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Kgtinl  ABCG#iz & A, £ MAH, £ e, £ ihE, e EA

M2 18 M (transporters) & —FpIEAE H, @1t E 305
iz s g sl ia i U s 2 A A i, ORI AR
WA TE AR AR B i 9 e . ATP-binding
cassette(ABC)E 12— s R K %, [l
FAC s o fe 2 & M x k2 —5Y. ABCH
BERAMSMZ, AT AERBSSEMEY . A2
FZ Ay, BRTTTE140%0 DL AW & BRI K R
Y SRR Y A A = RERR I T (adenosine  tripho-
sphate, ATP)YZ5G &, REfEBI/K AR ATPRELHE k5L
MY RS, s EiE 2. k. &
R, SRET. AWM. 4R, IS Bk
KRR ARI - 5, PR s ey s M A B 22

TR, FILABCH iz AR 22/ Z
FERY: HRBUAE YRR aE . dERR A B RS
PEREFIREA L [FEHS. PRFRas wiepimas.
W R LTI MRS S (nucleotide
binding domains, NBDs)/3 81| (1 AH B4 S &5 Fa 3k iy 2H 21
B, "M ABCH:IE 8 1 551 70 - ABCA~ABCG &
ABCI 8PEEE, HrPABCGHU e Hohtgr iz
A Y PARE S (Arabidopsis thaliana) ABCHs iz 25 B
FEAXTIRA, MG I HE R 41 255 WF T 85008 ETAIR
(https://www.arabidopsis.org/), ABCGH H %= K%
Hi ABCEE FI#Y34%, A5 RN R 2800 ) o S B
iz, S R ABCE B E (£ ). 2R, H
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Table 1 The types and main functions of ABC transporter family in Arabidopsis thaliana
liES Ko A0 RE £ FHIRE
FEE LT U, BRI AR W e -
ABCA 12 IS T A 22 ik RV IZ AR KB
ABCE g ESSERCTIBR BAEAMIE. DR, nH EKEGIE . SRS, AR TR, R
AL W BRI BT Pl A R fads. WMAKE. W KT AREYPH
ABCC 15 FEEA TR, WM. ik W JBLTARR-B-D-MLI R A AL BR(ABAGE) . #1811
. BRI R ACRI A B ) A Rk W R 2
ABCD 2 TELLT IR ZRERRAEFMAR AN T S AL Yy A it e
ABCE 3 FENL T LR AR R BT LAV R SiE
PR : oy Z 55T IS PR AP0 i SEm A
ABCF 5 FELLF T AT ALt B
MM MR KRS AR A S, IR
ABCG 45 BT, WOERNL P, b R SRS . BRI A, AP AT
TR ERER L Wi, BT LA R WE. REFEEDER. WEWBIH. 258
HIR BRI TR E
ABCI . EFECT I, WO, M. TS BRH RS, ALK R RE,

MR LoRiE . BTl RIS

ERPRE TS RIS SRR Y SR

Rif ik Z 41 K ABCGH; iz 8 AT L R I AR 48 A 4
I, ARLRGLER T HYABCGHIZE ML 3
2. A RE M ARYUA S AR AR W 0 5 T 3E ) DT BE,
BTENIRA T fAEY ABCGHZ 2 8 A 2 HALTIRE. F
FHREY) 53 F B R EAR X ABC GG B R AT Fe b I 4
PAZRATHAT D0 R A5 A A 0 0 ol o i {3 2 2
=%,

1 ABCGH:isEAmgitanJamet sl
LIRS, M I ABCGHE B
HHMZERRRL ., [a AT MR AL, LR,
ABCH; 1z 85 113 A 1% R4S G SlUR 1255 JIEE 45 1) 4k
(transmembrane domains, TMDs), fR#iNBDsFITMDs4
R TR T BR[| e W 7 WS ke o e i 5 P A N
OB E A s E 3" (HERTHEY
ABCGH18 8 H AU K B 24> F 4% 2 F 11 i PDR(pleio-
tropic drug resistance)®l, LK FikiaEHWBC
(white-brown complex)BIHj2s. PDRALEA 44251455
NBD-TMD-NBD-TMD, i 2% iz # [ ] Ul & 4541
IhiE; WBCHIK45H HNBD-TMD, 7555 [ S ui i —
TR EALS S, TERIRNTESCF IR R4 5E
RAEHEIIBE(E 1 ()~(0)" .
FKPERINBDs i BEARSF,  HH3MRHIE 2L Walker
A, Walker BHIABCH#2EFHI (U HrWalker CFJAL; Hi
K TMDs Hi4~61 5 o2 et ™. NBDsZ s ]

LISATPZE 4, B K ATP Mz R AERE R, T
TMDsZEFIE B G E, X542 AR Y BAT FE 5
P, XA ZERIAE B DMRVE R, e S B s
TEIG B W T T HETT, TMDsHINBDsHR [ P & H]. 7
[ LY BRI R b, ABCGHR 43 & A 5 Tt ok
FAGLIAERAE . 1 JETMDs[a] SMT I LU s 50 18 M At
ANE LS EE IR Y, ATP2: 556 (INBDsZ: &5 Bl
ATPIK fi# i ADP I 2 3 A1 (Pi) I B il fiE 7= [ NBDs ]
SMTIE, IRPISREI A, ABCGHz AR
FIRIRS R T — W2 (E1(d). TEmIMNELEY R
FFUATT, TMDslH) N CH], NBDsWLZ[ISMTIF. ZEm Ak
Mz B pd 2 g, ATPSNBDsZE G {#i H 5], TMDs
A5 1) AT T RS 40 vl LA ot A B R, kR
 ATPRZK I o e 2N 4 e 7, I+ ENBDsHRRFT
FF, ABCGH;iz HEAMKE 21V RS WS T — ik Ekiz
(E1(e)).

2 ABCGHigs A rlohhg

2.1 ABCGHisEAS SN #F s

TR SRR WAL G B o A AL S,
FEiE S A R Gvis i 2 A 2RSS B R AR B,
S 5RYIEK EE & Bl pie R, Yy
ABCGH%i2 #5112 541153 %4 K (cytokinin, CTK). i
7% (abscisic acid, ABA). ZK#fZ(jasmonic acid, JA)
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B 1 (MR () ABCGHLIZ I S A Z ML R B (a) B G UURFNE Y 200 T2 5 1 (PDRED IR /3 T 4458 F (WBCZY) 1Y
SRR IR (b) AT 14203 ¥ s B R A AR R (o) AR BT B A IR sl [R] 2 437608 2 UM R T AR EL. (d) ] 20
R EHLHIR R (o) MAIEIRSNEZHLHI R EIE. ADP, ZBERRIRH; ATP, =BERRIR T C, AR EN; N, A0, NBD, & HR4 &
B, T™MD, BSIEESHIEL; Pi, BER

Figure 1 (Color online) Schematic structure and transportation mechanism of ABCG transporters. (a) Schematic domain structure of the full-size
transporter (PDR type) and the half-size transporter (WBC type) with a classical topology. (b) Channel model formed by full-size transporter proteins on
the cytoplasmic membrane. (c) Channel model formed by two identical or different half-size transporter proteins on the cytoplasmic membrane. (d) The
schematic model of the inward transportation mechanism across cell membrane. (e) The schematic model of the outward transportation mechanism

across cell membrane. ADP, adenosine diphosphate; ATP, adenosine triphosphate; C, protein C terminal; N, protein N terminal; NBD, nucleotide
binding domain; TMD, transmembrane domain; Pi, phosphate

F I 4 TR (strigolactones, SL)AFZFhE I 2 15 HRAYIE R B s R T OCEEMIYER. abegl4abegl8
M AR N EEE R 2 —(K2). RASRR, AN 24 MRS b R0 B B s 2

AR IT AtABCG14FIK AT (Oryza sativa) R RIJERY B0, ISR RAERZPRERE, AT IR
OsABCG187E [ X £ K E (trans-Zeatin, )MREEIM E 217 BI#IFABCG25. ABCG30. ABCG317
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Figure 2 (Color online) The schematic diagram of the main physiologic functions of ABCG transporters. Species: Aa, Artemisia annua; At,
Arabidopsis thaliana; Hv, Hordeum vulgare; Mt, Medicago truncatula; Os, Oryza sativa; Pg, Panax ginseng; Sl, Solanum copersicum

ABCG40/PDR 12#BEE/ SAE IR ABAIIE 556 A1
AR, PR &P BRI ABCG16/JAT 12
— AN R I RUE 7 (5 i 8 1, Al A IAR)
20 AN HEFI T A- S35 R (JA-T1e) P A2 PN 7 e 45 11 26 1
BRI JEAZ AL, X T HEFF I TA-Tletk FE BRIA G 5 256
FE GRIAYBER B (Medicago truncatula) i
AR FIMIABCGS9, A3 T SLMAHY A P ) 1= 1844
B R, FEBEEE T S TR AR B i h & 5 EE AR
HEJ[ZS].

22 ABCGHisENS SIEMEEMMBUZEIR

FE A AEH53 BE T T2 2 R A 20 2 v ) B 2 4
WAy, BTSSR e X R Y 2 A TR
EW R EBA BN, YRR — 0l LATE
TEYI AR 2B A2 AG o B AR AP A RS 52 o
SZHNRIR R I E B, B E B, ABCG) Z
S5 TR YA R(E2), Qe T 2 40
JREAYAtABCG1. AtABCG16F1AtABCG26, HitZ
5y 2= NG 2 BN s i 72, e e
FrBE BT KAGABCGISRREL S 5 Tl &
Wiz, HIGEHA S FERERA T RE, CalEk

RE

FEW) #8 B R AE K FUHAR Sy 7 108 i BB, AU
A DAIDSERAE ) K S e, i ELA] LAB) (AR 32 B S
YT R E. BFFE R, #URIITAtABCG32
HHEF A= K (Hordeum vulgare)i R IR E FTHVABCG31
RS SRR R T A R E I R b s
GarroumZ AP — W9 kB, S5AtABCG32/
HvABCG3 1454 & BEARL K FFABCG3 1 [ 2 5
BZIERL, OsABCG3135 TG, M Moz it
FEAR B 2540 & AR e As,  [RIBAE A A= KRB A 15 = 1%
A B, TSR, Fili(Solanum lycopersi-
cum)ABCG36F1ABCG42 4 REA T 45 Fh A KU A o A 4
R B i, N e £ B T AR 10, 16- 8 Ak
ANbEE-2-H, 2 SRR REY(2). ABCG
IS BB Y S BE AR ) T = A T R
TN REIREE T 52 B8, AR SREAE T SCABCGH )i,
AR R AR

23 ABCGHisENS SN e

DAYt iR A R R . MR A
PUEEY), AT LUE 5 PR R AR ELAE R S m A A
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FERAHTAN R e 1, iz By il K
KB AAE it DhEmgeRs ik eSS L HIne
s 561D BRI, ABCGESIZHBINZB S5 T4
PR PR AE A = P i 2 (1512).

PIETF ABCG29FIABCG32E 5 A i b Ay AH 5
ALK, Wi O R R A REE, S 5AREEP
A ABCG I 3 HOR B AT AEAR R R
A b R FEVE Y. B 2 R A R ATA S S R
AN GER G T FEAh, ABCGHRHE T 1 1o 7 is 2
AP A PR AR A0 25 AL 2 ok S 5 R G R B B
R, N2 AT (ginsenosides) & 245 FIAHY N\ 2 (Panax
ginseng)) EZ LGN oy, HH 214 F7] GE H1 PgPDR3
B S, 25 YA (Artemisia annua)fg)™
He—F 44 h B- A A (B-caryophyllene) A5 2K,  HH
Ayt PR PiRABURENE, % ik4aPDR3
R R W B-A AT B S I, RNATHEH R (RNA inter-
ference, RNAI) Ttk R PB- AT R, ik
ISR SE AaPDR 3 [ A2 B P it
J&(Capsicum spp.)FEYH I B EE 2 A= Yrmai 2 ) o
F—Fh, TP busMbALRetE, RAEZE
A2 . RIRFSEIN N, ABCGH A fES 53
MR S A A iz i Y RS R B,
ABCG ] B[R] 2 540 ) 4 e i 12 R BB B A7
AL FE, W ABCGRETE S E AL E M s Fe b A HE/E -
DAV /L B (e, M55 (Nicotiana tabacum)PDRI1
(3K FR 20 B AR S BT 75, NtPDRIBEE A 4z bt
P (AN A SR 05 . Ak S I RPN R S 5 I A
e AR T ABCGE & LRk AR A 7
VI a e, IR ARSI Y2 D sext T I & FF
JFHHE 22 AR FH R A BRI o

ABCGI ZEAMUEABCH: 15 E H R ik e Ky
Wik, EPFR MR A HEAL . FREIE Fe 4,
ABCGHiz AN L2 MR G iRz, 252
AP, AP IR K R E (E2). [FERE
V2 ABCGHE Iz IR SR AN, (H[RIFE & 17
HEBEM. fln, AHEEY, AtABCG21H
AtABCG22 AR i K M R B e, (HENZS5H
VRS ALTT AL, FER TR 7K 53 7818 L 3 S
PER™. ABCGAMUAEAB Y A9 IE 3 2 B b & 4
BVEH, T LR AR 6 E A a0 A A B r e
RS FEA K, R SCRHRTT ABCGAE 38 1 13 H i) 32 55
TIRE(ER2).
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3 ABCGH¢iaH FIXHEA: PP ity

3.1 ABCGHisiEr GHEmpma

W5 e 3 R b & 2R S Jm i WS,
HEE-H#FEAMEY D, TS BEY iRy
Ae R e, SRRSO AE Y oI TE Y, D33
SR RIR R, CEE YRR KRR
) 300 5 A B e P e PR ) ek ok i %) B 4 J e,
ABCGTERX Jy T & 4% T HZAEHI(EI3(a)).

HoEE F (Axonopus compressure) ABCG1E N T4 il
JRRE b, AJRER(AD FE(C)FIHE(La) i 24 6E &1
SRHAEMBERAR R P RIL, Hrh AT KRk 5
Bt W5 (Cajanus cajan)TEALPM A A B,
CcABCG7IEM Fik BE LY. AFE(Hydrangea
macrophylla)TEAINE & A JG P32, HmABCGI%E:
PR, DL ERFR SRR, ABCGHRE e,
SRR REme N 4R A, s ABCGHEE H B ALz
HEJEE T IIIRE. 03 Je WATEEL (Andropogon virgi-
nicus) ABCG 1T 40 g 71 5% ALk 2 % AL (Cu) e
it 2 P,

IR TAERM, ABCGHizEHSS THYE
CATG R R LS. FuE APYRFSE R B, Xk At
Fionst ] CAAL RS, OsABCG36/0OsPDRITEAR ik it
B3 L, ERERR A T 5 IR R IR OsA BCG36 K BILX
CAdEA MW M, FHICRISPR/Cas94 A Hi Bk
OsABCG36, Kk ILOsABCG36Mi K FHUKFIMR R K
i o i 80, ARTRAN T b CAAR R I 2 .
Wang%k[ss]ﬁfufﬁ%q“i’%ii%ﬂi (Populus tomentosa)
ABCG363E, KIMAECAMHEAL BT, HeAbbk R K
MR AR TR AR, HARNCAS & TR AR, JET
PtoABCG3 6%z £ H AT LIy — Rl i 55 40K Cd o
HE, 5 AR Th CA Y & R AR i A CA TR 32
PE. Li%e APOIBESE T — A Ih R MABCGH; 12 & 1
OsPDR20XFCAIH5izRES), KIAECAMIA A T KA
AR ZE P I OsPDR20OWE R EN 5T RNAIRK
OsPDR20FHUKFECAA R, MR R FIAE Yt
AR, MR, RNAMRI K EZTZE T
SR, BBV, BPERIR, MR REKEBE T .

3.2 ABCGHig®EA ST 5 Wmb

TRV A R EFSRFRS AR, ™
B FEAEY AR 2. B e L



A THE TR TR kKR . P 28 E
BRI  HERP ALK 3 & 55— ROV E A Y
MG, X FPIERIBRAK A S I3 Sl SRS Y BE ) AR
D[R

W5 R, MY ABCGHK I N RESL IR b T 5
Wha(#3(). NN AL K T (Glycine soja)
PEAT12 h R AAL TS, ABCGH R B 2E R 3Rk
ML SR e . 222 P4 NI B AT (Phyllostachys
edulis)ABCGsHER T it s+ rh i = A
JCPFRI e AT 1 BN o34, 4£77/1>PeABCGs'h
KA A0 B R B A T 5 T MBS(MYB . bind-
ing site, MYBZE G 50), H11154>PeABCGsIMBSIT
A IE—A>, eI S B P 1) e 3K T Be 2 21 5 hia
EOREECS

ABATER R 5 B8 FE 7 8 i e 1 i o
BUAEA, T REUK SRR Y H 40" E ABA LML AT
IKAFEIRI R, BRI, ABCGHEEE 1 RENS T/
FABASE F R IR Y T R0 i ma . R I
ABCG252E ML TR FRYABAR; Bk, it #ik
AtABCG25345% 1 it i PR DA ABARL I, il
K AR AR S g AR bR A T S, b R L
s N5 % I, ¥ (Eutrema  salsugineum, WHKH
Thellungiella salsugineum)ABCG251EZE AR H1 A F ik
AKFAEH r,  [FIEEXT AN IR ABA R N g 3,
EsABCG251R ] figili i B %S5 #7T 4 ABA{ 5 A
IO BT P ECER ST X R TR 32, FulE AR g
# ABCG40/PDRAWIFE KB, T 5 Wi Tid &k
AaABCGA0tRZ THABARR I, M A hhZEd e T
Xt R R FAaABCG40T W HE R, F£WIAaABCG40/
AaPDR4ENABAN i HEIZ K, il FABARYEG
S22 S0 T 58 )

£ 502 B AR AR AR AR B R Y — R
R K A58, A o2 e o R R e A B, TEDR
) B 52 T 50 v i S R A 30 A el A e 5 F R
PERIS ) Chen% N7 EARE IF it R IA R ST (Thel-
lungiella salsugineum)ABCGIIFEH, K IEFHAK R
7K SR R I R I L RS W 2 PRI, RT3k
IKABCGIIRESEHRIT T 58 DAL e R bk
TR A B2 Y, A TR SO R A LA, 3
WIABCG11Z: 5 57 )2 (5 B iz i, T2 ARk B 1B
SR A SRS, T AR R AE T 538 T A 2Rk
R, IR Wi (Zygophyllum  xanthoxylum)

ABCGIHERTEWI T hid Rk G, 2 5EFEY &L
A A IEIE K (W CERT CER2FICER4) LA e s iz FE K
LTPG 133K 3% P, R TS A R, JE S A 2,
B EYE, SIIREITEP A BRI LL, SRk RE T 5
JipE R AR i RS R T, KR, RoKEETITE
5'%[65]-

3.3 ABCG#:iaE A SiEpMa

SRR RSN BORE RIZN 8, AR
AR 5 A7 B AR sl = e 3, A TS A7 I e Y
ORI A 97 U 8 i 7 5 DL S RN B A5 KT T
T ERIFABCG25HEIN (33532 2 Fhili 5 500, Xih4
RIS 0 £8 IF R R A7 4°CAR IR M3 Ab B, FE 12 hAf
EsABCG25M3iR N, (BAEMNaRES: 224 hit), Rk
KT ZEIEHE K765, IEBESABCG25 587
FIPUAGIR NG S R E D), (HIEEH A TR BE L S =2
TFHURIEA R, 84 i AT S o 3 i394
ABCGHEH WA s AE Ao 434, &
10K B Ja 8+ & A7 IR i oo, 44~
SIABCGS5. SIABCG22. SIABCG24HISIABCG3STEALIR
Jifia R B RERS, i SI4ABCG241E24 WK AL FE
Ja kR iR, SIABCG247E HMAtABCGIEH
(AtABCGIREHS 5l rg X PR X HHOS 1.
OST1. ICEIMIHAbPTIEM E AL EMEEREA
BRI ARRLEE, HETSIABCG24 1] gt H AT 25 3
e, 2SR an R, N APV ey o 24
ABCGIENIE BT, K BT AE V22 i HR AR i 1o
JelF; TE42°CEIRMA TR, CcABCG7. CcABCGI4F
CcABCG323:iK .3 L, #E4°CRIRINE T CcABCG28
Rk E LA

TEHARIREE D, EiR i a A ARG S T R, R
TR A = i T R e AR B
LiuZg NS B LA B TABCG LIS A B 46
f&(Medicago sativa)™h, RIVFEFEFIRRTE SR T2 5%
B AR R, R A e 38 e 2 s TR AR
A R A AN T 50%,; R A,
I FRIRZXABCG1IHE L ANE BTG AR OCIE N, 5 in# J5x
JZIE R AUTRR, FRACA 2 B, 3 S 75 R
IKAE SRR o, B T R T R AT 2R (3 (a)).

3.4 ABCGHuaEN SBENM0
BB E—MEASELG, fEsEMAYR
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FLCH], A REEMAE, BEAOCEIEM, sHEyiha:
KREETH, 298wt Moons™
FIFHPEGXHEYIBAIE MG, & IMOsABCG36/0OsPDRY
FEB B A R 5 T RS, HEIOsABCG36/
OsPDROZ 5N %1BiBMl. 3% iK4tABCG36/AtPDRS
IR RTEBBENA T, SEE LA R IT AR, Ak,
H b Fab vk gh & /b TEFAEARL RPTAtABCG36/
AtPDRSREIH 12F F (AR (A P 40 B Fi S ML B = 40U R o
(R e 1. EhME(Betula halophila){E S ARG S 1
T, AFHLFABCGHEIA Py, WA B A F
BhABCI123ik B, ARBiH . MR F i
BhABCI4¥5 R R FIRR i Fak L, ARBTHRAIR 2=
HBhABCISZRIE T, iR i BhABCIS3iA G i
J& T (#3(a)).

SR, FHYIAEMA ABARURK A ABA P
BAREREEE T, N FABARES ST
W38 i) ABCGH% iz 2 & 75 R FE BB 2 5 Eh it i 7,
A FHEE.

3.5 ABCGHigHEA S5hikFEpn

AP R I, P 28 MO i B
BRI BE PR Bk 2R (R i e R, AN RIAREE R -npell
(neomycin phosphotransferase 11, % 2 Ml 7 BEI)
HH . #5 FEB-hpt(hygromycin phosphotransferase, il
By R DRI RO HE D 45, [H X SEhTMEBE RIAATE K P
F = B E Y0 T S B SE AA W 7 LE T 245 P
i) 5% MentewabfiStewart Jr'*'HRiE, Mk
AtABCG197] LUK FH B Y7100, 200 mg/L-RHIR
B N AEF TrpdHTtokF, 3T HAE3 T B AtABCG19
TE IR SRR AT 7= A0 R B R W hite;  Snpellk:
PRUXS I A 1 AR 1 2R LA A — & BT A [,
AtABCG19fUN AR 8 2= A HUIE, TR HAl i 22 Bl 1
P FEWAVE(ES ). X5AtABCG197] fEE
RGN NS TiEvR oe  IFE 32 S R UNDEIN LS
RIRE ZPEALHIAG K. AtABCG 192438 Ay 45—
TR XS R EE R BATHUERY LI, R A
UG LR T, A AT G LR R R R M
R = B XK. AtABCG 193084 & 2 5 R4 14 N Zn
SICEMRA . MBI % RE™Y. XFAtABCG19
TREMIWFIERI, AT BERIT R — - A N A Y
5 TH.
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4 ABCGH#isEA5EYha

YA TE ARG e AR TR, RS
YNNI = N e 2 7 A L ) S NS 2
Wl AE ) B, IS AR AR AE M E ™. R, $E ek
YEVIHTA: Dy it e S A5+ 53 E 2L

ABCGH%ia 8 FUFEACHTUAE Py vt & 14 95 F 22
YEH. /N2 (Triticum aestivum)Lr34FE R 4mti ABCG/PDR
WHI s, XN e SR80 255
SR B S A LA T3 EL R A e, Krattin-
ger NPEHERS H A i F3k L343t N, fEERZ
PR REILIE o T R XA R 20 L AR, Al sz 4,
FrA /. Suchers A Lr 34 AL 3 T K (Zea
mays)", &I ZRIKLr34/) TKAEAERS T K ARG 2505
RPTPERGESE. 75 K3 (Hordeum vulgare)H3%ikLr34, %
PR Z20F 4506 1 A6 2 B s g Bk . Kerat-
tingerZs N\ *HE— LRSI, ABAMIYNKE REWSIE R
L34 Y, FiRLr34iKFakk 2 T ABAR L 2
Bahn. XAREHE T Li34REE N FAEY A TH ABATESTRL,
B SRR YA R T AE YA B EE T, MBS ABCG/RDRIE
R B 0 3 D DTER 23 S SO TR = G T I
&, PURRE S B EREIC. BFA N S (Nicotiana attenuate)
T 3% BEEAR fUE (Alternaria alternate)(Z 4L NaPDR1F]
NaPDRI-like® .3 5%, NaPDRIFINaPDRI-likef)3t
[ LR 2 S BOHH B X S A 0L B A R AR, AR A
Kz, MR E RGN, BERPDREGZE & L HAT AR
Yriia e

RN, ABCGHzE 7] BN 24 KM E
FHUR AL A 53 BRSO 328 3F I %o AR 4003 D AR 1)
HE YA (1513 (b)). Moons!™ MK R 41 & 81, A4
TN A W3 36 B 2R R B G (methy] jasmonate, MeJA)
KR (salicylic acid, SA)A LR AR ST ; X
MY R & FE N2 TABCGH ik 1,
7R 1X £ ABC G iz 2 A 6T B AT s s A A FEUA AR
. KhareZ A" F58 KB, Ml ARL BRI R 7 )
AtABCG34 W FIRAET hINIE N 745, SAAH)S
AtABCG34MRIA WA P fn. JAZREEY A KL
B S 5EYMEAEA Y a0 e Ny AR, Ge
8 X B L o A0 DS AR A e s U PR O
AtABCG6/AtJAT3FIAtABC G20/ AtJAT45E A T4 i i Jis,
BAMMMENLZIANIIRE, S 5IATEAMIRIAYEE iz,
fEAPIE REH ARG RIEL T, A RIANRERZ



*2 HEWABCGHIBEAIIR

Table 2 Functions of plant ABCG transporters

LhResr L THHFNAS NIl Sk
OsABCG18 JKFE(Oryza sativa) 2 505> 24 ARSI H_E SRR I B s [19]
AtABCG14 ARG ST (Arabidopsis thaliana) Z: 525y 243 AR B L FR0Y I i B is i [20]

AtABCG2S. AABCG30. I SR R 1 5 5 5 R 2 e

AtABi(gi}l?’\Cé‘t‘I(’)DRIZ/ ARSI (Arabidopsis thaliana) R T . SR R R R [21~23]
AtABCG16/AtJIAT1 R IT (Arabidopsis thaliana) I SARATR ALY ﬁi;ﬂﬁ;fgﬁ'ﬁ%ﬁm(m'ﬂe) [24]
MtABCGS9 RR BT (Medicago I S A RO MR P A 1o - B 3 1 o [25]
runcatula)
AtABCG1. AtABCG16+ 4 e o ) Z 52 NG Z B/ MEF 5z S R, 52
AtABCG26 U RIST (Arabidopsis thaliana) R RE R % 2 [27~29]
0OsABCG15 IKFE(Oryza sativa) S5 THMRE N, RGNS R0 ET % [30]
P —— AtABCG32 U IF (Arabidopsis thaliana) e U RUWE Yl =5 0 [31]
/ﬁ'ﬁiﬁﬁﬁ HvABCG31 K& (Hordeum vulgare) Z: SR i R T E IR L [32]
OSABCG31 JKAE(Oryza sativa) S5/ FRE N, ﬂﬁ%%%éﬂmﬁ%ttt’:%ﬂ%ﬁﬂﬂﬁﬁ% (33]
SIABCG36. SIABCG42  FHilli(Solanum copersicum) ﬁ%%ﬁ%ﬂﬁ]ﬁﬁﬁﬁ;?@%@%ﬁ%é’ S5t R [34]
AtABCG32. AtABCG29 MRS (Arabidopsis thaliana) B IR, S5 ARBENE ) [38,39]
AtABCG1 PRI (4rabidopsis thaliana) B TN AT AR RN AL K [40]
PgPDR3 ANZ(Panax ginseng) BB EAS B IS T [41]
AaPDR3 AL H (Artemisia annua) REE R 1 % 1B B- A P [42]
® % - ATREIRIES 5 T A Y A SRR (1955 12 B i A7 7,
CaABCG28. CbABCG2655 it (Capsicum spp. ) it A T o [44,45]
NtPDR1 YW (Nicotiana tabacum) REFEIZ U iP5 5 AR R Y 3 LE B ) 7 [46]
AtABCG21. AABCG22 MF§3T(Arabidopsis thaliana) A RES SRR S AL, VAT 22 1E [49]
b T 5
ACABCG1 g REWIR 4 TR HRRIBAMNG, FTAES G T [50]
(Axonopus compressure)
CcABCG7 R8I (Cajanus cajan) REm R 4R AR e, rIRES kit i [51]
HmABCGI /Ml Hydrangea R4 AL, T RS g iR [52]
E5T/4R macrophylla)
e =+ ) e =) ~=
Wi AVABCG1 I SR B W T AR R T B2 [53]
(Andropogon virginicus)
0sABCG36/0sPDR9 JKAE(Oryza sativa) P S 5 58 e T UG MHESR [54]
PtoABCG36 Wit (Populus tomentosa) AR PR Y & 1, B R XA A TR 32 [55]
OsPDR20 IKFE(Oryza sativa) YR, DIneik S R EURNFR B [56]
GSABCGI1, GSABCGI2. ey o o ) TEEaab ), B 2E R RIK, WS SEYY 59
GSABCG24%% 5.(Glycine soja) Y | [59]
PeABO: C‘gﬁg}g‘ TN (Phyllostachys edulis) FH ZAF SIRDLIE, THES S THADEGT SIAMR  [60]
AtABCG25 U FE ST (Arabidopsis thaliana) - FRIEFR 5 iz, IR YT S RE [61]
Z 518 EsABCG25 I (Eutrema salsugineum) AIRES S BVE RS S Mm RE, H4 5856 T 5 9 i 52 [62]
AaABCG40/AaPDR4 WAL E (Artemisia annua) N RPVEIRN G R SF52, 25 THEYE T 59360 0 7 [63]
ZXABCGI1 FiL(Zygophyllum TR TR 2, T USSR 22, R BRI K B ) [65]
xanthoxylum)
TSABCGI11 EIF(Thellungiella 25 [T 2 B0 TR BGE i, T2 UK BE 7 5 e B9 £ TR 4 [67]
salsugineum) ), AR e 58 T k3R
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(£:3R2)
gk LA L/ S I=RENYIEi SCik
COABCET, AD O 8 (Cajanus cajam)  FERSTMNA TIPS B9 10, WTRE S SIS (51)
CcABCG28 8552 (Cajanus cajan)  TEARURPME TR RK R FE L. ATGeS SmybriEmE - (51
ESABCG25 HH (Eutrema salsugineun) IR MrE bR, Rk e NG BT, RS S nip ik (62]
BB b ¢ 0
SIABCSCI}/iéCSg;‘B%GZZ\ T hti(Solanum lycopersicum) ORI R TCE, ARG T Fas 8 5 L [71]
BE (Zygophyllum zanthoxy- SN F T B TRR, SRS ROKRE I AR A HE T, XHRR
ZxABCG11 tleygop lﬁ ) Y ST 2 1 T [72]
0sABCG36/0sPDR9 IKFE(Oryza sativa) EBBEIEE &M T HaREA R, TS S5NBENE  [75]
2 585N AtABCG36/AtPDRS ST (Arabidopsis thaliana) ‘H‘Eiﬁﬁl‘%{fﬁﬁ%ﬁiW%W@é%iﬁﬂfﬁﬂ%%?ﬂfﬂﬁﬂ@ﬁﬁ [76]
BRABCID. SRABCI:  ShMi(Betula halophila)  AEViE WA TIRA R E (L, TTHES SWRHSENE (7]
ﬁ;ﬁf* AtABCG19 IR (Arabidopsis thaliana) I Z LRSI FROQ TR RIS 2401 [81]
- . IS TE IR B2 FAML, XTHERG . AR ZEBR
TaLr34 INF (Triticum aestivum) RS LA AT 1 L A b [83~87]
. Y A= MM KL (Nicotiana attenua- o A ) X e g
NaPDR1. NaPDRI-like 1a) TR G 25 S B R XTREAR 10 B A SR HT 7 MG [88]
OsPDR3. OsPDRY. KFE(Oryza sativa) TEAFTR AN AT AR I R 25k [, TTREXT [89]
OsPDR20 " B AR s SR A i R
SEFTR H R AL RS SE R S0k B B, AT RES S AR
AtABCG34 AR (drabidopsis thaliana) Wl ; BE—BBFFE R HA AW 500 59700, [90]
A X5 S A T SR I

%5 ISt . NS . . . I, . .
il AX&%%%Z(?/X?J?T 4 R ST (Arabidopsis thaliana) I FRFNRE 2, AR R AT PE [91]
ooy R coriana A SHII D, 5 SxHRRa (93]

AtABCG36/AtPDR8 ARSI (Arabidopsis thaliana) i*z@éﬁ@ﬂhﬁiﬁ&ﬂﬁfg}%ggﬂi%, R XTRAT AL [94.,95]
) ) SR HERAF HIMRE E TGN S, 25

PhPDR2 SR 4 (Petunia hybrida) AR R [96]
SIABCG44. SIABCG45  Fiili(Solanum lycopersicunt) {I\TEME%ﬁw%m%{ﬁ]gf%%mi%%ﬂIll/ﬁ\@ [97]

P 5518 3 R G, (58 R G rEbirED.
BRI capsidiol) ™ A= T 9l 5 B (R 22 (A Py 4141
Hh, A g D A K ok S B s A
Shibata N % B, e I B 1R YL, AR FHRE (Nicoti-
ana benthamiana)¥ 4512 8 [HABCG1/PDR1Fl
ABCG2/PDR2/EAM AL R B AR R, X B EE AL
BR5, MEMRANMEAZAR, BB s, X PR
3z R AT B L T AR Y 3 A 2 55 AR 9 i
PRI AR, 1 2R AtABCG34/WIRE R BEAT I B £ 1)
TEYIPOR A Y981 IS HL 2 (camalexin) B P - R M, X9
JE A SRR S, AtABCG34FE Rk R KR
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SERERD, RS U, BIREIFABCG36/
PDRS/PEN3TE JK i %L (Botrytis  cinereal )Y 3
IR, R R A R AT A R ok
X AR B ),

FIRZ 9 KB, HPABCGHizHEHS S5X K
VAN R AR BTbE, dE—2L 58 & B8, PDREE A
AREHRG A S A, IR RERCHL R R UK . Sasse
a2 NRRFIE R R, A2 A (Petunia hybrida)PDR25E(L T
FlE, RRAACEI Yk, B RNATHEAR T
PhPDR2, ¥EIENRIARACHY) - PR R IR RE R 22 (B
(petuniasterone) F%& 4% 4-1F (petuniolide) & 1 i & ik /D>,
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Figure 3 (Color online) The schematic diagram of ABCG transporters response to biotic and abiotic stresses. (a) Biotic stress. (b) Abiotic stress.
Species: Aa, Artemisia annua; At, Arabidopsis thaliana; Bh, Betula halophila; Cc, Cajanus cajan; Es, Eutrema salsugineum; Hm, Hydrangea
macrophylla; Hv, Hordeum vulgare; Mt, Medicago truncatula; Na, Nicotiana attenuate; Nb, Nicotiana benthamiana; Os, Oryza sativa; Pg, Panax
ginseng; Ph, Petunia hybrida; Pto, Populus tomentosa; Sl, Solanum copersicum; Zx, Zygophyllum xanthoxylum. The dashed lines represent the inferred

function of the transporters

SRR XTI KA W (Spodoptera littoralis) U
RN, UEW] T PDRAE TR AR B R R A A
HEETEM, S 5P EE R R B 30b)).

A LE ABCGHE [ ZEAE ) (04 £ P ik v 23k 67 8 4
YEF. FEHPIHR 25U Ak # 42 IN PR (strigolactones, SL)
REMEIs AR R T A 42 w03 S 9 Y (Phelipanche  aegyp-
tiaca)FIH S & FEY)(Orobanche spp)WIBHA&. i
ABCG44HIABCG45%% 15 M H /D 2 R E B Y
SL i i PRAR, S8R MR S ARG, MR AR BN (0 B A 2
B P,

5 g5

£i b, i MSCHTFEN RS 11, HRTAAEY)
ABCGHIZEH H 45 . Feaa bl (K1), LAY

ABCGH% iz 85 FATE IE & A4 & B X 306 58 Jolp e 2o
T DREIUS TR 2k (B2 M3, 322), (B Ean ™
— T ERASE. (1) M ABCGH; s I RYJE
Y. BSRUNATATR, #B4-ABCGHZE T MW T iz
R, (HEE 2 ABCGH; 12 5 11 R4 128 YR
1), PA R RAFEN FEARS R 7R T B AR
THZH 2 S5 R M 5 B T 2 ABCGH% i 28 11 YIS B %of il
B ABCGHYZIEHA TEEME ™. (2) k4> TABCG
TE AR Rk T AR EENLE: IR IFABCGI
MMUBES A BB RE Rk, BiREES 55 ABCGY.

ABCGI2FIABCG14JE WA R ) 57 3R AK, X ok 33
EAEEIRYBARRE, =4 2% IIEe; (HABCG12
RBETE ] — B AU b i B B 2 43 F- ABC G )T
B AR R S T R AR AL A R A Th e R
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WA JF BB 5. (3) ABCGHEHIBL R S48
HETE AR ZAHEm N M ABCGHH, HiF£
ABCGH I E ML i ARG, a2 5 5 s
i P ER R AR EAE, 50 AP Z B
AL RIRAE ), B ARSEIR AN, (4) ABCGHH ]
FIEMRIVE IR 7E B 2R B AR A [ 1 B[R] e sl 52
SCHEE, ABCGHE [ 22 8] Qna] 4H 5. B E > b % & 24 1Y
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PFOS)4F, i Seiy i 9l ik I e i A A W SORR SR i
Vs . RAOTATIN TAERW, ABCGH iz HE M I fHerE

TP PFOAT AR b BAG fEH]. B ABCGH%;iz 8
A TEAE X 1 B A ME AT LTS G ik iz iR 5 2
A Ihhe S HAEHPLER =S E R S Z —.

B BRI ST, R & AR T CRISPR/
Cas9HE K 2 4 48 H AR R IRFUM Y ABCGHL iz S Y B
koise. EYFAEREFESRPAIEZE TR, &
L SN 38 SN - E vy D& < I KR L /) 2 | A X /B Ui )
H5ZIE, CRISPR/Cas9FE K 2H 4R+ AR T LA i 1k g AH
STt ik PR RN DG B 45 35 R 45 7 2Ok B A E kb e
iR RE 1. M, ARTERAWIST ABCG R X
PP AR G [ RS, 1] 25 ) F ABCGHE 2 8 1 AE
HIALH . ABCGH%1ia 8 M B (W B A /E H AIABCGH; 12
B A LTS G WO RMLH A B, e R AR
FIA T HY B FE ARG S B YIS Y IEY
A, R R MR N 1 Tk
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Biomembranes serve as barriers that separate organelles and cells. Despite the divisions, a significant number of signals
and substrates must be transported across biomembranes during plant metabolism and responses to various abiotic and
biotic stresses. In plants, transmembrane transportations are mostly facilitated by two main types of transporters: Carrier
proteins and channel proteins. Among these transporters, the ATP binding cassette (ABC) transporter family, a large and
multifunctional group, plays a crucial role in mediating the transmembrane transportation of diverse substances. The ABC
transporter family can be further grouped into eight subfamilies: ABCA to ABCG and ABCI. Notably, the ABCG
subfamily stands out as the largest, and displays heightened higher functional diversity in the ABC transporter family. In
plants, only two types of ABCG transporters have been identified: The full-size pleiotropic drug resistance (PDR)
transporters and the half-size white-brown complex (WBC) transporters. PDR transporters are equipped with two
nucleotide-binding domains (NBDs) and two transmembrane domains (TMDs), and can independently carry out substrate
transportation. Conversely, WBC transporters possess only a single NBD and TMD, requiring the formation of
homodimers or heterodimers for substrate transportation. There is a greater abundance of ABCG transporters as compared
to other eukaryotes, suggesting their diverse range of important roles in plant biology. Indeed, many studies have shown
that plant ABCG transporters play key roles in many aspects of plant development, including stomata opening, hormone
transportation (e.g., cytokinin, abscisic acid, jasmonic acid, and strigolactones), sporopollenin transport, cuticle synthesis
precursor exportation, and transportation of secondary metabolites such as tonquinol, ginsenosides, f-caryophyllene, and
capsaicin. Furthermore, plant ABCG transporters are widely involved in plant responses to abiotic stresses such as heavy
metal (e.g. aluminum, cadmium, copper, and lanthanum) resistance by facilitating efflux of heavy metals, drought
resistance, osmotic stress, and high-temperature resistance through abscisic acid transportation and formation of thicker
cuticle. They are also known to regulate abscisic acid transportation, cuticle thickness, as well as kanamycin resistance
through antibiotic sequestration into the vacuole of plant cell. Plant ABCG transporters are known to play roles in biotic
resistance against pathogens and pests by regulating jasmonic acid, salicylic acid, and anti-pathogen metabolites
transportation and accumulation. They play roles in allelopathy by mediating chemical compound secretion into the
environment. This review presents a comprehensive discussion of recent progress in the structures, classifications,
physiological functions, and roles of plant ABCG transporters. Current research advances highlight the crucial roles of
ABCG transporters not only in plant growth and development but also in plant resistance to diverse abiotic and biotic
stresses. We conclude by proposing five important research trends for future studies on ABCG transporters and
highlighting the potential use of plant molecular breeding technology to generate new plant germplasm with enhanced
characteristics by regulating the expression of ABCG transporter genes.

ABCG transporter, physiological metabolism, biotic stresses, abiotic stresses, stresses resistance
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