ik
%l PB HG Xoo K Wy %W, OsSWEET11W: F (BCOPTA
i % 2 T i 0 36t g Bl 2% S AL OsCOPT /154 1, &
(O 5 B 4 2 AR I B, B BT X oo 9 W) Ik
B (Yuan et al., 2010). &, OsSWEET11#COPT
PAT AR = WA B ZIE W 5% 8 K@) (Yuan et al.,
2010), #E55%, SWEET A (7 185 7 i 2% ik f I i 57
T R AR I B AL S R

5 SWEETHINEZEIEY

SWEE TR BN M 47 Wi 273 77 (8 FLJE b A5 S ATl AT o ]
WL VR 2 52 60 W 3 MR )0 8 S U . 22 33 HE 25, SWEET
WM AT b5 £ 02300 R 38 S0 2 ok ] R 1« %8, SWEET
R EEL 73N ey 2 D 40 47 Wi 2 SR 45 0, 2 3 6 (B R Il 4 g
HR S AIAT IS o

51 SWEETSE5RZEBRESH#S

NE S ABAE 12 26 10 13 HL kA REABA L SWEE TR 1 2
18 RO 2 B R . RS R AT I 2, IR ABA
JBE 2 173 4% 5L 7% OsbZIP72 bk fid) B it OSSWEET13/15
BEWE Y R RSV T, 52 A6 T A L I A0 T
5 FLA R, I g 5 AT 0 (Mathan et al., 2021).
2B 2K W (Lilium odorum) 4+, ABAEIZ 17 Jef 12 i 4+ 25
bZIPH i/ 1% & 7 ARE B/ABF 7 170k LoABF 2/ i itk
LOSWEETL4 25 WE©Y g, Whvhe 0 55 et 3 ok S AT 0 g A
(BABAfENZEE SR, 51D ER M Al 22 5 2R e B &k, 4l
2 WA FE 1 R AT I O 2 25 1M (Zeng et al., 2022). ZE
Bitf(Malus pumila)4r, ABAREIZILREE 1SS i¢Mdb-
ZIP23/46 £l F M DNAK & BMAWRKY 9 15,
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HMAWRKY 9 MJSWEETObWE 4= 7% 24 W Fi 52 7 1 Ve
WA S 2 AR 45, 18 ABAE I {5 3411 Ji§ (Zhang et
al., 2023).

52 SWEETS54%KRFSES

SWEET 75 ZEMEAT Ml 45 Z AR A7 M SR il 2 . IR
Wk ] 45 SR £ OSTIR 1 22 #4( J&f OSARF 25 (L OsSWEE-
TLVRAZHZAR A A 38, Fei R ke v, 2RI
7 ZATEUYIEL(Wu et al., 2024a). OsSWEET11k
e ¢ QR B A5 B AR IR AL WU . OSSWEETS 8 #7it Afif
B4 (B [ 45 (5 1200 oL 28 R AT 292, AT AR
e At 2 WA S0 I PR ] 45 UK JBE S TR &, 5 % HE Aok 7 L
(Zhou et al., 2014), #HEiHOSSWEETSAE LIk B 45 14
At PR 2 T HE . # 4 (Chrysanthemum morifolium)
CMSWEET L7 3 7 30 A A 25 B % 5 Wk R 455 302 34 i ik
B AT 15%7(Liu et al., 2020), HAHECMSWEET17
W A G R B &S A W2 I RE . 08 B 0T 4 R = Bl
SWEET WAET 128 B 45 2 AR AT #5044 BT agt o

53 SWEETE5HMESHRRFSES
LRERIRL A5 ARG 1D G PR SRR R 2 I A
MEAT R o 45 AR R4S 2B AR T 47, 328 1A LA 35 36
S . SRS, Wl fd(Hordeum vulgare )kt fi ke
WA G HYSWEET 110 JI7 J& Wy 5 £330 14 rif 4t . 8072
AT SRR AT, T AT 2 A SRR RORE A AR
2%, JEFFHVSWEET11bf BG40 I 548 45 2 134,
JE AR AR AR AS IO BB &, (L3 £ W2 300 e i ok 25 B 52
HIB 252, 150230 B % %) 5 #1 (Radchuk et al.,
2023). 2%, HVSWEET11b 2k Wi d Jie AT 0 i 7 ) —
ST R D05 HBE AN A7 -t R BB R W R W e 90 25k o
S8 T LB = Rt SROME T 591 W65 K 598 2 120 340 Mk L TR 44 0
T P T 2 100 TEE 488 000 440 8 A Rt

SRCEH, B E Z08 I A AR 45 TR X @) OSSWEET5/13)#
Jo FIF] 5 368 2 & Ji6 (Gujjar et al., 2021). i 4t i 4 4
EL i OsDOF 11 bk Fiel 52 451 438 3 4] 15 45 BRI Bk ' OsCK-
XAZEHTI, 15 W=7 B4 Jo Yk WAfE 0 4 20 J° A0 4L 45 A 80 2%
ICHH(Wu et al., 2022a). 5%3#, OsDOF 1135741
OsSUTHYOsSWEET 16 Jéf 2 i 4t & i #4134 b, osdo-
FLL T R o VI e S5 46 20 20 JUE A0 Ak 45 WA S il 2 e ) S
5 i e B S A AT ER (WU et al., 2018). IEM & 3547
I S S 45 2B AT W PR 4 L Wl i e BBV, TR 2 e

AT ARG 5 R AT 0% J L S5 1300 375 T 2 S IR 20 Ak

54 SWEETS5ZKBESHS

L %(Mentha canadensis) s #2444 1% i 5 7% (ethylene
response factor, ERF)/x iy 47k MaRAP2-4 i3 i (H
AtSWEET10M: 439 7% 5 Z&DRE (dehydration-respon-
sive element)i§GCC boxE 441y, <58 AtSWE-
ETL10Z AT VAR AT, 19018 %z i At 2 300 Aoy 0 4t
R 5L i PR R UK A TR 08 2 5 % (Phukan et
al., 2018). BUE i, #fif# (Citrus reticulata) CitERF16
i i 50T Ik Fie] 434 14 Cit SWEE T 1 1 WE 45 7%, 25 BX R 15 W
EDRE (GTCGGT), JECitSWEET11di%2#% /11557
o 2B 4 2 4 1 47 1l CIERF 16 15K B £ CitSWE-
ET11d Z Ml 1552, 52 10T i Ak mh S W% 44 25 9J (Hu et
al., 2021).

55 SWEETS5KRERFSHS

.4 SWEET R B fr 32 $ 16 44 W4 4 1 38 GA, B FZ 4
GAfG 2 BEFAH . ACSWEET13/14 % fiL AR H 2
GAH BRI TSI, 328 i 2 V8 1) ] 28 G AR £ 10 1l
i N3 ik (Kanno et al., 2016). k% OsSWEET3a/#
FEIE S 1) 2 GA B (2 AT L G Ao MY 10122 Al 17 T 7l 53 1
JEWE, GAZE 35 4+ il fl = R AT iR 25 GA, (Morii
et al., 2020),

A ik 2 BB I I R L A A T GA, R i 1 A vk
ZASWEET13/14 8K J Wi # i At GA (Kanno et
al., 2016). fif%e, AtSWEET13/ GAZ 172 i# e Hk i il
5 L AR S5 R LR, AL T A4 T AtSWEE T 1 34 (i 4
T EA R Z U BT (Wang et al., 2022; Isoda et al.,
2022). ZEM, EHIE GANL: BRRE 55 MR LITR L ST 2 i At
g, R A e, M GA SR b e U E B 4
R ALV R, S SWEETWR 07 J8E AT i 4t (L GA
77 BR 2B A R A

S, SWEETA 5 )17 18 % 6 e 1 52 45 2 1
121 . OsSWEET2a% OsWRKY53 () & £ (kK i
MR AN 2 BRIGIZ W RE, 25 HR 9 1% 11T 4 122 38 Os-
WRKY53ilii BRA 12 S5k L # M1id, BRIGIZFZ4L
E X MPK6 /6 i OsSWRKY53 44 8281, 1% 10, 5% &5 4544
JiE OSSWEET 2a B i {7 W, 5t i oA T4 Jee o8 Wh g% 2 4
#1i#(Gao et al., 2021).

TR EE, ZEWhHEIBIT 2, SWEET W B Sl 45
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R B T A A A O s R NG, M R T R A F&Hﬁ@iﬁﬁ%@ﬂ“ﬁﬁ
m@%%b%{%wﬁfﬁLmi%éEﬂ/\, SO D LATAIE A SRR (S, e AL 2
REULA Y, VA A R A GRS A AL S EVRA R, SR w%%ﬁﬁuﬁﬂ%
fmmt, igwgwﬁzmu@zzngswggﬁﬁ%mﬂ%@%g VAR A AR, B PLA S R b, R
f, (ISP AMSWEET BT, 50O MARAE o B 0 A, S0 0 M 8 52 26
G ORI AR, (AP SR, RO (),

AT B R . BB, R R U A AT I 5 847 T R T 0

e SR S AT O T, G5W5TS (Saccharum offici-

6 WRRE narum). A& (Sorghum bicolor). Fi4j g Ay Wk 2%
I, EEHALA B ES, BOR. bewspny  SWEETEIREARSACE S WIRAIRIR, RS
B G ML A 05 5 LI U SO I R TIRSWEE TSR S & SRR, =0T

T R A RO IR S (S T o S ST WLEY, Gl T Rl A
WAk T SWEETERE 2 A7k, B SWEET 5
AT G IR R, I A R I ) A S RE 1)
T LA AR IHSWEET /N My 47 Wk 2 H7i8 . SWEET AN

AL BN BOHMHE S RIWR IS GEN?, e EEAF 8 15
AR =30 e Y E DA R R R, MU 2B R M
HIAH A B R RS T, S = IR
At F AR RN . B Y I8 D, SWEETHRE e il

E[2L7)10i5) Jivi 1
(TR, EhAEREE) (&b ZTAEUR)
© 00
- - =
WHIRELRL (RN ABA Q 00 ,©
\ SnRK / I Sugar
ox—=_© Al
0"‘ " o —> T
‘0' =
TF Pmmomrwmw fa
—> ] 2
. gE gmoter é\\!\w\j} —> T % g
@ —o | - é;mmom | =
.\_\‘ %o MM IAA
* \ | LY O CTK
Fru TALE @ O@ 0@/ | SWEETs WERZE .‘ E%ﬁi ETH
\//4 4 } J
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Suc HYiE 1 1
\poe SEOL oo gmumEE am)
CWIN .
B4 M SWEET iR B 75 (s BE 7 38 I g 25 A AT
TF: W ZEE ¥, TALE: J72myi SR mE 2 nl; SWEET: At #Y; STP: AUt B, CWIN: SilRoEfiatziAns ; Sugar: Wk

BRMHAL, Fru: #R4E Glu: 24l Suc: Rial; EBE: JTHEURIIZ4WS E R, Promoter: HEENVETI; 1AA: R4S, CTK: GIEFIMLAS;
ETH: %4, GA: H&45; ABA: IEZEEZ; SnRK: AN T4 1-Ie ik iR BLRE 5 Ub: VE45; P: HELHD

Figure 4 The regulatory network of plant SWEET transporters in response to various stresses

TF: Transcription factor; TALE: Transcription activator-like effector; SWEET: Sugars will eventually be exported transporters;
STP: Sugar transport proteins; CWIN: Sucrose invertase of cell wall; Sugar: Soluble sugars; Fru: Fructose; Glu: Glucose; Suc:
Sucrose; EBE: Effector-binding element; Promoter: Gene promoter; IAA: Auxin; CTK: Cytokinin; ETH: Ethylene; GA: Gibberellin;
ABA: Abscisic acid; SnRK: Sucrose non-fermenting-1-related protein kinase; Ub: Ubiquitin; P: Phosphorylation
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Pk 2 ) IR AR AR S 9 R gy Bt 1) SWEE T 3 . w7
B PSR G AN o LT, L3 R I B Y
BISWEETHIM 25 1O RE52 48 s Miss; = wir i, AL
JE| SWEE T4 W44 e ¥ 26 £ N2 1 B A5 AR AT WR LA "% 28
M5 . (R Eh YT 2 A R SWEET 15147 Wk 25 bk 4l
AT EL RS B PR S TR AZ A RO, A7 i 8 (S0 B
AT % i et 7 268 2 1 WA 02 i i 22 " 2 38 A0 M i,
Y A A8 4 TR 62 WA 2 154 v SWEE TR R 2% ) I AU FE
o SR VEE I RO O, S T S Al T T P A T ek P
PR (0358 TR I A B AR TR AR BT 2 1 B k. R, SR
FEFELH3 T WT B I AT ST SWEET 2 #F

(1) AR 7t ok M SWEE TR B AN 37 Wk 6 WA 2%
fEIZHEL . MEAESWEET 2 A Bt 1 # N @ A
TR 2 ZE AN, FEARGLAAERE . LA AN EH 2k
P71V 2V i o R 00 4 B AT ARSI LI R, R B
P2 OISR AT B F R R AR, A U AT 35 R
P N T B I PR L o SR o G R R R SN e AR A
IR 45 T 4% 2 ML IO P o IR AT 7 388 2R ARSWEE THR 2
(DRERAE, 2024), 161 DEHE 2 H 2 5 35 10 1 R AL 58
FERE, L& 8 HE 5 ANSWE ET 47 Wk 4% {4 122 8 107 422
Kz i 20 S 0 B L S LV 2

R, 20 BB G AR 0 I e R E R 4
SRR R AR AR R TSRS R AR R
BETF R 51 5 WE AT A0 T VL 877 5 4 57 SWEE T ANy 4770k
ZPVERAE R, AR A A L SR Y R E
JEEL 20 57 A I B R 7 15 I SWEET 2218 HE ZE iR
(G235, = 4IFPRSWEET 28 L &8 sE 58 2
B R FZ ARG 8 L 25 Al A 12 02 R i T B S

(2) it K 3 o SWEET i i Ik 1% e A 28 S 1,
PR LR JEARAG 32 7 . HEBh, HMEAESWEETHZE
A AR G 2B T ARIR B, 59 LR 22 3 oy o 4 5 122
VE A CHAE AT i 308 6 2 . SWEET i 36h 25 4l (b 45
(L= ARNEH Y, ZE BT Al 5 T2 Y 0 o i H i i
GLIELENEAN, (SR T 2B T WE N W RS T R 2 5
P, U7 O 3 A N R T WA/ TR T 7 8
2 A i R 2 VA 7, TR AT A R R4 T
AR HE AT GE 0 0% A W TR (358 TR P 26 N i 2 ) RUBE A . 1R
T PG S 258 MR J e PG, S A5 122 35 X 2 4 45 1% o 32
PSR FHTI AV, 2 AR B TS (B SWEET R BY
WOIE VR B A W2 AN D7 o BB, WSR2 B Rz
SWEET H5 7610 15 5Lk 2R 58 (G AR SLHD "k SLHD A

EASAN), W ESWEETY BN, <F B bR F s 4%
R . DR, ARBNIE M I o 7 i A 2R R AR AT B i
B, B BN SR AN G o SR, A T R A
e 18 Z & it 25 5 (Parker and Nawstead, 2017),
58 IR B YA HE 1 38 2 SWEE TR B 47 (i 4t R AN %2
B Z SRR JEL(L et al., 2020a).

B, FEFEHFIR AL (0T Z SWEETWR B 8 Ji¢ 15 1
P B VEANRFZES IR GT, B E AT ({4 F
SWEET i RE 2 (& W2 AN A #6326 5% S I iR 25 07, =
S5 IR AT TR 2 158 0 1 2 0T M R A8 00 3 7

(3) #5151k Fr S A et A SWEE TR Fi 22 A AT bk e
WL IR L5 8 2 G AT W . AR 38 S AT, b LM AT
ZESWEETWR H B W) 17 48 LATEE e 25 57 A1 # B
VERESS S SWEET e LT 18 e 5% o 48 i 5 =2 Jg2 4 )
% B, AP T A 2 2 AR DO Al 2
H=ARAA, A 2 8 2R AT Wk R S R A e et . A
iy 2 SR, BEESWEETHMTm i A 5 B FHIE
FE I B T 7 Al 8 D A0 S, R AR I PR T R
AT SCERR . R, 5ok i AR A AT S5 (0 2 AR
$=SWEETH 2 BEI WA RS AT Mt U 2 F5 86

=58, SUE S R 3 1 4k SWEET 5 ' A D
K, S0 il i 2 Al 00 038 3 A DTV, PR
LI e T O T L SR ) R IS B AT . (RO,
JEE SWEETWE 75 2 26 5082 565 Bl 4 A7 45 5L i it 151
e Az m RS v o, BT EE, BRELTALE (BEBEZY
W, i R SWEETHR 2 AL R, 166 4 HIAT i o
WB" 2 2B, W TS WY SO S R ME AT HT B e 2
RS, AT MTRR AR S B R R Mk
il 2 0g Wk 38 e e W ) g 2 DNABR I 46 75 4
WR S LD, SRS VEAS B0 (B 78 5 BS JE SWEET
M 2R, VAR A AT 2R, Wbl 2T SO
TGP AICAR BR, 8 W0 T 2 0 T A 25 15T ) R
(Wang et al., 2024a). 14, 5L 82 R Yy e
A PO SR e P ERE | A TR R RUHEATE
WPk ] i W 5 S 2 SN K% 6, 1R SnRK1 A TOR
WA ASC BB B P 2 A SWIE E T 388 44 308 30 50 L A A 5 ke )
W R 72y o, T T WL IR T A S 1D RIS SWEET,
i i A £ Y P o T A VS o BB, ST IRZE L) SR
HTIFS 0 T 15 36 S SR REMT A 00 T B T 1
S5, R B UG TR SR ) 5% A i S A R A 1R
B MM I B AR AR, =B AT R v
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The Functions of Plant SWEET Transporters and Their
Regulatory Mechanisms in Stress Responses

Hongmei Wang, Wei Yuan, Fang Xue, Zhaocong Zhang, Kun Liu, Silong Chen’
College of Food Science and Biology, Hebei University of Science and Technology, Shijiazhuang 050018, China

Abstract SWEETSs are a recently discovered family of bidirectional sugar transporters that are widely present in all or-
ganisms. Their high substrate specificity for hexoses (such as glucose, fructose and galactose) and sucrose in different
clades underlines their significance in regulating sugar signaling during various developmental and physiological
processes in plants. This review primarily focuses on how SWEETSs precisely respond to various biotic and abiotic
stresses. We summarized systematically the regulatory mechanisms of SWEETSs in response to environmental stresses
at both the transcriptional level and the post-translational level and in multiple signal transduction pathways. This review
aims to provide a novel perspective and deeper understanding of the complex biological functions and regulating me-
chanisms of SWEET transporters, and provides valuable information for future research on plant stress resistance and
molecular breeding crops with high yield and disease resistance.
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