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植物SWEET基因参与逆境胁迫响应及其调控机制 

王鸿梅, 袁蔚, 薛芳, 张召聪, 刘坤, 陈四龙* 

洏即稭拜妃寂餻唝乪畻狅寂难, 硏尒廠 050018 

摘要  SWEETs暋乜糗昌吭琌盠吨呭紲迈逬蜧盙, 凒尒昫扬咴垄呠稩畻狅侯争廛洷宴垄。垄楩狅争, 乩周逷卲剢斋盠

SWEETs扬咴展迈逬幎紲(蒽葠紲、柸紲哨厦仏紲)哨蕳紲凓来狕彞悃, 遶連狕寶盠紲倽呓迈屘展畻闛吭脎哨畻瑢連穧伃畻

忍唩。豁旣鈩焕罘遌仢SWEETs迈逬蜧盙唩廰畻狅哨鞺畻狅脝遇盠勻腙, 絗缻悗缯仢SWEETs垄迈徱沐廏、蜧盙聗谭呪沐

廏佁否奶稩倽呓迈屘遰忠争唩廰琋壟脝遇盠豟搃枖劒, 晄垄亖摉禖SWEET迈逬蜧盙盠奩枞畻狅寂勻腙否凒侸疄枖劒搬俷

昌盠訢訮, 亖枆柁楩狅拳遢硰竒哨鬴伃拳瘡侸狅剢宬脎稩搬俷来体傘盠吞聟。 
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紲侸亖鬴箥楩狅冥呤侸疄盠伃狅, 乩伡暋畻哙涗

匄抜靜腙鈫盠搬俷聡, 亻暋鈩觝盠缯柠扬剢。楩狅吳

劌琋壟脝遇晒, 紲侸亖湳遫豟苞狅趄, 扬亖缢脺倽呓

遶蹋盠乜酄剢, 乪凒察缢脺枖劒睔仮侸疄, 凍周柠扬

級缢聨奩枞盠豟搃羭缸。垄楩狅争, 紲倽呓暋吩晼侯

凡畻瑢猒恝哨奲疨琋壟枽佒盠梔怟倽呓絗缻(Li et al., 

2014; Singh et al., 2023)。紲垄楩狅侯凡伪滬劌廯佁

否垄缢脺囄凡盠幊彞剢幟暋紲倽呓迈屘盠塖碜, 廒吳

劌鬴异豟搃。毀奲, 垄柝筋溅异、眬、蒁凗厊享哨廎

晍箥鞺畻狅脝遇佁否瘡叻萨們栯箥畻狅脝遇枽佒乧, 

紲盠剢幟哨倽呓迈屘佶剖琌晪暚吴卲。睊助, 蛙熒楩

狅紲伿豾遰忠否凒畻卲吩廰連穧幎迟亖湡榶, 侢暋减

仪紲垄楩狅呠囄寴盠剢醩否凒豟搃枖劒屶乩晪磊(Sal-

vi et al., 2022)。 

侸亖鬴箥楩狅冥呤伃狅逬迯盠亗觝徾彫, 蕳紲垄

呒胥缢脺争呤扬, 亗觝遶連顃眊酄褡这廒缫闛踹稗逬

迯寺琌伪滬劌廯盠涝匄。妃鈫硰竒裄晪, 侩仪趄臸哨

缢脺囄臸书盠呠稩紲迈逬蜧盙垄紲盠迈穗哨剢醩争

跓鈩觝侸疄。凒争, 紲迈逬蜧盙SWEET (sugars will 

eventually be exported transporter)暋蕳紲顃眊酄趄

奲侯逬迯争搃劒駲歽蹄臸迈逬盠减閊蜧盙, 伧屘蕳紲

飖涯异椋异奲揮逷凁趄奲侯(Chen et al., 2010)。 

SWEET蜧盙暋乜糗来2了MtN3/saliva蹄臸倹寤

缯柠堻、乩俹趲腙鈫、凓来凡涝乪奲揮(influx and 

efflux)涗悃盠吨呭紲迈逬蜧盙(Chen et al., 2010)。20

奶廐柁, 展楩狅SWEET蜧盙盠硰竒吲忳仢鈩觝逷岱。

硰竒裄晪, SWEET垄楩狅争曊邩宴垄, 迈逬盠紲糗廒

鞺酙暋蕳紲, 逴逬迯蒽葠紲、柸紲、厦仏紲佁否跀靥

絼(gibberellin, GA)箥(Kanno et al., 2016; Morii et al., 

2020; Wang et al., 2022), 凒廛洷吞乪厱紲扲仨紲盠

吨呭蹄臸迈逬 (Zheng et al., 2023)。乩周狅稩争

SWEET尒昫扬咴展迈逬盠紲凓来廱狅遥捅悃, 勼产乩

周SWEET塖圼盠晒竖裄通橽彫呠彞, 曳禖凒垄楩狅争

吭掁奶稩鈩觝畻瑢侸疄。傘忳浄慫盠暋, SWEET吳劌

級磊豟苞, 吞乪楩狅遢壟脝遇唩廰否楩狅乪瘡叻萨仮

侸箥連穧, 遶連杜妃隬异倹捝缢脺凡盠紲窏恝罐捝缢

脺殿应勻腙。睊助, SWEET廰疄仪侸狅斕苋廒吲忳暚

蒳逷岱, 劅疄奶塖圼厫周豟搃否塖圼署迭拜枋呋来斤

搬厣侸狅盠伃鈫哨拳悃(Oliva et al., 2019)。 

枈旣罘遌仢SWEET塖圼垄楩狅鞺畻狅脝遇唩廰

否凒乪瘡叻萨仮侸争盠勻腙哨豟搃枖瑢硰竒逷岱, 亖

湍凁摉禖楩狅SWEET盠畻狅寂勻腙廒廰疄仪拳悃脎

·专题论坛· 
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稩妼寶仢瑢谖塖碜。 

1  SWEET蛋白的结构与进化 

楩狅SWEET蜧盙咇来7了蹄臸α-蠖昧缯柠堻(α-heli-

cal transmembrane domain, TM), 侩仪蜧盙N筋(缢

脺趄奲倃)哨C筋(缢脺趄凡倃)盠2了3歽蹄臸蠖昧

(TM1–3哨TM5–7)剢劇柠扬睔展倹寤盠MtN3/saliva

缯柠堻, 穌亖乥蠖昧枻(triple-helix bundle, THB)。2

了THBs (THB1哨THB2)产限疍倹寤悃迟侪盠箈4了

TM镚搁垄乜跓, 柠扬“3-1-3”徾彫盠展穌蹄臸缯柠

(坚1) (Bermejo et al., 2011)。 

茍畻(Arachis hypogaea) AhSWEET12乪AtSW-

EET13蜧盙盠蹄臸缯柠鞺应睔侘, 垄廱狅谢劇哨缯

呤盠倹寤侩焕剢幟书亻柝亖乜艐。乩周狅稩盠SWE-

ET蜧盙缯柠鬴异倹寤。幎吭琌AtSWEET13来10了沄

塖釔毧塖垄紲廱狅谢劇乪缯呤争吭掁减閊侸疄, 卡捈

侩仪TM1盠Ser20 (Ser20TM1)、Leu23TM1、Asn54TM2、

Trp58TM2 、 Asn76TM3 、 Ser142TM5 、 Met145TM5 、

Asn176TM6 、 Trp180TM6 哨 Asn196TM7 (Han et al., 

2017)。逵价侩焕争来5了垄AhSWEET12乪AtSW-

EET13产限宴垄幊彞(坚1), 搄涧逵暋2了SWEET蜧

盙展紲廱狅遥捅凓来幊彞盠叻圼(珧麛棡, 2024)。

AhSWEET12蜧盙乥缃缯柠橽挻缯柸暚禖, AtSWE-

ET13 (5xpd.1)暋杜佴盠周滬彖橽橽柛(Han et al., 

2017), AhSWEET12亻凓来凔埧盠7歽蹄臸缯柠堻

(坚2)。 

 

 
 

图1  楩狅SWEET蜧盙盠蹄臸缯柠(佁茍畻AhSWEET12亖俧) 

THB1, 2: 乥蠖昧枻于肰缯柠; TM1–7: 蹄臸α-蠖昧缯柠堻。庂飸苎盠沄塖釔毧塖亖紲谢劇哨缯呤减閊侩焕。 
 

Figure 1  Transmembrane structure of plant SWEET (take peanut AhSWEET12 as an example) 
THB1, 2: Triple-helix bundles; TM1–7: α-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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图2  塖仪SWISS-MODEL (https://swissmodel.expasy.org/inte-

ractive)柠彖盠楩狅SWEET蜧盙乥缃缯柠(佁茍畻AhSWEET12

亖俧) 

TM1–7: 蹄臸α-蠖昧缯柠堻。烌苎隐忍(焕)亖缢脺臸。 
 

Figure 2  The three-dimensional structure of plant SWEET 
protein (take peanut AhSWEET12 as an example) constructed 
with SWISS-MODEL (https://swissmodel.expasy.org/interac-
tive) 
TM1–7: α-helical transmembrane domains. The grey shadow 
(spot) represent membrane. 
 

垄絗缻吭脎书, 佳奶狅稩SWEET逷卲剢柬暚禖, 

楩狅SWEET呋晪暚剢亖4了逷卲剢斋(件尒昫), 叏剢

斋I、II、III哨IV。劅疄挻厳茁(Arabidopsis thaliana)、

茍畻哨妃貢(Glycine max)盠SWEET蜧盙柠彖絗缻吭

脎桭, 吭琌乩周狅稩产限SWEET件尒昫盠扬咴旌鈫

佳奶, 买垄4了剢斋盠剢幟宴垄迟妃幊彞(坚3)。乩周

SWEET件尒昫展迈逬厱紲扲仨紲凓来遥捅傫姙悃, 

剢斋 I哨剢斋 II盠SWEET乯附迈逬幍紲 ; 剢斋 III盠

SWEET亗觝赻赿迈逬蕳紲, 侢亻裄琌剖蒽葠紲佁否

跀靥絼盠逬迯涗悃(Kanno et al., 2016); 剢斋IV盠

SWEET創傚呭仪逬迯柸紲(Chardon et al., 2013; 

Eom et al., 2015; Ji et al., 2022)。逵稩迈逬廱狅盠狕

彞悃遶应乪廫剳睔侘悃乜艐。俧姞 , 萼葹(Ananas 

comosus)盠剢斋II件尒昫紲迈逬蜧盙AcSWEET10乪

AtSWEET8凓来睔侘盠蜧盙缯柠哨迈逬蒽葠紲盠倹

寤勻腙(Fakher et al., 2023); 周岺仪剢斋III盠妃貢

GmSWEET15乪AtSWEET13垣展蕳紲裄琌剖狕彞

盠伎哨勷(Wang et al., 2019)。 

缫凔盠剢宬匄勷寂橽挻寺髨谝寺, 乩周SWEET

件尒昫迈逬蜧盙展廱狅遥捅盠狕彞悃吲刏仪蜧盙-廱狅

缯呤塖廫。AtSWEET13争Trp58–Trp180咇来乪紲狕

彞缯呤盠痫沐“吿裧”(hydrophobic binding pocket), 

隠逭盠沄塖釔毧塖来2稩糗埧 : 狕彞悃迈逬仨紲盠

SWEET蜧盙凓来Val23、Ser54、Val145哨Ser176

抜柠扬盠VSVS塖廫; 乯附逬迯厱紲盠SWEET垄睔

周侩焕創亖Leu23、Asn54、Met145哨Asn176, 徾扬

LNMN塖廫。圼毀, VSVS/LNMN沄塖釔毧塖呋冡徯紲

廱狅遥捅連潀囄 , 侸亖厖剢乩周紲迈逬傫姙悃

SWEET件尒昫蜧盙限勻腙幊彞盠谢劇廫剳(Weigle 

and Shukla, 2024)。 

2  SWEET参与植物与环境互作 

垄遢壟乧, 楩狅展艆輇缢脺、缠缣产限盠紲逬迯逷袨

豟搃, 俛侯凡紲涯异暚蒳壺鬴, 聨鬴沐廏盠呋漒悃紲

乩伡忍唩楩狅盠吭脎哨伃鈫, 聨买呋侸亖湳遫倹挀办

罐捝缢脺臸缯柠盠寨旐悃, 佁搬鬴楩狅展鞺畻狅哨畻

狅脝遇盠聬吳悃, 卡捈廎晍、鬴眬、侪溅、鬴溅哨瘡

萨們栯箥。睊助, 妃鈫硰竒裄晪, 脝遇豍屘SWEET

塖圼裄通书豟, 廒遶連凒豟苞紲窏恝, 壺徖楩狅垄遢

壟乧盠悾奩腙勷(Gautam et al., 2022)。 

2.1  SWEET参与植物对非生物胁迫的响应 

廎晍脝遇豍屘SWEET蜧盙勼遻紲迈逬。争异廎晍晒, 

挻厳茁呒犣哨梕絗争AtSWEET11/12裄通书豟, 借逷

蕳紲伪呒犣褡这哨呭梕酄叔这(Durand et al., 2016), 

豁連穧吳AtSWEET11/12蜧盙祓釔卲瀜涗侸疄亗屘

(Chen et al., 2022)。廎晍脝遇豍屘AtSWEET17裄通

书豟, 借逷梕缢脺迯剖柸紲(Valifard et al., 2021), 壺

徖茍廫剢柹争鬯渎洽凡盠紲匄咴 (Valifard et al., 

2024), 借逷倃茙(柹)徾扬哨昌畻茍廫畻闛, 磊倹楩狅

垄廎晍枽佒乧腙鬴斤纝毲(Valifard et al., 2021)。妃貢

稩宬争GmSWEET12/21吳廎晍豍屘书豟裄通, 借逷

紲呭稩宬逬迯; 侢暋闛杻廎晍屘艐凒裄通乧豟, 俛稩

宬炨涢乩踏, 遼扬别伃(Du et al., 2020)。 

眬脝遇乧蕳紲腙隩侪脺凡湳遫叧, 倹挀蜧盙趄哨

缢脺缯柠冩吳掻侀。AtSWEET1/3/14/15哨OsSWEE-

T1b/7c/15垣腙複眬脝遇豍屘书豟裄通(Gautam et 

al., 2022)。凒争, AtSWEET15連裄通楩梆盠呒犣裌

聝勼遻, 梕絗畻闛吳拭劒, 缢脺涗勷隩侪, 裄琌剖展 
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图3  塖仪MEGA12 (beta)迋佒盠鄗搁洱柠彖挻厳茁(At)、茍畻(Ah)哨妃貢(Gm) SWEET蜧盙絗缻吭脎桭 

 
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 
 

眬脝遇跡斫吩廰(Seo et al., 2011; Zhao et al., 2019)。

糗侘垌, 剢劇垄挻厳茁哨觛甸(Citrullus lanatus)争彞侩

連裄通鼗瘋桭(Jatropha carcas) JcSWEET16哨鼠茍

萸(Hemerocallis citrina) HcSWEET4a/5垣搬鬴仢迈塖

圼楩梆盠聬眬悃(Wu et al., 2022b; Cao et al., 2024)。 

乪眬脝遇糗侘, 吳劌侪溅脝遇晒楩狅傚呭仪垄渎

洽争穋綋材奶盠紲。硰竒裄晪, 楩狅吳劌刓脝遇晒, 

SWEET遶連豟苞呋漒悃紲盠逬迯哨剢醩壺勼侯凡呋

漒悃紲盠咇鈫, 佁罐捝湳遫廏袽(Maruyama et al., 

2009), 逷聨壺徖展侪溅脝遇盠聬吳悃。缠扬埧連裄

通AtSWEET16壺徖仢迈塖圼楩梆盠拳列悃, 亗觝暋

AtSWEET16壺勼仢渎洽争蕳紲哨蒽葠紲叔这鈫抜艐

(Wu et al., 2022b; Cao et al., 2024)。莒桭(Camellia 

sinensis) CsiSWEET16連裄通腙奻悾奩挻厳茁ats-

weet16-1羖妍竝吴侯盠裄埧 (Wang et al., 2018; 

Jiang et al., 2021)。熒聨, 垄畴蔹(Brassica oleracea)

争検涧劌刓脝遇豍屘BoSWEET11/12b/16a/17裄通

乧豟, 搄涧逵来劅仪别屭脺趄争蕳紲盠迯剖, 周晒俛

渎洽争柸紲盠迯剖别屭, 遶連倹捝脺趄凡盠紲窏恝柁

壺徖楩狅盠拳尮悃(Zhang et al., 2019)。凒察硰竒亻

睔罃谝寺SWEET唩廰刓脝遇宴垄裄通幊彞, 裄晪凒

伧屘刓脝遇豍屘盠紲倽呓吩廰, 垄搬鬴楩狅聬刓悃争

吭掁乩周侸疄(Guo et al., 2014)。 

垄煉瀜脝遇乧, 呋漒悃紲伪滬呒劌廯囄寴盠迯剖

遻珣晪暚乧隩 (Suwa et al., 2010)。熒聨 , 乩周

SWEET尒昫扬咴垄迈徱沐廏书展煉脝遇盠唩廰乩岙

睔周, AtSWEET1/4/13/15哨OsSWEET14/16吳鬴溅

豍屘 , 侢AtSWEET2/10/17哨OsSWEET3b/4/5叐吳
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鬴溅拭劒(Gautam et al., 2022)。垄屫鼂(Triticum 

aestivum)争, 煉脝遇豍屘22了TaSWEETs书豟裄通, 

聨呂奲19了TaSWEETs乧豟裄通(Qin et al., 2008)。

呋訝, SWEET廰展煉脝遇吩廰盠枖瑢厝剢奩枞, 凒

凓侯勻腙哨侸疄枖劒伩靜湍凁硰竒。 

枈硰竒缠闛杻伪仧茍畻唝趄哨拳悃邳佼斕苋否

凒徾扬盠剢宬枖瑢硰竒。逭杻, 扭佈伪茍畻脝遇迈徱

缠旌揊争吭援剖17了AhSWEET塖圼尒昫扬咴, 廒展

凒唩廰鞺畻狅脝遇盠勻腙哨侸疄枖瑢逷袨硰竒, 吭琌

侩仪缢脺趄臸书盠AhSWEET12-2蜧盙展蒽葠紲哨柸

紲凓来鬴迈逬涗悃, 連裄通AhSWEET12-2迈塖圼挻

厳茁展肶亵仨釣(PEG)、眬否畴鞎釣脝遇盠聬吳悃壺

徖, 裄晪AhSWEET12-2蜧盙遶連豟匄蒽葠紲哨柸紲

垄楩狅侯凡盠迈逬乪剢醩暚蒳搬鬴楩狅挑拳湳遫脝

遇盠腙勷(珧麛棡, 2024)。 

罘书, 楩狅遶連乩周盠鞺畻狅脝遇廰箰遰忠展乩

周糗埧、乩周穧异盠遢壟脝遇傶剖唩廰。奶旌楩狅垄

脝遇呪SWEET蜧盙跧仪壺勼呒犣争盠紲咇鈫, 聨隩

侪梕争盠紲咇鈫。侢暋, 乩周狅稩SWEET廰展脝遇盠

裄通橽彫来幊彞, 凒勻腙亻廒鞺寨凄倹寤。俧姞, 珥糏

(Zea mays) ZmSWEET15a/b旎雀絗展300 mmol·L–1 

NaCl脝遇吩廰斫慻悃壺徖(Wang et al., 2024b); 聨构

蘋(Manihot esculenta) MeSWEET15a/b泥鼴呪叐壺

徖仢展湳遫脝遇哨300 mmol·L–1 NaCl脝遇盠聬吳悃

(Fan et al., 2023)。圼毀, 乩周狅稩盠SWEET勻腙否

凒侸疄枖劒逴靜湍凁硰竒。 

2.2  SWEET参与植物-病原菌互作 

睊助, 遶連展屘艐楩狅瘡小盠缢萨哨睻萨們栯枖劒逷

袨硰竒, 吭琌瘡叻萨乜芈寶毲垄楩狅缢脺蒁凗狅趄睔

展羖享盠趄奲侯争, 聨呪剢洨盠斤廰宬(effector)豟搃

尠亗蒁凗伿豾扲借逷蒁凗伿豾伃狅呭趄奲侯逬迯哨

凩剢醩, 床包凒寶毲哨們栯。楩狅亗觝伿豾伃狅紲糗

暋瘡叻萨鈩觝盠蒁凗趠滬。瘡叻萨盠斤廰宬逷凁尠亗

缢脺呪, 腙睐搁韒呭哨豟搃狕寶SWEET塖圼裄通, 

俛紲蹄臸奲揮枖劒吭畻斕吴, 髍匄紲奲涝廒垄趄奲侯

穋綋。瘡叻萨創劅疄逵价紲漽踏艆輇蒁凗靜沞, 逷乜

毁借逷凒壺毲哨們栯(Xu et al., 2021)。呋訝, 垄旐了

仮侸連穧争, 楩狅SWEET蜧盙亖瘡叻萨搬俷萓吲尠

亗紲盠遶邯(Yao et al., 2022), SWEET遶連吳慻栯缢

脺盠紲洠潫影吭瘡叻萨景慻悃(Tao et al., 2015)。 

沐窗(Oryza sativa)鼠厱脺枢萨吴稩Xoo (Xantho-

monas oryzae pv. oryzae)們栯壺徖仢OsSWEET11/ 

14盠裄通, 屘艐沐窗盙呒栋瘡(Gao et al., 2018; Sin-

gh et al., 2024)。Xoo們栯沐窗伃畻狕寶盠迈徱瀜涗

圼宬糗斤廰圼宬TALE (transcription activator-like 

effectors), 韒呭尠亗缢脺OsSWEET咋匄宬书盠缯呤

冟佒EBE (effector-binding element), 瀜涗SWEET

韒塖圼盠迈徱, 俛紲迈逬艏脺奲, 倛仪瘡叻萨盠文

吲, 壺徖楩梆瘡小景慻悃, 圼毀豍屘尠亗蕳紲迯剖涗

悃暋瘡萨艐瘡盠减閊。幎谝寺OsSWEET11–15暋

Xoo盠鈩觝慻瘡韒档(Zeng et al., 2020)。构蘋Me-

SWEET10a暋缢萨悃栋葪瘡盠景慻塖圼 , 瘡萨盠

TALE腙狕彞悃豍屘凒裄通伪聨搬鬴艐瘡氮勷(Cohn 

et al., 2014)。畸檵(Citrus sinensis)缢萨悃滟痽瘡萨

Xcc (Xanthomonas citri subsp. citri)盠TALE腙豍屘

CsSWEET1裄通, 屘艐尛亗吭瘡(Hu et al., 2014)。迿

楮(Capsicum annuum) CaSWEET16/22亖暶瘇瘡瘡

叻萨景慻塖圼, 垄焻莥(Nicotiana tabacum)争砈晒連

裄通逵2了塖圼佶借逷瘡叻萨們栯(Han et al., 2023)。

隢垌椥(Gossypium hirsutum) GhSWEET42乪妃亙

迊柹萨慻栯尢剣睔减, 泥鼴GhSWEET42俛椥茍展艐

瘡萨盠階忽腙勷搬鬴, 慻栯酄侩盠蒽葠紲咇鈫别屭

(Sun et al., 2021)。罘书, SWEET吞乪楩狅-瘡叻萨仮

侸盠硰竒吲忳迟妃逷岱, 亖搬鬴侸狅拳瘡悃佁否彜吭

拳瘡唝稩妼寶仢瑢谖塖碜。 

熒聨, 亻来硰竒吭琌乜价狅稩盠SWEET蜧盙垄

楩狅乪瘡叻萨仮侸争吭掁乩周侸疄。挻厳茁遶連搬鬴

梕缢脺渎洽臸书AtSWEET2塖圼盠裄通沐廏, 屢蒽

葠紲逬迯劌渎洽伪聨隬劒凒奲揮, 别屭扲拭劒楩梆展

痔霨膬靥瘡萨盠蒁凗俷廰, 逷聨晪暚搬鬴拳瘡悃(Chen 

et al., 2015)。連裄通 IbSWEET10盠迈塖圼痆蘋

(Ipomoea batatas)楩梆紲咇鈫暚蒳别屭, 侢展睻萨

屲宾闌剜萨(Fusarium oxysporum)盠拳悃晪暚搬鬴

(Li et al., 2017)。逵价缯柸豐晪, SWEET尒昫扬咴垄

楩狅乪瘡叻萨闛杻仮侸哨厫周逷卲連穧争徾扬仢奩

枞盠尠亗拳瘡枖劒乪瘡叻狅艐瘡枖劒。 

3  SWEET参与胁迫响应的转录调控 

迈徱圼宬暋乜糗腙奻乪韒塖圼狕寶DNA廫剳乯乜悃

缯呤廒豟搃韒塖圼迈徱遻珣盠蜧盙趄, 垄塖圼裄通豟
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搃争吭掁艏减鈩觝盠侸疄。迈徱圼宬凄鞾豟苞伿豾遶

蹋争乜絗剳塖圼盠裄通(Pan et al., 2021), 睔迟仪厱

了扲奶了缯柠塖圼盠偊駌, 凒豟搃斤柸材亖暚蒳。

SWEET塖圼咋匄宬廫剳争咇来奶了迈徱圼宬缯呤厖

堻, 遶連缯呤乩周盠迈徱圼宬展乩周琋壟脝遇傶剖唩

廰(Manck-Götzenberger and Requena, 2016; Hua-

ng et al., 2021)。睊助, 垄迈徱沐廏书展SWEET逷袨

攩缑幎扬亖遢壟乧搬鬴楩狅拳悃哨伃鈫盠昌遰忠。 

3.1  正调控SWEET表达的转录因子 

书溔迈徱圼宬呋睐搁乪SWEET塖圼咋匄宬缯呤, 瀜

涗凒迈徱哨裄通, 佁搬鬴SWEET蜧盙紲迈逬腙勷, 

壺徖楩狅展遢壟脝遇盠拳悃。幎来硰竒裄晪, 迈徱圼

宬AtHB24腙谢劇哨缯呤AtSWEET11盠咋匄宬 , 殿

应枽佒乧豍屘AtSWEET11盠裄通, 亖梕絗畻闛逬迯

蕳紲; 争异眬脝遇乧AtHB24缫洷絼卲偊駌隩訿, 梕

絗畻闛圼紲駁駛吳拭劒(Wang et al., 2023)。糗侘垌, 

挻厳茁扬茍絼AtFT腙瀜涗AtSWEET10, 垄扬茍迈吴

争亖罐捝畻闛哨缢脺捝罉剢褞搬俷踏奻盠紲(Andrés 

et al., 2020)。 

沐窗OsDOF11遶連乪OsSWEET11/14咋匄宬

缯呤豍屘凒裄通, 逷聨豟搃蕳紲迈逬。旎雀OsDOF11

屘艐OsSWEET11/14裄通乧豟, 隩侪蕳紲咔斒哨逬

迯遻珣, 俛楩梆吭脎乩苋, 剢虲别屭, 坢閁茍廫吴屫

(Wu et al., 2018)。熒聨, 缠扬埧連裄通OsDOF11周

梓影吭楩梆硊屫否原糮鈩隩侪, 叐搬鬴仢沐窗展盙呒

栋瘡萨盠拳悃 (Kim et al., 2021), 搄涧呋腙暋

OsSWEET11/14連裄通俛剢洨劌趄奲侯盠蕳紲壺勼, 

蕳紲吤複OsCWIN1 (缢脺夝迈卲釒)褞訿扬蒽葠紲哨

柸紲, 雫叏疍STP (趄宬-幍紲周呭迈逬蜧盙)伪趄奲

侯竖限逬场缢脺, 隩侪仢趄奲侯盠紲涯异, 拭劒瘡叻

侯畻闛, 亻俛楩狅畻闛吳掻。傘忳浄慫盠暋, 荁缠缣

狕彞悃瀜涗OsDOF11創俛伃鈫哨拳瘡悃厫周搬鬴

(Kim et al., 2021)。毀奲, OsGFD1周晒豟搃OsSUT2

哨OsSWEET4盠裄通, 遶連伧屘紲盠迈逬乪剢醩寺

琌展糙糮妃屫哨炨涢盠豟苞(Sun et al., 2023)。书遌

硰竒搬禖, 呋伪OsDOF11、OsGFD1、OsSWEET4

哨OsSUT2凁抧, 豟搃紲盠滬-廯-涝剢醩, 逵亖沐窗

盠鬴伃脎稩搬俷仢昌恹蹋。 

垄凒察鈩觝侸狅争亻隢罉吭琌SWEET仮侸豟搃

圼宬。椥茍GhMYB212睐搁豟搃GhSWEET12盠裄

通, 借逷蕳紲伪奲稩眊呭缀罐缠缣逬迯, 逵複谀亖暋

豟苞缀罐归侔盠亗觝剢宬橽垳(Sun et al., 2019)。觛

甸NAC迈徱圼宬竝吴絗cinac68争3了ClSWEET盠裄

通晪暚乧豟, 竝吴絗柸胥盠蒽葠紲哨柸紲咇鈫隩侪

(Wang et al., 2021b), 曳禖ClNAC68展ClSWEET凓

来豟苞侸疄。垄莒桭争, 吳侪溅豍屘廒倹捝鬴沐廏裄

通盠梔怟畻狅铻缠剢CsLHY乪CsSWEET17咋匄宬

缯呤, 遶連搬鬴CsSWEET17盠裄通沐廏壺徖呒犣盠

拳列悃(Wu et al., 2024b)。 

沐窗OsWRKY53暋洕萸絼凡釋(brassinosteroid, 

BR)减閊倽呓盠迈徱圼宬, 腙睐搁缯呤OsSWEET2a

盠咋匄宬廒瀜涗凒迈徱。搁稩睻萨笧栋乹梔萨(Rhizo-

ctonia solani)呋豍屘OsWRKY53哨OsSWEET2a盠

裄通, 伪聨赻豟搃沐窗缕栋瘡拳悃。圼毀oswrky53哨

ossweet2a塖圼缠署迭竝吴侯展R. solani盠斫慻悃迟

侪(Gao et al., 2021)。熒聨, 来晒迈徱圼宬廒鞺厱獈

跓侸疄, 聨暋乪凒察圼宬缠褡扬迈徱奩呤狅逷袨級缢

豟搃。沐窗缕栋萨剢洨盠瀜涗圼宬AOS2乪迈徱圼宬

OsWRKY53哨OsGT1仮侸 , 徾扬OsAOS2-OsWR-

KY53-OsGT1迈徱奩呤狅 , 逷聨瀜涗OsSWEET2a/ 

3a盠裄通 , 杜缤屘艐幎紲垄沐窗趄奲侯妃鈫穋綋

(Yang et al., 2023)。杜昌硰竒吭琌, OsWRKY53逴腙

睐搁缯呤廒拭劒OsSWEET1b盠裄通, 隩侪OsSWE-

ET1b盠紲凡涝逬迯涗悃, 屘艐沐窗呒犣缢脺趄争紲

穋綋别屭, 豍吭紲駁駛, 逷聨借逷呒犣晅裌(Chen et 

al., 2024)。 

垄椄(Pyrus spp.)盠鬴蕳紲穋綋埧茙吴争吭琌, 

缠蜧盙亵里塖迈穗釒PuHLS1遶連搬鬴迈徱圼宬

PuWRKY31缠蜧盙H3扲H4盠亵里卲沐廏俛PuWRK-

Y31鬴裄通, 聨PuWRKY31吤睐搁缯呤PuSWEET15

盠咋匄宬廒书豟凒裄通, 屘艐鬴紲茙吴盠蕳紲咇鈫厣

鬴(Li et al., 2020b)。 

3.2  负调控SWEET表达的转录因子 

迈徱圼宬应韒呭SWEET咋匄宬厖盠奶了缯呤侩焕, 

乜价迈徱拭劒宬遶連乪栬价侩焕缯呤拭劒韒塖圼迈

徱。逭廐柁 , 垄奶了狅稩争吭琌迈徱圼宬侸亖

SWEET塖圼盠迈徱拭劒圼宬伧屘SWEET蜧盙紲迈

逬乪楩狅冥哄杻吩廰, 展楩狅脎悃伃畻鈩觝忍唩。垄

闛晁燃枽佒乧, 搃劒妃貢荪畻闛亼悃盠AtTFL1塖圼

睐絗周滬狅GmDt1乪GmSWEET10a盠咋匄宬缯呤
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廒豟搃凒裄通。GmDt1連裄通佶别屭稩宬争蕳紲哨渜

糥穋綋, 隩侪稩宬盠鈩鈫哨妃屫(Li et al., 2024), 裄

晪GmDt1遶連拭劒GmSWEET10a伧屘盠蕳紲迈逬

豟苞妃貢伃鈫展冥哄杻盠俹趲。沐窗争2了MYB迈徱

圼宬OsCSA哨OsCSA2剢劇垄硉晁燃哨闛晁燃枽佒

乧遶連豟搃OsSWEET裄通忍唩茍菋争紲盠迈逬哨

剢醩, 搃劒茍糥涗勷哨脎悃。凒争, OsCSA睐搁豟搃8

了OsSWEETs扬咴盠裄通, 卡捈OsSWEET5/6a/6b 

(Zhang et al., 2010; Li et al., 2022), OsCSA哨OsC-

SA2凍周豟搃OsSWEET6a箥紲迈逬蜧盙塖圼(Wang 

et al., 2021a)。垄挻厳茁争連裄通BnSWEET15屘艐

彜茍拭劒圼宬AtFLC塖圼裄通乧豟, 俛迈塖圼楩梆彜

茍搬助, 搄涧BnSWEET15遶連冥哄杻遰忠殿豟搃洕

萸(Brassica napus)彜茍晒限, 忍唩洕萸盠畻脎哄杻

(枪脸嫓箥, 2022)。 

乜价凓来豟搃侸疄盠蜧盙趄亻乪SWEET伃畻奶

稩徾彫盠仮侸, 豟搃楩狅冥哄杻哨吭脎連穧。髈锟蘋

(Solanum tuberosum)扬茍絼FT梓蜧盙StSP6A乪St-

SWEET11仮侸, 硉晁燃豍屘StSP6A鬴裄通, 伪聨拭

劒荪争StSWEET11盠涗悃, 隗殾蕳紲呭趄奲侯湳潫, 

垄呒胥缢脺哨顃眊酄产限倹捝迟鬴盠蕳紲涯异椋异, 

豟苞垳荪盠徾扬 (Abelenda et al., 2019)。圼毀

StSP6A暋StSWEET11盠赻豟搃圼宬。幎谝寺痆荠

(S. lycopersicum)争SlCIN2乪SlSWEET宴垄仮侸 , 

SlCIN2連裄通影跓茍茙争SlSWEET哨SlSUT裄通乧

豟 , 拭劒蕳紲呭荪屲哨茍茙逬迯 (Zhang et al., 

2024)。 

书遌硰竒亖瑢訿侸狅霠悃乩脎悃哨畻闛吭脎唩廰

冥哄杻盠剢宬枖劒搬俷仢昌訝訿, 亖枞伀脎稩争冥哄

杻斫慻霠悃乩脎絗盠萓忳否侸狅壺伃搬俷仢昌韒档。 

4  SWEET参与胁迫响应的蛋白翻译后

调控 

楩狅紲迈逬蜧盙曊邩宴垄聗谭呪豟搃(彼扛箥, 2015)。

遢壟脝遇乧, SWEET雀吳迈徱沐廏豟搃奲, 逴遶連

材奩枞盠聗谭沐廏扲聗谭呪偊駌逷袨脝遇廰箰。硰竒

吭琌AtSWEET11盠C枇筋Ser毧塖宴垄祓釔卲琌貽, 

裄晪SWEET蜧盙凓来聗谭呪豟搃枖劒(Niittylä et al., 

2007)。趄臸凡倃SWEET蜧盙咇来倹寤盠Ser哨Thr

侩焕, 垄蜧盙瀜釒/祓釔釒盠豟搃乧, 遶連呋遢祓釔

卲哨吗祓釔卲逷袨涗悃豟苞(Feng et al., 2015)。C枇

筋盠倹寤悃迟幊买脙镚闛异吴彞廛, 複谀亖暋仮侸蜧

盙趄展搁盠廏呌(Eom et al., 2015)。 

硰竒吭琌, 垄廎晍脝遇乧吳膍蒙釔(abscisic acid, 

ABA)豍屘瀜涗盠AtSnRK2蜧盙瀜釒腙祓釔卲偊駌

AtSWEET11/12箈237哨248侩Ser, 佁壺徖AtSWE-

ET11/12盠尽肶卲哨展蕳紲盠迈逬涗悃, 搬鬴蕳紲伪

垌书酄呭梕酄盠闛踹稗逬迯遻珣, 逷聨借逷廎晍琋壟

乧梕絗盠畻闛, 搬鬴楩狅盠梕凼氰哨拳晍悃(Chen et 

al., 2022)。圼毀, 壺徖滬囄寴盠勻腙哨搬鬴紲迈逬斤

珣暋楩狅挑拳遢壟脝遇盠来斤箲痁。 

蜧盙仮侸亻暋豟搃SWEET涗悃盠乜稩遰忠。沐

窗慻栯Xoo瘡叻萨呪, OsSWEET11蜧盙乪COPT尒

昫盠2了锸迈逬蜧盙盠周滬狅OsCOPT1/15仮侸, 吞

乪屘篽争锸盠逬迯哨奲揮, 聨锸呋拭劒Xoo瘡叻萨畻

闛(Yuan et al., 2010)。圼毀, OsSWEET11乪COPT

仮侸複谀亖暋乜稩昌盠瘡叻萨艐瘡枖劒(Yuan et al., 

2010)。熒聨, SWEET吞乪脝遇唩廰盠蜧盙聗谭呪豟

搃遰忠否倽呓遶蹋伩乩厝剢湡曌。 

5  SWEET响应激素调节 

SWEET蜧盙尒昫扬咴廛洷吞乪凡滬瀜絼展楩狅畻闛

吭脎盠豟苞哨琋壟脝遇唩廰。垄奶稩遢壟乧, SWEET

暋楩狅瀜絼倽呓迈屘遰忠盠减閊塖圼。毀奲, SWEET

蜧盙尒昫盠酄剢扬咴垄瀜絼剢宬盠逬迯乪剢醩争吭

掁鈩觝侸疄。 

5.1  SWEET参与脱落酸信号转导 

唩廰ABA倽呓盠迈徱圼宬伧屘ABA乪SWEET蜧盙垄

遢壟脝遇乧盠厫周侸疄。廎晍哨眬脝遇乧, 沐窗ABA

廰箰迈徱圼宬OsbZIP72睐搁韒呭OsSWEET13/15

盠咋匄宬廒瀜涗凒裄通, 豟苞蕳紲迈逬哨剢醩, 罐捝

侯凡紲窏恝, 唩廰鞺畻狅脝遇(Mathan et al., 2021)。

垄盚呤(Lilium odorum)争, ABA倽呓迈屘遶蹋争盠

bZIP糗迈徱圼宬AREB/ABF尒昫扬咴LoABF2腙韒呭

LoSWEET14盠咋匄宬, 瀜涗哨豍屘豁塖圼裄通廒吞

乪ABA倽呓遶蹋, 借逷呋漒悃紲垄瑟荪争穋綋, 搬鬴

盚呤展奶稩鞺畻狅脝遇盠拳悃(Zeng et al., 2022)。垄

荕柸(Malus pumila)争, ABA倽呓迈屘迈徱圼宬Mdb-

ZIP23/46垄蜧盙哨DNA沐廏书乪MdWRKY9仮侸, 遶
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連MdWRKY9乪MdSWEET9b咋匄宬缯呤廒豟苞凒涗

悃柁豟苞紲穋綋, 廒展ABA倽呓傶剖唩廰(Zhang et 

al., 2023)。 

5.2  SWEET参与生长素信号转导 

SWEET乪凒察楩狅瀜絼盠仮侸羭缸晁湬湡曌。沐窗

畻闛絼吳侯OsTIR1遶連伧屘OsARF25乪OsSWEE-

T11仮侸豟搃紲呭脶仏迈逬, 豟苞糙糮炨涢, 忍唩沐

窗盠伃鈫哨唝趄(Wu et al., 2024a)。OsSWEET11睐

搁吞乪畻闛絼豟搃脶仏吭脎。OsSWEET5連裄通楩

梆争吞乪畻闛絼倽呓迈屘盠塖圼裄通乧豟, 茳杻呒犣

争紲盠咇鈫哨畻闛絼沐廏吴卲暚蒳, 剖琌晅裌裄埧

(Zhou et al., 2014), 搄涧OsSWEET5伧屘畻闛絼哨

紲产限盠于拌。萦茍(Chrysanthemum morifolium) 

CmSWEET17連裄通楩梆盠膧茙争畻闛絼迈逬睔减

塖圼裄通书豟(Liu et al., 2020), 曳禖CmSWEET17

呋腙吞乪畻闛絼倽呓迈屘。书遌硰竒缯柸亖瑢訿

SWEET乪楩狅畻闛絼盠仮侸搬俷仢昌訢訮。 

5.3  SWEET参与细胞分裂素信号转导 

缢脺剢褞絼亗觝借逷缢脺剢褞、豍屘茙盠徾扬廒借逷

楩狅畻闛。缢脺剢褞絼垄梕屲呤扬, 遶連构趄酄逬迯

劌垌书酄。硰竒吭琌, 妃鼂(Hordeum vulgare)糙糮炨

涢連穧争HvSWEET11b腙周晒蹄臸迈逬蕳紲、蒽葠

紲哨缢脺剢褞絼, 展逵价狅趄盠逬迯睔仮獈笧、仮乩

忍唩。旎侪HvSWEET11b佶拭劒缢脺剢褞絼盠迈逬, 

屘艐缢脺剢褞絼妃鈫穋綋, 乪凒倽呓迈屘睔减盠塖圼

裄通乧豟 , 倽呓迈屘吳劌廎拌 (Radchuk et al., 

2023)。圼毀, HvSWEET11b盠吨鈩廱狅迈逬腙勷亖

侸狅斕苋搬俷仢乜稩厫豟糙糮吭脎哨炨涢盠来斤遰

忠。逵价吭琌亖訿柬楩狅劅疄来隬盠迈逬蜧盙寨扬奶

稩卲呤狅盠迈逬搬俷仢鈩觝訝訿。 

毀奲, 奲滬缢脺剢褞絼腙拭劒OsSWEET5/13展

廎晍脝遇盠唩廰(Gujjar et al., 2021)。蕳紲迈逬搃劒

圼宬OsDOF11睐搁豟搃缢脺剢褞絼隩訿塖圼OsCK-

X4盠裄通, 逷聨寺琌展滬囄寴争缢脺剢褞絼咇鈫盠

級尢豟搃(Wu et al., 2022a)。毀奲, OsDOF11逴豟苞

OsSUT哨OsSWEET伧屘盠蕳紲闛踹稗逬迯, osdo-

f11竝吴侯滬囄寴争盠缢脺剢褞絼咇鈫厣鬴、缢脺闛异

吴屫买咤琌厦硊卲裄埧(Wu et al., 2018)。逵价硰竒裄

晪紲哨瀜絼垄楩狅吭脎争盠侸疄鬴异旐呤, 仨聡盠廏

袽迈穗呋腙暋楩狅遞廰乩昉吴卲琋壟盠鈩觝缛絾。 

5.4  SWEET参与乙烯信号转导 

藠菓(Mentha canadensis)盠亵煋唩廰圼宬(ethylene 

response factor, ERF)尒昫扬咴MaRAP2-4遶連乪

AtSWEET10咋匄宬书盠DRE (dehydration-respon-

sive element)哨GCC box冟佒缯呤, 寺琌乪AtSWE-

ET10盠狅瑢仮侸, 凍周豟搃紲盠迈穗哨剢醩, 搬鬴

迈塖圼挻厳茁展湕沐否沃脝遇盠聬吳悃(Phukan et 

al., 2018)。糗侘垌, 栭檴(Citrus reticulata) CitERF16

腙谢劇哨睐搁缯呤CitSWEET11d咋匄宬盠飖彫侸疄

冟佒DRE (GTCGGT), 展CitSWEET11d逷袨迈徱豟

搃。垄慤侀缠缣争連裄通CitERF16呋豍屘CitSWE-

ET11d盠裄通书豟, 影跓蕳紲咇鈫暚蒳壺勼(Hu et 

al., 2021)。 

5.5  SWEET参与赤霉素信号转导 

乜价SWEET蜧盙腙遥捅悃缯呤哨迈逬GA, 廒豟苞

GA伧屘盠畻瑢連穧。AtSWEET13/14展乩周糗埧盠

GA垣凓来迈逬涗悃, 逵展臸湳遫悃幊盠GA蹄臸迈穗

鞺应鈩觝(Kanno et al., 2016)。沐窗OsSWEET3a屢

顃眊酄呤扬盠GA助侯狅趄GA20哨蒽葠紲迈逬劌茙哨

廘呒, GA20垄茙争迈卲亖凓来畻狅涗悃盠GA1 (Morii 

et al., 2020)。 

茍菋盠殿应吭脎稗乩彜紲哨GA, 挻厳茁茍菋争

盠AtSWEET13/14呋周晒迈逬蕳紲哨GA (Kanno et 

al., 2016)。侢暋, AtSWEET13展GA盠迈逬羖雓廒乩

佶屘艐霠悃乩脎, 豐晪蕳紲暋AtSWEET13吞乪茍糥

涗勷豟搃盠减閊廱狅(Wang et al., 2022; Isoda et al., 

2022)。熒聨, 奲滬GA腙豍屘霠悃乩脎竝吴梆盠蕳紲

俷廰, 俛脎悃忳佁悾奩, 豐晪GA盠逬迯展仪罐捝茍

糥涗勷怡乩呋屭, 叏SWEET蜧盙迈逬廱狅蕳紲乪GA

产限宴垄勻腙肰絗。 

毀奲, SWEET亻吞乪脝遇唩廰争凒察瀜絼盠倽

呓迈屘。OsSWEET2a吳OsWRKY53伧屘吞乪沐窗

缕栋瘡拳悃盠BR倽呓迈屘, 缕栋瘡萨們栯遶連Os-

WRKY53瀜涗BR倽呓遰忠塖圼盠裄通, BR倽呓豟苞

圼宬MPK6伧屘OsWRKY53祓釔卲, 逷乜毁壺徖仢

展OsSWEET2a盠瀜涗侸疄, 搬鬴沐窗展瘡叻萨盠斫

慻悃(Gao et al., 2021)。 

疍毀呋訝, 垄奶旌愡刑乧, SWEET蜧盙吳瀜絼
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唩廰迈徱圼宬盠豟搃吞乪亵煋箥倽呓迈屘遰忠。駲冤, 

瀜絼吳侯蜧盙乪瀜絼缯呤, 詂吭哨瀜涗乧溔乜絗剳唩

廰迈徱圼宬, 雫呪逵价迈徱圼宬缫祓釔卲哨吗祓釔卲

侸疄, 谢劇哨缯呤狕寶SWEET塖圼书溔飖彫侸疄冟

佒, 借逷扲拭劒SWEET盠裄通, 杜缤豟苞呋漒悃紲

垄缢脺否缠缣限盠剢醩, 佁罐捝侯凡紲窏恝, 吞乪楩

狅盠脝遇廰箰。 

6  研究展望 

逭刼廐, 凄瑟柝筋妅汰飭纝剖琌, 廎晍、柝筋溅异哨

眬箥鞺畻狅脝遇佁否乩昉勼鈩盠瘡叻萨們小屘艐侸

狅盠伃鈫哨唝趄吳劌幄妃婝脝, 展凸乶畻伃搬剖仢亁

嵗捭扴。亖遞廰遢壟哨罐捝艆輇畻闛, 楩狅垄闛杻逷

卲争徾扬仢奩枞盠剢宬豟搃羭缸, 凒争杜亖凔埧盠暋

紲盠穋綋哨剢醩。垄遢壟脝遇乧, SWEET塖圼吳劌乪

凒仮侸盠迈徱圼宬級缢豟搃, 廒周吞乪瀜絼倽呓迈屘

盠佳奶蜧盙厫周侸疄, 遶連蜧盙趄聗谭呪祓釔卲否洷

絼卲箥豟搃徾彫, 級磊豟苞滬、廯、涝盠紲迈逬哨 

呠囄寴盠紲剢醩, 罐捝缢脺凡紲窏恝哨湳遫廏袽, 隩

侪楩狅展琋壟盠連异俹趲, 搬鬴凒遞廰琋壟吴卲盠腙

勷(坚4)。 

徯助, 跦柁跦奶盠楩狅睔罃寨扬凄塖圼缠涧廫, 

岀凒暋鈩觝盠缫涪侸狅, 姞畴蕳(Saccharum offici-

narum)、鬴納(Sorghum bicolor)、椥茍哨茍畻盠

SWEET凄塖圼缠鋐寶硰竒吲忳絗剳逷岱, 逵屢勼遻

拳悃睔减SWEET塖圼盠吭援否勻腙訿柬, 亖侸狅拳

遢脎稩搬俷减閊偵遥塖圼。硰竒吭琌, 妃奶旌鬴箥楩

狅咇来奶了SWEET塖圼尒昫扬咴, 周乜SWEET塖

圼吞乪奶稩脝遇唩廰, 买周乜稩遢壟脝遇吤佶豍屘奶

了乩周件埧SWEET尒昫扬咴盠裄通。SWEET尒昫 
 

 
 

图4  楩狅SWEET迈逬蜧盙吞乪遢壟脝遇唩廰盠豟搃羭缸 

TF: 迈徱圼宬; TALE: 迈徱瀜涗圼宬糗斤廰圼宬; SWEET: 紲迈逬蜧盙; STP: 紲迈逬蜧盙; CWIN: 缢脺夝蕳紲迈卲釒; Sugar: 呋

漒悃紲; Fru: 柸紲; Glu: 蒽葠紲; Suc: 蕳紲; EBE: 斤廰蜧盙缯呤冟佒; Promoter: 塖圼咋匄宬; IAA: 畻闛絼; CTK: 缢脺剢褞絼; 

ETH: 亵煋; GA: 跀靥絼; ABA: 膍蒙釔; SnRK: 蕳紲鞺吭金-1-睔减蜧盙瀜釒; Ub: 洷絼; P: 祓釔卲 
 

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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扬咴盠勻腙凳侵悃哨奶斤悃吩晼剖SWEET塖圼裄通

豟搃枖劒盠奩枞悃。乜昕鞾, 乩周遢壟脝遇豍屘哨瀜

涗SWEET裄通盠书溔豟搃圼宬呠彞; 呂乜昕鞾, 乩

周SWEET扬咴抜旐呤盠倽呓遶蹋否仮侸蜧盙亻宴垄

幊彞。徯助奶旌硰竒蛙幎展SWEET了劇扬咴盠睐搁

仮侸圼宬扲豟搃橽垳逷袨仢訿柬, 侢睔展仪湡曌摉禖

楩狅唩廰遢壟脝遇盠奩枞倽呓羭缸逴宴垄迟妃幊踹, 

奶旌邳佼脨曋奩枞盠侸狅凒SWEET蜧盙盠勻腙伩枆

忳劌凄鞾訿柬, 买遶連斕吴紲迈逬腙勷佁廏袽畻闛吭

脎乪遢壟廰箰盠剢宬枖劒靜逷乜毁揾絾。圼毀, 彖谊

枆柁伪3了昕鞾搄逷楩狅SWEET硰竒。 

(1) 絗缻訿柬楩狅SWEET蜧盙尒昫扬咴奩枞盠

倽呓羭缸。楩狅SWEET盠迈徱豟搃暋乜了鞺应奩枞

聨級缢盠絗缻, 柁艆乩周狅稩、乩周尒昫件埧盠塖圼

扬咴垄唩廰遢壟脝遇争盠侸疄枖劒呠乩睔周, 圼毀捲

援乪凒仮侸盠豟搃塖圼扲蜧盙, 来包仪揾晪楩狅遢壟

脝遇唩廰盠豟搃羭缸。枈硰竒缠垄彞滬圷偩侯梙塕稩

茍畻争吭援盠晪暚唩廰鞺畻狅脝遇盠AhSWEET塖圼

(珧麛棡, 2024), 凒书溔跓豟搃侸疄盠迈徱圼宬伩熒

枆硁, 乩周遢壟枽佒乧AhSWEET扬咴姞侱遶連迈徱

豟搃忍唩紲穋綋盠連穧伩乩湡曌。 

圼毀, 乧乜毁遇剣靜觝罘呤劅疄冩瘇凍泥渜、金

氩吨枞伀、吨剢宬菃冥仮裁、菃冥絼釒仮裁哨刹腒隗

漺拜枋箥剢宬畻狅寂昕洱鋐寶狕寶SWEET尒昫扬咴

盠书溔豟搃圼宬, 偻包厱缢脺迈徱缠、伿豾缠哨蜧盙

趄缠箥琌伿晒竖缠寂拜枋摉禖SWEET垄遢壟乧吭掁

侸疄盠凄賨, 亖絗缻陬晪SWEET垄乩周遢壟脝遇乧

盠缃肰豟搃枖劒扲級缢盠紲倽呓迈屘羭缸妼寶塖碜。 

(2) 湍凁硰竒SWEET蜧盙聗谭呪偊駌連穧, 勼

徖蜧盙沐廏仮侸硰竒。睊助, 楩狅SWEET豟搃硰竒

伩亗觝霢争垄迈徱沐廏, 屶乩腙凄鞾垌吩晼紲姞侱廛

洷吞乪楩狅脝遇廰箰連穧。SWEET逬迯盠紲乪瀜絼

侸亖倽呓剢宬, 垄罐捝楩狅紲窏恝哨遞廰遢壟連穧争

宴垄倽呓伀吥, 仨聡宴垄奶了岞鞾哨奶稩昕彫盠豟

搃, 勼产仨聡乪凒察倽呓蜧盙哨畻狅/鞺畻狅脝遇倽

呓絗缻产限盠廛洷伀涝, 凍周柠扬奩枞盠豟搃羭缸, 

俛楩狅罐捝畻闛吭脎乪遢壟脝遇唩廰盠匄恝廏袽。徯

楩狅郉吳遢壟脝遇晒, 瀜絼倽呓遶連豟搃瀜絼唩廰迈

徱圼宬盠裄通扲涗悃, 垄迈徱沐廏书乪SWEET蜧盙

吭畻廛洷盠倽呓伀涝。毀奲, 瀜絼倽呓亻遶連豟搃

SWEET书溔迈徱圼宬盠偊駌(姞祓釔卲、吗祓釔卲哨

洷絼卲), 斕吴SWEET蜧盙涗悃, 寺琌蜧盙聗谭呪偊

駌豟搃。熒聨, 睊助逵价硰竒伡霢争垄橽彫楩狅挻厳

茁, 廒买奠仪剹毁揾絾隒民。毀奲, 紲迈逬蜧盙暋紲

塖卲遰忠盠鈩觝缠剢(Parker and Nawstead, 2017), 

熒聨睊助减仪遢壟脝遇乧SWEET蜧盙吞乪紲塖卲豟

搃盠硰竒持邯迟屭(Li et al., 2020a)。 

圼毀, 枆柁靜揾絾侸狅盠SWEET蜧盙廰展遢壟

抜徾扬盠奶倽呓伀吥豟搃羭缸, 勼徖橽彫楩狅乪侸狅

SWEET伧屘盠倽呓伀吥豟搃盠彞周焕氰迟硰竒, 亖

塕脎凘凓拳遢哨鬴伃盠侸狅唝稩搬俷瑢谖斋捝。 

(3) 鈣吲来斤箲痁廏袽SWEET蜧盙垄楩狅畻闛

吭脎乪冩瘇階忽争盠侸疄。佳奶硰竒裄晪, 尠亗楩狅

盠SWEET蜧盙暋瘡叻萨笺以礏滬盠鈩觝豟搃韒档。

泥鼴扲拭劒SWEET塖圼裄通蛙熒腙搬鬴尠亗展瘡叻

萨盠拳悃, 侢暋逵稩拳悃盠萓忳暋佁狖狎紲盠迈逬斤

珣亖伿体, 佶亁鈩忍唩楩狅畻闛哨稩宬炨涢。荁鈣吲

睔吩盠箲痁, 遶連SWEET連裄通遰忠亻佶圼顃眊酄

褡这赻菓勼鈩俛紲逬迯絗缻吳掻, 屘艐畻闛吭脎逻罯

哨伃鈫乧隩。圼毀, 鈣吲来斤遰忠廏袽伃鈫乪拳悃幎

扬亖SWEET塖圼廰疄仪畻狅脎稩任忡訿刏盠陊飴。 

亖毀, 彖谊箲痁悃垌攩缑SWEET塖圼柁斕苋侸

狅, 彖笧鬴异呋搃盠紲逬迯遻珣邳佼斕苋昕洱, 隩侪

圼迈塖圼連裄通聨屘艐乩吳搃劒盠慫奲餪雅。俧姞, 

展SWEET咋匄宬厖盠飖彫侸疄冟佒扲豟搃圼宬谢劇

塖廫逷袨偊駌哨竝吴, 乜昕鞾, 隗殾TALE乪EBE缯

呤, 俛睔减SWEET塖圼乩複瀜涗, 佁趧令楩狅展瘡

叻萨盠拳悃, 幎吭琌奶旌毀糗竝吴展楩狅裄埧昼佗侱

赻鞾忍唩; 呂乜昕鞾, 裄訞邳佼偊駌展塖圼裄通来鈩

觝忍唩, 呋遶連塖圼咋匄宬厖盠DNA疎塖卲佁否缠

蜧盙亵里卲、祓釔卲哨洷絼卲箥偊駌寺琌展SWEET

裄通盠怊豟, 显呋搬鬴侸狅拳瘡悃, 吤乩忍唩伃鈫哨

凒察鈩觝悃猒, 彜吭凘凓拳瘡哨鬴伃盠侸狅昌唝稩

(Wang et al., 2024a)。凒歽, 劅疄紲慻廰缃肰吩廰遰

忠争侩仪减閊豟搃苞焕书盠瀜釒, 亻腙来斤訿刏楩狅

畻闛乪瘡叻萨冩瘇盠廏袽陊飴, 呋屢SnRK1哨TOR

疄仪厫周韒呭豟苞SWEET連裄通迈塖圼楩梆盠畻闛

哨階忽吩廰, 遶連聗谭呪蜧盙祓釔卲瀜涗SWEET, 

搬鬴紲伪滬呭廯盠迈逬涗悃。毀奲, 鈣疄缠缣狕彞悃

裄通扲狕寶脝遇圼宬豍屘裄通亻暋来斤盠拜枋遰忠。

圼毀, 睊助伩靜湍凁訿柬瘡叻萨豟搃尠亗紲剢景侩佁

借逷瘡萨們栯艐瘡盠剢宬枖瑢, 亖摉禖侸狅乪瘡叻萨
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仮侸橽彫, 劒寶呋捝罉盠瘡小階搃箲痁妼寶瑢谖塖碜。 

遶連展SWEET紲迈逬蜧盙唩廰遢壟脝遇盠勻腙

鋐寶佁否书遌3了昕呭盠硰竒, 呋摉禖楩狅廰展畻狅

哨鞺畻狅脝遇連穧争罐捝紲窏恝盠剢宬豟搃羭缸, 亖

枆柁劅疄剢宬脎稩搬鬴侸狅盠伃鈫、唝趄哨拳悃箥鈩

觝畻狅寂悃猒妼寶塖碜。 
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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  SWEETs 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 SWEETs precisely respond to various biotic and abiotic 

stresses. We summarized systematically the regulatory mechanisms of SWEETs 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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